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introduction

This is National Semiconductor’s first Field Effect
Transistor/Analog Switches Data Book. It is the
direct result of the designer’'s desire to have a
complete, concise, up to date handbook for dis-
crete FETs and FET analog switches.

There are over 1000 Junction FETs and analog
switches available from at least 8 major suppliers
and many smaller ones. In order to ease the de-
signer’s task, National has selected approximately
350 types as representative of a product that
reflects the best available current technology.
Certain of these products have been designated
preferred parts. To qualify as a preferred part,

Product Profile

Field Effect Transistors. National offers 17 JFET
processes which cover the full range of possible
products. Devices with leakage currents as low as
0.1 pA are available along with devices suitable
for operation at VHF frequencies. Low noise FETs
for audio and subaudio applications are available
along with the industry’s broadest line of mono-
lithic dual FETs. National invented the monolithic
dual JFET and consistently wins praise for consis-
tent performance to the tightest offset and drift
specifications. National’s cascode dual JFETs
(Process 84, 94) offer superior CMRR and low
leakage currents even at extended voltages.

Analog Switches. National Semiconductor has for
many years supplied a full line of analog switches
which served the designer’s needs for high quality,
competitively priced products. Recognizing the
need for improved reliability and lower cost as

a product must offer the latest technology, the
best performance, excellent deliverability and
competitive prices. These preferred parts should be
considered first in all applications.

If you are a first-time user of FETs and FET analog
switches, you will find this catalog invaluable in
making your selection. Old hands will appreciate
the concise selector guides and accurate process
curves. Whatever your experience, you will find
National’s Sales Representatives, Field Applica-
tion Engineers and Factory Personnel willing and
able to help with any application problems or
questions.

industry usage increased, National developed the
BI-FETT™ technology and other monolithic FET
structures which have become the industry stan-
dard . for analog switches. The preferred parts
shown in this data book utilize these processes.
Most are function, pin and specification compatible
with earlier products available in the market place.

High Reliability Product. National Semiconductor
is committed to supplying the military/aerospace
markets with the highest quality product available.
Presently, National is qualified to supply 85% of
all FETs on the MIL-S-19500 QPL—more than any
other supplier. Our capability covers a wide range
of standard and special testing and processing to
levels as specified in MIL-S-19500, MIL-STD-750,
MIL-STD-883, MIL-M-38510. Contact your local

' representative or regional office for information

concerning your specific requirements.
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How to Use This Catalog

How to Use This Catalog

‘The Field Effect Transistor/Analog Switch Data

Book -is divided into -7 sections. The followmg
information is contained in each.

Alpha-numeric parts lists and cross
reference guides

FET selector guides including a
complete guide by application to all
part types offered by National. This
is the complete guide to National
FET specifications and is indexed in
Section 1. Preferred parts are shown
with gray overprinting.

Section 1

Sectiony 2

FET process characteristics giving
complete information on all proces-
ses, including all parts manufactured
from a particular process by package
type.

FET preferred parts data sheets.

Analog switch selector .guides and
data sheets.

Applications notes on FETs and
analog switches.

Physical Dimensions

Section 3

Section 4
Section 5

Section 6

Section 7

The following suggested procedure will help you
find the device you need.

Part Number Known: Go to section 1. If alter-
nate type found in cross reference guide, then
compare alternate specification in section 2 against
desired part type for compatibility.

Specification Known: Refer to ‘““FET Process
Comparison Chart’ in section 2 to find the most
compatible 'process. Then turn to the specific
process in section 3 for a listing of specific device
“ type numbers available in that process. Take
special note of preferred part types. Full data
sheets are available in section 4.

Application Known: For FETs, turn to ““Choose
the Proper FET” and “FET Application Guide’’ in
section 2. Refer also to “Important Parameters by
Application’ as needed. Once a process is selected,
refer to section 3 and to the proper preferred part
type. For analog switches, refer to sectlon 5 “Ana-
log Switch Selector Guide™". ‘

"None of the Above: Contact local representative
or regional office for assistance.




FET Parts List

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE

e 2N2608 89/11 2-19 3-23
2N2609 88/11 2-19 3-21
2N3069 52/02 2-13 3-8
2N3070 52/02 213 3-8
2N3329 89/23 2-19 3-23

© 2N3330 89/23 2-19 3-23
2N3331 89/23 2-19 3-23
2N3332 89/23 2-19 3-23
2N3368 52/02 2-13 3-8
2N3369 52/02 2-13 3-8
2N3370 52/02 2-13 3-8
2N3382 88/23 2-19 3-21
2N3384 88/23 2-19 3-21
2N3386 88/23 2-19 3-21
2N3436 55/02 2-13 3-12
2N3437 55/02 2-13 3-12
2N3438 55/02 2-13 3-12
2N3458 52/02 2-13 3-8
2N3459 52/02 2-13 3-8
2N3460 52/02 2-13 3-8
2N3684 52/25 2-13 4-3 3-8
2N3685 52/25 2-13 4-3 3-8
2N3686 52/25 2-13 4-3 3-8
2N3687 52/25 2-13 4-3 3-8
2N3819 50/74 2-11 33
2N3821 55/25 2-13 3-12
2N3822 55/25 2-13 3-12

® 2N3823 50/25 2-11 33
2N3824 55/25 2-9 3-12
2N3921 83/12 2-15 3-16
2N3922 83/12 2-15 3-16
2N3954 83/12° 2-15 4-4 3-16
2N3954A 83/12 - 2-15 4-4 3-16
2N3955 83/12 2-15 4-4 3-16
2N3955A 83/12 2-15 4-4 3-16
2N3956 - 83/12 2-15 4-5 3-16
2N3957 83/12 2-156 4-5 3-16
2N3958 83/12 2-15 4-5 3-16
2N3966 50/25 29 33
2N3967 52/25 2-13 3-8
2N3967A 52/25 2-13 3-8
2N3968 52/25 2-13 3-8
2N3968A 52/25 2-13 3-8
2N3969 52/25 2-13 3-8
2N3969A 52/25 2-13 3-8
2N3970 51/02 2-9 3-6
2N3971 51/02 29 ‘36
2N3972 51/02 2-9 3-6

e Denotes JAN qualified type

1-5
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FET Parts List

FET Parts LiSt (Continued)

SELECTION

PREFERRED PARTS

DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
2N3993 88/23 2-19 3-21
2N3993A 88/23 2-19 321
2N3994 88/23 2-19 3-21
2N3994A 88/23 2-19 3-21
2N4084 83/12 2-15 3-16
2N4085 83/12 2-15 3-16
® 2N4091 51/02 29 4-6 3-6
® 2N4092 51/02 29 4-6 3-6
® 2N4093 51/02 29 4-6 3-6
2N4117 53/25 2-13 3-10
2N4117A 53/25 2-13 4-7 3-10
2N4118 53/25 2-13 3-10
2N4118A 53/25 2-13 4-7 3-10
2N4119 53/25 2-13 . 3-10
2N4119A 53/25 2-13 4-7 3-10
2N4220 55/25 2-14 3-12
2N4220A 55/25 2-14 3-12
2N4221 55/25 2-14 3-12
2N4221A 55/25 214 3-12
2N4222 55/25 2-14 3-12
2N4222A 55/25 2-14 312
2N4223 50/25 2-11 33
2N4224 50/25 2-11 3-3
2N4338 52/02 2-14 4-8 3-8
2N4339 52/02 2-14 4-8 3-8
2N4340 52/02 2-14 4-8 3-8
2N4341 52/02 2-14 4-8 3-8
2N4381 89/11 2-19 3-23
2N4382 88/11 2-19 3-21
2N4391 51/02 2-9 4-9 3-6
2N4392 51/02 29 4-9 3-6
2N4393 51/02 2-9 4-9 3-6
2N4416 50/25 2-11 4-10 .33
® 2N4416A 50/25 2-11 4-10 3-3
® 2N4856 51/02 29 4-11 3-6
2N4856A 51/02 2-9 3-6 -
o 2N4857 51/02 29 -~ 4-11 3-6
2N4857A 51/02 29 3-6
® 2N4858 51/02 29 4-11 3-6
2N4858A 51/02 29 3-6 )
® 2N4859 51/02 29 3-6
2N4859A 51/02 2-9 3-6
® 2N4860 51/02 2-9 3-6
2N4860A 51/02 29 3-6
® 2N4861 51/02 29 3-6
2N4861A 51/02 2-9 3-6
- 2N5018 88/11 - 219 3-21
2N5019 88/11 2-19 3-21

e Denotes JAN qualified type
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FET PaI’tS List (Continued)

SELECTION PREFERRED PARTS
DEVICE PBOCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
2N5020 89/11 2-20 3-23
2N5021 89/11 2-20 3-23
2N5045 83/12 2-16 3-16
2N5046 83/12 2-16 3-16
2N5047 .83/12 2-16 3-16
2N5078 50/25 2-11 33
2N5103 50/25 2-14 33
2N5104 : 50/25 2-14 33
2N5105 50/25 2-14 33
e 2N5114 , 88/11 2-19 4-12 3-21
e 2N5115 88/11 2-19 4-12 3-21
e 2N5116 88/11 2-19 4-12 3-21
2N5196 83/12 2-16 4-13 3-16
2N5197 83/12 2-16 4-13 3-16
2N5198 83/12 2-16 413 3-16
2N5199 83/12 2-16 4-13 3-16
2N5245 : 90/77 2-11 4-14 3-25
2N5246 90/77 2-11 4-14 3-25
2N5247 90/77 2-11 4-14 3-25
2N5248 ' 50/74 2-11 33
2N5358 55/25 2-14 4-15 3-12
2N5359 55/25 2-14 4-15 312
2N5360 55/25 2-14 4-15 312
2N5361 . 55/25 2-14 4-16 312
2N5362 55/25 214 4-16 312
2N5363 55/25 2-14 4-16 312
2N5364 55/25 2-14 4-16 3-12
2N5397 : 90/25 2-11 4-17 325
2N5398 90/25 2-11 3-25
2N5432 58/07 2-9 4-18 3-14
2N5433 58/07 2:9 4-18 3-14
2N5434 58/07 2:9 4-18 314
2N5452 83/12 2-16 3-16
2N5453 83/12 2-16 316
2N5454 83/12 2-16 3-16
2N5457 55/72 2-14 4-19 312
2N5458 55/72 2-14 4-19 3-12
2N5459 - 55/72 2-14 4-19 312
2N5460 89/71 2-20 4-20 3-23
2N5461 89/71 2-20 4-20 3-23
2N5462 89/71 2-20 4-20 3-23
2N5484 50/72 2-11 4-21 33
2N5485 50/72 ;211 4-21 33
2N5486 50/72 2-11 4-21 33 -
2N5515 . 95/12 2-17 3-33
2N5516 95/12 2-17 3-33
2N5517 ©95/12 217 3-33
2N5518 95/12 217 3-33

e Denotes JAN qualified type
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FET Parts List

FET Pal'ts LiSt (Continued)

DEVICE

SELECTION

PREFERRED PARTS

PROCESS PAGE

PBOCESS/ PACKAGE GUIDE DATA SHEET
- 2N5519 95/12 217 ' ©.3-33
2N5520 95/12 2-17 4.22 3-33
2N5521 95/12 2-17 4.22 3-33-
2N5522 95/12 217 4-22 3-33
2N5523 95/12 2-17 4-22 3-33°
2N5524 95/12 217 "4-22 3-33
2N5545 *83/12 2-16 4-23 3-16
2N5546 *83/12 2-16 4-23 3-16
2N5547 *83/12 2-16 4-23 316
2N5555 50/72 2-9 33
2N5556 50/25 2-14 33
2N5557 50/25 2-14 3-3
2N5558 50/25 2-14 33
2N5561 198/12 2-16 . 3-37
2N5562 t98/12 2-16 3-37
2N5563 198/12 . 2-16 3-37
2N5564 96/12 2-17 4-24 3-35
2N5565 96/12 2-17 4-24 3-35
2N5566 96/12 217 4.24 3-35
2N5638 51/72 2-10 4.25 . 36
2N5639 51/72 2-10 4.25 - 3-6
2N5640 51/72 2-10 4.25 36 -
2N5653 51/72 2-10 36
2N5654 51/72 2-10 36
2N5668 50/72 211 3-3
2N5659 50/72 - 2-11 33 .
2N5670 - 50/72 2-11 3-3
2N5902 84/24 2-18 3-18
2N5903 84/24 2-18 3-18
2N5904 84/24 2-18 3-18
2N5905 84/24 2-18 3-18
2N5906 84/24 2-18 4-26 318
2N5907 84/24 2-18 4.26 3-18 -
2N5908 84/24 2-18 4-26 3-18 -
2N5909 84/24 2-18 4-26 3-18
2N5911 93/24 2-17 4-27 329
2N5912 93/24 217 o427 329
2N5949 50/77 2-11 33
2N5950 50/77 211 - 33
2N5951 50/77 211 33
2N5952 50/77 2-11 33
2N5953 50/77 2-11 33
2N6483 95/12 2-17 4-29 333
2N6484 95/12 2-17 4-29 3-33
2N6485 95/12 2-17 4-29 3-33
BC264A 50/77 220 33
BC264B 50/77 2-20 33
BC264C 50/77 2-20 3-3
* JAN qualification pending. Consult factory.
1 Process in development
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FET Parts List (continuea) m
o
SELECTION PREFERRED PARTS -
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE 5;.
BC264D 50/77 2-20 3-3 -
BF244A 50/74 2-20 3-3 5'
BF2448B 50/74 2-20 3-3 ~
BF244C 50/74 2-20 3-3
BF245A 50/77 2-20 3-3
BF245B 50/77 2-20 3-3
BF245C 50/77 2-20 . 3-3
BF246A 51/74 2-20 ) 3-6
BF246B 51/74 2-20 3-6
BF246C 51/74 2-20 3-6
BF247A 51/77 2-20 3-6
BF247B 51/77 2-20 3-6
BF247C 51/77 2-20 3-6
BF256A 50/77 2-20 3-3
BF256B 50/77 2-20 3-3 ‘
BF256C 50/77 2-20 : 3-3
J108 58/72 2-10 4-30 3-14
J109. 58/72 2-10 4-30 3-14
J110 58/72 2-10 4-30 3-14
J111 ‘ 51/72 2-10 4-31 3-6
J112 51/72 2-10 ’ 4-31 : 36
J113 51/72 '2-10 4-31 3-6
J114 90/72 2-10 3-25
J174 . 88/74 2-19 4-32 3-21
J175 88/74 2-19 4-32 3-21
J176 88/74 2-19 4-32 3-21
J177 88/74 2-19 4-32 1321
J201 52/72 2-14 . 4-33 3-8
J202 52/72 i 2-14 4-33 - 3-8
J203 52/72 2-14 4-33 3-8
J210 90/72 2-14 4-34 3-25
- J21 90/72 2-14 4-34 3-25
J212 90/72 2-14 4-34 3-25
J270 88/74 2-20 4-35 3-21
J271 88/74 2-20 4-35 : o321
J300 90/72 2-11 4-36 ) 3-25
J304 50/72 2-11 4-37 3-3
J305 50/72 2-11 4-37 3-3
J308 92/72 . 2-11 ) 3-27
J309 92/72 2-11 4-38 3-27
J310 92/72 2-11 4-38 327
J401 198/60 2-16 . 3-37
J402 198/60 2-16 3-37
J403 1t98/60 2-16 ) 3-37
J404 198/60 2-16 ’ 3-37 ‘
J405 198/60 2-16 3-37
J406 - 198/60 2-16 3-37
J410 83/60 2-16 : 3-16
tProcess in development :
1-9




FET Pal'tS LiSt (Continued)

FET Parts List

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
Ja11 83/60 2-16 3-16
J412 83/60 2-16 3-16
MPF 102 50/72 2-12 33
MPF 103 55/72 ' 214 3-12
MPF 104 55/72 2-14 3-12
MPF 105 55/72 2-14 3-12
MPF 106 50/72 2-12 33
MPF 107 50/72 2-12 33
MPF 108 55/72 © 212 312
MPF 109 55/72 2-14 © 312
MPF111 50/72 2-15 3-3
MPF112 55/72 2-15 3-12
NDF9401 94/24 2-18 3-31
" NDF9402 94/24 2-18 3-31
NDF9403 94/24 2-18 3-31
NDF9404 94/24 2-18 3-31
NDF9405 94/24 2-18 3-31
NDF9406 94/12 2-18 4-39 3-31
NDF9407 94/12 2-18 4-39 3-31
NDF9408 94/12 2-18 4-39 3-31
NDF9409 94/12 2-18 4-39 3-31
NDF9410 94/12 2-18 4-39 3-31
NF5101 51/25 2-12 4-40 36-
NF5102 51/25 2-12 4-40 3-6
NF5103 51/25 2-12 4-40 36
NPD5564 96/67 2-17 4-24 335
NPD5565 96/67 217 4-24 3-35
NPD5566 96/67 2-17 4-24 335
NPD8301 83/67 2-16 4-41 3-16
NPD8302 83/67 2-16 . 4-41 3-16
" NPD8303 83/67 2-16 4-41 3-16
-~ NPD9801 198/67 2-16 - :
NPD9802 198/67 2-16
NPD9803 198/67 2-16
P1086E 88/71 2-19 3-21
P1087E 88/71 2-19 3-21
PF5101 51/72 2-12 4-40 3-6
PF5102 51/72 2-12 4-40 36
PF5103 51/72 2-12 4-40 36
PN3684 52/72 2-15 4-3 3-8
.PN3685 52/72 2-15 43 3-8
PN3686 52/72 - 215 © 43 3-8
PN3687 52/72 2-15 4-3 3-8
" PN4091 51/72 2-10 4-6 36
PN4092 51/72 2-10 4-6. 36
PN4093 51/72 2-10 4-6 3-6
PN4220 55/72 2-15 3-12
PN4221 55/72 2-15 312

tProcess in development




FET Parts LiSt (Continued)

SELECTION | PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
PN4222 55/72 2-15 312
. PN4223 50/72 212 33
'PN4224 50/72 212 33
PN4302 52/72 215 3-8
PN4303 52/72 215 38
PN4304 52/72 2-15 38
PN4342 89/71 220 323
PN4343 88/71 220 321
PN4360 89/71 220 323
PN4391 51/72 210 49 36
PN4392 51/72 210 4-9 36
PN4393 51/72 210 49 36
PN4416 50/72 212 33
PN4856 51/72 210 41 36
PN4857 51/72 210 411 36
PN4858 51/72 2-10 411 36
PN4859 51/72 210 36
PN4860 51/72 210 36
PN4861 51/72 210 36
PN5033 89/71 220 323
PN5163 50/72 215 33
TIS58 50/74 215 33
TIS59 50/74 2-15 33
TIS73 51/77 210 36
TIS74 51/77 2:10 36
TIS75 51/77 2-10 36
U1897E 51/72 210 36
U1898E 51/72 210 36
U1899E 51/72 210 36
U231 83/12 2-16 316
U232 83/12 2-16 316
U233 83/12 2-16 316
U234 83/12 216 316
U235 83/12 2-16 316
U257 93/24 217 329
U300 88/11 220 3-21
U301 88/11 2-20 321
U304 88/11 2-19 321
U305 88/11 2-19 321
U306 88/11 219 321
U308 92/07 2-12 327
U309 92/07 2-12 4-42 327
U310 92/07 212 4-42 3-27
u312 90/07 212 325
U320 58/09 212 314
U321 58/09 212 314
U322 58/09 212 314
U401 198/12 216 337

tProcess in development
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FET Pal'tS LiSt (Continued)

FET Parts List

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
U402 198/12 ‘ 2-16 3-37
U403 198/12 2-16 - 3-37
U404 198/12 2-16 3-37
U405 198/12 2-16 3-37
uaoe - | 198/12 2-16 3-37
U421 186/24 . 2-18 3-20
U422 186/24 2-18 3-20
U423 186/24 2-18 3-20
u424 186/24 i 2-18 . 3-20
U425 186/24 2-18° 3-20
U426 186/24 2-18 3-20
U430 92/24 2-17 3-27
U431 92/24 2-17 3-27

TProcess in development




JFET Cross Reference Guide

This guide contains cross reference information to
more than 850 Junction FETSs, including many
obsolete or otherwise unavailable types. Every

effort has been made to recommend a replacement

FET which will plug into an existing socket and
work as well as the part it replaces. Let the replace-
ment code be your guide. If you do not find a
particular part in this guide and you know its
specification, you should refer to “How To Use
This Catalog’ in this section.

REPLACEMENT CODE

* |dentical specification and pin configuration

@ Equal or better specification, identical pin
configuration

"®m  Similar specification acceptable for all but the -

most critical applications, similar pin configura-

tion .

CF Consult Factory or Local Sales Representative,
available on special order ’

N No equivalent process

INDUSTRY TYPE REPLACEMENT . NA’E\?#AL
NUMBER CODE NUMBER
: 2N2386 ] 2N2608
2N2386A L] . 2N4381
2N2497 L] 2N5021
2N2498 ] . 2N5021
2N2499 . 2N4381
2N2500 ] 2N4381
2N2606 N
2N2607 N
2N2608 * 2N2608
2N2609 * 2N2609
2N2841 N
2N2842 N -

. 2N2843 . 2N5020
2N2844 ] 2N5020
2N3066 . 2N4340
2N3067 ° . 2N4338
2N3068 ] 2N4338
2N3069 * 2N3069
2N3070 * 2N3070
2N3071 * 2N3071
-2N3084 @ 2N4340
2N3085 ° 2N4340
2N3086° ] 2N4340
2N3087 ° 2N4340
. 2N3088 L] 2N4339
2N3088A L] 2N4339
2N3089 ° 2N4339
2N3089A ° 2N4339
2N3277 N
2N3278 N )
2N3328 ° 2N3330

INDUSTRY TYPE
NUMBER

2N3329
2N3330
2N3331
2N3332
2N3365
2N3366
2N3367
2N3368
2N3369

. 2N3370
2N3376
2N3378
2N3380
2N3382
2N3384
2N3386
"2N3436
2N3437
2N3438
2N3452
2N3453
2N3454
2N3455
2N3456
2N3457
2N3458
2N3459
2N3460
2N3574
2N3575
"2N3578
2N3684
2N3684A
2N3685
2N3685A
2N3686
2N3686A
2N3687

“ 2N3687A
2N3819
2N3820
2N3821
2N3822
2N3823
2N3824

. 2N3909
2N3909A
2N3921
"2N3922
2N3954

. 2N3954A
2N3955
2N3955A
2N3956
2N3957
2N3958
2N3966

REPLACEMENT
CODE

*

* *x *x@ W @ * * x H W M *x x

*

* @ N N B & N x

*

* *@® *x @ *O® @ @0 E N x

*

*

*0 @

NATIONAL
PART
NUMBER

' 2N3329
2N3330
2N3331
2N3332
2N4340
.2N4338

.2N4338
2N3368
2N3369
2N3370
2N3329
2N3330
2N3331
2N3382
2N3384
2N3386
2N3436
2N3437
2N3438
2N3685
2N4118
2N4119
2N3685
2N4118
2N4119
2N3458
2N3459
2N3460
2N3329
2N3329
2N2608
2N3684
2N3684
2N3685
2N3685
2N3686
2N3686

- 2N3687

- 2N3687
2N3819
2N3820
2N3821
2N3822
2N3823
2N3824
2N3331
2N3331
2N3921
2N3922
2N3954
2N3954A
2N3955
2N3955A
2N3956
2N3957
2N3958
2N3966
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% v
= | JFET Cross R : -
8 eference GUIde (Continued)
INDUSTRY TYPE .- REPLACEMENT  NATIONAL ' '
U : EMENT  VATION!
8 'NUMBER S . CODE " PART INDUSTRY TYPE =~ REPLACEMENT “ATIONAL
c ) NUMBER . NUMBER » CODE PART .
o ' 2N3967 * IN3 . ) ' : ‘NUMBER
- . 2N3967A . | 2N3967 .- 2N4gsE . " ;
) : IN3968 X .. 2N3967A oNaseeA - o 2N4856
‘ | 2N3968A B ' gmsgss, B A o §?.'3§§6A
o © 2N3969 , . 3968A 2N4857A e ‘ 7
' “2N3969A ] 2N3969 © 2Nagsg © S, 2naBeTA
&. 2N3970 . - 2N3969A " 2NA4858A . . 2N48B8
o - 2N3971 . +2N3970 2N4859 . . 2N4858A
= - 2N3972 . - 2N3e7 . 2N4859A . . 2N48S9
o 2N3993 . T2N3972 2N4860 . + T 2N4853A
- © 2N3993A . 2N3993 . 2N4geoA . 2N4860
1 IN3994 . 2N3993A N486 1 X 2N4860A
B 2vsen X T e aser
] : 2N4082 CE ) 94A F 2N4867 ) CF : Lo 1A
[~ B
* : ’ - - CF -
2N14085 R ;mgg“ 2N48EBA oF
12N4091 . o 4035 ‘ 2N4869 o
- 2N4092 * 2N4 o Zweseoa cr
2N4093 . 2N4°92 ~ 2N4g81 N
~ 2N4117 . '2N4°93 v' 2N4882 i
2N4117A . " 17 2N4883 N
'2N4118 : x 2Nj1 17A 2N4884 N
2N4118A . 2N41 18 2N4885 N
2N4119 ‘ * 2N4HSA‘ - 2N488s N .
" 2N4119A ., " 2N4977 . ,
" 2N4139 o 2N4TIA | 2N4978 . "”%2232
© 2N4220 . : © 2N4979 . 33
2N4220A . 2N4220 2N5018 " 2NB434 -
 2N4221 . * 2N4220A 2N5019 * 2N5018
IN4Z2IA . : 2N4221 2N5020 . - 2N5019
. oNaze2 . 2N4221A SNB021 i 2N5020
. 2N4222A . 12N4222 _ 2N5033 . 2N5021
© 2N4223 . 2N4222A 2N5045 . - PN5033
- 2N4224 . 2N4223 2N5046 N 2N5045
) 2N4224 L ; 2N5046
2N4302 . ‘ 2N5047 * .
‘2N4303 - PN4302 2N5078 . - 2N5047
|2N4304 ° PN4303 2N5103 B ~2N5078
* PN4304 : 2N5103
-2N4338 * 2N5104 *
2N4338 2N5104
2N4339 * 2 2N5105 * 2N
IN4340 ‘ ) N4339 ; 2N5114 . 5105
2N4341 - 2N4340 IN5115 X 2N5114
. 2N4341 " '2N5115
2N4342 o N 2N5116 *
2N4343 PN4342. H  INB163 . - 2N5116
: . PN4343 2N5163
- 2N4360 . 2N5196 . ,
'2N4381 . PN4360 ' 2N5197 . 2N5196
. 2N4382 . 2N4381 2N5198 . - 2N5197
2N4391 . © 2N4382 ~ .2N5199 . 2N5198
2N4392 . 2N4391 . 2N5245 . - 2N5199
2N4393 X 2N4392 INB246 : ~ 2N5245
2N4416 . - 2N4393 : " 2N5247 . ' 2N5248
Iy . ' : CF
‘IN4446 ° 222432 2N5267 CF
2N4447 . 2N5433 2N5268 CF
2N4448 . zmsjgg 2N5269 CF
2N5270 oF




JFET Cross Reference Guide (continued

INDUSTRY TYPE  REPLACEMENT NA: Ag'}'A"
NUMBER CODE NUMBER
2N5277 N
2N5278 N
2N5358 * 2N5358
2N5359 * 2N5359
2N5360 * 2N5360
2N5361 * 2N5361
2N5362 * 2N5362
2N5363 * 2N5363
2N5364 * 2N5364
2N5391 CF
2N5392 CF
2N5393 CF
2N5394 CF
2N5395 CF
2N5396 CF
2N5397 * 2N5397
2N5398 * 2N5398
2N5432 * 2N5432
2N5433 * 2N5433
2N5434 * 2N5434
2N5452 * 2N5452
2N5453 . * 2N5453
2N5454 » * 2N5454
2N5457 * 2N5457
2N5458 * 2N5458
2N5459 * 2N5459
2N5460 * 2N5460
2N5461 * 2N5461
2N5462 * 2N5462
2N5463 N
2N5464 N
2N5465 N
2N5471 " 2N5020
2N5472 " 2N5020
2N5473 " 2N5020
2N5474 " 2N5020
2N5475 ] 2N5020
2N5476 n 2N5020
2N5484 *. 2N5484
2N5485 * 2N5485
2N5486 * 2N5486
2N5515 * 2N5515
2N5516 * 2N5516
2N5517 * 2N5517
2N5518 * 2N5518
2N5519 * 2N5519
2N5520 = 205520
2N5521 * 2N5521
2N5522 * 2N5522
2N5523 * 2N5523
2N5524 * 2N5524
2N5543 N
2N5544 N
2N5545 * 2N5545
2N5546 * 2N5546
2N5547 o 2N5547
2N5549 . 2N5397

INDUSTRY TYPE REPLACEMENT

NUMBER CODE
2N5555 *
2N5556 *
2N5557 *
2N5558 *
2N5561 *
2N5562 *
2N5563 *
2N5564 *
2N5565 *
2N5566 *
2N5638 *
2N5639 » *
2N5640 *
2N5647 ]
2N5648 -
2N5649 n
2N5653 *
2N5654 *
2N5668 *
2N5669 *
2N5670 x
2N5902 *
2N5903 *
2N5904 *
2N5905 *
2N5906 *
2N5907 *
2N5908 *
2N5909 *
2N5911 *
2N5912 *
2N5949 *
2N5950 *
2NB951 *
2N5952 *
2N5953 *
2N6449 N
2N6450 N
2N6451 CF
2N6452 CF
2N6453 CF
2NB454 CF

.2N6483 *
2N6484 *
2N6485 *
AB5T6449 N
A5T6450 N
AD3954 °
AD3954A °
AD3955 .
AD3955A e
AD3956 .
AD3957 °
AD3958 °
AD5905 °
AD5906 °
AD5907 °

NATIONAL
PART
NUMBER

2N5555
2N5556
2N5557
2N5558
2N5561
2N5562
2N5563
2N5564
2N5565
2N5566
2N5638
2N5639
2N5640
2N3686
2N3686
2N3685
2N5653
2N5654
2N5668
2N5669
2N5670
2N5902
2N5903
2N5904
2N5905
2N5906
2N5907
2N5908
2N5909
2N5911
2N5912
2N5949
2N5950
2N5951
2N5952
2N5953

2N6483
2N6484
2N6485

2N3954
2N3954A
2N3955
2N3955A
2N3956
2N3957
2N3958
2N5905
2N5906
2N5907

apIny) aosuaiajey Ssoi) 1341




JFET Cross Reference Guide

JFET Cross Reference Guide (continuea)

INDUSTRY TYPE REPLACEMENT NﬁglgﬁAL
NUMBER . CODE NUMBER
AD5908 ) 2N5908
AD5909 . 2N5909
AD830 " 2N5906
ADB831 " 2N5907
AD832 L] 2N5908
AD833 ] 2N5909
AD833A " 2N5909
AD835 - NDF9407
AD836 L] NDF9408
AD837 ] NDF9408
AD838 ] NDF9409
AD839 L] NDF9410
AD840 ] 2N5520
AD841 [ 2N5521
AD842 L] 2N5523
AD845 ] 2N5911
AD846 ] . 2N5912
BF244A * BF244A
BF244B * BF244B
BF244C * BF244C
BF245A * BF245A
BF245B * BF245B
BF245C * BF245C
BF246A * BF246A
BF2468B * ~ BF246B
BF246C * BF246C
BF247A L . BF247A
BF247B * BF247B
BF247C o BF247C
BF256A * ] BF256A
. BF256B * BF256B
BF256C * BF256C
BF264A * . BF264A
BF264B * BF264B
BF264C * - BF264C
BF264D * BF264D
C413N . 2N4859
C681 . 2N4338
C681A ] 2N4338
C683 ] 2N4339
C683A ] 2N4339
C685, L] 2N4220
C685A ] 2N4220
CM640 ] 2N4391
CM641 ] 2N4391
CM642 ] 2N4392
CM643 ] 2N4391
CM644 . 2N4393
CM645 ] 2N4392
CM646 ] 2N4392
CM647 - .

CP640 . U322
CP643 ] 2N4391
CP650 . U322
CP651 . U320
CP652 . U322
CP653 ) U320

INDUSTRY TYPE
NUMBER

E100
E101
E102
E103
E105
E106
E107
E108
E109
E110
E111
E112
E113
E114
E174
E175
E176
E177
E201
E202
E203
E210
E211
E212
E230
E231
E232
E270
E271
E300
E304
E305
E308
E309
- E310
E311
E312
E400
E401
E402
E410
E411
E412
E420
E421
FEOB54A
FEO654B
FE3819
FE5245
FE5246
FEB247
FEB457
FE5458
FE5459
FE5484
FE5485
FE5486

REPLACEMENT
-CODE

@ © 0 0 06 6 0 006 X N N O 00 0 0 C 000 00 0 O 00 00000

000000 e
b A B 2 e e 2 By

NATIONAL
PART
NUMBER

J202
J201
J202
J203

J108
J109
J110
Jim
J112
J113
J114
J174
J175
J176
J177
J201
J202
'J203
J210
J211
J212

" PN3685
PN3684
PN368
J270
J271
J300
J304
J305
J308
J309
J310
J309
J310

U257
U257
PN4416
PN4303
2N3819
2N5245
2N5246
2N5247
2N5457
2N5458
2N5459
2N5484
2N5485 |
2N5486

1-16




JFET Cross Reference Guide (continved

INDUSTRY TYPE

NUMBER

. FM1100A
FM1101A
FM1102A
FM1103A
FM1104A
FM105A
FM1106A
FM1107A
FM1108A
FM1109A
FM1110A
FM1111A
FM3954
FM3954A
FM3955
FM3955A
FM3956
FM3957
FM3958
FTO654A
FT0654B
FT0654C
FT3820
IMF3954
IMF3954A
IMF3955
IMF3955A
IMF3956
IMF3957
IMF3958
1T100
IT101
1T108
1T109
ITE3066
ITE3067
ITE3068
ITE4117
ITE4A118
ITE4119
ITE4338
ITE4339
ITE4340
ITE4341
ITE4391
ITE4392
ITE4393
ITE4416
ITE4867
ITE4868
ITE4869

" J108
J109
J110
J111
J112
J113

REPLACEMENT
CODE

*+® ® © © © © 6 E H HN 06 OB N © © 0 © 06 0 0 © R B E OGO O O © 0 6 A E N EKNEEDSDNEZS®S

@ H 3 0 0 x

*

*

NATIONAL
PART
NUMBER

2N5906
2N5906
2N5907
2N5908
2N5909
NDF9401
NDF9401
NDF9402
NDF9403

NDF9405

2N3957
2N3958
2N3954
2N3954A
2N3955
2N3955A
2N3956
2N3957
2N3958
2N3824
2N3824
2N4221
2N3820
2N3954
2N3954A
2N3955
2N3955A
2N3956
2N3957
2N3958
2N5115
2N5116
2N5486
2N5397
2N4340
2N4338
2N4338
2N4117
2N4118
2N4119
2N4338
2N4339
2N4340
2N4391
PN4391
PN4392
PN4393
PN4416
PN3686
PN3685
PN3684
J108
J109

. J110
J111
J112
J113

INDUSTRY TYPE
NUMBER

J114
J174
J175
J176
J177
J201
J202
J203
J270
J271
J300
J304
J305
J401
Ja02
J403
Jaoa
Jaos
J406
Jato
Jati
Ja12
J1401
J1402
J1403
J1404
J1405
J1406
KE3684
KE3685
KE3686
KE3970
KE3971
KE3972
KE4091
KE4092
KE4093
KE4220
KE4221
KE4222
KE4223
KE4224
KE4391
KE4392
KE4393
KE4416
KE4856
KE4857
KE4858
KE4859
KE4860
KE4861
KE5103
KE5104
KE5105
MFE2000
MFE2001

REPLACEMENT
CODE

*

B WO O 0 6 6 9 ©C 606 © 606 6 6 60 6 O 0 9 000 O©O

NATIONAL
PART
NUMBER

J114
J174
J175
J176
J177
J201
J202
J203
J270
J271
J300
J304
J305
Jao1
J402
Jao3
Jao4
J405
J406
Ja10
Ja

- J412
J1401
J1402
J1403
J1404
J1405
J1406
PN3684
PN3685
PN3686
PN4391
PN4392
PN4393
PN4091
PN4092
PN4093
PN4220 -
PN4221
PN4222
PN4223
PN4224
PN4391
PN4392
PN4393
PN4416
PN4856
PN4857
PN4858
PN4859
PN4860
PN4861

- 2N5952
2N5953
PN4416
2N4416
2N4416

apiny ajuaiaay sso1) 1340




JFET Cross Reference Guide

JFET Cross Reference Guide (continueq

INDUSTRY TYPE REPLACEMENT NA:XgﬁAL
NUMBER CODE NUMBER
MFE2004 " 2N4393
MFE2005 n 2N4392
MFE2006 . 2N4391
MFE2007 L 2N4857
MFE2008 ] 2N4391
MFE2009 u 2N4856
MFE2010 n 2N4856
MFE2011 ® 2N5433
MFE2012 " 2N5433
MFE2093 " 2N3687
MFE2094 . 2N3686
MFE2095 ] 2N3685
MFE2133 ] 2N4392
MFE4007 n 2N2608
MFE4008 " 2N2608

~ MFE4009 . 2N3329
MFE4010 . 2N3330
MFE4011 a 2N3330
MFE4012 . 2N3331
MPF102 * MPF102
MPF103 . * MPF 103
MPF 104 * MPF 104
MPF105 * MPF 105
MPF 106 * MPF 106
MPF107 S MPF107
MPF108 * MPF 108
MPF109 * -~ MPF109
MPF111 * ' MPF111
MPF112' * MPF112
MPF161 . 2N5461
MPF256 . J211
MPF820 " J3o9
MPF970 ° P1086E
MPF971 o P1087E
MPF4391 * PN4391
MPF4392 * PN4392
MPF4393 * PN4393
NDF9401 * NDF9401
NDF9402 * NDF9402
NDF9403 * NDF9403
NDF9404 * NDF9404
NDF9405 * ~ NDF9405
NDF9406 * : NDF9406
'NDF9407 * NDF9407
NDF9408 * NDF9408
NDF9409 * : NDF9409

. NDF9410 : * NDF9410
NF500 ° 2N4224
‘NF501 ° 2N4224
NF506 °. 2N3823
NF510 ° " 2N4092
NF520 ° 2N4224
NF521 . 2N4220
NF522 ° 2N4224
NF523 ° 2N4220
NF530 ° 2N3822
NF531 . 2N3821

_ INDUSTRY TYPE
NUMBER

NF532

. NF533
NF580
NF581
NF582
NF583
NF584
NF585
NF4302
NF4303
NF4304
NF4445
NF4446
NF4447
NF4448
NF5101
NF5102
NF5103
NF5163
NF5457
NF5458
NF5459
NF5485
NF5486
NF5555
NF5638
NF5639
NF5640
NF5653
NF5654
NPD5564
NPD5565
NPD5566
NPD8301
NPD8302
NPD8303
NPD9801
NPD9802
NPD9803
P1069E
P1086E
P1087E
P1117E
P1118E
P1119E
PF510

. PF511
PF5101
PF5102
_PF5103
PN3684
PN3685

. PN3686
PN3687
PN4091
PN4092
PN4093

REPLACEMENT
CODE

*9 © 6 & ® @ 6 o 0 6 © 0 0 0 O

*

*9® @ © 6 © 6 @ 0 © 0 0 O

*

*

NATIONAL
PART
NUMBER

2N3822
2N3821
2N5432
2N5432
2N5434
2N5434
2N5432
2N5433
PN4302
PN4303
PN4304
2N5432
2N5433
2N5432
2N5433
NF5101
NF5102
NF5103
2N5163
2N5457
2N5458
2N5459
2N5485
2N5486
2N5555
2N5638
2N5639
2N5640
2N5653
2N5654
NPD5564
NPD5565
NPD5566
NPD8301 °
.NPD8302
NPD8303
NPD9801
NPD9802
NPD9803

P1086E
P1087E

PN4392
PN4392
PF5101
PF5102
PF5103
PN3684
PN3685
PN3686
PN3687
PN4091
PN4092
PN4093
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JFET Cross Reference Guide (continued

INDUSTRY TYPE
NUMBER

PN4220
PN4221
PN4222
PN4223
PN4224
PN4302
PN4303
PN4304
PN4342
PN4343
PN4360
PN4391
PN4392
PN4393
PN4416
PN4856
PN4857
PN4858
PN4859
PN4860
PN4861
PN5033
PN5163
SU2078
SU2079
SU2080
SU2081
SU2098
SU2098A
SU2098B -
SU2099
SU2099A
SU2365
SU2365A
SU2366
SU2366A
SU2367
SU2367A
SU2368
SU2368A
SU2369
SU2369A
SU2410
SU2411
SU2412
TD5452
TD5453
TD5454
TD5902
TD5902A
TD5903
TD5903A
TD5904
TD5904A
TD5905
TD5905A
TD5906

REPLACEMENT
CODE

NATIONAL
PART
NUMBER

PN4220
+ PN4221
PN4222
PN4223
PN4224
PN4302
PN4303
PN4304
PN4342
PN4343
PN4360
PN4391
PN4392
PN4393
* PN4416
PN4856
PN4857
PN4858
PN4859
PN4860
PN4861
PN5033
PN5163
2N3955
2N3956

2N3954
2N3954
2N3954A
2N3955A
2N3955A
U401
U401
U402
U402
U403
U403
U404
U404
U405
U405
U424
U425
U426
2N5452
2N5453
2N5454
2N5902
2N5902
2N5903
2N5903
2N5904
2N5904
2N5905
2N5905
2N5906

INDUSTRY TYPE
. NUMBER

TD5906A
TD5907
TD5907A
TD5908
TD5908A
TD5909
TD5909A
TD5911
TD5911A
TD5912
TD5912A
TIS25
TiS26
TIS27
TIS34
TIS41
TIS42
TIS58
TIS59
TIS68
TIS69
TIS70
TIS73
TIS74
TIS75
TIS78
TIS79
TIS88A
U110
U112
U114
U133
U146
-U147
U148
U149
U168
U182
U183
U184
u197
U198
U199
U200
U201
U202
U231
U232
U233
U234
U235
U240
uz241
U242
U243
U244
U248

REPLACEMENT
CODE

*WM B 0 2 22 E B B E R E N NBNR

*2Z2 22 *

*

*9 @ 6 @ © 0 0 06 0 6 O ¢© 0 O m WM O N O =22

* K

*

*Z @ © 6 @

NATIONAL
PART
NUMBER

2N5906
2N5907
2N5907
2N5908
2N5908
2N5909
2N5909
2N5911
2N5911
2N5912
2N5912

2N5486
2N4859
PN4392
TI1S58
TIS59

TIS73
TIS74
TIS75

2N5486
2N5020
2N4381
2N5020
2N5020
2N5020
2N5020
2N2608
2N2609
2N2608
2N4857
2N3823
2N4416
2N4338
2N4340
2N4341
2N4393
2N4392
2N4391
U231

U232

U233

U234

U235

2N5432
2N5433
2N5432
2N5433

2N5902
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JFET Cross Reference Guide

JFET Cross Reference Guide (continuca)

NATIONAL

INDUSTRY TYPE REPLACEMENT PART
NUMBER CODE NUMBER
U248A * 2N5906
U249 * . 2N5903
U249A * 2N5907
U250° * 2N5904
U250A * 2N5908
U251 * 2N5905
U251A * 2N5909
U252 * 2N5911
U253 * 2N5912
U254 * 2N4859
U255 * 2N4860
U256 * 2N4861
U257 ) U257
U266 N
U280 ° 2N3954
U281 e © 2N3954
U282 ° 2N3955
U283 ® 2N3955
U284 ) 2N3956
U285 ° 2N3957
U290 N
U291 - N
U300 * U300
U301 * U301
U304 e 2N5114
U305 N e 2N5116
U306 ° 2N5117
U308 * U308
U309 * U309
U310 * usio
u3n e usit
U312 * U312
U320 * U320
U321 * U321
U322 * U322
U328 N
U329 N
U330 N
U331 N
U350 * U350
U401 * U401
U402 * U402
U403 * U403
U404 * U404
U405 * U405
U406 * U406
U421 * ua1
U422 * U422
U423 * U423
U424 * U424
U425 * U425
U426 * U426

U430 * U430
U431 * U431
u1714 ° 2N4340
u1715 N
U1837E ° 2N5486

INDUSTRY TYPE
NUMBER

U1897E
U1898E
U1899E
U1994E
U2047
UC155
uCc200
uc201
uc210
UCc220
UC241
UC250
uc251
UC400
- UC401
uc410
Uc420
ucs8s
uc703
uc705
uc707
uc714
UC734
UCT734E
UC755
UC756
ucso5
uceo?
ucs14
ucss?
ucss4
ucss5
UC2139
uc2147
uc2148
UC2149
VCR2N
VCR3P
VCR4N
VCR5P
VCR7N

REPLACEMENT
CODE

B 000000
MM M T T

NATIONAL
PART
NUMBER

U1897E
U1898E
U1899E
PN4416
PN4416
2N4416
2N4393
2N4416
2N3822
2N4220
2N3822
2N4391

2N4392
2N2609
2N5019
2N2609
2N3329
2N4416
2N3822
2N3824
2N4391

2N4416
2N4416
PN4416
2N4391

2N4224
2N3331

2N4861

2N3331

2N2608

2N4092
2N5115
2N4341
2N3331
2N4119
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DEVICE NATIONAL FUNCTIONAL DEVICE NATIONAL FUNCTIONAL
NUMBER TYPE/Ron/VaAlVs PIN-FOR-PIN EQUIVALENT NUMBER TYPE/RoN/Va/Vs PIN-FOR-PIN EQUIVALENT
Analog Devices
AD7516 4-SPST/28052/+7.5V/17.5V CDA4066 DG181 2-SPST/3092/~7.5V,15V/+ 15V, 5V AM181
DG182 2.SPST/758/-10V,15V/+15V 5V AM182
Fairchild ] DG184 2-DPST/3082/-7.5V, 15V/£15V 5V AM184
F4016 4 SPST/80052/+7.5V/+7.5V CD4016 DG185 2-DPST/750/-10V,15V/£15V 5V AM185
F4051 8-Ch. MUX/2802/+7.5V/: 7.5V CD4051 DG187 SPDT/30Q/-7.5V,15V/: 15V 5V AM187
F4052 4-Ch. MUX/28082/+7.5V/27.5V CDA4052 DG188 SPDT/75Q/-10V,15V/+15V,5V AM188
F4053 3-SPDT/2809/+7.5V/+7.5V CD4053 DG190 2-SPDT/3082/-7.5V,15V/+15V 5V AM190
F4066 4-SPST/2809/+7.5V/+7.5V CD4066 DG191 2-SPDT/759/-10V,15V/+15V,5V AM191
IH5001 SPST/30§2/+8V/-18V,12V 1/2AH0133
Harris : 1H5002 SPST/5082/+8V/-18V,12V 1/2AH0133
HD4051 8-Ch MUX/28082/7.5V/+7.5V CD4051 IH5003 2.SPST/302/+10V/-18V,12V AH0133
HD4052 4-Ch MUX/28082/:7.5V/+7.5V CD4052 IH5004 2-SPST/5082/:10V/-18V,12V AHO134
HD4053 3 SPDT/28092/+7.5V/+7.5V CD4053 IH5005 2-SPST/1002/+10V/-18V,12V AHO141
HD4066 4-SPST/280Q2/+7.5V/+7.5V CD4066 I1H5006 2-SPST/30£2/+10V/-18V,12V AHO0133
1H5007 2-SPST/8052/+10V/-18V,12V AHO0134
Intersil 1H5009 4-Ch. MUX/100£2/:0.2V AH5009/AM9709
DG111 2-SPST/100~450£2/:10V/~20V, AM182 IH5010 4-Ch. MUX/150£2/:0.2V AH5010/AM9710
10V,5V 1H5011 4-SPST/10092/+0.2V AH5011/AM9711
DG112 2-SPST/100~45082/+10V/-20V, AM182 1H5012 4-SPST/150/+0.2V AH5012/AM9712
10V,5V 1H5013 3-SPST/10082/£0.2V AH5013
DG116 4-SPST/100~450£2/:10V/-20V, AH0015 IH5014 3-SPST/15082/:0.2V AH5014
10V,5V ‘ IH5015 3-SPST/10002/:0.2V AH5015
DG118 4-SPST/100—45082/10V/-20V, AH0015 IH5016 3-SPST/1500/:0.2V AH5016
10V,5V . MM450/MMS50  2-DPDT/200-6002/+10V MM450/MMS50
DG126/DG426  2-DPST/802/:10V/-18V,12V AH0126 MM451/MM551  4-Ch. MUX/200—600£2/+10V MM451/MM551
DG129/DG429  2-DPST/309/:10V/-18V,12V AHO0129 MMA452/MM552  4-SPST/200—60082/2 10V MM452/MMS52
DG133/DG433  2-SPST/3092/£10V/-18V,12V AH0133 MM455/MM555  3-SPST/200—600£2/+10V MM455/MMS555
DG134/DG434  2-SPST/8082/:10V/-18V,12V AHO134 DG508 8-Ch. MUX/45052/*/+15V LF11508
DG139/DG439  DPDT/309/:10V/+15V AHO139 DG509 4-Ch. Diff. MUX/4509/*/+15V LF11509
DG140/DG440  2-DPST/102/+10V/-18V,12V AHO0140 IH5060 16-Ch. MUX/40092/*/+ 15V LF11506
DG141/DG441  2-SPST/1082/:10V/-18V,12V AHO141 IH5070 8-Ch. Diff. MUX/40092/*/+15V LF11507
DG142/DG442  DPDT/80%2/:10V/-18V,12V AH0142
DG143/DG443  SPDT/8092/+10V/~18V,12V AHO0143
DG144/DG444  SPDT/30Q/+10V/-18V,12V AHO144
DG145/DG445  2-DPST/102/:10V/-18V,12V AH0145 Motorola
DG146/DG446  SPDT/1092/+10V/~18V,12V AH0146 MC14016 4-SPST/400Q/+7.5V/+7.5V CD4016
DG151/DG451  2-SPST/15Q/+7:5V/+15V AHO0151 MC14051 8-Ch. MUX/280%2/+7.5V/+7.5V CD4051
DG152/DG452  2-SPST/5092/+7.5V/+15V AHO152 MC14052 4-Ch. MUX/28082/+7 5V/+7.5V CD4052
DG153/DG453  2-DPST/10£2/:7.5V/+15V AH0153 MC14053 3-SPDT/280§2/+7.5V/+7.5V CD4053
DG154/DG454  2-DPST/5082/:7.5V/+15V AHO154 MC14066 4-SPDT/28082/7.5V/+7.5V CD4066
DG161/DG461  SPDT/15Q/+7.5V/+15V AHO0161 MC14529 4-Ch. MUX/27092/:7.5V/+7.5V CD4051
DG162/DG462 _ SPDT/509/+7.5V/+15V AHO162
DG163/DG463  DPDT/1552/:7.5V/+15V AHO163
DG164/DG464  DPDT/5082/+7.5V/+15V AHO164
DG172 " 4-SPST/200-6009/+10V/=20V, 10V, 5V AHO0015

*Denotes items which have a maximum analog voltage of +15V, the National equivalent devices have +10V maximum analog voltage.
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Analog Switch Cross Reference Guide

DEVICE NATIONAL FUNCTIONAL DEVICE NATIONAL FUNCTIONAL
NUMBER TYPE/Ron/Va/Vs PIN-FOR-PIN EQUIVALENT NUMBER TYPE/RoN/Va/Vs PIN-FOR-PIN EQUIVALENT
RCA DG191 2-SPDT/75%/-10V,15V/: 15V 5V AMO0191
CD4016 4-SPST/85042/+7 5V/+7.5V CD4016 DG201 4-SPST/10082/*/+15V © LF11201
CD4051 8-Ch. MUX/2802/+7.5V/+7.5V CD4051 DG501 8-Ch. MUX/200—800%2/+5V/-15V,5V ' AM3705
CD4052 4-Ch. MUX/2802/+7.5V/+7 5V CD4052 DG511 4-Ch. Diff. MUX/200—70082/:10V/ MM454/MM554
CD4053 3-SPDT/28092/+7.5V/:7.5V CD4053 ~20V, 10V )
CD4066 4-SPST/28092/27'5V/27 5V CD4066 DG506 16-Ch. MUX/40082/*/+ 15V LF11506
: DG507 8-Ch. Diff. MUX/40082/*/+ 15V LF11507
DG508 8-Ch. MUX/40082/*/+15V LF11508
Siliconix - v . DG509 4-Ch. Diff. MUX/40082/*/£ 15V LF11509
DG111° 2.SPST/100-45092/:10V/-20V, AMO0182 DGM122 2-DPST/100-50082/10V/~20V, AH0019
' ~10V, -5V : ‘ 10V,5v )
DG126 2-DPST/8092/+10V/-18V,12V AH0126 Si455/S1555 3-SPST/200-60052/10V/-20V, MM455/MM555
DG129 2-DPST/308/:10V/~18V,12V AHO129 10V,5v
DG133 2-SPST/3002/10V/-18V,12V AHO0133
DG134 2.SPST/8052/+10V/~18V,12V AHO134 Solitron
DG139 DPDT/300/:10V/+15V AHO139. CM4016 4-SPST/40092/+7 5V/+7.5V CD4016
DG140 2:DPST/1022/£10V/-18V,12V AH0140 CM4051 8-Ch. MUX/28082/+7.5V/:7.5V CD4051
DG141 2.SPST/10Q/+10V/ 18V,12V AHO141 CM4052 4.Ch. MUX/2800/+7.5V/+7 .5V CD4052
DG142 DPDT/8052/+10V/-18V,12V AH0142 CM4053. 3-SPDT/28082/+7.5V/7.5V CD4053
DG143 SPDT/80£2/:10V/-18V,12V AH0143 CM4116 4-SPST/80082/+7 5V/+7 .5V CD4016
DG144 SPDT/309/110V/-18V,12V AHO144 )
DG145 2-DPST/1082/+10V/-18V,12V ’ AHO0145 Teledyne—Crystalonics
DG146 SPDT/1092/:10V/-18V,12V AHO0146 CAG-10 SPST/500/-10V,4V/15V 5V 1/2AM182
| oGis1 2.5PST/150/+7 5V/+15V AHO151 CAG-13 2-SPST/5092/+10V/-18V,15V AHO134
DG152 2:SPST/509/+7 5V/= 15V AHO0152 CAG-14 SPST/5082/-10V,5V/+ 15V 5V 1/2AM0182
DG153 2-DPST/1092/:7.5V/=15V AHO0153 CAG-21 2.DPST/302/-6V,10V/-18V,15V AHO0129
DG154 2-DPST/5002/+7.5V/:15V AHO0154 CAG-22 2-SPST/3092/-6V,10V/-18V 15V AH0133
DG161 SPDT/15%/+7.5V/+15V AHO161 CAG-23 2.SPST/5092/+10V/~18V,15V AHO134
DG162 SPDT/5092/:7.5V/£15V AH0162 CAG-24 2-SPST/300/-6V,10V/-18V,15V AH0133
DG163 DPDT/158/+7.5V/+15V AHO163 CAG-27-10 2-SPST/1002/-6V,10V/-18V,15V AHO141
DG164 DPDT/5082/+7 5V/+15V AH0164 CAG-30 SPST/6022/£10V/:15V,5V 1/2AM182
DG172 4-SPST/200~60052/+10V/~20V, AH0015 CAG-42 2.SPST/6082/+10V/~18V,15V AHO0134
10V,5V CAG-45 2-SPST/6082/+10V/-18V,15V AHO134
DG173 DPDT/150—50082/ 10V/~20V AH0014 CAG-48 2-SPST/60$2/:10V/~18V,15V AHO0134
10V,5V CD4066 4-SPST/28082/+7.5V/+7.5V CD4066
DG181 2-SPST/302/-7.5V,15V/=15V,5V AM181 CS4R 2-DPST/15/+10V/-18V,15V AH0140
DG182 2-SPST/7592/-10V,15V/15V 5V AM182
DG184 2-DPST/30£2/7.5V,15V/+15V,5V AM184 Texas Instruments
DG185 2-DPST/7582/-10V,15V/£15V,5V AM185 TF4016 4.SPST/4009/:7 5V/+7.5V CD4016
DG187 SPDT/300/~7.5V,15V/£ 15V 5V AM187 TF4051 8-Ch. MUX/280§2/+7.5V/+7.5V CD4051
DG188 SPDT/75%2/-10V,15V/£15V 5V AM188 TF4052 4.Ch. MUX/28082/+7.5V/+7.5V CD4052
DG190 2-SPDT/3092/-7.5V,15V/+ 16V 5V AM190 TF4053 3-SPDT/28092/+7.5V/+7.5V CD4053
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Choose The Proper FET 3
. o
National Semiconductor utilizes 17 different FET geometries to cover, without compromise, the full spectrum %
of applications. Specific part number characteristics are summarized into application areas further on within
this section. In addition, this section includes process comparison charts which graphically indicate the typical -
values of a given parameter for all geometries under identical test conditions. Detailed data on each process, =
along with a list of all part numbers manufactured from each process, is to be found in Section 3. @
' 1 a
To further simplify the selection procedure, the FET Family Tree is included for quick identification. After 3
narrowing down the process types, it is suggested that the process sheets and specific part number characteris- o]
tics be consulted. @
—
FET FAMILY TREE -
m
N-CHANNEL SINGLES P-CHANNEL SINGLES N-CHANNEL DUALS —|
GENERAL PURPOSE AMP V .
" P50 — g, 37 mmhos GENERAL PURPOSE AMP GENERAL PURPOSE
Ipss 1-20 mA P88 — gi4—17 mmhos PB3 ~Ig 3pA @20V
P52 — g 0.5—-3 mmhos Ipss 5-90 mA 0 0.85 mmho @ 0.2 mA
Ipss 0.1-10 mA P89 — g 1-4 mmhos P94 — Ig1pA @35V
P55 — g 0.8—5 mmhos Ipss 0.3-20 mA CMRR 125d8B
Ipss 0.5-17 mA
RF/VHF/UHF
P50 = G, 12 dB @ 400 MH: SWITCH/CHOPPER ULTRA-LOW INPUT CUR
ts 5.5 mmhos - | P88 — rps50-200 ohms P84 - 1pA@25V
P90 — Gy 11dB @ 450 MHz Ioorr) 50 pA a5 175 umho
g 8 mmhos P89 — rps 450 ohms P86 — Ig 0.1pA
P92 — Gy, 12 dB @ 450 MHz loiorr) 20 PA g5 500 umho
: 5 19 mmhos
ULTRA-LOW LEAKAGE AMP WIDE BAND-LOW NOISE
P50 — Igss 5 pA @20V P93 — gt 6 mmhos @5 mA
5 3—7 mmhos : : Cis 4.2 pF
P53 — lgss' 0.3 pA @20V ) P96 ~ g¢ 9 mmhos@ 2 mA
05 0.08—0.3 mmhos Cis 10 pF
LOW FREQ-LOW NOISE AMP _ LOW FREQ-LOW NOISE
P50 — e, 8nV//Hz@ 10 Hz . ) P95 — e, 8nV//Hz @ 10 Hz
C.3pF g5 1—-4 mmhos
P51 — e, 6nVA/Hz@ 10 Hz P96 — e,7nVA/Hz@ 10 Hz
¢ 20 mmhos 0t 10—22 mmhos
SWITCH/CHOPPER
P50 — rpg 100-500 chms
Iporr) 5 PA
P51 — rpg 20—100 ohms
Ipiorr) 15 pA
P58 — rpg 3—-20 ohms
lo(orr) 50 pA .
All values are typical
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FET Application Guide

National Semiconductor manufactures a broad line of silicon Junction Field Effect Transistors (JFETs).
National’s JFETs provide excellent performance in many areas such as RF amplifiers, analog switching, low
input current amplifiers, low noise high impedance amplifiers and outstanding matchéd duals for operational
amplifiers input applications. ‘

The following FET guides enable the user to deterﬁmine when to use FETs and where to look for the best choice.

FET Application Guide

29 Y < ~ ~ w 8 9Q
<32 3 & o 3 L4 g
Y o © o Y < 8 =] = I
v S 0 % 1N . 38 < ] Py
8822 8 253 £ : E 2 &
POPULAR PRODUCT 28 2% N &2 & & o = & 8 3 e !
TYPES RERD T o9iY¥7 1777 S §9 7 %o 14 %9 %
66 bbb & LR Lan & be & 2 o< @ ~ - s e p < o
cC Bm 0 st Nl O oW O | == 9 1) | - 3 - @ ©
< <t 0 [v] - = < - =3 = (= © o == 2 n 0 n
s 8§ & T OHL O ©L® 0 N Lw N 0 =1 o] w © 0 0
22 22 2 2222 2 22 2 T 22 2 2 o 2 a 2 2 2
Na N ~ NN NN o~ N N N 2 N N ~N N ] N 2 o~ ~N N
PROCESS DESIGNATION * 50 51 52 53 55 58 83 84 86 88 89 20 92 93 94 95 96 98
Low Current Amplifier S P S P P P P P P
Low Freq Ampli < 100 Hz S S P S P P P
High Freq Ampli > 100 MHz P [ [ P
General Purpose Amplifier P . P . P P
Low Noise Amp (10 Hz ep) S S S S P P P P 3
Low Noise Amp > 50 MHz P S P | P P P
High Frequency Mixer P P [
Dual Diff Pair ' P P P [ [ s P P
AGC Amplifier P P .
Electrometer Preamp P P P ] . P S
Microvolt Amplifier ' P [3 P P P
‘Low Leakage Diode. P )
Diff/Angle Ended Inp. Stag. P P P PP P P
Active Filter P S P S N
Oscillator P S P S P [
Voltage Variable Resistor P P S P P P P
Hybrid Chips P P P P P P P P P P
Analog/Digital Switch P P P S S
Multiplexing P P S S P
Choppers P P P P
Nixie Drivers
Reed Relay Replacement ) P
Sub pA Dual Diff Pair [ P
Sample-Hold P P i S S P P
Buffer Interface to CMOS ) P P
Matched Switch S ' S ¢ S P P
HF > 400 MHz Prime . [3 P ]
Current Limiter . P P
Current Source P S P S

P — Prime Choice S — Secondary (Alternate) Choice
f
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FET App"cation GUide (Continued)

ADVANTAGES OF USING FIELD-EFFECT TRANSISTORS

Low frequency
amplifiers

Operational
amplifiers

Medium and high
frequency
amplifiers

Mixers — 100 MHz
and up ’

Oscillators

Logic gates

Choppers

AD Converters
Multiplex switching
(arrays) and sample hold

Relay contact
replacement

Voltage variable
resistor

Current limiters
Sources

Small coupling capacitors
Low noise, distortion
High input impedance

Summing point essentially
zero. Low device noise.
Less loading of transducers

Low cross modulation
Low device noise
Simplified circuitry

Low mixing noise
Low cross modulation

Low drift

Virtually infinite fan in
Simplified circuitry
Zero storage time
Symmetrical

Zero offset

Low leakage currents
Simplified circuitry
Eliminates input transformers

Improved isolation of input
and output. Zero offset.
Symmetrical. Low resistance
Simplified circuitry

Solid state reliability
Zero offset, High isolation
Symmetrical

No inductive spring

No contact bounce

High repetition rate

Symmetrical

Solid state reliability
Functions as variable resistor.
Low noise. High isolation
Improved resolution

Two lead simplicity
Wide selection range
Low voltage operation

APPLICATION ADVANTAGES FINAL ASSEMBLY WHERE USED
DC Amplifiers High Z;, Transducers, military guidance
Low drift duals systems, control systems, temp
Low noise indicators, multimeters

Sound detection, microphones,
inductive transducers, hearing aids,
high impedance transducers

Control systems, potted op amps,
test equipment, medical electronics

FM tuners, communication received
scope inputs, most instrumentation
equipment, high impedance inputs

FM tuners, communication receivers

Transmitters, receivers, organ

Guidance controls, computer market
mini military teaching aids, traffic
control, telemetry

Op amp modules guidance controls
instrumentation equipment

Control system, DVM’s and any read-
out equipment, medical electronics

Test equipment, airborne equipment
instrumentation market

Organ, tone controls, control ckts to
input operational amplifiers

Hybrid circuits, amplifiers, power supply
protection, timing ckts, voltage
regulators
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Important Parameters by Application

Important Parameters by Application

LISTED IN APPROXIMATE ORDER OF IMPORTANCE

L L L High ‘ Analog
ow Source Electrometer o‘w o‘w 9 . Differential and
Frequency . Drift Noise Frequency | Oscillator . ..
i Follower Amplifier - o ce Amplifier Digital
Amplifier Amplifier Amplifier Amplifier N
) ) Switch
Vfs Vfs IG Ipz en Re(yfs) Vis: IVGs1-Vas2! RDs(ON)
AlVGs1-VGs2l
_ Ipss IG Yis vis@lpz |G Relyis) | lDss T ar | 'Dlefd
VGS(off) | Crss Ipz VGs@Ipz | in NF Crss llg1—-lg2l Ciss
Ciss Ciss en G Yfs Crss Ciss Ig Crss
Crss IDSS Yos BVGss IDss | Relyos) | VGs(off) | Yis VGs(off)
en VGS(off) ' © | VGs(off) | IDSS BVGss Yis1/Ys2 BVGss
BVGss BVGss VGSs(off) 1Yos1—Yos2!
: o CMRR
| VaGs(off)
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FET Process Comparison Curves

Dual FET Drain Saturation Current vs

Ipss — DRAIN SATURATION CURRENT (mA)

9 — TRANSCONDUCTANCE (mmho)

100
50

10

0.1

100
50

10

0.1

Cutoff Voltage

I I I ’
T, =25°C |r Pg3
P36 e
Pt
. P95
V4 P83/P34
P84
/

1 -2 -3 -4 -5 -6 -7 -8 -8 —10
Vasiorr) — GATE-SOURCE CUTOFF VOLTAGE (V)

Dual FET Transconductance vs Cutoff

Voltage

T 1
[ Ta=25°C

P96

I
r L. P83/P9

4

v

= PB4

2

-1 -2 -3 -4 _5 —6 7 -8 -9 —10
Vasiorr) — GATE-SOURCE CUTOFF VOLTAGE (V)

|g — GATE LEAKAGE CURRENT (pA)

1000
500

100
50

Ipss — DRAIN SATURATION CURRENT (mA)

g — TRANSCONDUCTANCE (mmho)

Single FET Drain Saturation Current vs

Cutoff Voltage
100 . |
)
50 % mmll‘:‘ Sph
o 1/ ': PEO(N)
- PSIN P55(N)
10 A I PRI(P) T PE2(N)
1
5 II\I — N-Channel
P — P-Channel
1 P53(N)
0.5 /
h TA = 25°C b
u L D1

-1 -2-3-4-5-6-7-8-9-10
Vasiorr) — GATE-SOURCE CUTOFF VOLTAGE (V)

Single FET Transconductance vs Cutoff '

Voltage
100 T
—1
50 P51(N)
= P92(N)
10 Pst:(P)
5 : =1~ P90(N) ]
e S pso(n)
- SN pssin)
; P8a(P) |
~ P52(N) 4
0.5
P53(N
01 I

-1 -2 -3 4 -5 -6 -7 -8 -9 —10
Vesiorr) — GATE-SOURCE CUTOFF VOLTAGE (V)

Dual FET Gate Leakage Current vs

Drain-Gate Voltage
- Tp = 25°C
C= CASCQDE 1
P93
}l P96 :jm —
/
y
— /I/ .4 1’,’95 -
P24(C) ]
1
1
A#
P84(C) ]
' |
0 5 10 15 20 25 30 35

Vpe — DRAIN-GATE VOLTAGE (V)
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FET Process Comparison Curves

FET Process Comparison Curves (continuea)

Single FET Gate Leakage Current vs
Drain-Gate Voltage

Ic — GATE LEAKAGE CURRENT (pA)

Ipss — DRAIN SATURATION CURRENT (mA)

1000

500

100
50

100
50

0.1
0.05

0.01

?50(:«)]: PE1(N)

—
/ P’513(N)

PIO(N)
1A/

/|

y

— PQZ(N)/

J y 4

y /7

P55

PES(P)
y ~

y A

pag(p)/J

4

L~

‘?/

Ta=25°C
N — N-CHANNEL
P — P-CHANNEL |

0 5

10 15 20

25

30 35

Vpe — DRAIN-GATE VOLTAGE (V)

Single P-Channel FET Process Distribution

IDSS vs gfs
=
/Psa
)4
7 /P89
/
0.01 05 1 5 10 50 100

o — TRANSCONDUCTANCE (mmho)

rps — DRAIN-SOURCE ON RESISTANCE (<2)

Ipss — DRAIN SATURATION CURRENT (mA)

1000

500

100
50

Vesiorr) — GATE-SOURCE CUTOFF VOLTAGE (V)

100
50

0.1
0.05

0.01

ON Resistance vs Cutoff Voltage'

N [ |
Ta=25C ]
|
P52(N)
Ny P55(N) ~ |
P50(N)
PIO(N), PO3(D)
P88(P) ™
[y Po2(N) | PI7(Q)
P51(N), P96(D)
> |
[~ N - N-Channel el
P — P-Channel
| 0 — Dual N-Channel
Q - Quad P-Channel
1 1 1 1

0 -1 -2 -3 -4 -5 -6 -7 -8 -9 10

Single N-Channel FET Process Distribution

1pss vs gfs

1 LI
— Tp=257C

4

[
ﬁss

0.1 05 1

5 10

O — TRANSCONDUCTANCE (mmho)

Monolithic Dual FET Process Distribution

— 1DSS vs 9fs
£ 10 TTT T
£ 50 Po3H
u P83, P94 P96 |-
g 10 — i
[(x] 5 | L
z g
= A
g 1. y P98

05
[

[

‘Z L‘, e
= 0.1 +
L 0.05 |:34
|
g g0 L
- 0.1 05 1 5 10 50 100

9% — TRANSCONDUCTANCE (mmho)
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N-Channel FETs

6-C

SWITCHES/CHOPPERS
Type Case :\\,Igsz ’Ilf,f;so ID(off) Vo Ipss *ds(on) Ciss Crss ton | toff process | Pl
No. swle |V @ 1g (a1 @ vpg| "™ eVDs Ves | W) - Vos lp {mA) Vos | (2] g lo | (BF) Vps Vgs | bFl g VDS Vas | (ns) | (ns) No. . | N
) Max (v) (v) Min  Max v) (nA) | Min Max - (V) Max (mA) | Max (V) v) Max v) (V) | Max | Max
Min (uA) | Max [\ .

2N3824 | To72 | 50 1 foa 30 | 01 15 -8 8 15 250 6 15 . 0 3 0o -8 55 25
2N3%66 | TO-72 | 30 1| 2 | o1 0 -7 | a 6 0 10 |2 c20 | 220 6 20 o 15 0 -7 50 | 25
2n3970 | TO-18 | 40 1 fo2s* 20| 025 20 -12a 10 20 1 |5 150 20 |3 125 20 o 6 o -12] 20| 30 51 02
2n3971 | To-18 | 40 1 fo2s* 20| 028 20 12 |2 5 20 1 |25 75 20 | 60 1 ]2 20 o 6 o -12)30] 60 51 02
2N3972 | To-18 | 40 1 jo2s* 20| 025 20 -12]o0os 3 2 1 |s 30 20 |10 1 |25 20 o 6 o -12 | 8 | 100 51 02

" e2ng081 | TOas | 40 1 jo2- 20} 02 "2 =125 0 2 1 30 22 |30 1.} 1 20 0 5 o 201 25| a0 st 02

w2na09z | Tog | 40 1 joz 20102 20 -8tz 7 2 1l - 20 | 50 1 6 20 o 5 - 0 -20} 35| 80 51 02
e2N4093 | TO-18 | 40 1 joz 2002 2 -6 |1 5. 20 1 |8 20 | 80 1 1 2 o 5 o -20| 60} 80 51 02
2v4301 | Toas | 40 1 fou 20f 01 2 24 100 20 1 {se 150 200 | 30 1+ {1 2 o }Ja3s o -12]2/|3 st} o2
an4302 | o8 |40 1 oa 0fe 2 7 }2 5 2 1 |2 1 20 |60 1 114w o 35 0o -7 | 20|58 51 02
2N4393 | TO98 |40 1 jos 201 2 5105 3 2 1 |s se. 20 |wo 1 }w 2 o 35 o -5 | 20} 80 51 02
wangss | Toqd Lao 1 Je2s 20 | a2s 15 -0 )4 w0 15 5 |50 C a5 | o2 8 o -w0fs o -0} |2 51 02
2N48s6A | TO-18 | 40 1 {o2s 20 [ 025 15 -10| 4 0 15 5 |50 15 | 25 10 o -10] 4 o -8 |2 51 02
wanags? | o108 | 40 1 oz 20f 0 15 w0} 2 8 B 5 |20 10 15 |40 18 o -0 ] 8 o -wo|w}|s| s o2
2N4857A | TO-18 | 40 1 |o2s 20 | 025 15 -10] 2 6 15 5 |20 100 15 | 40 1 o -10}35 o -t0] 10]a0 51 02
w4858 | o8 .40 1 fo2s 0] 026 15 -0 ] 08 4 15 5 {8 8 15 . 60 18 o -0 }-s o - 20| w0 51 07
‘oNagssa | To1s [ 400 1 Jozs 20 | 028" 15 -0 ] 08 4 5 5 |8 8 15 |60 0 o -10]|3 o -0 16]80 51 02
e2N4859 | TO-18 | 30 1 foazs 15| 025 15 -10 | 4 0 15 5 |50 15 | 25 18 0o 10| 8 o -9 |2 51 02
2Nn4gs9A | To-18 | 30 1 {o2s 15| 025 15 -0 a4 0 15 5 |50 15 | 25 0 o -0 4 o -10]|8 |20 51 02
e2N4860 | TO-18 | 30 1 |oa2s 15| 025 15 -0 2 6 5 5 |20 100 15 | a0 8 o -0 |8 o -10] 10| 50 51 02
2N4860A | TO-18 | 30 1 |o2s 15| 025 15 -0 | 2 6 15 5 |20 100 15 | 40 10 o -10|35 o -10] 0] 4o 51 02
o2N4861 | TO-18 | 30 1 |o2s 151 025 15 10| 08 4 15 5 |8 g0 15 | 60 8 o -w0]|s8 o -0 20| 100 51 02
2N4861A | TO-18 | 30° 1 |o2s 15 025 15 -10| 08 4 5 5 |8 g0 15 | 60 0w o -10|35 o -0 16|80 51 02
oNsa3z | TOB2 | 25 t {02 15062 &5 w04 10 s 3 1o 15 |s 6 f{a o -] s o -1w}|s |3 58 | 07
ns433 fros2 s 0 1 o2 o2 s |3 9 s 3 {100 15 {7 w3 o -0 o -10|5 |as s | o7
w5434 | Tos2 |i2s 1 Joz - oz 5 -0 f1 4 -3 }ao 15 | 10 w}ls o -0 15 o -w0)s |36 58 | 07
2Nsss5 | TO-92 | 25 ol s 10 12 -0 (10) 15 15 | 150 5 15 0 12 0o -10]10] 2 50 72

e Note. JAN qualified per applicable MIL-S-19500 specification.
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| Selection Guide

SWITCHES/CHOPPERS (Continued)

N-Channel FETs

- 2NB63Y

5
&

6640

. Se
B e

2N5653
2N5654

PN4859
PN4860
PN4861
TIS73
TIS74
TIS75
U1897E
U1898E
U1899E

T0-92
TO92
TO-92
TO92
T0-92
TO-92
TO-92

T0-92

T092-

0.2*

20
20
20

N NN = ==

e SR R

100
80

100
80

25
40
60
25
40
60
30 1
50 1
80 1

20 G N - B -« - B B <)

© ©O 0o oo o oo

BV, 1
BV:;S) "?)ZSO . ID(off) Vp Ipss fds(on) Ciss Crss
T'XPE SCBSIG W e Ig |ma e Vpg {nA) @ VDG | Vas v) @VDs Ip (mA) Vps Q) e D (pF)@ Vps | Vgs | (pF) @ Vps | Vas
- tyle ) Max (\%] (V) | Min  Max (V) {nA) |Min  Max~ (V) Max  (mA) | Max V) V) Max (\2] v)
Min (uA) | Max (V) .

(ns)
Max

51
51
51
51
51
51
51
51
51

72
72
72
77
77
77
72
72
72




N-Channel FETs

14

RF, VHF, UHF AMPLIFIERS

T :\\,IGSS IIGSS Ve Ipss RelYys! Re(Yos) Ciss Crss (4B) @NRF - 1K
ype | Case Gbo bGo v evps Ip ImA) @ Vps | (mmho) @ Freq | umho)@ f | (pF) @Vps | Vgs | F) @ vps| vas G Process | Pkg.
No. Swle | V) @ 16 1A} @ VDG | win  max () A Min Max (V) | Min MMz | Max  MH2) [ Max ) |V | mMax ) | ) Freq | No. | No.

Min (uA) | Max (\] Max {MHz)
2N3819 | To92 | 25 1|2 15 8 15 2 |2 20 15 16 100 8 15 |o 4 15| 0 50 74
2N3823 | TO-72 | 30 1 |os 20 8 5 5 |a 20 15 3.2 200 200 200 |6 15 o 2 150 25 100 s0 | 25
2N4223 TO-72 30 10 { 0.25 20 0.1 8 15 .25 3 18 15 2.7 200 200 200 6 15 (6] 2 15 0 5 200 50 25
2N4224 | TO72 | 30 10 |os 20 | o1 8 15 5 |2 20 15 17 200 200 200 |6 15 |o 2 15| 0 50 | 25
2N4416 | TO72 | 30 1 foa 20 6 15 1 5 15 15 4 400 100 400 | a4 15 |o 08 5] 0 4 400 s0 | 25
e2N4416A | To72 | 35 1 o1 2| 25 6 B 1 |s 5 15 4 400 100 400 | 4 15 | o 038 1510 4 400 50 | 25
2N5078 TO-72 30 1 0.25 20 0.5 8 15 4 25 15 4 200 150 200 6 15 o 2 15 0 3 200 50 25
oNs245 | TO92 | 30 14 20 | 1 6 AEEERT 15 15 4 400 100 400 |45 15 {o 1 5o 4 400 90 | 7
2N5246 | TO92 | 30 1 |1 0§ 05 4 5 10 |15 7 15 25 400 100 400 |45 15 |o 1 150 % | 77
2n5247 | To92 | 0 1 |1 20 | 15 8 15 10 |8 24 15 4 400 150 400 |45 15 |o 1 5o % |77
2N5248 TO-92 30 1 5 20 1 8 ’ 15 10 4 20 15 3 200 200 200 6 15 0 2 15 0 50 74
ans5387 | To72 | 25 1 {o1 15 | 1 6 w1 0. 3 10 55 450 200 450 |5 10 {1om | 12 10| 10m| 35 450 90 |25
2ns398 | To72 | 25 1 Joa 15 | 1 6 01 5 40 10 5.0 450 400 450 |55 10 |o 13 0|0 32 450 %0 |2
onsags | TO092 | 25 1 2 | os 3 % 10 |1 5 15 25 100 75 w00 |5 5 o |1 15 {0 3 100 50 72
onsags | TOo92 | 25 1 | 20 | 1 4 15 10 |4 10 15 3 400 100 400 |6 15 {6 1 1510 4 400 50 | 7
2NB48s | To9z | 25 1.4 20 | 2 6 s 10 |8 20 15 ] as 400 00 400 |5 15 |0 1 1510 4 w0 | 50 |72
2N5668 TO-92 25 10 |2 '{5 0.2 4 15 10 1 5 15 1 100 50 100 7 15 4] 3 15 0 25 100 50 72
2N5669 TO-92 25 10 |2 15 1 6 15 10 4 10 15 1.6 100 100 100 7 15 0 3 15 o 25 100 50 72
2N5670 T0-92 25 10 |2 15 2 8 15 10 8 20 15 25 100 150 100 7 15 0 3 15 0 25 100 50 72
- onsgas | -To92 | 30 1 15 | 3 7 15 180} 12 18 15 3.0 100 75 100 |8 15 {0 2 1510 5 100 50 77
2nsesa | Toe2 | 30 11 15 | 25 & 15 w0l 1 15 15 30 100 7% 100 |6 15 |0 2 1510 100 s0° | 77
2ns951 | T092 | 30 1 | 15 | 2 5 15 100 7 1B 15 30 100 7% 100 |6 15 |o 2 510 5 100 50 | 77
2N5952 | To92 | 30 1 15 | 13 as 15 100 4 8 15 10 100° 7% 100 |6 15 |o 2 5|0 5 100 s6 | 77
2ns953 | TO92 | 30 1 15 | 8 3 15 1w0] 25 s 15 1.0 100 50 100 |6 15 |0 2 15 |0 3 100 50 77
1300 T092 | 25 1 fos 15 ] 1 6 10 1 6 30 10 45 001 200 001 {55 10 |Bm | 17 10 | 5m @2 100 %0 |72
1304 T0.82 | 30 1 o1 20 | 2 6 151 5 15 15 42 400 80 100 |13 15 |o 18 15 10 a 400 50 72
4305 To92 | 30 1 fou 20| 5 3 B 1 8 15 B0 400 80 100 |1 15 |o 18 5|0 vl 400 50 | 72
4308 092 | 25 1 15 ] 1 65 W01 12 60 10 8 001 200 001 |75 o |-10 |25 0 |[-10] t15 100 92 72
1309 To.92 | 25 1| 5 ] 1 40 w01 12 30 10 10 a6t 200 o001 {756 o [-10 |25 o |-t0| ws 100 92 72
+ J310 TOG2 25 1 1 15 2 65 10 1 24 60 10 8 001 200 001 75 o -10 25 0 -10 11.5 100 92 72

® Note. JAN qualified per applicable MIL-S-19500 specification.
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RF, VHF, UHF AMPLIFIERS (Continued)

N-Channe! FETs

; . :\‘I/GSS ,IGSS Ve Ipss Re Yts RelYos) Ciss Crss (4B) @N: -1k
Type Case - Goo bGo v)  @vps Ip (mA) @ Vpg | (mMho) @ Freq | (uMhol@ f | (pF) @vps | Vgs | F) @ Vps | vgs G Process | Pkg.
No. Style | (V) @ “lg | (PA) @ VDG| iy Max (V)  (0A) [Min Max (V) | Min  (MHz) | Max  (MH2) [Max W) | (V) | Max ) | w) Freq | No. | No.
Min (uA) | Max v) Max {MHz)
MPF102 | TO-92 | 25 1|2 15 8 15 2 |2 20 15 16 100 100 200 |7 15 3 15 | o
MPF106 | TO-92 | 25 1| 20 | o5 a4 15 5 |4 10 15 25 0.001 5 15 2 15 |0 4
MPF107 | TO-92 | 25 1 {1 20 | 2 6 15 5 |8 20 15 4 0.001 5 15 1.2 15 |0 4
MPF108 | TO-92 | 25 10 |1 15 | o5 8 15 10u [15 24 15 1.6 100 200 100 |65 15 25 15 | o 3
PN4223 T092 | 30 1 {o2s 20 | 01 8 15 1 3 18 15 2.7 200 200 200 |6 15 2 15 | 0 5
PN4224 T092 | 30 1 |o2s 20 | 01 8 15 5 |2 20 15 1.7 200 200 200 |6 0
PN4416 TO92 | 30 © 1 6 5 4 0
25 1 6 12 5
o g c
38
30
30
30
N-Channel FETs
LOW FREQUENCY—-LOW NOISE AMPLIFIERS
Type Case BVGss Igss VGS(OFF) Ipss ofs (RelYg) Goss Ciss Crss _en Process Pk,
No. Style (V)@ ig | (nA) @ Vpg V) @ Vpg Ip (mA)  @Vps {mmho)  Vpg f (umho) Vps | (PF) @Vps |Vgs| (pPFI@Vpg nV/\/Hz @ f No. No.
Min  (pA) | Max (V) | Min  Max tv) (nA) | Min  Max (\] Min  Max (V) (MHz) Max (V) | Max (V) V) Max (V) Max (Hz)
2N4393 [TO18 [ 40 1.0 | 01 2005 30 20 10|50 3 20 | uz 20 | o.001 14 20 0 3.5 5.0(GS) 18.0 10 51 02
2NS566 | TO-72 | 30 10 | 0.1 15002 40 15 10|05 26 15 | 15 65 15 | 0001 [ 20 15| 60 15 0 30 15 35 10 50 25
2nss57 [To72 | 30 10 o1 15[/ 08 50 15 10 {20 50 15 | 1.5 65 15 | 0oo1 | 20 15| 60 15 0 30 15 35 10 50 25
0.1 10 | 40 15 ol 30

2N5558

1'6-1 06 )
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ULTRA LOW INPUT CURRENT AMPS

N-Channel FETs

) BVgss lgss Vp Ipss Ggs Goss Ciss Cr, o
Trfrr;s:em :;slee (v?v%wlc (pA)ID@? 0Vm; i V)~ @Vps o | [#A) @Vps| (smhol @ Vps | (umho)@Vps | (PF)@ Vps | Vgs | (oF) e Vos | Vas \%? €y e | e
Min wA| Max w) in Max ) (nA) | Min lMax ) Min  Max (\2] Max (V) | Max V) V) Max ) (v) Max (He)
nat1? | o2 | 40 1 {10 20 | o6 18 10 1 {3 90 {20 210 10 3 1] 3 10 o | 18 0] o 53 | 25
M4117A | TO72 | 40 IR RN 20,1 06 18 10 113 so° 1w} 20 10 3 0| 3 10 o | 18 0] o 53 | 25"
< avanB | Tog2 | a0 1 {10 2011 3 10 18 240 30)8 2 10] s w ] 3 10 o | 18 wl o 53 25
oN4118A | TO72 | 400 1 {1 20 {1 3 ‘10 118 20 10} 8 - 20 10 5 0} 3 w!| o] s ol o 53 | 25°
Coangnig | To72 | 40 1 0 0 |2 6 70 .1 | 200 600 10 | 300- 330 10 16w 3 10 01 15 10 f 0 53 | 25
o NargA LToraf a0 1 |1 20 | 2 5 W 1] 2000 600 10 | 100 330 10 o 10{-3 10 b | 15 10] 0 53 | 25
N-Channel FETs
GENERAL PURPOSE AMPS
.:zgiso |I§:z Vp IDss Gfs Goss Ciss Crss - NV n
Transistor Case Wl e Ig | Al @ Vpg ) v) @ Vps Ip .(mA) @ VDS !mmho) @Vps | (umho)@ Vpg | (PF)@ Vps | Vgs | (PF) @ Vpg | Vgs (\/H—z-)@ Freq Process | Pkg.
Type Style Min wal | max v Min Max v) (nA) | Min  Max (V) | Min Max v) Max (V) | Max v) v) Max v) v) Max (Hz) No. No.
2N3069 TO-18| *50 1| 30 95 30 1000 2 10 30 |1 25 30 80 30 | 18 0o | -12{15 30| o 125 1000| 52 |02
2N3070 To-18 | *50 1 30 45 30 1000l 05 25 30 | 075 25 30 30 3|1 o | -8 |15 30| o] 125 1000 52 |02
2N3368 7018 | *40 1 ]s 20 115 20 1000)2 12 30 |1 4 30 80 30 |2 8 0 3 3 | o 52 | 02
2N3369 TO-18 | *40 1 |s 30 65 20 1000/05 25 30 [06 25 30 30 30 |2 8 0 3 30 | o 52 | 02
2N3370 TO-18 | *40 O - 32 20 100001 06 30 [03 25 30 15 30 | 20 8 0 3 3 | o 52 | 02
2N3436 TO-18 | *50 1 Jos 30 98 20 1000)3 .15 20 |25 10 20 35 30 |18 0o |-10]e6 30| o | 100 1000| s5 |02
2N3437 | T0-18 | *s50 1 |os 30 48 20 1000|088 4 20 |15 6 20 20 3 |1 o |-6 |6 30 | o | 100 1000 55 |02
2N3438 TO-18 | *50 1 |os 30 23 20 100002 1 20 {08 45 20 5 30|18 o |4 {6 30 | o | 100 1000] 55 |02
2N3458 TO-18 | *50 1 {o2s 30 78 20 1000( 3 15 20 [25 10 20 35 30 {18 o0 [-10]s 30| of 2258 20 52 | o2
2N3459 TO-18 *50 1 0.25 30 34 20 1000| 0.8 4 20 1.5 6 20 20 30 18 o -6 5 30 0 155 20 52 02
2N3460 TO-18 | *50 1 |ozs 30 18 20 1000] 02 1 20 |o8 45 20| -5 30|18 o | -4 ]s 30| of 155 20 52 | 02
. 2N3684 | TO72 | 50 1o s |2 5 20 1 les 75 ‘20 |2 3 2! 50 20| 4 20 |0 1.2 20 0 10 1wo | 52 | 25
2N3685 1072 | 50 1 {or. 301 1 35 20 1 1 3 20 115 25 20 25 20 | 4 20 {0 1.2 20| o} 180 100 52 | 25
2N3686 Torz | s  1ifoa. s |es o 2 20 1 jo4 12 2 |1 2 20 0 .20 | 4 20 | 0 12 -21 0| 10 10| 52 | 25
Loangesr QThg2]se 1 joa 3 {03 12 20 1 jor 05 20 |05 15 20 5 20| 4 200 |z 20 ] o) 10 w0 | 52 | 25
2N3821 To72 | 50 1 oa 30 4 5 5 |os 25 15 |15 45 15 0 15| s 5o |3 15| o | 200 10 55 | 25
2N3822 TO-72 | 50 1 foa 30 6 15 5 |2 10 15 |3 65 15 20 15| 6 15 | 0 3 15| 0| 200 10 55 | 25
2N3967 To72 | 30 1 {01 20 |2 5 20 1 25 10 20 |25 20 s 209 5 20 | ¢ 1.3 20| & | 84 100 50 | 25
2N3967A | TO72 | 30 1 |o1 20 |2 5 20 1 25 10 20 |25 20 35 20¢| 5 20 | 1.3 20 | @ 160 10 50 | 25
2N3968 T0-72 | 30 1 o1 20 3 20 1 1 5 20 |2 20 15 20°¢ 5 20 | = |13 20| t | 8 100 50 | 25
2N3968A [ To-72 | 30 1 joa 20 3 20 1 1 5 20 |2 20 15 20*% 5 20 |« |13 20 | t 160 10 50 | 25
2N3969 T0-72 | 30 1 oa 20 17 20 1 04 2 20 |13 20 5 2011 5 20 | 1t |13 20| ¢ | 8 100 50 | 25
2N3969A [ TO.72 | 30 1 fo1 20 1.7 20 1 04 2 20 |13 20 20t 5 20 | 1t | 13 20| ¢ | w0 10 50 | 25
slp=1mA tIp=500uA qIp=250uA &Ip=100pA **Ip=100uA TTip=40uA
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Selection Guide

N-Channel FETs
GENERAL PURPOSE AMPS (Continued)
*?3‘\//2?0 lls:z Ve bss Sts Goss ; Ciss Crss NV .
Transistor Case W @ Ig |mA) @ Vpg A (v) @ 'Vps ip i (mA) @ VDS {mmho) @Vps | (umho)@ Vpg | (pFI@ Vps | Vgs | (PFI@ Vps | Vgs \/;‘—:)@ Freq | Process | Phg.
Type Style Min (A | Max W) Min Max (V) (nA) | Min Max (v) Min Max V) Max v) Max v) v) Max (V) (V) Max (H2) No. No.
2N4220 TO-72 30 10 |01 15 4 15 1 0.5 3 15 1 4 15 10 15 6 15 0 2 15 0 55 25
2N4220A TO-72 30 10 |0.1 15 4 15 1 05 3 15 1 . 4 15 10 15 6 15 0 2 15 o] 15 100 55 25
2N4221 TO-72 30 10 | 0.1 15 6 15 1 2 6 15 2 5 15 ) 20 15 6 15 0 2 15 0 55 25
2N4221A TO-72 30 10 | 0.1 15 6 15 1 2 6 15 2 5 15 20 15 6 15 0 2 15 0 115 100 55 25
2N4222 TO-72 30 10 [ 0.1 . 15 8 15 1 5 15 15 25 6 15 40 15 6 15 o] 2 15 0 55 25
2N4222A TO-72 30 . 10 0'1, 15 . 8 . 15 1 5 15 15 25 6 15 Bl ‘40 15 6 15 o 2 15 0 115 '100 - 55 25
. 12&43&3- 1018 | 80 t {01 .. 3 3. 1 165 100 }02 08 15 {06 18 B8] 5 - 1B 7 510 3 a5} o) es 000 52 ) oz
2vg338 {108 | 50 1 for a0 |ds. 18 15 ioofos o185 .15.]o8. 24 s | 1B 15 {7 5. {0 |a s | o.|.68 . 1000 | s2 -} oz
{ 2Ndaa0  jToqs| so 1 fon 0 |1 3 . 100fa2 T3s s 13 3 0 8o s i 7 s oo |3 15|07 68 1000 82| 02
- 2N4341 TO-18.| &0 tfer oose 2z -6 8 10071 3 ] w20 e 1s ) el s o7 15 o |3, ] 0. § 68 1000 85 .} 02
2N5103 TO-72 25 10 | 0.1 15 0.5 4 15 1 1 8 15 2 8 15 100 15 5 15 0 1 15 o] 100 10 50 25
2N5104 TO-72 25 1 0.1 15 0.5 4 15 1 2 6 15 35 75 15 100 15 5 15 0 1 15 1] 50 10 50 25
2N5105 TO-72 25 1 0.1 15 ‘&5 4 15 1 5 15 15 5 10 15 100 15 ] 5 15 1] 1 15 (4] . 50 25
’ ' a 1o 20 fos 'z T ws welos v s fr s wforeTidsTl e a5 fel fz . s fa | 115 oo ss cfies.
1 faa 0 foe & . .18 -weles A8 s |12 38 5 ) 10 151 6 w lo |2 18 {0} 138 100 | 85 | 25
1 Joi 20 Jos 4 35 wodos 25 .15.]1a 42 i 20 5] 5-]0 |2 " s )oo ] f15 100 | 85 |2
1o fer. o2 |46 0 s q000f 25 8T w s as 5] 200 5 6 i5 {o ]2 151 0. | ius sen ] bsei| 28
Ther a2 7 i dsciee e B isil2 sE s | a0 e 1o lolf2 5] e ] 11s 00 el os
1 Jea s 200 {28l s oo |7 w4l 1 |es e as Jhee 18] B 1 j o 2 s e s oo | e 2
Crfeds Y] 2sT 8 B w6 fe 18 15 {27 65 15} 60 15} 6 5 [0 |2 ] of s 1wo | s |25
L 05. 8 . 15 10 |1 5 5 |2 s 15 0 16 | 7 s o {3 51 0
1 17 B 102 9 8 |15 55 5 50 15 | 7 s o I3 5] o
470 EERE LT 2 B o5 0 a1 s l2 e s | 80 15| 7 L jo |3 L L S
kNéSSG ’ TO-7§ IR 30 1 01 0.2 4 15 1 0.5 25 15 1.5 6.5 15 20 _15 6 15 0 3 15 0 35
2N5557 T0-72 30 1 0.1 0.8 5 15 1 20 20 15 6 15 Q 3 15 0 35
2N5558 Tb-72 30 1 0.1 15 1.5 6 15 1 4 20 15 6 15 0 3 15 0 35
T TR b 24 TR RPUR B {1 20- 103 B T2 w2 a0l e ze e fe T 2e e o ;
Cgeas o frod2 ) a0 1 jox - | g8 a0 0 10} 08 w8 20 20 |0 2 20 b e | w0l 827
03 . jrog2] 40 a fer 20| 20 108 (900 .10 40 20 B a0 e o) w20 Joo e ez e nel i Loz
Lzte |tosz] 2 vdoa s fav s w ass 2 b s La0s rzeciscf aso s b toas [0 abe s o gel w0 iz
C it Togz| 25 toloa s {as 4B s T fre 20 18170 oaze i as | a00- 15 | s s fo [as, 8| e | wo ik ]oee 1oz
Laz2c o |tosz)-as - o1 far s foa 6 5.1 115 400 T8 700 120 6. 200 15| w15 |0 s 5] o | we ik e | e
MpFioz  |Toe2| 25 - 1 v 15 Te 151 o5 s s s 50 5] 7 15 |0 |3 5] o s | o
MPF104 T0-92 | 25 1 15 . 7 15 1 2 9 15 {15 55 15 50 15 7 15 0 3 15 0 55 72
MPF 105 TO-92 25 1 1 15 . 8 15 1 16 15 2 8 15 50 15 7 15 0 3 15 0 55 72
MPF109 TO-92 25 10 |11 15 0.2 8 15 10 05 24 15 0.8 6 15 75 15 7 15 0 3 15 0 115 1000 65 . 72
- -




S1-C

WCIGWLIVII WGAUIuG

N-Channel FETs
-GENERAL PURPOSE AMPS (Continued)
BVGss [l )
BVGpo -.f(ff) Ve 'pss Gis Goss Ciss Cuss
Transistor case | ) @ i6 |ma) @ vpg v) @ Vps ip (mA) @ VDS (mmho) @ Vpg | (umho)@ Vpg | (pF1 @ Vps | Vgs | bFI@ Vps | Vgs ﬁ—: le Freq | Process | Pka.
Min M \% A) | Min M i
Type Style Min wA) | Max w | i lax v) (nA) | Min axr ) Min A Maxr (v) Max (V) | Max v) V) | Max v) ) (Hz) No. No.
100 10 10 1000] 05 20 10| o5 10 200 10 50 72
100 10 1 75
- sz s T T s 4 "o {0 {2 jo
15 25 . 20 ). 2 4. 20°f0 |12 o
1 ES3 G 4 20 {o .f12 o
3 .05 A 20 10 L. ;
1 1 6 15 | o 2 0 55 72
PN4221 | TO92 | 30 10 |1 2 15 6 15 | o 2 15 |0 55 72 A
PN4222 T092 | 30 10 |1 25 6 15 40 15| 6 15 | o 2 15 )0 55 72
PN4302 TO92 | 30 1 1 20 50 20| 6 20 | o 3 20 { o 100 1000{ 52 72
PN4303 T092 | 30 - (I 2 20 50 20| 6 20 | o 3 200 100 1000| 52 72
PN4304 T092 | 30 1 10 10 20 10 o5 15 20 | 1 20 50 20| 6 20 | o 3 20 {o 126 1000 52 72
PN5163 TO92 | 25 1 |0 15 | 04 8 15 1000].1 40 15 | 2 9 15 200 15 12 15 | o0 3 5[0 50 1000| 50 72
TISS8 T092 | " 25 1|4 15 | 05 5 15 20 |25 8 15| 13 a4 15 6, 15 | 2mAl 3 15 | 2mA 50 74
TIS59 TO92 | 25 1] 4 15 | 1 9 15 20 | 6 25 15 | 13 15 6 15 | 2mA 3 15 | 2mA 50 74
' _ N-Channel FETs
GENERAL PURPOSE DUAL JFETs ' :
OPERATING CONDITIONS FOR THESE CHARACTERISTICS -
OP. CHAR. Nss"zl (D:;f:) Gys Goss CMRR Vg Vp Ipss Gts Goss IGss Cis Crss BV _en 'oss Gt Gosstz lorlez| [ o
Type case | Vog o 0s- ¥ (pA) | umhos | (umho)  (dB) ) ) (mA) (mmho) | tumho) [ (PA)@VDG | (pF) (pF) (V) | (nV//H2) @ 1 | Match Match (umho} 125°C | "0° Ne
No. syle| V) (wA) ‘x" Aﬂ:ﬁs Mex | Min Max| Max  Min  Min Max | Min Max| Min Max| Min Max| Max | Max (V) | Max Max  Min | Max Ha| % % ) -
X
2N3921 TO-7211 10 700 5.0 “10 250 { 1500 20 -30f 10 10 1.5 75 35 1000 30 18 6.0 50 100 1.0k 5.0 . 83 12
2N3922 TO-71] 10 700 5.0 25 250 1500 20 -30} 10 10 1.5 7.5 35 1000 30 18 6.0 50 100 1.0k 5.0 : 83 12
2N3934 TO-71] 10 200 5.0 10 100 | 300 5.0 See 2N3954-6 as an improved replacement 12
?5’ . 100 390 1. 5.0 o See 2N3954-6 as an improved replacement 12
TS % AN P <05 40 110 45f05 50f 10 20 36§ w0 30 40 12 50 § 150 wo | 50 30 10 83 12
0 80§ ) 05 40 10 .45 08 50) 16 30] ‘3 100 30 40 1.2 S0 150 100 50 30 10 83 12
071 . S8 e 05 4p | w0 4s5f05 50| 10 30 3 {w0 3 a0 12 80 | 180 00§ 50 30 1 8 w2
TOWY . w0 00 0 - a8 o ] 05 40 § 10 -45{06 s0f 10 30f 35 fwo 3 | a0 12 0} 50 we ] 50 50 10 8 |z’
16 g0 200 s 50 .50 05 40 -} 10 aslos s0) 1o s0] 3 Jwo o | 40 12 50 ] s we] s0 50 10 83 |12
FO71) 20200 0 20 07850 65 40 } to 45105 %ol wp e 3w} w0 30 40 1z 50 | 180 we f ¢ 10 10 83 [z
Jfroan X 00 B0 L T e L8 a0 ] B0C 4SfO8 SO 10 30} 35 100 30 | 40 12 80 J g0 00| 45 15 DU R B
TO-711 10 200 15 10 100 | 300 10 See 2N3954-6 as an improved replacement . 12
TO-71] 10 200 15 25 100 § 300 10 B See 2N3954-6 as an improved replacement 12
TO-74 10 700 15 10 250 1500 20 05 4.0 30}l10 10 1.5 75 35 1000 30 18 6.0 50 100 1.0k 50 83 12
TO-711 10 700 15 25 250 | 1500 20 30{ 10 10 1.5 7.5 35 1000 30 18 6.0 50 100 1.0k 5.0 83 12
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Selection Guide
N-Channel FETs

GENERAL PURPOSE DUAL JFETSs (Continued)

OPERATING CONDITIONS FOR THESE CHARACTERISTICS

vV, .2! DRIFT -
OP. CHAR. 35‘32 W g Gy Goss CMRR Vg Vp ‘pss Gys Goss 'Gss Ciss | Crss | BV & 'Dss  Grs  Goss12 lGriGz], -
Type case | VDG 'D 4(:/ 1 v, (pA) umhos (umho)  (dB) w) - ) (mA) (mmho) | (umhol | (pA) @Vpg wF | eF) | V)| (nvi/H2i @ | Match Match (umho) * 126°C ',3"“ N:
No. Style | (V) (wA) ;‘_ “MGS Max | Min  Max | Max Min Min Max | Min Max [Min Max | Min Max | Max | Max (v) Max | Max | Min | Max Hz) | % % (nA) ° )
X lax
15 200 5.0 67 25 250 30 80 |40 50 200 10 5.0 1.0 83 12
15 200 10 133 25 ' 10 20 83 | 12
200 3.0

15

2N5453 TO-71 | 20
__2N5454

2NS561 | TO71
2NSS62 | TO-71
2N5863 | TO71

401

J402 8Pin ) PROCESS IN DEVELOPMENT
403 Mini-

1404 o

J405

NPD9802 . ’ PROCESS IN DEVELOPMENT

NPD9803 .

u231 TO-71 | 20 200 5.0 10 50 600 10 03 40 See 2N3954 as an improved replacement

U232 TO71 {20 200 10 25 50 | 600 10 03 4.0 See 2N3955 as an improved replacement 83 12
u233 7071 {20 200 15 50 50 | 600 10 03 40 See 2N3956 as an improved replacement 83 12
U234 TO71 |20 200 20 75 50 | 600 10 03 "40 See 2N3957 as an improved replacement . 83 12
U235 TO-71 | 20 200 25 100 50 | 600 10 03 4.0 See 2N3958 as an improved replacement - i ) ) 83 12
uaot TO-71 ) - 98 12
ua02 TO-71 : 98 12
uaos Ton - PROCESS IN DEVELOPMENT 9% | 12
U404 TO-M i . 98 12
uss | Tom . . . 98 12

U406 TO-71 - 98 12
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LOW FREQUENCY—LOW NOISE DUAL JFETs

N-Channel FETs

OPERATING CONDITIONS FOR THESE CHARACTERISTICS
OP. CHAR. Nez‘:' (:C;f; Gys Goss CMRR Vgs Vo Ipss Gys Goss Igss Ciss Crss BV _en lpss Gfs  Goss1-2 'Grtcz process | Py
Type Cse [Vog lo (O T T AN | umhos (wmho)  (dB) (V) v (mAl (umho) | (umhol | (pAI@ VDG [ (oF) (pF) (V) | (aV/A/Hzl @ | Match Match (umho) 125°C | PPN | O
No. swie [ V) wa) O MoS Max | Min Max | Max M Min  Max | Min Max | Min Max [ Min  Mox | Max | Max (V) | Max Max  Min Max  (Hz) [ % % (nA)
2515 | TO71 |20 200 50 50 100 | 500 1000 10 100 02 38|07 40| 05 75|10 a0 10 |250 30 | +25 450 40 30 10 60 30 0.1 10 95 | 12
2NS516 | To71| 20 200 50 10 100 | 500 1000 10 100 02 38|07 40| 05 75|10 40 10 | 250 30 ]+ +50 40 10 50 3.0 0.1 10 95 | 12
2Ns517 | TO71| 20 200 10 20 100 | 500 1000 1.0 9 02 38|07 40| 05 75|10 40 10 250 30 | +25 450 40 10 50 50 0.1 10 95 | 12
2N5518 | TO-71| 20 200 15 40 100 | 500 1000 1.0 02 38|07 40 05 75[10 40 10 | 250 30 | 425 +50 40 10 50 50 01 10 95 | 12
2N5519 | TO71| 20 200 15 80 100 [ 500 1000 1.0 02 38|07 40| 05 75|10 a0 10 250 30 | +25 450 40 10 10 10 01 10 95 | 12
nNss20 | TO71 )2 20 S0 50 100]50 1000 10 w00 02 3807 40) 05 15]10 40 10 250 30 | 425 450 40 15 10 50 3D 0.1 10 Tes | 12
2NB521 | TO?71| 20 200 5.0 1 100 § 500 1000 10 100 02 38|07 40] 05 75|10 40 10 | 250 30 | +25 50 40 10 50 30 01 10 95 | 12
2nss522 | TO7rf 20 200 1 20 wofseo woo| 10 80 02 3807 40] o5 5[0 a0 10 {280 30 | +25 +50 40 | 10 50 50 01 10 95 | 12
2ns523 | To7t| 2 200 15 40 100 } 500 1000 | 10 02 3807 40)os 15|10 a0 10 | 250 30 | +25 450 40 10 50 50 0% 10 e | 12
nss24 | To71}20 200 18 80 100 | 500 1000 | 10 02 38jo7 40|05 75{10 40 10 | 250 30 } 425 460 4D 10 10 10 0.1 0, 9 | 12
2NG483 | TO71 |20 200 50 50 100|500 50| 10. 10 02 asfor 40f{o0s 75f{10 4o o |0 30| 20 35 s0 10 10 so 30 03 ] 95 | 12
2N6484 | TO71 |20 200 10 10 00§50 1506f 10 00 02 38407 46} 05 7610 40 10 j20 30| 20 35 s0 l 10 50 30 0.9 10 95 | 12
26485 | TO73} 20 200 15 25 100 | 500 1500 10 9 062 38|07 40|05 15}1D 40 w0 j20 30} 20 35 50 10 50 50 01 10 85 | 12
N-Channel FETs
WIDE BAND—LOW NOISE DUAL JFETs
OPERATING CONDITIONS FOR THESE CHARACTERISTICS
OP. CHAR. stgzl ":C;f; s Ggs Goss CMRR Vgs Vp Ipss Gys Goss Igss Cis Crss BV _en Ipss  Ggs  Goss1-2 'Grisz process | Pkg
Type cae | VDo I (O T A umhos (umho)  (dB) \2) \2 (mA) (umho) | (umho) | IpA) VDG| (pF) (PF) (V)| (nV//H@ § | Match Match (umho) 125°C | "o ™ | o
No. swle | (v A O Me® Max | Min Mox  Max  Min Min Max| Min Max| Min Max | Min Max| Max | Max © (V)| Max Max Min]| Max Ha) | % % (nA)
2M5564 } TO1 | 15, 2000 50 10 7500 a5 05 30 50 a0 100 20f 12 30 40] 50 10 50 50 ce6 | 12
25565 | TO71 { 15 2000 10 2% 7500 a5 05 30| s0 3o 100 20| 12 306 40 s0 10 50 10 9 | 12
INS566 | TO71 | 15 2000 20 50 7500 a5 05 30} s0 30 w0 20§ 12 30 ‘a6 so 10 50 10 9% {12
2Ns911 | Tozaf 10 s000 10 20 100 § 5000 0000 100 03 40}10 50} 720 a0 w00 15 s0 12 25) 20 k] 50 50 20 20 01 | 24
2ns912 | to7Bf 10 oo 18 40 100 | 5000 10,000 100 23 40} 10, 86| 70 40 wo 15| s0 12 28| 20 w0x| 50 S50 20 20 93 | 24
NPOS564 § BPin | 15 2000 5.4 10 7600 45 05 30| 50 30 we 20} 12 38 40} s0 0 50 50, 9% | &7
NPDS5BS | Mini- } 16 2000 10 .26 * 7600 45 05 30 | 50 30 100 20 12 30 40 50 1a 50 10 26 7
_NPDSSG6 ] O | 15 2000 20 50 7500 a5 05 30} 50 30 100 20} 12 30 40] 50 10 50 0 9% | 87
u2s7 TO78 | 10 5000 100 5000 10,000 150 1.0 50 | 50 40 wo 5] 50 1.2 25| 30 10k | 15 15 20 93 | 24
U430 7093 { 10 10,000 10,000 20000 150 10 40| 12 30 180 <15 %) 10 100§ 10 10 a2 | 2
L4371 1098 | 10 10,000 10,000 20,000 150 20 60} 24 60 150 16 2] w0 wo| 10 10

apINY uono3|es
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Selection Guide

N-Channel FETs

LOW LEAKAGE—HIGH CMRR—WIDE BAND DUAL JFETs

OPERATING CONDITIONS FOR THESE CHARACTERISTICS

VGs1.2' DRIFT ' g
OP.CHAR. 'VGS12 oura G Gis - Goss CMRR Vgs Vp Ipss Gy Goss igss Ciss Crss BV en Ipss  Gts Gosst-z lg1-tG2 N .
Type cae | VDG 'O (({Js' AV, (pA) umhos (umho)  (dB) ) ) (mA) (umho) | tumho) | (pA) @VDG (pF) pF) (V) | (nvi/H2Ie ¢ Match Match (umho)  125°C '5;'“ N:-
No. Syle | (V) (uA) ";'“ NG5 Max |Min Max  Max  Min Min Max |Min Max | Min Max | Min Max | Max | Max € V) | Max Max Min | Max ) | % - % nA) " -

NDF2401 50 56 S0§jes0 20000 ©1 320 ©3 40 {05 40 30 sp o2
NDF9402 se 509 §950 2000 01 120 D1 40 | 05 40
NDF9403 w0 501}950 2006 D3 . 190 01 40 |05 4D

10

10
10 5o | eso a0
2 40

0
o
Joss
oo

ULTRA LOW LEAKAGE DUALS

OPERATING CONDITIONS FOR THESE CHARACTERISTICS
Oper. Vesi2 AV : 161-!
. o o o2 ney 6 | Gt Goss ves Vp Ipss [ Goss Igss Ciss| Crss | BVGss | o102 eracess | Pk
gg’ swie |y i (“’/s, wvicg) PAY [ tmho) (uMho) ) [\ (mA) {mmho) (umho) | (pA) @ Vgs | (pF)| (pF) ) oA No. m"
. (3,5 (,,ﬂ, ;“ d M Max | min Max  Min Max| Min  Max| Min  Max | Min  Max| Max | Max (V) | Max | Max | - Min ,;" . .
2Ns902 | TO78 | 10 0 5 5 3 504 15 a0 2 84 2
2N5903 | TO-718 | 10 30 5 0 3 504 15 40 2 84 24
2Nsg04 | TO78 | 10 30 10 0 3 504 15 40 2 84 | 24
2N5905 30 3 S0u 2 84
E
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P-Channel FETs

SWITCHES
BV, 1
Transistor | Case BV::sO 'ggg A} @I'\J/(om v W ‘r/@pv ' { :Sss@ v @ o Fle \‘/:iss v F 5”‘ on ] 2| process | pig.
Type Swie [ V) @ Ig |0A1 @ VDG | oy v ) | in Max 0 GA) | Min Mae ) | Mex (mA) :v': w | W :: € W ‘:G)S Mo | Mo No. | No.
. Min (xa) | Max W) mn in ax ax m ax lax \") ax ax ‘
2N3382 TO-72 30 1 15 30 2 -5 6 1 7 5 -5 1 3 30 10 300 88 23
2N3384 TO-72 30 1 15 30 2 -5 6 4 5 -5 1 15 30 10 180 88 23
2N3386 TO-72 30 1 15 30 25 -5 10 4 9.5 -5 1 15 50 10 150 88 23
2N3993 TO-72 25 1 1.2 15 1.2 -10 10 4 9.5 -10 1 10 10 150 16 -10 ] 4.5 1] 10 88 23
2N3993A TO-72 25 1 1.2* 15 1.2 -10 10 4 9.5 -10 1 10 10 150 12 -10 0 3 o 10 88 23
2Ni§994 T0-72 25 1 {.2’ 15 1.2 -10 6 1 5.5 -10 1 2 10 300 16 -10 0 4.5 0 10 88 23
2N3994A TO-72 25 1 1.2* 15 1.2 -10 6 1 55 -10 1 2 10 300 12 -10 0 3 0 10 88 23
2N5018 TO-18 30 1 2 15 10 -15 12 10 -15 1 10 20 75 45 -15 0 10 0o 12 35 65 88 1
_2ns019 | Toa18 | 30 1 ]2 B[ 10 5 7 | 5 -15 1 |5 . 20 | 150 45 -5 0o J1wo o | 7 || 125) 8 | 11
o514 | 1048 | 30 tJos o2 o8 -5 92 [s. 0 5 wo1{a s . a8 |5 1 |2 5| o |7 o | 12| .2 B8 | 11
#2N5115 || To8 |30 1 jos. . 20 [ o5 -5 7 }3 6. 15 oo1f 6 6. 18| t0o0 1| 25 15| 0 |7 o | 7 | 303 s | 1
*2N5116 .-} TO-18 | 30 1 jos ‘20 J.os -5 5 |14 ~15 -0011'6 25 . 15} 150 1 25 . -5 0o |7 o 5 | 42] 60 8 | 31
s o s 1 i 20 |4 =5 10 |5 1w -5 o, Jaw 10 5] 8s 1] 1 o 10 |58 o | 10} 2 88 | 74
s o roe2’] 3o 14 2 | -1 .16 §'s 8 .15 011 s 15} 5| 1 o 10 | 58 o) 0] 510 e | 74
3w TOog2 } 30 . 1 j1 2 11 -5 10} o a -5 o1 | 2 2% 15 | 280 -285f 11 0 10 | 65 ¢ 1] 158) 18 88 | 7a
s lroszlso v 1 20}y s 19 ja 225 <15 01 {15 2 15faw o)1 o ]| ss o | 1] 202 | 8 |mn
P1086E '}0-92 30 -1 2 20 10 -15 10 10 -15 .01 10 15 75 1 45 -15 0 10 15 0 35 50 88 n
P1087E TO-92 30 1 2 20 10 -15 5 5 -156 .01 5 15 150 45 -15 (o] 10 15 o] 40 75 88 n
U304 To18 | 30 1 |os 20 | o5 -15 12 |5 10 15 1 3 90 15 | 85 27 -5 0 |7 o | 12| 35| 35 88 | 1
U305 TO-18 30 1 0.5 20 7 3 4 15 1 15 60 15 110 27 -15 0 7 0 7 50 45 88 1
U306 T0-18 | 30 1 los 20 5 |1 15 1 5 25 15 | 175 27 5| o0 |7 o | 5 | e a0 88 | n
e Note. JAN qualified per applicable MIL-S-19500 specification
P-Channel FETs
AMPLIFIERS
| en
. BB‘\// GSS IGSS Vp Ipss Gys Goss Ciss Cyss ( '_“_—V)
Transistor Case GDO bGo V) @Vps Ip (mA) @ Vps (mmho)  @Vpg |(umho)@ Vps | (pF)  Vps | Vgs | (PF) | Vps Vgs |\VHz J@ Frea | process | Pkg.
Type Style | V) @ lg | (WA} @ VDG | win  max  (v)  (uA) [Min Max (V) [Min Max (V) [ Max (V) | Max (V) | V) | Max | V) ) | Max'  (Ho) | No. | No.
Min (uA) | Max v)
®2N2608 | TO-18 30 1 10 30 1 4 -5 1 0.9 4.5 5 1 5 17 -5 1 125 1000 89 1
2N2609 T0O-18 30 1 30 30 1 4 -5 1 2 1c 5 25 5 30 -5 1 125 1000 88 1
2N3329 T0-72 20 10 10 10 5 -15 10 1 3 10 1 2 10/1mA| 20 10 20 -10 1 125 1000 89 23
2N3330 TO-72 20 10 10 10 6 -15 10 2 6 10 1.5 3 10/2mA| 40 10 20 -10 1 125 . 1000 89 23
2N3331 TO-72 20 10 10 10 8 -15 10 5 15 10 2 4 10/5mA| 100 10 20 -10 1 155 1000 89 23
2N3332 TO-72 20 10 10 10 6 -15 10 1 6 10 1 2.2 10/1mA| 20 10 20 ~10 1 65 1000 89 23
2N4381 TO-18 25 1 1 15 1 5 -15 1 3 12 15 2 6 15 75 15 20 -15 0 5 -15 0] 20 1000 89 1
2N4382 TO-18 25 1 1 15 25 9 -15 1 10 30 15 4 8 15 100 15 20 -15 0 5 -15 0 20 1000 88 11

® Note. JAN qualified per applicable MIL-S-19500 specification

apINY uoio9|eg
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AMPLIFIERS (Continued)

P-Channel FETs

Transistor Case BB\‘//:;SD "I;;ng V) \g’ v, 1 ( A,'DSS @V, h ?" @V, Ggsv Ciss Crss NV "
Type Syle | (V) @ g |(nA) @ Vpg Min Max (3)3 (pg) Minm Max (3)5 Mg:"n :ﬂax (3)3 (";:(o, (3)5 » :a::x’ \:3)5 ‘(’3)3 I(\:an) ‘(/\I/))s ‘(Is)s (\/;I_z) @ Freq W’:Cm oy
Min___ {(uA) | Max V) (Hz) o. | No.
2N5020 TO-18 25 1 1.5 -15 1 03 1.2 15 11 35 15 20 15 1000 89
2N5021 TO-18 1 15
SRS e e 4065 Py

88
3ero- 2 B ST 3 ”Bop
PN4342 TO92 . 1 2 o 89
PN4343  |To92 | 25 10 |10 15 10 -10 1 4 0 100 a8 | n
PN4360 T092 | 20 10 |10 5 o7 10 -0 1 2 0 100 89 | 7
PNS033  |To92 | 20 10 |10 5 |03 25 -10 1 } : 1 0 1000| 8 | 7
U300 TO-18 40 1 0.1 20 5 10 -15 001 | 30 90 8 12 15 20 -15 15mA| 55 -15 15 mA 40 1000 88 1
U301 TO-18 40 1 0.1 20 25 60 -15 .001 15. 60 ) 7 1 15 20 -15 7mA 55 -15 55mA| 40 1000 88 11
Pro-Electron FETs
AMPLIFIERS
h BVgss lgss vp Vas. Ipss RelYEs) Ciss Crss (dB) @N:G =1k
Type No. ::;: (;"gfl’: ° ;?@?\?co W evps (:3\ ) V)’ @Vps ‘Lg) mAl  @Vpg| (mmhol @ f | (pFl@Vps ‘(’3;9 (pF) @ Vps ‘('3,5 o P P"::f“ ':,‘::
Min (A | Max (V) MIVI'\ Max (V) Min Max (V) ) Min Max (V) | Min Max (MHz) | Typ (V) Typ (V) (Hz)*
. Max Typ (MHz)
BF244A T092 30 1 5 20 5 8 15 10 4 22 15 200 2 6.5 15 3 6.5 001 4 20 -1 1.1 20 -1 15 100 50 74
BF244B T0-92 30 1 5 20 5 8 15 10 16 38 15 200 (3] 15 15 3 6.5 .001 4 20 -1 11 20 -1 15 “100 50 74
BF244C TO92 | 30 1 5 20 5 8 15 10 32 75 15 200 12 25 15 3 6.5 .001 4 20 -1 11 20 -1 1.5 100 50 74
BF245A TO-92 30 1 5 20 5 8 15 10 4 22 15 200 2 6.5 15 3 6.5 .001 4 20 -1 1.1 20 -1 50 | 77
BF2458 | Toe2 |30 1 |5 20 |5 8 15 10 ] 16 38 15 200 15 15 |3 .65 001 | 4 20| -1 | 11 20 |- 50 | 77
BF245C TO-92 30 1 5 20 5 8 15 10 | 32 75 15 200 12 25 15 3 6.5 .001 4 20 -1 1.1 20 -1 50 77
BF246A TO92 25 1 5 15 6 145 15 10 -15 40 15’ 200 30 80 15 8 .001 11 15 1] 35 15 0 51 74
BF246B TO-92 25 1 5 15 6 145 15 10 ) 30 7.0 15 200 60 140 15 8 001 1 151 0 35 15 ) 51 74
BF246C T0-92 25 1 5 15 6 145 15 10 55 12 15 200 110 250 15 8 .001 1" 15 0 . 35 15 0 51 74
BF247A T092 25 1 5 15 6 145 15 10" 15 40 15 200 30 80 15 8 .001 11 15 o 35 15 0 51 77
BF247B TO-92 25 1 5 15 6 145 15 10 30 70 15 200 .| 60 140 15 8 001 1 15 [ 35 15 0 51 77
- BF247C TO-92 25 1 ‘ 5 15 6 145 15 10 55 12 15 200 110 250 15 8 .001 1" 15 [s] 35 15 (4] 51 _77
BF256A TO-92 30 1 5 20 5" 75 15 200 3 7 15 45 .001 7 20 -1 7.5 800 50 77
BF2568B TO-92 30 1 5 20 5 75 15 200 6 13 15 45 .001 7 20 -1 75 800 50 77
BF256C TO-92 30 1 5 20 5 75 15 200 11 18 15 4.5 001 7 20 -1 7.5 800 50 77
BC264A TO-92 30 1 10 20 5 15 10 2 1.2 15 1000 2 45 15 2.5 .001 40 15 -1 1.2 15 -1 40* 10* 50 77
BC264B TO-92 30 1 10 20 5 15 10 4 14 15 1500 3.5 6.5 15 3.0 .001 40 15 -1 1.2 15 -1 40* 10* 50 77
BC264C TO-92 30 1 10 20 5 15 10 5 1.5 15 2500 5.0 8.0 15 3.5 .001 4.0 15 -1 1.2 15 -1 40* 10* 50 77
BC264D TO-92 30 1 10 20 5 15 10 6 1.6 15 ’ 3500 7.0. 12.0 15 4.0 .001 40 15 -1 . 1.2 15 -1 40* 10* 50 77
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introduction

This section contains complete design curves
for all of National Semiconductor discrete FET
processes. In all cases, temperature and VGS(off)
distribution data is provided to facilitate worst-case
design. In addition, a complete list, by package, of
all device types supplied from this process is included
to aid in cross reference searches and the selection
of preferred device types.

The curves in this section should be considered
typical of the process supplied by National Semi-
conductor. Every effortis made to keep the process
in tolerance with . the published graphs, but the
exact distribution of any specific lot of material
is not guaranteed.
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0.015

Process 50 N-Channel JFET

(0.381)

1 wosm [

0.0032

g? :

<

=

DESCRIPTION

Process 50 is designed primarily for RF amplifier
and mixer applications. It will operate up to
450 MHz with low noise figure and good power
gain. These devices offer outstanding performance
at VHF aircraft and communications frequencies.
Their major advantage is low crossmodulation and
intermodulation, low noise figure and good power
gain. The device is also a good choice for analog
switching where low capacitance is very important.

GATE IS ALSO BACKSIDE CONTACT

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1uA 25 40 Vv
Zero Gate Voltage : _ _
Drain Current Ipss Vps =15V, Vgg =0V 1.0 10 20 mA
Forward Trans-
conductance Ofs Vps = 15Y, Vgs =0 3.0 ' 5.5 7.0 mmhos
Forward Trans- _ _
conductance Ofs Vpg =15V, |5 =200 uA 1.1 mmbhos
' Reverse Gate Leakage lgss Vgs =20V, Vpg =0 -5.0 =100 pA
"ON" Resistance rps Vps =100 mV, Vgs =0 100 175 500 Q
Pinch Off Voltage Vas(orr) Vps =16V, I = 1nA -0.7 -3.5 —6.0 \
Output Conductance 9os Vpg =15V, Ip =1 mA, f=1kHz 10 umhos
Feedback Capacitance Crss Vpg =15V, Vgs =0 0.7 0.9 pF
Input Capacitance Ciss Vps = 15V, Vgg =0 35 4.0 pF
Noise Voltage en Vpg =15V, Ip =1 mA, f=100 Hz 8.0 nV/A/Hz
Noise Figure NF Vpg =15V, Ip =5 mA,
‘ . 4. B
Rg =1 k&, f =400 MHz 22 0 d
Power Gain . Gps Vpg =15V, Ip = 5mA, f=400 MHz 12 dB

This process is availabl

TO-72 (CASE 25)

2N3823
2N3966
2N4223
2N4224
2N4416
*2N4416A
2N5078
2N5103
2N5104
2N5105
2N5556
2N5557
2N5558

TO-92 (CASE 72)

*2N5484
*2N5485

e in the following device types. *Denotes preferred parts.

*2N5486
2N5555
2N5668
2N5669
2N5670

*J304

*J305
PN4223
PN4224

*PN4416
PN5163
MPF102
MPF 106
MPF 107
MPF110
MPF111

TO-92 (CASE 74)

2N3819
2N5248
BF244A
BF2448
BF244C
TIS58

TIS59

TO-92 (CASE 77)

2N5949
2N5950
2N5951

2N5952
2N5953
BC264A
BC2648

BC264C
BC264D
BF245A
BF2458
BF245C
BF256A
BF256B
BF256C

QUALIFIED PER MIL-S-19500
2N3823JAN, JANTX, JANTXV

2N4416AJAN, JANTX, JANTXV
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Process 50

Process 50

Channel Resistance vs

Transfer Characteristics Temperature
20 1000 —r—7T—71—71
L LL L] ] Yooy ===
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Lo 40 =T °\
v 5 Yos = 00y
= Gs =
- 0 -
0 -10 -20 -30 40 -50 -15 -25 25 7B 125 175
Vgs — GATE-SOURCE VOLTAGE (V) Ta — AMBIENT TEMPERATURE (°C)
Transconductance . Common Drain-Source
Characteristics Characteristics
70 —— — 50 —r—r—
;g‘ \\ TA=—5§°C I I Vps = 15V Ta=25°C ]
£ 60 NANE Ta = 425°C _ TYPVasorr) = ~5.0V4
E gl ' iace < a9 11
= 6 Ta = +125°C E s
w S A/
2 Tp = -55°C = [
= AL o g YN A
5 o T =+25°C — € 3 s
H N ST o s V4
= Ta =+125°C o /( P’
g ~ NN R
8 GS(OFF) = V, LA
2 20 N A = 4.5V s - A
g \ D ] o 10 | s
- . o 1 - T
g 10 & ] -4.0vV
1
[ -10 -20 -380 -48 -50 0 0.2 04 06 08 1.0
Vgs — GATE-SOURCE VOLTAGE (V) Vps — DRAIN-SOURCE VOLTAGE (V)
Transconductance vs Drain
Parameter Interactions Current
1000 |- 3 100 10
5 F 05, lpss @ Vps = 15V, Vgs = 0 PULSED - = TYP Vgs(orr) = —1.5V
E) Fros@ Vps=100mV, Ves =0 1 . 2 s eee 3
W 500 Fyisorr) @Vps=15V,1p=1.00A ] 50 o g 50 P Tam -9 b o
2 gy | 3 £ Ta =+25°C A i
2 T £l = [ Ta =+125°C B
@ [ A 52 S A A
4] L1 e3> =
£ : .\'\>< gz 38 JZRE] Ta = —55°C
L 100 b: 1 2o 23 10 S
H V= S 2 I} T = +25°C
b 7 ] o T
Z 5 e 50 =@ @ 05 —-
E == s RS 2 TYP Vs ofe) = ~5.
i /. E- : T
P 7 ™ Vpg =15V
= = f=1.0kHz
10 1.0 01 1l 1t
-1.0 -20 -5.0 -10 0.01 01 1.0 10

Vestorr) — GATECUTOFF VOLTAGE (V)

Capacitance vs Voltage

‘lp ~ DRAIN CURRENT (mA)

Leakage Current vs Voltage

Ig, lgss — GATE LEAKAGE CURRENT (nA)

0 40 80 12 165 20
Voo — DRAIN-GATE VOLTAGE (V)

Output Conductance vs
Drain Current

100

= i ==
'§ FTa=25°C i
5 [f=10kHz]] -
w
S 10 Vpg =50V of b l,',,v
< o ] 15V
p': ’ 220V
H XA T
= B
5 25
bt
s 10 5 [F=Vasiorr) = 3.0V
g gl i e
= T 1
S Frmn S
g T
0.0 01 1.0 10

1p — DRAIN CURRENT (mA)

Noise Voltage vs Frequency

1000
Vpg = 15V

BW=6.0 Hz @ f=10 Hz, 100 Hz
=0.2{@f>1.0 kHz

e, — NOISE VOLTAGE (nV/\/Hz)

001 01 1.0 10
1 — FREQUENCY (kHz)

Noise Figure Frequency

10 5.0 —
) £=0.1-1.0MHz ] | Vos =15V
o Ip=50mA
£ = 40 [Rg=10ka
8 = | Ta=25°C
2 ™~ €, (Vps = 15V) u
=4 e 3 3.0
g w c ! wl | ) 7
Ed s (Vos = 0) 8
S g 20
—_ =
4 1
) M —
o =z 10
0.1 ! 0
0 40 -80 12 -16 -20 10 20 50 100 200 500 1000
Vgs — GATE-SOURCE VOLTAGE (V) 1 — FREQUENCY (MHz)
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g, (~by;) ~ FORWARD TRANSFER

~gys (~hb,5) — REVERSE TRANSFER

Gigs (bs) — INPUT ADMITTANCE {mmhos)

ADMITTANCE (mmhos)

ADMITTANCE (mmhos)

Soss (Do) ~ OUTPUT CONDUCTANCE (mmhos)
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0.1
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I (cs)
4 1]
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o
_ A
- ¥
r
100 200 500 1000
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Forward Transadmittance
—
e
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s — L
L
/ by,
- Vps =15V
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100 200 500 1000
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e 7
/ 9
[~ Vos = 15V
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100 ' 200 500 1000
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Reverse Transadmittance
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1 Pl
| L~
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— 7
- V4
/ ~ges (X 0.1)
100 200 500 1000
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9is (bys) — INPUT ADMITTANCE (mmbhos)

ADMITTANCE (mmhos)

flogs (bogs) — OUTPUT CONDUCTANCE (mmhos)

ADMITTANCE (mmhos)
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COMMON GATE

Input Admittance

100
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10
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100 200 500 1000
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0.01 /
100 200 500 1000

f — FREQUENCY (MHz)

50
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Process 51

0.021

Process 51 N-Channel JFET

{0.533) DESCRIPTION
0.0038 .
{00965 | I~ Process 51 is designed primarily for electronic
switching applications such as low ON resis-
5 4 i | tance analog switching. It features excellent Ciqg
0.0038 Rps(on) time constant. The inherent zero offset
{0.0365) voltage and low leakage current make these devices
f 0.018 excellent for chopper stabilized amplifiers, sample
(0457) and hold circuits, and reset switches. Low feed-
through capacitance ‘also allows them to handle
video signals to 100 MHz.
NS51C
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN | TYP MAX | UNITS
Gate-Source Breakdown _ _ . _
Voltage B_VGSS Vps =0V, Ig =—1uA 30 50 v
Zero Gate Voltage Vps =20V, Vgs =0
Drain Current loss Pulse Test 5.0 68 170 mA
Reverse Gate Leakage lass Vgs =20V, Vps =0 -15 -200 pA
“ON" Resistance fps Vps =100 mV, Vgs =0 20 35 100 Q
Forward Trans- _ _
conductance Ofs VDG‘— 18V, Ip =2mA 8.5 mmhos
Pinch Off Voltage VGs(oFF) Vps =20V, Ig =1nA -0.5 -4.5 -9.0 \%
Drain “OFF"' Current In(oFF) Vps =20V, Vgg =10V 15 200 pA
Feedback Capacitance Crss . Vpg =15V, Ip =6mA, f=1MHz 3.5 4.0 pF
Input Capacitance Ciss Vps =156V, Ip =6 mA, f=1MHz 12 16 pF
Noise Voltage en Vpg = 15V, Ip = 1 mA, f= 100 Hz 6.0 nV/\/Hz
Turn-On Time ton Vpp =10V, Ip = 6.6 mA 12 20 ns
Turn-Off Time tott Vpp =10V, Ip = 6.6 mA 40 80 ns
This process is available in the following device
types. *Denotes preferred parts. )
TO-18 (CASE 02) 2N4861 *PN4092 TO-92 (CASE 77)
*
2N3970 2N4861A *gx:gg? BF247A
2N3971 TO-72 (CASE 25) . BF247B
PN4392
2N3972 *NF5101 * BF247C
* PN4393
2N4091 *NF5102 * TIS73
* PN4856
2N4092 *NF5103 * TIS74
*IN4093 PN4857 TIS75
*IN4391 T0-92 (CASE 72) "PN4858 ,
*IN4392 *oN5638 PN4859 QUALIFIED PER MIL-S-19500
*2N4393 *IN5639 LPN4g60
M N *PN4861 2N4091 JAN, JANTX, JANTXV
24856 2N5640 U1897E 2N4092 JAN, JANTX, JANTXV
, ZN4856A 2N5653 U1898E 2N4093 JAN, JANTX, JANTXV
2N4857 ,2N5654 U1899E 2N4856 JAN, JANTX, JANTXV
,2N4857A gm 2N4857 JAN, JANTX JANTXV
2N4858 *JT 12 TO-92 (CASE 74) 2N4858 JAN, JANTX, JANTXV
oA s BF246A. 2N4859 JAN, JANTX, JANTXV
gN;‘ggg N ,,g';g:g; BF246B 2N4860 JAN, JANTX, JANTXV
246C 2N4861 JAN, JANTX, JANTXV
2N4860 *PF5103 BF
2N4860A *PN4091 -
3-6




Transfer Characteristics

Transfer Characteristics
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Transfer Characteristics
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Drain Current
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Process 51

Common Drain-Source
Characteristics
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Process 52

Process 52 N-Channel JFET

DESCRIPTION

0.017
0432) o o .

0.0038 Process 52 is designed primarily for low level audio and

0.0065) | ~ general purpose applications. These devices provide

excellent performance as input stages for piezo electric

G ‘ transducers or other high impedance signal sources.
0.0038 Their high output impedance and high voltage break-

(0.0965) down lend them to high gain audio and video amplifier

* applications. Source and drain are interchangeable.

0.017
(0.432)
S D
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC | PARAMETER CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown BVGss Vps =0V, Ig=—-1uA —40 -70 \
Voltage

Drain Saturation Current IDss " Vps =20V, Vgs=0V 0.2 1.5 12 mA
Forward Transconductance afs Vps =20V, Vgg = 0V 1.0 25 5.0 mmho
Forward Transconductance gfs Vps = 20V, Ip =200 A 700 ‘ umho
heverse Gate Leakage Current IGgss Vgs = —30V, Vps = 0V -10 pA
Drain ON Resistance DS ) Vps =100 mV, VGgs = 0V 250 400 2000 Q
Gate Cutoff Voltage VGS(OFF).Vp Vpg =15V, Ip=1nA -0.3 1.0 -8.0 \
Output Conductance dos VpG = 15V, Ip = 200 uA 2.0 umho
Feedback Capacitance Crss VpG =158V, Vgs =0V, f= 1 MHz 1.3 1.8 pF
Input Capacitance Ciss VpG = 15V, Vgs =0V, f=1 MHz 5 6 pF
Noise Voltage en VpG = 15V, Ip = 200 pA, f= 100 Hz 10 nVA/Hz

This process
*Denotes preferred parts.

TO-18 (CASE 02)

TO-72 (CASE 25)

is available in the following device, types.

T0-92 (CASE 72)

2N3069 *2N3684 *J201
2N3070 *2N3685 *J202
2N3071 *2N3686 *1203
2N3368 *2N3687 *PN3684
2N3369 2N3967 *PN3685
2N3370 2N3967A *PN3686
2N3458 2N3968 *PN3687
2N3459 2N3968A *PN4302
2N3460 2N3969 *PN4303
*2N4338 2N3969A *PN4304
*2N4339
*2N4340
*2N4341
38




Ip — DRAIN CURRENT (mA)

g5 — DUTPUT CONDUCTANCE (umhos) gfs — TRANSCONDUCTANCE (mmhos)

en — NDISE VOLTAGE (nVA/H2)

Transfer Characteristics
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Transfer Characteristics
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10 /ql]V I
F Vas(oFF) = ~3.7V=2 15V

5

A 10v
7 15V
e o 20V

Y h
A Vestogey=-15v

0.1 1 10
Ip — DRAIN CURRENT (mA}

Noise Voltage vs Frequency
100

Ta=25°C
V|35= 15V

f — FREQUENCY (kHz)

gfs — TRANSCONDUCTANCE (mmhos) 9fs — TRANSCONDUCTANCE (mmhos) Ip — DRAIN CURRENT (mA)

Ig. Igss — GATE LEAKAGE CURRENT (pA)

T T
\ VGs(oFf) = -3V
8 Tp=-55°C
N
"R e
/\ Vas(oFF) = 1.0V
4 ~\\\//1A~-55°c —
>N = 25°
) :/>:>_L/TA 25°C

N

Vps =15V Vgs(gpp)——1 9V
N Tp=-55°C
NN TA 25°¢

N\ Z TA 125°c

N
\& 2] vesorr = -3y
N VA N _L-Ta=-55°c
. A \\‘ V_TA=25°C
Y N Y T =125C
N NN

Transfer Characteristics

VGS —~ GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

4 -2 3 -4 -5
Vs ~ GATE-SOURCE VOLTAGE (V)

Transconductance vs Drain
Current

10 T
Vpg =15V
Ta=25°C
=1kHz
P
J -
bs
! VGs(oFF) = -2V
Z
—
Vil
0.1
0.01 0.1 1 10

Ip — DRAIN CURRENT (mA)

Leakage Current vs Voltage

Vpg — DRAIN-GATE VOLTAGE (V)

Ip — DRAIN CURRENT (mA)

— DRAIN SATURATION CURRENT (mA)
— TRANSCONDUCTANCE (mmhos)

lnss
8fs

1ps — DRAIN ON RESISTANCE

Ciss, Cyss — CAPACITANCE (pF)

10

5

0.5

02

0.1

500

200

100

10

Process 52

Common Drain-Source
Characteristics

TYPVgs(gFR) = =18V
Tp=25°C Ves= v |
|
AT
/ vgs = -0.25
fo= ——
Vgs = -0.5V
/L -
' Vgs = -0.75V
P Vgg = -1V
Vs - ~1.25V
88”1
0 1 2 3 4 5

Vps — DRAIN-SDURCE VOLTAGE (V)

Parameter Interactions

NS DS

AN
\NC 0.5

0.2

/'uss 0.1

t
1
T
Ipss. fs @ Vpg = 15V
Vgs = 0 PULSE

105 @1 mA, Vgg=0
VGs(oFF) @ Vps =15V
Ip=10A

(5%) JINYVLSISIH NO NIvHE — SO

01 02 05 1 2 510
Vgs(0FF) - GATE CUTOFF VOLTAGE (V)

Channel Resistance vs
Temperature

VGS(0FF) = —1~5}/

Vgg = 100 mV
Vgs =0V
11

~15 25 25 75 125 175
Tp — AMBIENT TEMPERATURE (°C)

Capacitance vs Voltage

T T T
= 1MHz ]
Cigs (Vpg = 15V)
A
N e (Vs =0V)
L,
Crss (Vpg=56YV) | T~
1

0 -2 -4 -§ -8 -10

Vg — GATE-SOURCE VOLTAGE (V)
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Process 53

0.003
(0.076)

Process 53 N-Channel JFET

DESCRIPTION

Process 53 is designed primarily for low current

DC and audio applications. These devices provide
excellent performance as input stages for sub pico-
amp instrumentation or any high impedance signal
sources.
J-—n_m 0.020
(0.076) {0.508)
GATE IS BACKSIDE CONTACT :
CHARACTERISTIC. PARAMETER TEST CONDITIONS MiN TYP MAX UNITS
Gate-Source Breakdown :
Voltage BVass Vps =0V, Ig =—1uA -40 —60 \%
Zero Gate Voltage _ _
Drain Current Ipss Vps =10V, Vgg =0 0.02 0.25 1.0 mA
Forward Trans-
conductance Os Vps = 10V, Vgg =0 80 250 350 umho
Forward Trans- .
conductance Ots Vpg =15V, Ip =50 nA 120 umho
Reverse Gate Leakage lgss Vgs =20V, Vpg =0 -0.3 =10 pA
Pinch Off Voltage VasiorF) Vps =10V, Ip =1nA -0.5 ~2.2 -6.0 \Y%
Feedback Capacitance Crss Vpg =15V, Vgs =0, f=1MHz 0.85 1.0 pF
Input Capacitance Ciss Vpg =15V, Vgg =0, f=1MHz 2.0 2.5 pF
Output Conductance Jos Vpg = 10V, Ip = 50 uA 0.9 5.0 umhos
Noise Voltage e, Vpe = 10V, Ip = 50 pA, 45 150 nV/A/Hz
f=100 Hz

This process is available in

the following device types.
*Denotes preferred parts.

TO-72 (CASE 25)

2N4117
*2N4117A

2N4118
*2N4118A

2N4119
*2N4119A

Ipss — DRAIN CURRENT (uA)

95 — TRANSCONDUCTANCE (umhos)

Parameter Interactions

1000 —
lossiHHH
500
—
7/ i
100 Al /
7—
50 S
-
9. loss @ Vps =10V, Vgs =0
105 @ Vs =100mV, Vgs =0 1]
10 Vesiorr) @ Vps =10V, Ip = 1.0nA
0.1 -05 -1.0 -50 -10

Vasors) — GATE CUTOFF VOLTAGE (V)

(%) 3INVLSISIH ..NO., NIvHa — SU

" g, lass — GATE LEAKAGE CURRENT (pA)

Leakage Current vs
Voltage

1000

Ip =30 OR 100uA

Vpg — DRAIN-GATE VOLTAGE (V)
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1o — DRAIN CURRENT (1A)

9+ — TRANSCONDUCTANCE (umhos)

Ip — DRAIN CURRENT (uA)

80
80
70
60
50
a0
30
20

300

250

200

150

100

50

60

40

20

Transfer Characteristics

Transfer Characteristics

Process 53

Transfer Characteristics

250 0.8 —
Vasiore =1V ‘;Gswr;; :c-' A N Vos = 10V
Ta = -55°C _ A== - —+—+
T: =25°C < 200 L[ >Ta =25°C H \ Vas(orr) = ~3.6V
¢ | 2 e £ 06 e Tp=-55C
Ta =125°C = Ta =125°C = —
S g B Vasiorr) = -1.3V g : —p Ta = ¥25°C
= 150 astorr) = —1. « Ta =+125°C
] \\/TA=—55°C s \4\/\‘// TR
=1 \Z T, =25°C o 04 N T
v, = Y\X\/ A z Vgsiorr) = 1.8V
Vasiors) = =0.75V = 100 PCNNET, = 125°C = N, o ]
| | Ta=t2sc_| | = NN = TSR Ta = =55C
N Ta=25°C g T 02 NS
ool Ta = -55°C | o 50 o NN Ty, = s125°C
SN T
| I 0
-0z -04 -06 -08 -1 -02 -06 -1 -14 -18 0 -0  -20 ., -30 40
Vgs ~ GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V)
Transfer Characteristics Transfer Characteristics Transfer Characteristics
400
- 300 VG‘S(OF‘F) R —1.:IW = V's - 10V VGsluFF): -36V
2 L0 N 550 g Ta = -55°C
5 N [ . € Ta =+25°C
\ Vasiorr =1V by \ X Hadl w300 g g [-Ta =+125°C
e i 2 a0 AvAL 2 NG A Viorm = —1.8V.
| +25°¢ = N \ A Vesiorr) = =1.7V 2 > TGSLO_F;)OC :
DL s 2 150 ANINY 55 —— 2 m A =+255°c
AN i g L RN RN\ SO Aty
+125° 2 100 S —— @* NN\ >
~ = +125°C N
N 1/ s2sec 2 N D) 2
(/e z NN S o A\ .
\ > ot '-[' 50 'T
N~ £ N £
ANSN AiN n N
0 -2 -04 -06 -08 -1 0 04 08 12 16 2 0 -0 -20 -30 40
Vgs ~ GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V) Ves — GATE-SOURCE VOLTAGE (V)
Common Drain-Source Output Conductance
Characteristics vs Drain Current Capacitance vs Voltage
—T—r— s W 10 T
TYP Vasiorr) = ~0.8V | 2 £=0.1 - 1.0 MHz
Ta = +25°C H T 50 —
[ ] g Voo 250 = -
T 2 ) H €, (Vos = 10V)
= < s
Sl 5 Jo £ T 1 11
7 2 10 o A < 1.0 C (Vps = 10V)
Vgs =-0.1V z ST 15V %
4 = g8 E o s
/ Vgs = -0.2 5 R ondl T o0s
Vos = 03V £ >N g
a )
Vgs = N Vgs = -04V - < 20 Ta =25 e
1 k] £=1.0 kHz
S Y W 01 Litii 01 _
0 10 20 30 40 50 0.01 01 1.0 0 40 -80 -12 -6 -20
Vos — DRAIN-SOURCE VOLTAGE (V) Ip ~ DRAIN CURRENT (mA) Vs — GATE-SOURCE VOLTAGE (V)
Transconductance Noise Voltage vs
vs Drain Current Frequency
1.0 AT 1.0k
7z - Vpg =10V
£ 500 Ves(orr) = ~3.6V = 500 BW = 6.0 Hz @ f = 10 Hz, 100 Hz
S —— Vosorr) = ~1.8V: 3 =02f@f>1.0kHz
8 X 3
2 2t E
< o N
5 Lt a N
< N
2 100 — 5 100 M
= =l
=] > =
2 s w50 - 1A
3
P cf‘i;ka‘f Il ;0 o = 100« Ny
& =1, o N
, UL 0 LT
0.01 01 1.0 001003 0.1 051020 10 50100

Ip ~ DRAIN CURRENT (mA)

£ - FREQUENCY (kHz)
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Process 55

- 0017

Process 55 N-Channel JFET

0.432)

DESCRIPTION

(g%;i:)_. ’__ Process 55 is a general purpose low level audio
. amplifier and switching transistor. Wafer process-
/ ing is similar to process 52 but process 55 uses a
D S { larger geometry. This results in.higher Yy, Ipgs,
00038 and capacitance and lower Rpg(on). It is useful
mgﬁﬁ)n o7 for audio and video frequency amplifiers and RF
5 (11_437) © amplifiers under 50 MHz. It may also be used for
5 analog switching applications.
gl C
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Bréakdown
Voltage BVgss Vps =0V, Ig =—1rA -40 -70 N
Zero Gate Voltage _ _ ! X
Drain Current loss Vps =20V, Vgs =0 0.5 5.0 20 mA
Forward Trans-
conductance- Ot Vps =20V, Vgs —»0 2.0 ‘ 4.5 7.0 mmho
Forward Trans- '
conductance Ofs Vpg =15V, Ip = 200 uA 1200 umhos
Reverse Gate Leakage lgss Vgs =—30V, Vps =0 -10 —100 pA
“ON'* Resistance 'ps Vps =100mV, Vgg =0~ 140 250 600 Q
Pinch Off Voltage VGs(oFF) Vps =20V, Ip = 1nA -0.56 -2.0 -8.0 \Y
Feedback Capacitance Crss Vpg =15V, Vgg =0, f=1MHz 1.5 20 pF
Input Capacitance Ciss Vps =15V, Vgg =0, f=1MHz 6.0 7.0 pF
Output Conductance Gos Vpe = 16V, Ip = 200 uA 2 ‘ umhos
Noise Voltage e, Vpg =15V, Ip =200 A, f =100 Hz 10 nV/A/Hz

This process is available in the following device
types. *Denotes preferred parts.

TO-18 (CASE 02)

2N3436
2N3437
2N3438

TO-72 (CASE 25)

2N3821
2N3822
2N3824
2N4220
2N4220A
2N4221
2N4221A
2N4222
2N4222A
*2N5358
*2N5359
*2N5360

*2N5361
*2N5362
*2N5363
*2N5364

TO-92 (CASE 72)

*2N5457
*2N5458
*2N5459
MPF103
MPF 104
MPF105
MPF108
MPF109
MPF112
PN4220
PN4221
PN4222




Gos — OUTPUT CONDUCTANCE (umhos) 9 — TRANSCONDUCTANCE (mmhos) Ip — DRAIN CURRENT (mA)

z)

e, — NDISE VOLTAGE (nV/s

Transfer Characteristics

10 T T
_ Vgsiorr) = ~2.6V
s(" s'“l" Ta -55°C
AN R
1 = o,
LT, = 125 }——
A\ / !
6 L Vesiorr = =18V
TA =-55°C1 |
4 7/ ;A : f:,;f
/ A~
2 N\
L]
0 -1 -2 -3

Vgs — GATE-SOURCE VOLTAGE (V)

Transfer Charactaristics

|
N

I I
g |— Vos=15V Vcswm =-26V _|
~55°C

'TA 125°¢ 1|

I
VGS('OFFI =
Ta=

~1.8V
125°C

C -2

-3

Vs - GATE-SOURCE VOLTAGE (V)

Output Conductance vs

Drain Current
100

Ta=25C

f=1kHz

1

10 | Vosiore) = =37V

2

5V
oV

1

Q\ 10V

15V
™ 20v

11
I

/VGS(OFFI =-16V

1 L1
0.1 1

Ip — DRAIN CURRENT (mA)

Noise Voltage vs
Frequency

0ot 0d 1
f - FREQUENCY (kH2)

gss — TRANSCONDUCTANCE (mmhaos) Ip — DRAIN CURRENT (mA)

s — TRANSCONDUCTANCE (mmhos)

I, lss — GATE LEAKAGE CURRENT (pA)

Transfer Characteristics

W T T 1 11
("DS =18V —— Vgsiorr) = -37v
16 Ta=-55C ——
7 Ta=25C__| |
L) Ta=125°C
12 \ A
Vasiorr) = =1.9V |
N Ta=-55°C
’ k/"T.szsfc—‘—
N S Tas 125t
4 Ng N

0 -1 -2 -3 -4 -5
Vgs — GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

Vasiorr) = -3.7V

Ta = —55°C ]

0 1 -2 -3 -4 -5
Vs — GATE-SOURCE VOLTAGE (V)

Transconductance vs Drain

Current

Vos = 15V

Ta=25°C I

il
f=1kHz

= Vasiorr) = ~1.5V '1!

b

S(O!
Al
" l l 01

0.01

1 10

Ip ~ DRAIN CURRENT (mA)

Leakage Cu
10k
Ip=0.1
1k |Ta=125C

Ta=85C
100 =2

rrent vs Voltage

—loss
mA

i lp=1m,

iﬁ

20 30 40 . 50

Voc — DRAIN-GATE VOLTAGE (V)

Ipss — DRAIN SATURATION CURRENT (mA}
Ip — DRAIN CURRENT (mA)

fos — DRAIN “GN" RESISTANCE ()

Cux, Cr ~ CAPACITANCE (pF)

9t ~ TRANSCONDUCTANCE (mmhos)

FS

w

~

100

1

-1

1k

=]
S

| S
~
I

10

o

Process 55

Common Drain-Source

Characteristics

TT T T T
L TYP Vasiorr = ~1.8V
Ta=2sc | |||
- —T Vgs =0V
1T
/ Vs = ~0.25V ——]
/ ==
Vgs = -0.5V
I/ ™
Vs = —0.15V
Vas =1V [
i
| B — —— —
0 1 2 3 4 s

Vps - DRAIN-SOURCE VOLTAGE (V)

Parameter Interaction

91, lpss @ Vps = 15V, Vgs =0V 5

ros @ Ip = 0.5 mA, Vgs = OV 8

Vasiorr) @ Vps =15V, Ip = 1 n’A ]
P E
A loss —1 S
/| 1 =z
E]
~ H @
9% HH 4
yrd | ES
s | 2
1 m
v :(is z

01
-2 -5 -10
Vesiorr) — GATE CUTOFF VOLTAGE (V)

Channel Resistance vs
Temperature

Vps =100 mV —
Vgs =0V
1 1 1

-25 25 75

126 175

Ta — AMBIENT TEMPERATURE (°C)

Capacitance vs Voltage

f=1MHz

\& (Vps = 15V)
\\
™~ i~ Crss (Vos = 0V) —
[e—t—

Crss (Vps = 15V)
T R

0 -2 -4 -5

-8 -10

Vgs — GATE-SOURCE VOLTAGE (V)
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Ptocess 58

Process 58 N-Channel JFET

DESCRIPTION '

Process 58 was developed for analog or digital

% switching applications where very low rpg(on) is
mandatory. Switching times are very fast and
Rps(on) Ciss time constant is low. The 682 typical
0.0045 on resistance is very useful in precision multiplex
0.0085 foa143) systems where switch resistance must be held to an
o183 1T absolute minimum. With rpg increasing only
e {0.102) 0021 0.7%/ °C, accuracy is retained over a wide temp-
@] O ~ } s erature excursion,
t
, GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown L _
Voltage BVgss Vps =0V, Ig =—1 A 25 30 \Y
Zero Gate Voltage Vps =5V, Vgg =0
Drain Current loss Pulse Test 100 400 1000 mA
Reverse Gate Leakage lgss Vgs =—15V, Vpg =0 -50 —500 pPA
“ON" Resistance rps Vpg =100 mV, Vgs =0 3.0 ‘6.0 20 Q
Pinch Off Voltage VGs(oFF) Vps =5V, Ip =3nA —0.5 —5.0 -12 \
Drain”OFF"’ Current Ip(oFF) Vps =5V, Vgg =—10V 0.05 20 nA
Feedback Capacitance Cres Vpg =15V, Ip =2mA, f=1MHz . 12 25 pF
Input Capacitance Ciss Vpg =15V, Ip =2 mA, f=1MHz ' 25 50 pF
Forward Trans- . )
conductance Ofs Vpg =10V, Ip =2mA 10 mmbhos
Output Conductance " Gos Vpg =10V, Ip =2mA ’ 100 umihos
Noise Voltage en Vpg = 15V, Ip = 2 mA, f = 100 Hz 6.0 nVA/Hz

This process is available in the following device
types. *Denotes preferred parts.

TO-39 (CASE 09)

U320
u321
U322

TO-52 (CASE 07)

*2N5432
*2N5433

 "2N5434

TO-92 (CASE 72)
*J108
*J109
*J110
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Ip ~ DRAIN CURRENT (mA)

8os = OUTPUT CONDUCTANCE (umhos)

C; (Crs) —~ CAPACITANCE (pF)

Ip — DRAIN CURRENT (mA)

100

40

20

40

30

20

Common Drain-Source
Characteristics

ves=0v I I/

/7
s
/1474
/ —Taov
/ LT, = 25 -
5.0V _;WPI Velslnsln ='~5'?V_
— 1T 7 1 1 1
04 0.8 1.2 1.6 20
Vps — DRAIN-SOURCE VOLTAGE (V)

Looy 1]

/' -1.0V 4730V

Common Drain-Source
Characteristics

Ta=425C
TYP Vas(orr) = 0TV
Vs =0V
1
—0.1v
"2V
~03V -—04V -0V
T2 171
— 1L

1 T 1
1.0 20 30 4.0 5.0
Vps — DRAIN-SOURCE VOLTAGE (V)

Output Conductance vs
Drain Current

Ta =+25
= 1.0 kHz
LI

—1.0v
N

0.1 1.0 10

Ip — DRAIN CURRENT (mA)

Capacitance vs Voltage

100 ¢
=010 MHz
I
\\ u
R Cn (Vs =5.0V)
N —]
I~
10 —
Cr (Vps =0)
1.0
0 -40 -80 -12 -6 -20

Vs — GATE-SOURCE VOLTAGE (V)

% — TRANSCONDUCTANCE (mmhos) rosp — NORMALIZED RESISTANCE - tos — DRAIN “ON” RESISTANCE (2)

TURN-ON TIME (ns}

Parameter Interactions

100 1000
loss @ Vps = 5.0V, Vgs = 0 PULSED
50 | fos @Vos =100mV, Vgs =0 500
Vasiors) @ Vps = 5.0V, Ip = 3.0 nA A
\~ j /
< | ¥V
10 100
=
5.0 / 50
loss
4
1.0 10
=01 -0.5 -1.0 -5.0 -10
Vosiors) — GATE CUTOFF VOLTAGE (V)
Normalized Drain
Resistance vs Bias
Voltage
10“ N - T T T :
= Vas(orr) @5V, 104A —
s0 |- 1 ' ' ! 1
Fross= — 0 ,'
o 1~ Ves 1
20 [~ Vas(oFF)
. y
5.0 Z
7
20
L1
10 i

100

0 02 04 0.6 08 1.0

IVas/Vasorr)! — NORMALIZED GATE-
TO-SOURCE VOLTAGE (V)

Transconductance vs
Drain Current

Vog = 10V
Ta=+25°C T]
f=1.0kHz
10
A
< HHF
say) =-1.0v
1~ = Vas(orr) = =1
,/ Vesiorr) = -3.0V
Vesiorr) = ~5.0V
0 LI 1
0.1 10 . 10

Ip — DRAIN CURRENT (mA)

Switching Turn-On vs
Gate-Source Voltage.

10 L
Vpp = 1.5V
Ves(orr) = —12V
8.0 Ta= +lzs°c )
60 I
N Ip = 30 mA
a0 N NS
\{‘\\‘
20 Ip =10 mA
i
0 20 -40 -60 -80 10

Vastorr — GATE-SOURCE CUTOFF VOLTAGE (V)

(Vi) LNIHHND NIVEE ~ SS9

¢, — NOISE VOLTAGE (nVA/Hz)
B

100
g
- 50
=]
=
<<
%
Z
]
3
L 10
e
Z 50
<
-3
(=]
1
8
1.0

Ip, lgss — GATE LEAKAGE CURRENT (nA)

100

50

10
0

50
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Process 58

““ON"" Resistance vs
Drain Current

Ves =
| Vesiorn
+125°C R
1l _'41?5 LA
v o o e
A 5T T
7 “55° I
+25°C Vcslopi?f“l—f’-“;l--
l L LI
10 R 100

Ip — DRAIN CURRENT (mA)

Leakage Current vs
Voltage

FOR lp(orr) HORIZ AXIS Vps

0 50 10 15 20 25
Vog - DRAIN-GATE VOLTAGE (V)

Noise Voltage vs
Frequency

F Voo =10V
CBW=6.0 Hz @ f= 10 Hz, 100 H ]

Il

F =02f@f>1.0kHz u
N

N N lp=10m

N N

AN

-lip =10 mA N

[T

Ty

.01 0.03 0.1 051020 10 100

f~ FREQUENCY (kHz)

Switching Turn-On
Time vs Drain Current

e

| Vop = 1.5V

[ Vasiorr = —12V
AN

Ves(orr) = —8.5V _|
| Vesiorr) = -85V _|
L~ Vas(orr) = -3.5V

A i

N

N
\=$b

5.0 10 15 20 25
Ip — DRAIN CURRENT (mA)
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Process 83

0.022

Process 83 N-Channel JFET

(0.559)

DESCRIPTION

Process 83 is a monolithic dual JFET with a diode
isolated substrate. It is intended for operational

amplifier

input buffer applications. Processing

results in low input bias current and virtually un-
measureable offset current. Likewise matching char-
acteristics are virtually independent of operating
current and voltage, providing design flexibility.
Most GP 2N types are sorted from this family.

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown av o1 - . _
Voltage BVgss Vps =0V, Ig =—1uA 50 70 \%
Zero Gate Voltage " _1r -
Drain Current lpss Vps = 15V, Vgg =0 0.5 25 8.0 mA
Forward Trans- _ .
conductance Ofs Vpsg =158V, Vgg =0 1.0 25 5.0 mmho
Pinch Off Voltage Vas(oFF) Vps =15V, Ip = 1nA -0.5 -2.0 -4.5 \
Gate Current fG Vpg =20V, Ip =0.2 mA 3.0 50 pA
Forward Trans- _ _
conductance Ofs Vpg =15V, Ip =0.2 mA 600 850 umhos
Output Conductance 9os Vpg =15V, Ip =0.2 mA 1.0 5.0 umhos
"ON"" Resistance rps Vps =100 mV, Vgs =0 450 Q

Y Vpg =15V, Ip =0.2 mA
Noise Voltage en £= 100 Hz 10 50 nVA/Hz
Differential Match Vgs1-Vasa! Vpg =18V, Ip =0.2 mA 7.0 25 mV
Differential Match AVgsi.2 Vpg =15V, Ip =0.2mA 10 50 uv/°c
Common Mode g
Rejection CMRR Vpg =15V, Ip =0.2mA 80 95 dB
Feedback Capacitance Cs Vpg = 15V, Ip =0.2mA, 1.0 1.2 pF
f=1MHz ’ ]
Input Capacitance Cis Vpg =15V, Ip = 0.2 mA, 3.4 4.0 pF
f=1MHz

This process is available in the following device types. *Denotes preferred parts.

TO-71 (CASE 12) ,
2N5047

2N3921

2N3922 *2N5196
*2N3954 *2N5197
*2N3954A *2N5198
*2N3955 *2N5199
*2N3955A 2N5452
*2N3956 2N5453.
*2N3957 2N5454
*2N3958 *2N5545

2N4084 *2N5546

2N4085 *2N5547

2N5045 U231

2N5046 U232

U233
U234
U235

8-Pin MiniDIP (CASE 60)

J4a10
Ja11
J412

8-Pin MiniDIP (CASE 67)

*NPD8301
*NPD8302
*NPD8303
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15 — DRAIN CURRENT (mA)

9 — TRANSCONDUCTANCE (mmhos)

e, — NOISE VOLTAGE (nV/\/Hz)

Common Drain-Source

Process 83

Channel Resistance

Transfer Characteristics Characteristics Parameter Interactions vs Temperature
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Process 84

Process 84 N-Chanhel JFET

0022
{0.559)
00038 | I
L DESCRIPTION
V77772l 1 Process 84 is a monolithic dual JFET with a diode
0.00a0 isolated substrate. It is designed for the most
(o.1016) critical operational amplifier input stages or elec-
8 T trometer single ended preamp. ldeal for medical
N 4 0.022 applications and instrumentation inputs where
S A (0.559) subpicoamp ‘inputs are important. Device design
zz considered high CMRR, subpicoamp leakage over
wide input swings, low capacitance, and tight
= W match over wide current range.
CHARACTERISTIC PARAMETER CONDITIONS MIN TYP MAX UNITS
GateSource Breakdown Voltage BVgass Vps = OV; lg =—TuA —40 —60 \
Drain Satura.tiqn Current lpss Vps = 18V, Vgg =0V 20 300 1000 uA
Forward Transconductance Ots Vps = 15V, Vgg = 0V 90 180 300 uv
Forward Transconductance Vps = 15V, Ip =30 uA 50 120 150 uv
Gate Cutoff Voltage Vas(oFF) Vps =16V, I =1nA 0.5 2 4.5 \
Reverse Gate Leakage Current lass ‘Vps =0V, Vgg = —20V 1 5 pPA
Gate Leakage Current Vpe = 10V, I5 =30 A 0.5 3 pA
Feedback Capacitance rss Vps = 16V, Vgg =0, f= 1 MHz 0.3 0.4 pF
Input Capacitance Ciss Vps =15V, Vgg =0, f=1 MHz 2 3 pF
Noise Voltage Vps = 15V, Ip =30 uA, f=1kHz 30 50 nV/A/Hz
Noise Voltage Vps =18V, 15 =30 uA, f= 10 Hz 180 nV/A/Hz
Output Conductance Gos Vps =10V, Ip = 30 A 0.1 0.2 uv
Differential Gate-Source Voltage | . [Vgg1—Vags2! Vps = 10V, Ig = 30 uA 12 25 mV
Differential Gate-Source AVggi-2 Vps = 10V, I5 = 30 uA 10 50 uv/ece
Voltage Drift
Common-Mode Rejection CMRR Vps = 10V, I = 30 uA 112 dB
Ratio ’

This process is available in the following device types. *Denotes preferred parts.

TO-78 (CASE 24)

. 2N5902 *2N5906
2N5903 *2N5907
2N5904 *2N5908
2N5905 *2N5909

Parameter Interactions

Leakage Current vs
Voltage and Drain Current

Fars.1oss @ Vos = 15V, Vg = OV
Vasiorr) @ Vps =15V, 1p =1
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Process 84

Leakage Current vs
Voltage
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Process 86

0.022

(0.559)
0.0032
(0.0813)

w2

G1

52

0.0032

(0.0813)

762

0.022
(0.559)

.Process 86 Monolithic Dual JFET

DESCRIPTION

Process 86 is a monolithic dual JFET with a diode
isolated substrate. It is intended for critical amplifier
input stages requiring low noise, sub picoamp bias
currents and high gain. Exacting process control results
in consistent parameter distribution with tight match
and low drift. '

This process is available in the folloWing device types.
*Denotes preferred parts.

TO-78 (CASE 24)

PROCESS IN DEVELOPMENT
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Process 88 P-Channel JFET

DESCRIPTION
(z:g) Process 88 is designed primarily for electronic
’ switching applications where a P channel device is
4 desirable. Inherent zero offset voltage, low leak-
0.0025 @ age and low Rpgion) Ciss time constant make this
10.0635) device excellent for low level analog switching,
(£ ) 0.0025 sample and hold circuits and chopper stabilized
¢ 3 {0.0635) amplifiers. This device is the complement to
(= ) A/ ; Process 51.
(== 3 o 0.022
C 1 {0.559)
¢ )
¢ )
=
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP - MAX. UNITS
Gate-Source Breakdown _ _ .
Voltage BVgss Vps =0V, Ig = T A 30 40 v
Zero Gate Voltage _ _ . _
Drain Current Ipss Vps =—15V, Vgs =0 5.0 30 -90 mA
Forward Trans- ’
conductance O¢s Vps = =15V, Vgs =0 4.0 13 17 mmbhos
Forward Trans-
conductance Os - Vpg =—15V, Ip =—2 mA 3.5 mmhos
Gate Leakage lgss Vgs =20V, Vps =0 0.05 1.0 nA
““ON"’ Resistance ros Vps =—100 mV, Vgg =0 50 80 200 Q
Pinch Off Voltage Vas(oFF) Vpg =—18V, Ip =—1nA ' 0.5 5.0 10 \Y
Drain ““OFF" Current Io(oFF) Vpg =15V, Vgg = 10V —0.05 -10 nA
Feedback Capacitance Crss Vpg=—15V, Ip =—2mA, f=1MHz 4.0 5.0 pF
Input Capacitance Ciss Vps =—158V, Ip =—2 mA, f=1MHz 14 15 pF
Output Conductance dos Vpg =—15V, Ip =—2mA 100 300 tmhos
Noise Voltage e, Vpg =—15V, I =—2 mA, f=100 Hz 20 nV/A/Hz

This process is available in the following device
types. *Denotes preferred parts.

TO-18 (CASE 11) TO-72 (CASE 23) TO-92 (CASE 74) .
2N2609 2N3382 *J174
2N4382 2N3384 *J175
2N5018 2N3386 *J176
2N5019 2N3993 ’ *77
*2N5114 2N3993A *J270
*2N5115 2N3994 3271
*2N5116 2N3994A
U300 QUALIFIED PER MIL-S-19500
U301 TO-92 (CASE 71)

*2N5114JAN, JANTX, JANTXV

Sgg‘; E]gg‘;g *INE115JAN, JANTX, JANTXV
uaee PieTE 2N5116JAN, JANTX, JANTXV
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Process 88

Process 88

Ip — DRAIN CURRENT (mA)

g5 — TRANSCONDUCTANCE (mmhos)

Gos — OUTPUT CONDUCTANCE (1umhos)

Common Drain-Source

Transfer Characteristics Parameter Interactions Characteristics
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v
Process 89 P-Channel JFET | 3
(24
(1]
n
»n
DESCRIPTION 8
0.020 | Process 89 is designed primarily for low level
(0503} amplifier applications. This device is the complg-
- ment to Process 55. Commonly used in voltage
variable resistor applications.
0.020
s 0508
A
0.004
0.102)
0.0035
(0.0889)
I
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown _ _ '
Voltage BVgss Vps =0V, Ig =1 A 20 40 Vv
Zero Gate Voltage _ _ _ .
Drain Current lpss Vpg =-15V, Vgs =0 -0.3 4.0 20 mA
Forward Trans-
conductance Ofs Vps =—15V, Vgg =0 1.0 2.5 . 4.0 mmbhos
Forward Trans- .
conductance Ofs Vpg =15V, [p =-0.2 mA 700 umhos
Gate Leakage lgss Vgs =20V, Vpg =0 0.02 1.0 nA
Pinch Off Voltage Vasors) | Vos =15V, Ip =—1 nA 0.5 30 | 9.0 Vv
Feedback Capacitance Crss Vpg =—15V, Vgs =0, f=1MHz 2.0 2.5 pF
Input Capacitance Cis Vps =—15V, Ip =—2mA, f=1MHz 7.0 8.5 pF
“ON"" Resistance s Vps =—100 mV, Vgs =0 450 Q
Output Conductance 9os Vpg =15V, Ip =-0.2 mA 5.0 15 umhos
Noise Voltage e, Vpg =15V, Ip =-0.2 mA,
f= 100 Hz 5 30 nV/A/Hz ‘
This process is available in the following device m
types. *Denotes preferred parts.
TO-18 (CASE 11) TO-92 (CASE 71) TO-92 (CASE 74)
2N2608 *2N5460 2N3820
2N4381 *2N5461 .
2N5020 *2N5462 QUALIFIED PER MIL-S-19500
2N5021 PN4342 2N2608JAN
PN4360 .
TO-72 (CASE 23) PN5033
2N3329
2N3330
2N3331
2N3332
323




Process 89

Ip — DRAIN CURRENT (mA)

Process 89

Transfer Characteristics
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Process 90 N-Channel JFET

0.016
{0.406)
00038 e
{0.0965) DESCRIPTION
D S L Process 90 is designed for VHF/UHF mixer/
amplifier and applications where Process 50 is not
adequate. Has sufficient gain and low noise, com-
90¢ 0.016 mon gate configuration at 450 MHz, for.sensitive
A o003 (2:406) receivers. The high transconductance and square
(0.0965) law characteristics insures low crossmodulation
and intermodulation distortions. Common-gate
G W operation simplifies circuitry. Consider Process
92 for even higher performance.
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1 A 20 30 \%
Zero Gate Voltage _ _
Drain Current Ipss Vps =10V, Vgs =0 3 18 40 mA
Forward Trans-
conductance Ofs Vps =10V, Vgs =0 5.5 8.0 10 mmhos
Forward Trans- .
conductance Ofs Vps =10V, Ip =6 mA 4.5 5.8 mmhos
Reverse Gate Current lass Vgs =15V, VDs =0 -5.0 —100 pA
“ON"" Resistance ros Vps =100 mV, Vgs =0 90 Q
Pinch Off Voltage VGs(oFF) Vps =10V, Ip =1 nA -1.5 -3.5 -6.0 \
Output Conductance Jos Vpg =10V, I =5mA 45 100 umhos
Feedback Capacitance Crs Vpg =10V, Ip =5 mA 1.0 1.2 pF
Input Capacitance Cis Vpg = 10V, Ip =5 mA 4.0 5.0 pF
Noise Voltage en Vog = 10V, Ip =5mA, =100 Hz 13 nV/A/Hz
N s
Noise Figure NF Vpg =10V, Ip =5 mA, f =450 MHz 3.0 dB .
Power Gain Gpg (CG) Vpg =10V, Ip =5 mA, f =450 MHz 1 dB

This process is available in the following device types. *Denotes preferred parts.
TO-72 (CASE 25)

TO-52 (CASE 07)

U312 *2N5397
2N5398
Common Drain-Source
Characteristics
50
ERTHERERE
- TYP Vgsiorr) = 4.5V Vgs =0V
T 4 T1-05v 1]
T . -
= !-mv' 1 z
- —tsvj ||| |
£ 2 | [l g
B X ! £
5 20 30V | feemi =] =
=
z - S
] i H
o 10— i el £ = = [
7 i g
[ 1.0 20 30 40 5.0

Vps — DRAIN-SOURCE VOLTAGE (V)

9t — TRANSCONDUCTANCE (mmhos)

TO-92 (CASE 72)

T0-92 (CASE 77)

J114 *2N5245
*J210 *2N5246 .
*J211 *2N5247
*J212
*J300
Transconductance vs
arameter Interactions rain Current
P | i Drain C
100 1000 10 -
8s. loss @ Vps = 10V, Vg = 0 PULSED 3 _ Ta=-55°C
50 ['s@Vps=100mV,Ves=0 T 5o 2 50 Ta= +25°E =
Vasiorr) @ Vps = 10V, Ip = 1.0 nAAH = E Ta =+125°C
o ‘ E E Ves(orr) = —1-2!
DSS, = S { 11 -
N & g il
" = EEE 10 z ERE Vgs(orr) = =5.5VH
g =
50 b, 5 z 8 s
2
va 5 2
v = Vpg =10V
2o & f=1.0kHz
1.0 10 0.1 1L
=01 -1.0 -50 -10 0.1 1.0 10

Vas(orr) — GATE CUTOFF VOLTAGE (V)

Ip — DRAIN CURRENT (mA)
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Process 90

.Process 90

COMMON SOURCE

COMMON GATE

Leakage Current vs
Transfer Characteristics Voltage Input Admittance Input Admittance
35 —r—r— = Wk = 10 - - & 100 —
N Vos = 10v | I I ] [ H z FVoo- t0v = H FEVoo - 10V
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Noise Voltage vs .
Transfer Characteristics Frequency _ Forward Transadmittance 3 Forward Transadmittance
H £
2T 100 “E 100 £ 10
= Vi =45V E E - w
ﬁ Vps =10V — GTsm:f—)i.’-’C l_ﬂ.—‘ = T :VW =10V g .
T 10 o e 50 g Fto=10ma 2
‘..EI S fv‘ =ous°c+'— 2 J E s s
] = E E
2 w0 < Vasorr) = -26V ] H <
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3 60 N T, = +25°C 2 = 2 ¥ = g 10
N ., - H
H =< ek B R = SR L . £ g = ]
2 a0 = 2 80 I 2 s Z
z N =3 ©< =}
z 2 1T T T s Zhys & P ]
= ~N [ Vpg =10V I H | < > Vog =10V
o2 & 20 | BW=6.0Hz@1=10Hz, 100 Hz g H Io =10 mA
& X =0.21@1>1.0kHz = 2 (G
.0 10 £ 10 Lo
0 -10 -20 -30 -40 -50 0.01 003 0.1 0.51.02.0 10 50100 < 100 . 500 1000 £ 100 500 1000
5 E
Ves ~ GATE-SDURCE VOLTAGE (V) f - FREQUENCY (kH2) §~ FREQUENCY (MH2) £ f ~ FREQUENCY (MHz)
'
Qutput Conductance
Capacitance vs Voltage vs Drain Current Output Admittance Output Admittance
1 - 100 £ wg T 0
S T " Era-osc Ly At B o Few
= T — E 5o ff=10kh E :|:s=mmlI = Flo=10mA
= — Ca (Vos =5.0V)_|__| w ] 10V, 2 (cs) 2 [ ca)
= A <
g Tt H | Vasior = - sy E 5 o
= Il Cr (Vos = 0) g T 20V H - 2 / bogs f’
g 2 g |Voo =5.0vlilr < 10 Z 10 ==
g Wos - 10V1 H 2 ol 5 g =
3
] 5 50 A v 5 - 2 A
4 E 15V e Som X (0.1 5 Bogs X (0.1)
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)
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©
Process 92 N-Channel Junction Match | 3
, . : (2]
®
0.023 (/)]
0.583) »
. | oo ©
{0.0965) DESCRIPTION N
‘ Process 92 is designed for VHF/UHF amplifier,
— oscillator, and mixer applications. As a common
S 0 S gate amplifier, 16 dB at 100 MHz and 12 dB at
s 450 MHz can be realized. Worst case 75 ohm
m 00038 0381 input impedance provides ideal input match.
ke ) {0.0965)
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1uA -20 30 \%
Zero Gate Voltage )
= = 3
Drain Current lpss Vps = 10V, Vg =0, Pulsed 10 8 80 mA
Forward Trans-
_conductance gts Vos = 10V, Vgs = 0, Pulsed 19 _ mmhos
Forward Trans- _ o
conductance Ofs Vpg =10V, Ip =10 mA 10 13 18 mmhos
Reverse Gate Current lgss Vgs =—15V, Vpg =0 —-15 —100 pA
"ON"" Resistance Tps Vpg =100 mV, Vgs =0 35 45 80 Q
Pinch Off Voltage Vas(oFF) Vps =10V, I =1nA B B ) -4.0 -6.5 v
Output Conductance Gos Vpg = 10V, Ip =10 mA 160 250 umhos
Feedback Capacitance Cgy Vpg =10V, Ip =10 mA, f= 1 MHz 2.0 25 pF
Input Capacitance Cqs Vpg =10V, I =10 mA, f=1 MHz 4.1 5.0 pF
Noise Voltage ‘eq Vog =10V, lp =10mA, f=100Hz] =~ | 6.0 nV//Hz
o Vpg =10V, Ip =10 mA, .
Noise Figure NF f = 450 MHz 3.0 dB
. VDG=10VI lD=10 mA, Cae
Power Gain Gpg = 450 MHx 1‘2 » dB
This process is available in the following device types. *Denotes prefel;red parts.
TO-52 (CASE 07) TO-99 (CASE 24) TO-92 (CASE 72)
u308 } U430 J308 '
*U309 ) U431 *J309
*usio : *J310
Transconductance vs
Parameter Interactions . Drain Current Leakage Current vs Voltage
g 100 e 1k 100 m wv, z
Sz T = F = =
Ef 2 500 £ Bl e
g£E » ss E [ Ta=25C 2
38 A 8 g
SE L B s E
22 1 100 ERRT) Vasiorr) = ~2.8V Ll s
=2 z =i i
B Lo mel] ; :
Ti [t [T]] AT Ve s )
I e e . s A
= -1 -3 -5 10 0.1 ) 1 10 -
Vasiore) ~ GATE CUTOFF VOLTAGE (V) . Ip - DRAIN CURRENT (mA) Vo - DRAIN-GATE VOLTAGE (V)
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Process 92

Process 92

Transfer Characteristics

T
Vps = 10V l

_ Vasiorr) = -3V —
2 T =-55°C
£ Ta=25°C
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5
« 1 | _
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Transfer Characteristics
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Transfer Characteristics
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Process 93 N-Channel JFET | g
0.023 8
{0.584) o
00038 | e 17
{0.0965)
617 017 st 4 l DESCRIPTION 8
Process 93 is a monolithic dual JFET with a diode
9 3 { isolated substrate. It is intended for wide band,
0.0038 low noise, single ended video amplifier input
(0.0965) stages, and high slew rate op amps. Monolithic
{0.584) structure eliminates thermal transient errors, and
C provides freedom to pick operating current and
voltage.
A7) /nz 627
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown . '
Voltage BVgss Vps =0V, Ig =—1 uA . 25 30 \Y
Zero Gate Voltage _ _ .
Drain Current Ipss Vps = 10V, Vgg = 0, Pulsed 3.0 18 40 mA
Forward Trans-
conductance Oss Vps = 10V, Vgg = 0, Pulsed 8.0 mmhos
Forward Trans- : !
conductance Ofs Vpg = 10V, I = 5 mA 5.0 6.0 10 mmbhos
Output Conductance dos Vpg =10V, Ip =5 mA 50 100 umhos
" Pinch Off Voltage VGs(oFF) Vps =10V, Ig =1 nA -1.5 -35 -6.0 Y
“ON" Resistance ros Vps =100 mV, Vgs =0 100 Q
Gate Current lg Vpg =10V, I =5 mA 10 100 pA
Noise Voltage e, Vpg =10V, Ip =5 mA, f=100 Hz 9.0 30 nV/A/Hz
Differential Match Vas1-Vas2! | Vos =10V, Ip =5mA 9.0 30 mV
Differential Match AVgsi.2 Vpg =10V, Ip =5 mA . 15 40 uv/°c
Common Mode
Rejection CMRR Vpg = 10V, Ip = 5 mA 90 dB
Feedback Capacitance Cs Vpg =10V, I =5mA, f=1MHz 1.0 | . 1.2 pF
Input Capacitance Cis Vpg =10V, I =5 mA, f=1MHz 4.2 5.0 pF
This process is available in the following device types. *Denotes preferred parts.
TO-78 (CASE 24) ‘
*2N5911
*2N5912
u2s7 Transconductance
Parameter Interactions - vs Drain Current
g w : 1k = e
£ 0 g z e
SE S0 - Dss, 500 £ I A
E£E o = [ Vesiorr =~
38 2 E [
z2 BN = g (] =4V
EE w S O 0 % § . // GS(OFF) ‘
Eg — = E z =2
=2 5 ! osTHH 50 3 2
23 I | = 3
F1 81, lpss @ Vps = 10V, Vg = OV, PULSED a = Vog = 10V
S tos @ lp =1 mA, Vs =0V 5 2 [Ta=25°C
85 Vasiorr) @ Vps =10V, Ip = 1 nA w S oy LIz 1k
- -1 -3 -5 -0 . . 01 1 10
Vasiorr) — GATE CUTOFF VOLTAGE (V) Io — DRAIN CURRENT (mA)
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Process 93

Process 93

s

Common Drain-Source

Transfer Characteristics Transfer Characteristics Characteristics
20 v 50
Vasiorr) = —3.2V . w0 | Vs 1 1 Ta=25C |
_ Ta= —56°C Ty - o [~ TYP Vasiorr) = 4.5V | Vgs =0V
2 A,L Ta=25°C 0s H N ¥is;°j;’5°c'4‘7v o g w F1-0sv
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=z E 2 A = T '
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R AN £ £ 20V |
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Transfer Characteristics Transfer Characteristics Leékage Current vs Voltage
12. 12.5 ' =
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Process 94 N-Channel JFET | 3
(2]
1]
n
»
©
- DESCRIPTION e
(0.914)
0.0038 Process 94 is a monolithic dual JFET. It is strictly
mn_m"' I“— intended for operational amplifier input buffer
applications. Special processing results in ex-
' ‘ tremely low input bias current and virtually
S2 G1 unmeasureable offset current. It is important to
4 note that the <5 pico ampere bias current is
2 o ooz 002 measured at 35 volts. Typical CMRR is 125 dB.
{owes (0559 Performance superior to electrometer tubes can
71 1 be readily achieved with low offset voltage and
almost zero long term drift.
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown __ _ _
Voltage BVgss Vpg =0V, Ig =—1uA 40 70 \
Zero Gate Voltage _ _ ‘
Drain Current lpss Vps =15V, Vgs =0 0.5 3.0 10 mA
Forward Trans- )
' conductance O¢s . Vps =16V, Vgs =0 1.5 3.5 7.0 mmho
Forward Trans- -
conductance Ots Vbg = 15V, Ip = 0.2 mA 0.9 1.2 1.8 mmhos
Pinch Off Voltage Vesiors) | Vbs =15V, 15 =1nA -0.5 -2.0 -6.0 \Y
Gate Current Il Vpg =35V, Ip =0.20 mA 1.0 15 pA
Feedback Capacitance Crss Vps =15V, Vgs =0, f =1 MHz 0.01 0.02 pF
Input Capacitance Ciss Vps =15V, Vgg =0, f =1 MHz 4.0 5.0 pF
Noise Voltage en Vpg =15V, Ip =0.2mA, f=10 Hz 12 50 nV/A/Hz
Output Conductance os Vpg = 15V, Ip = 0.2 mA <0.1 umhos
Differential Match lVGerGsz' Vpg =15V, Ip =0.2mA | 5.0 25 mV
Differential Match AVgsi.2 Vpg =18V, Ip =0.2 mA 6.0 50 uv/°c
Common Mode _ _
Rejection CMRR Vpg — 18V, Ip = 0.2 mA 125 dB
This process is available in
ihe following device types. Common Drain-Source
Denotes preferred parts. Parameter Interactions Characteristics
TO-71 (CASE 12) . " 7 B T T I
F] v TYP Vasiorr = ~2.5V | otmmet]
*NDF9406 _E 50 = : T 4 P -
*NDF9407 Ia A £ 0.3V ~—]
*NDF9408 =2 ] A
x z2 W ﬁ £ 0 ,
NDF9409 29 4, i 3 ~06v
*NDF9410 22 R 4B !
=3 05 g ° I
< 2 e T
TO-78 (CASE 24) g% fi Lo LT Sav
| g5 loss @ Vps = 20V, Vs = 0 PULSED = = Y
NDF9401 8 :g gl’:;;:::;,@szs=lﬂ\l,f:=l.ﬂ nA ) N 1 "fv‘{“-;‘;n!‘
NDF9402 0.1 Lol L 0
NDF9403 -0 -0.5 -1.0 -50 -10 ¢ 10 20 30 40 50
NDE9404 Vasiorr) — GATE-SOURCE VOLTAGE (V) Vos — DRAIN-SOURCE VOLTAGE V)
NDF9405
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Process 94

. Leakage Current vs

*  Transfer Characteristics
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3-32




0.038

Process 95 N-Channel JFET

DESCRIPTION

(0.965)

0.0038
(0.0965)

Process 95 is a monolithic dual JFET with a diode
isolated substrate. It is intended for operational
amplifier input buffer applications. Processing

S2

~ results in low input bias current and virtually un-
* measureable offset current. Low noise voltage

and high CMRR for critical I/f applications.

D2

G2

0.023
00038 {gEmg)

(0.0965)

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown _ __ _ _
Voltage BVgss Vps =0V, Ig =—1uA 40 70 \
Zero Gate Voltage _ _
Drain Current Ipss Vps =15V, Vgg =0 0.5 3.0 8.0 mA
Forward Trans-
conductance Ots Vps =15V, Vgs =0 1.0 2.5 4.0 mmhos
Forward Trans-
conductance Jts Vpg =15V, I =0.22mA 0.5 0.7 mmhos
Gate Leakage lgss Vgs =—20V, Vpg =0 -5.0 -100 pA
Pinch Off Voltage Vas(oFF) Vps =15V, Ip =1 nA -0.5 -2.5 -4.0 \
Input Capacitance Ciss- Vps =16V, Vgs =0, f=1MHz 10 14 pF
Noise Voltage en Vps =15V, Ip = 0.2 mA, 8.0 30 nV/A/Hz

f=10Hz :
Noise Voltage en Vps =15V, Ip = 0.2 mA, 6.0 10 nV/A/Hz
f=100 Hz .

Output Conductance Jos Vpg =15V, Ip =0.2mA 0.3 1.0 umhos
Feedback Capacitance Crss Vps =15V, Vgg =0, f=1MHz 3.5 5.0 pF
Differential Match Vgsi-Vasz2! | Vbg =20V, Ip =0.2mA 6.0 25 mV
Differential Match AVgs1.2 Vpg = 20V, Ip = 0.2 mA 9.0 60 rv/°c
Common Mode
Rejection CMRR Vpg =20V, Ip =0.2mA 86 15 dB

This process is available in the following device,
types. *Denotes preferred parts.

TO-71 (CASE 12)

2N5515 *2N5522
2N5516 *2N5523
2N5517 *2IN5524
2N5518 *2N6483
2N5519 *2INB6484
*2N5520 *2N6485
*IN5521 |
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Process 95

Process 95

Transfer Characteristics
16 T T T T
N TTTTTTT
PP\ WAL o R
z \ Vosiorr) = ~1.5V |
E 12 = Tp = -55°C .
s ol o [ |
= ] T Ta = 425°C 1
FR “/"zt.um“c ]
5 08 N [N ]
=4 N Vasiorr = —1.0V T ]
E L1, = -55°C
E S8 L1, =250
] Ta =+125°C
< N max ]
= MIN
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Vgs — GATE-SOURCE VOLTAGE (V)

Transconductance
Characteristics

117
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Transfer Characteristics
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Drain Current
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Noise Voltage vs

Characteristics Parameter Interactions
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")
Process 96 N-Channel JFET | 5
0.037 8
[T}
A
0.0038
' {6.0855) ~
: i DESCRIPTION ©
o o
Process 96 is a monolithic dual JFET with a diode
0.0038 002 isolated substrate. It is intended for wide band, low
02 D1 el . R . e
{0.0965) (0.610) noise, single ended video amplifier input stages.
Also ideal for matched voltage variable resistor
62 S1 applications over 60 dB tracking range.
CHARACTERISTIC PARAMETER " TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss ’ Vps =0V, Ig =—1uA —40 55 \Y
Zero Gate Voltage _ _
Drain Current Ipss Vps =15V, Vgg =0 5.0 15 30 mA
Forward Trans- _
conductance Ofs . VDS =158V, VGS =0 9.0 18 30 mmhos
Forward Trans- .
conductance Ofs Vpg =15V, Ip =2'mA 7 7.5 9.0 : mmhos
Output Conductance Gos Vpg =15V, Ip =2 mA . 15 45 umhos
Pinch Off Voltage Vas(oFF) Vps =15V, Ig = 1nA . ) -1.8 -3.0 \
“ON’" Resistance Ips Vps =100 mV, Vgs =0 35 70 120 Q
Gate Current lgss Vgs =—20V, Vpg =0 -8.0 -100 pA
Gate Current g Vpg =15V, Ip =2 mA 15 200 PA
Noise Voltage ' e, Vpg =15V, Ip =2 mA, =100 Hz 4.5 10 | nVA/Hz
Feedback Capacitance Cys Vpg =15V, lp =2mA, f=1MHz 2.5 3.0 pF
Input Capacitance Cis Vog =15V, Ip =2mA, f=1MHz | 10 12 | pF
Differential Voltage IVas1-Vas2l | Vbg =15V, lIp =2mA 8.0 25 mV
Differential Voltage AVgs Vpg =15V, Ip =2mA 9.0 50 uv/°c
~ Common Mode
Rejection CMRR VPG =15V, Ip =2 mA 76 95 dB
This process is available in the following device types. *Denotes preferred parts.
TO-71 (CASE 12) 8-Pin DIP (CASE 67) .
*2N5564 *NPD5564
*2N5565 *NPD5565
*2N5566 *NPD5566
Transconductance vs Drain
Parameter Interactions Current Leakage Cyrrent vs Voltage
=z m 1k 100 =
i 8s, luss@Vns=15V Vcs=0V . = E Vog = 15V 2
;g; (PULSED) 2 =; [ Ta=25°C s
BE loss s £ [ g
S & . ‘—- Bs g =] g
o= ] = H o
z< N = = Lt w
gg 10 ,/ m = g 10 il < 2
== El E } —— =
28 - a S -Vgsiorr) = -2.3V -
a2 g 2 =
B s Z & ]
5 Co |1 g i ;
a 105 @lp = 1mA I 5 A 8
.g = . Vasiorr) @ Vps =15V, 1p = 1 nA = =y R IFSRT
-1 2 -5 _wln 1 1 ‘10 - 80 16 2 32 4
Vasiorr) — GATE CUTOFF VOLTAGE (V) . 1o - DRAIN CURRENT (mA) Vpg — DRAIN-GATE VOLTAGE (V)
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Process 96

Ip — DRAIN CURRENT (mA)

e, — NOISE VOLTAGE (nV/\/Hz)
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Transfer Characteristics
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Process 98 ,N-Channel JFET

-
“
°]
(2]
(1]
]
o
©
©

DESCRIPTION
0022 Process 98 is a high gain, general purpose, monolithic
(0.559) dual JFET with a diode isolated substrate. It is intended
%2?03% |-— for amplifier input stages requiring high gain, low noise
(0.0965) and low offset drift over temperature. Strict processing
& AN a1 ; controls result in low input bias currents and virtually
0.0038 immeasurable offset currents. Matching characteristics .
E_ {0.0965) are essentially independent of operating current and
* voltage.
ob2s This process is available in the following device types.
2 *
T Denotes preferred parts.
TO-71 (CASE 12)
2N5561
2N5562
2N5563
U401
U402
U403
U404
U405
U406

8-Pin DIP (CASE-60)

J401
J402
J403
Jaos
J405 -
Jao6

PROCESS IN DEVELOPMENT
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2N3684-87/PN3684-87 N-Channel JFETs 3 5
General Description ., TO-72 2N Series o 0
0209-0230
{5 309-5842) m m
The 2N3684/PN3684 thru 2N3687/PN3687 series of T s PIN TFET -
N-channel JFETs is characterized for general purpose S ] 3 DN
small signal amplifier applications requiring low noise | i 2 D z z
- o pe 0500 3 G
and tightly specified Ipgs ranges. H H T }f T ousoms ~ o | 3 | cue Www
oo || " w0 LTy |nn\//\>/mn| EFT] m o,
. . o 040504831 ez m m
Absolute Maximum Ratings (25°c) o0
TO-92 PN Series R
0175-0.185
Gate-Drain or Gate-Source Voltage (Note 2) —-50V 4048 4.558) oN
Gate Current or Drain Current- 50 mA F z z
Total Device Dissipation s — oo’ [N TFET wWw
(Derate 2 mW/°C to 175°C) 350 mW wosgor o oh "/’: e 1 S (o1 X))
16-0.01" ——
Storage Temperature Range m‘j“_? :“;.m] o 2 s le ) loe)
. DIA HOLE (TYP) - -0
2N Series —65°C to +200°C ' | L) S 3|0 N~
PN Series —65°C to +150°C oot auss
" [~ rva3-1asn)
Lead Temperature (1/16" from case N | oonoas
for 10 seconds) 300°C (-1
Electrical Characteristics (25°C unless otherwise noted)
2N3684/ 2N3685/ 2N3686/ 2N3687/
PARAMETER CONDITIONS PN3684 PN3685 PN3686 PN3687 UNITS
| MIN MAX | MIN | MAX MIN MAX MIN MAX
-0.1 -0.1 -0.1 -0.1 nA
! Gate R Ci t VGgs=-30V,Vps=0 =
GSS ate Heverse Burren GS bs 150°C 05 205 —05 05 WA
Bv Gate-Source Breakdown I = —1 HA. Vs = 0 50 50 50 50
GsS Voltage G BA. VDS .
A\
v Gate-Source Cutoff VDS =20V, Ip = 1nA 2 | |1 |35 |06 |2 [|-03 |[-12
GS(off) Voltage DS ID ‘ X . . .
Ipss Saturation Drain Current Vps =20V, VGs=0 25 7.5 1 3 0.4 1.2 0.1 0.5 mA
Drain-Source ON VDS = OV, Vs = 0, (Note 1) 600 800 1200 2400 Q
DS(on)  geistance bs V@S =0, Mote .
Common-Source Forward | . 2000 | 3000 | 1500 | 2500 | 1000 | 2000 | 500 | 1500
9fs Transconductance, (Note 3)
umho
Common-Source OQutput B 50 2% 10 5
9os Conductance .
Vps=20V,Vgs=0 f=1kHz
c Common-Source Reverse 12 12- 12 12
rss Transfer Capacitance ’ : ’ F
- P
Ciss Comnjon-Source Input 4 4 4 4
Capacitance
Equivalent Short-Circuit | uv
Vps = 10V = = 3 . .1 . . v
én Input Spot Noise Voltage DS Ves=0 f=20Hz 0.15 0.15 0 5, 0.1 VHz
R . Vpsg =10V, VGgs =0, N
F = 5 .
NF Noise Figure Rgen - 10M, BW = 6 Hz f=100 Hz 0.5 0.5 0.5 0.5 dB
Note 1: Not JEDEC registered data.
Note 2: Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
Note 3: Pulse test duration: 2 ms. '
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Process 83

2N3954-55/2N3954A-55A N-Channel Monolithic Dual JFETs

2N3954, 2N3954A, 2N3955, 2N3955A

General Description To71 .
The 2N3954 thru 2N3955/A series of N-channel 0208-0230
monolithic dual JFETs is designed for low to medium {6.309-5.882)
frequency differential amplifier applications requiring 0.175-0.195 L170-0210
I . L 6835-4.953) #318-5.338)
low noise, high common-mode rejection, and very
tight match. SEATING PLANE N
o H H o PIN | FET (12
Absolute Maximum Ratings (25°c) o500 ! L
Gate-Drain or Gate-Source Voltage —50V mim Gz 2 o1
Gate-to-Gate Voltage +50V m%),l [ (:%) 3 G1
Gate Current 50 mA o MAX 5 s2
Total Device Dissipation 85°C (Each Side) 250 mW 0100 6 D2
Case Temperature (Both Sides) 500 mW ("_"L") (2540) 7 Gz,
N " 1.270)
Power Derating (Each Side) 2.86 mW/°C
(Both Sides) 4.3mw/°C
(e}
Storage Temperature Range —65°C to +200°C 1R 1
Ny
Lead Temperature (1/16"* from case 0.036-0.046 y\’/ \{ 0.028-0.048
o {0.914-1.168) 0.711-1.219]
for 10 seconds) 300°C ,( x\ ( )
Electrical Characteristics (25°C unless otherwise noted)
2N3954 2N3954A 2N3955 2N3955A
954A | 2N3 |__2N3955A_ | yyy1s
PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
VGs = —30V, T -100 ~100 -100 ~100 bA
[ Gate R .
6ss ate Reverse Current Vps=0 [ Ta-iesc 500 500 500 500 nA
Gate-Source Breakdown .
Vi = = . -t - — -
BVGSS Voltage Vps=0,lg TuA 50 50 50 50
Gate-Source Cutoff
v = = -1.0 |-45 |-1.0 |-45 |-10 [-45 |-1. !
GSloff) Voltsgs Vps=20V,Ip=1nA 1.0 |-45 |-1.0 |-45 |-10 |-45 |-10 |45
v
Gate-Source Forward .
Vi = =
'GS(f) Voltage Vps=0,ig=1mA 2.0 2.0 20 20
Ip = 50 pA -4.2 -42 -4.2 -4.2
v Gate- Vol Vpg = 20V
s ate-Source Voltage Ds =20 ID = 200 A 05 |40 |05 |-40 |05 |40 |04 |40
) Vps =20V, -50 ~50 -50 -50 pA
1
G Gate Operating Current | "' 200 uA TA- 125°C 250 250 250 250 A
Saturation Drain
Ipss Current Vps =20V, Vgs =0 05 | 50 |os5 | 50 |05 |50 |05 |50 mA
Common-Source Forward f=1kHz 1000 { 3000 | 1000 | 3000 | 1000 | 3000 | 1000 j 3000
gfs Transconductance f= 200 MHz 1000 1000 11000 1000 ) N
umho
Common-Source Output Vps =20V,
£=1kH:
gos Conductance VGgs=0 1kHz 35 35 35 35
Common-Source Input
Ciss " 4.0 4.0 40 4.0
Capacitance
Commion-Source Reverse
c f=1M
rss Transfer Capacitance 1 MHz 1.2 1.2 1.2 L? pF
=10V,
Cgo Drain-Gate Capacitance :ISD_GO tov. 15 15 15 15
. Vps =20V,
NE ﬁ::;n:inus:;urce Spot Vas=0, £=100 Hz 05 0.5 0.5 05 dB
9 Rg = 10 MQ
Differential Gate Vps =20V, o
ig1-1 T=1
llg1-1G2l Current 1D~ 200 uA 25°C 10 10 10 10 nA
Drain Saturation C
IDSsi/ipss2 g aration Gurrent 1 vpg=20v,vgg=0 095 | 10 |oos| 10 |oes | 10 |05 |10
Vasi-V i Differential Gate-Source 50 50 100 50
Gs1-V6s2 oy 1 ! X .
Gate-Source Differential o
) Vps =20V, T=25°C to -55°C 0.8 04 2.0 1.2 mv
AVGs1-V Voltage Ch h
IVGs1-Ves2l Voltage Change wit 1D = 200 uA T=25°Ct0 125°C 10 05 25 15
Temperature
‘gfﬂ/‘.lfs? Transconductance Ratio f=1kHz 0.97 1.0 0.97 1.0 0.97 1.0 0.95 1.0
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2N3956-58 N-Channel Monolithic Dual JFETs
)
General Description To7
The 2N3956 thru 2N3958 series of N-channel monohthnc 0.209-0.230
dual JFETs is designed for low to medium frequency 0.175-0.195 (5::7790-_5:;2;
differential amplifier applications requiring tight match, {#.225-2.953) {8:318-5.33)
low noise and high common-mode rejection.
SEATING PLANE
. . o 1 PIN | FET (12)
Absolute Maximum Ratings (25°c) 1 x - 1 ST
Gate-Drain or Gate-Source Voltage —-50V mom MIN 2 D1
0.016-0.019 ,l 0.030 3 G1
Gate-to-Gate Voltage +50V {0.406-0.483) 0362) 5 2
Gate Current 50 mA MAX 6 02
Total Device Dissipation 85°C (Each Side) 250 mW - 0100 7 G2
. & (2.540)
Case Temperature (Both Sides) 500 mW w270
Power Derating (Each Side) 2.86 mW/°C
(Both Sides) 4.3 mW/°C
Storage Temperature Range —65°C to +200°C
o 0036-0045 N/ uuza 0.048
Lead Temperature (1/16'' from case N = ”“,\3{( B\\("m' )
for 10 seconds) 300°C B
Electrical Characteristics (25°C unless otherwise noted)
2N3956 2N3957 2N3958
PARAMETER CONDITIONS Vin [ MAX TN T Max | win | wax] UMTs
' -100 -100 -100 pA
1 Gate R t Vgs = —-30V, Vpg =0
GSS ate Reverse Curren GS 0S™%  ["ya=1s0°C ~500 ~500 ~500 A
Gate-Source Breakdown
BV Vps=0V, Ig=—1uA -50 -50 -50
GSS Voltage DS G 2 5
VGS(off) Gate-Source Cutoff Voltage Vps=20V,Ip=1nA -1.0 -4.5 -1.0 -45 |-1.0 -45
VaGs(f) Gate-Source Forward Voltage | Vpg=0V, Ig=1mA ' 2.0 2.0 2.0 v
Vpg =20V, Ip = 50 yA . -4.2 -4.2 4.2
v Gate-Source Volt DS
Gs ate-Source Voltage VDs = 20V, Ip = 200 A 05 | -40 |-05 |-40 |-05 |-40
S ) ] -50 -50 -50 pA
1 Gate Operating Current Vps = 20V, Ip = 200 A
G, ate Dperating Lurren D§=20V.1p =200k 7 —oess ~250 250 ~250 nA
Ipss Saturation Drain Current Vps =20V, Vgs =0 0.5 5.0 05 5.0 0.5 5.0 mA
Wil Common-Source Forward f=1kHz 1000{ 3000 | 1000] 3000 | 1000 ] 3000
Vis Transconductance f=200 MHz 1000 1000 1000
umho
Common-Source Output .
= 3
Jos Conductance f=TkH: % 35 5
Vpg = 20V, Vgg = 0
Ciss ComnTo_n-Source Input 40 . 40 40
Capacitance
Common-Source Reverse f=1MHz pF
Crss Transfer Capacitance 12 12 12
Cdgo Drain-Gate Capacitance VpG=10V,is=0 1.5 15 1.5
- Vpg = =
NF Comman-Source Spot DS =20V, VGs =0, f= 100 Hz 05 05 05 dB
Noise Figure RGg = 10 MQ
Differential Gate Reverse . .
Ig1—~! Vps =20V, Ip = T=125 1 10 A
lig1-lgal Current DS = 20V, Ip = 200 uA 125 ‘c 10 0 . n
Saturation Drain Current
- Ipss1/iDss2 Ratio Vps =20V, Vgs = 0 095 | 1.0 080 | 1.0 085 | 1.0
Differential Gate;Source
IVas1-Vasa2l 15 20 25
Voltage
Gate-Source Voltage VD$ =20V, Ip = 200uA | T=25°C to —55°C 40 6.0 - 8.0 mv
AlVGs1—-VGs2l  Differential Change With bs D s = 0 = - . -
T=25°Cto 126°C 5.0 7.5 10.0
Temperature
afs1/9fs2 Transconductance Ratio } f=1kHz 0.95 1.0 0.90 1.0 0.85 1.0
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Process 51

2N4091-93/PN4091-93 N-Channel JFETs

General Description
The 2N4091/PN4091 thru 2N4093/PN4093 series of

0209-0.230
(5303-5842)
0.170-0210

TO-18 2N Series

0.175-0.195 0.100

N-channel JFETs is characterized for analog switch frusaes BRI B i o
applications requiring low ON resistance and moderate SEATING PLANE i 2 \\ 7 FSET
capacitance. This series is qualified for JAN, JANTX ] osm 1 W 2 D
. Q. . Elmm 036 ARSI g
level processing per MIL-S-19500/431. vote-0010 _HJ it (“—:m:.':.?:yx/? S\\(‘(:\;::?::] 3 i
(0406-0483) N

©762)
[

Absolute Maximum Ratings (25°c)
Reverse Gate-Drain or Gate-Source Voltage —-40v
Gate Current 10 mA

TO-92 PN Series

0175-0185

2N4091, 2N4092, 2N4093, PN4091, PN4092, PN4093

Total Device Dissipation at 25°C Case Temperature , 0003-0013
(Derate 10 mW/°C) 2N series 1.8W — rem /T
(Derate 3 mW/°C) PN Series, Ta=25°C 350 mW ot ohe ""1" F(E;T
Storage Temperature Range e W oas-ooms | s 2| s
2N Series _550C to +2000C DIA HOLE (TYP) i (2.159-2413) 1431 3 D
PN series —55°C to +150°C 4 0 045-0.055
.143-1397)
Lead Temperature (1/16" from case . i‘:’...i’;}.ss
for 10 seconds) 300°C (e
Electrical Characteristics (25°C unless otherwise noted) -
) 2N4091/ 2N4092/ 2N4093/
PARAMETER CONDITIONS PN4091 PN4092 PN4093 UNITS
MIN | MAX | MIN | MAX | MIN | MAX
BVGss Gate-Source Breakdown Voltage Ig=-1uA,Vps=0 -40 —40 40 \
2N Series 200 200 200 pA
IpGo Drain Reverse Current Vgs=-20V,Ig=0 PN Series 1 1 1 A
150°C 400 400 , 400
2N Series 200 pA
Vgs=—6V PN ferles . 1 A
150°C | : 400
2N Series 200 PA
ID(off)  Drain Cutoff Current Vps=20V | Vgs=-8V PN Series : 1 oA
' 150°C 400
2N Series . 200 pPA
= P i
. VGs 12v N Eenes 1 nA
150°C 400
VGS(off) Gate-Source Cutoff Voltage Vps=20V,Ip=1nA -5 -10 -2 -7 -1 -5 \
Ipss Saturation Drain Current Vps =20V, VGgs =0, (Note 1) 30 15 8 mA
Ip=25mA . 0.2
VDS(on) Drain-Source ON Voltage Vgg=0 Ip=4mA . 0.2 . \)
Ip=6.6mA 0.2
rDS(on) Static Drain-Source ON Resistance [ Vgs=0, Ip=1mA 30 50 80 Q
rds(on) = Drain Source ON Resistance Vgs=0,1p=0 f=1kHz 30 50 - 80 Q
Ciss Common-Source Input Capacitance | Vpg =20V, Vgs=0 16 16 16
Common-Source Reverse Transfer f=1MHz ' pF
C Vps=0,Vgs=-20V 5 5 5
rss Capacitance Ds GS .
td Turn ON Delay Time VpD =3V, VGS(on) = 0 15 15 20
- ID(on) VGS(off)  RL 4
tr Rise Time 2N/PNA091 66mA - —12V  425Q 10 2 0 ne
toff Turn OFF Time 2N/PN4092 4 mA -8V 770 Q 40 60 80
2N/PN4093 2.5mA -6V 1120 Q
*JEDEC registered data Voo Input Pulse Sampling Scope
Note 1: Pulse width = 300 us; duty cycle < 3%. ‘Rise time < 1 ns Rise time = 0.4 ns
: : b R Fall time < 1 ns Input resistance = 10 MQ
Vout Pulse width = 1 us Input capacitance = 1.7 pF

‘Pulse duty cycle < 10%
= Pulse generator impedance = 50 Q.

Vi
H
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Process 53
2N4117-19/2N4117A-19A N-Channel JFETs
General Description T072
0.208-0.230
The 2N4117 thru 2N4119/A series of N-channel JFETs is (sdalufu-sn.sza]z;
. s 0.175-0.135 1700
desgned. for ultra low leakage (Igss < 1 pA) amplifier aiEaam 1 AT
applications.
. SEATING PLANE
Typical IG < 0.1 pA at Vpg = 10V, Ip = 10 uA. Perfect i
for all smoke detector applications. H H H (?:';:) PIN | FET
MIN 1 S
. - 0.016-0.019 0.030
Absolute Maximum Ratings (25°c) e 2 | o
MAX
Gate-Drain or Gate-Source Voltage —40V ) 0100 4 | Case
Gate-Current 50 mA 0050 2530}
Total Device Dissipation (1210
(Derate 2 mW/°C to +175°C) 300 mW (
Storage Temperature Range -65°C to +175°C . 3 :
Lead Temperature (1/16’ from case 0036-0045  \)) 0.028-0.048
for 10 seconds) 255°C ‘“~9‘4-1-'5“’\// \/w.m—tzm
Electrical Characteristics (25°C unless otherwise noted)
t
2N4117/ 2N4118/ 2N4119/
PARAMETER CONDITIONS 2N4117A 2N4118A 2N4119A UNITS
MIN MAX MIN MAX MIN MAX
Gate Reverse Current -10 =10 -10 pA
1 VGs = —20V, Vps = -
Gss 2N4117 Series Only Gs DS~ 0 555c 25 25 25 nA
| Gate Reverse Current Ve = —20V Ve =0 -1 -1 -1 pA
Gss 2N4117A Series Only Gs VDS TP Mso°c 25 25 25 nA
BVGss Gate-Source Breakdown Voltage | Ig = —1uA, Vps=0 —40 -40 —40
\"
VGS(off)y Gate-Source Cutoff Voltage Vps =10V, ip=1nA -0.6 -1.8 -1 -3 -2 —6
Ipss Saturation Drain Current Vps=10V,Vgs=0 0.03 0.09 0.08 0.24 0.20 0.60 mA
Common-Source Forward .
9fs 70 210 80 250 100 330
Transconductance
f=1kHz umho
Common-Source Output
dos 3 5 10
Conductance
- Vps=10V,Vgs=0
Common-Source Input
Ciss . 3 3 3
Capacitance
f=1MHz pF
c Common-Source Reverse 15 15 15
rss Transfer Capacitance ’ ’ !

4.7
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2N4338, 2N4339, 2N4340, 2N4341

2N4338-41 N-Channel JFETs
General Description ‘ 7018 215 Series
The 2N4338 thru 2N4341 series of N-channel JFETs is ‘:11:::232,
characterized for low to medium frequency amplifier 0.175-0.135 1 0170-0210
applications. Tight selections of VGg(off). |DSS. 9fs (4.485-4.953) @31-533)
results in consistent characteristics in all applications. SEATING PLANE
. |
i H o 0.500
Absolute Maximum Ratings (25°c) H n H i e TFET
Gate-Drain or Gate-Source Voltage —-50V ooe-om9 _f| - ao3 I
{0.406-0.483) (0.762) 2 D
Gate Current 50 mA MAX 3 G
Total Device Dissipation, Ta = 25°C 300 mW 0100
(Derate 2 mW/°C to +175°C) - (_ﬁ:_sq) 2530
1.270)
Storage Temperature Range .—65°C to +200°C
Maximum Operating Temperature 175°C -’o(?o‘
Lead Temperature (1/16"" from case i >\x/ /)
. AR
for 10 seconds) 300°C 06006 A 0.28-0.048
(u.su—:.:sn)“s//( \y(om-l.zwl
Electrical Characteristics (25°C unless otherwise specified)
2N4338 2N4339 2N4340 2N4341
PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MiN | MAX | min | max | UN'TS
- —0.1 -0.1 -0.1 -0.1 nA
| Gate R = Vps =
GSS ate Reverse Current VGs=-30V,Vps=0 150°C o1 o1 o1 o1 uA
Gate-Source Breakdown '
= =0- - B ~50 -50
BVGss Voltage I 1uA,Vps=0 50 50 5 '
Gate-Source Cutoff
= =0. -03 |- -0.6 |[-1. -1 -3 -2 -6
VGs(off) Voltage Vps =15V, Ip =0.1 uA 0.3 1 6 8
. Vpg = 16V 0.05 0.05 0.05 0.07 nA
| D Cutoff Ci
Dloff)  Drain Gutott Current Ves=1() -5) -5) -5) -10) )
Ipss Saturation Drain Current Vps=15V,VGgs=0 0.2 0.6 0.5 1.5 1.2 3.6 3 g mA
ofs Common-Source Forward 600 | 1800 | 800 | 2400 | 1300] 3000 | 2000 | 4000
Transconductance .
p s 5 Vps =15V, Vgs =0 umho
ommon-Source Qutput .
f=1kH: 15 30 60
fos Conductance 1kHz 5 .
Drain-Source ON
= = 17 18 0 Q
fds Resistance Vps=0,Vgs=0 2500 00 00 800
Ciss gomrr'lcn-Source Input 7 7 7 7
apacitance Vpg = 15V, Vgs = 0 =1 MHz : . pF
¢ Common-Source Reverse - 3 3 /3 3
7SS Transfer Capacitance
NF Noise Figure Vs =15V, VGs =0 f=1kHz 1 1 1 1 dB
Rgen = 1M, BW = 200 Hz
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2N4391-3/PN4391-3 N-Channel JFETs §
General Description TO-18 2N Series N
0209-0230 .
The 2N4391/PN4391 thru 2N4393/PN4393 series of 170155 ‘Z’:"nzﬂ;’n’ UL w
. . . " 5 2 530)
N-channel JFETs is characterized by low ON resistance, =8| | ey m»’rl‘ e PIN | FET O
moderate capacitance and low noise. Applications SEATING PLANE AN ] s N
. . . . . ! ~
include low ON resistance, high speed switches and high i . T 2 D .
gain, low noise amplifiers. vy r ?—uz—m (SIS 2 3 G N
O O T e N [GE=r]
- - o llﬂlﬁ-l)l"? ’“¢ EE A 7 z
Absolute Maximum Ratings (25°C) ai-0%ED 5] N
Reverse Gate-Drain or Gate-Source Voltage —40V tven TO-92 PN Series w
Gate Current 50 mA R (o]
. T o Sai
Total Device Dissipation at 25 C Case Temperature { w
(Derate 10 mW/°C) 2N Series 1.8W 1 Sons_o0ms -
(Derate 3mW/°C) PN Series, TA=25°C 350 mW —l/““” joosom” [ piN | FET Y
Storage Temperature Range LA e s J: ; g 2
2N Series —55°C to +200°C ] I] IR P 5
PN Series -55°C to +150°C T ' W
. __J 0045-0 055 m
Lead Temperature (1/16"" from case KGEED -
for 10 seconds) 300°C i -
. - a * -
Electrical Characteristics® (25°C unless otherwise noted) U
2N4391/ 2N4392/ 2N4393/ Z
PARAMETER CONDITIONS PN4391 PN4392 PN4393 UNITS h
MIN | MAX | MIN | MAX | MIN | MAX w
2N Series 100 100 100 pA (o]
Igss’ Gate Reverse Current VGs = -20V,Vps=0 PN §eries 1 1 1 nA N
150°C —200 —200 —200 -
BVGss Gate-Source Breakdown Voltage Ig=-1uA,Vpg=0 ~40 —40 =40 v 'U
| 2~ series 100 pA 4
Vgs = -5V PN Seri 1
Gs= -5 fenes A H
150°C 200 w
2N Series 100 pA m
ID(off) Drain Cutoff Current Vps=20V | Vgg=-7V PN Eenes 1 A w
150°C 200
2N Series 100 pA
Vgg=—12V | PN Seri 1
Gs=—12 fenes A
160°C 200
VGSs(f) Gate-Source Forward Voltage Ig=1mA, Vpg =0, (Note 2) 1 1 1
\
VGS(off) Gate-Source Cutoff Voltage Vps =20V, Ip=1nA -4 -10 -2 -5 05| 3
Ipss Saturation Drain Current Vps =20V, VGs = 0, (Note 1) 50 150 25 75 5 30 mA
Ip=3mA 0.4
VDS(on) Drain-Source ON Voltage Vgs=0 Ip =6 mA 0.4 \
Ip=12mA 0.4
rDS(on)  Static Drain-Source ON Resistance | Vgs=V,Ip=1mA 30 60 100 Q
rds(on) Drain-Source ON Resistance Vgs=V,Ip=0 f=1kHz 30 60 100 Q
Ciss Common-Source Input Capacitance | Vps =20V, Vgs=0 14 14 14
VGs = -5V 3.5
c Common-Source Reverse Vne=0 VGS ~ v f=1MHz 35 pF
rss Transfer Capacitance DS GS -
VGs=~12V 35
td Turn ON Delay Time Vpp = 10V, VGS(on) = 0 15 15 15
— ID(on)  VGS(off)
i Rise Time ON/PN439T  12mA -2V 5 i 5 "
toff Turn OFF Delay Time 2N/PN4392 6 mA -7V 20 35 50
t Fall Time 2N/PN4393  3mA -5V 15 20 30
51 1000 pF
Note 1: Pulse test required, pulse width = 300 us, duty cycle < 3%. o Vour .
. 96 Input Pulse Sampling scope
Note 2: Not tested on PN series. RL’(,M .u) -5 T R
* . ° Rise time < 0.5ns  Rise time = 0.4 ns
JEDEC registered data Fall time < 0.5ns  Input resistance = 50 Q
Pulse duty cycle = 1%




2N4416, 2N4416A

Process 50
2N4416/2N4416A N-Channel JFETs
‘General Description T072
The 2N4416/2N4416A N-channel JFET is designed for i
VHF/UHF amplifier, mixer and oscillator applications. 0.175-0.195 | 0.170-0.210
{@.445-4.953) 4.318-5.334)
Qualified for JAN, JANTX, JANTXYV level processing - aemase e
per MIL-19500/428. SEATING PLANE {
Absolute Maximum Ratings (25°c) H TT§ o PIN | FET N (25)
MIN 1 S
Gate-Drain or Gate-Source Voltage 0.016-0.019 _H* H 2 D
{0.406-0.483) .
2N4416 _ —30v Gie. 3 G
2N4416A . =356V 0100 4 Case
Gate Current 10 mA 050 2sam
Total Device Dissipation (1210)
(Derate 1.7 mW/°C) - 300 mw ;
Storage Temperature Range —65°C to +200°C '\°\'7" }°/'
Lead Temperature (1/16" from case 0.036-0045 / 0.028-0.048
for 10 seconds) ©300°C waie=Tim) / X\/w =121
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN | MAX UNITS
-0.1 nA
1GSss Gate Reverse Current Vgs=-20V,Vps=0 150°C o A
' . 2N4416 -30
BVGss Gate-Source Breakdown Voltage Ig=—-1uA,Vps=0 \
. : 2N4416A |35
’ 2N4416 -6
VGS(off) Gate-Source Cutoff Voltage Vps =15V, Ip =1nA \Y
) 2N4416A |-25 | -6
Ipss Drain Current at Zero Gate Voltage, (Note 1) 5 15 mA
afs Common-Source Forward Transconductance, (Note 1) KH 4500 | 7500 umho
f=1 z
dos Common-Source Output Conductance - S 50 umho
: Vps= 15V, VGgs=0
Crss Common-Source Reverse Transfer Capacitance ) 0.8 pF
Ciss .Common-Soqrce Input Capacitance f=1MHz 4 E
- p
Coss Common-Source Output Capacitance 2
High Frequency Characteristics
100 MHz 400 MHz
PARAMETER CONDITIONS MIN T MAX T MIN ] MAX UNITS
Giss Common-Source Input Conductance 100 1000 umho
bjss Common-Source Input Susceptance 2500 10,000 { umho
Common-Source Qutput 75 100 h
Joss Conductance Hmho
Vps=15V,Vgs=0
Common-Source Output
Boss Susceptance 1000 4000 umho
Common-Source Forward 4000 h
9fs Transconductance, (Note 1) ) Ko
Gps " Common-Source Power Gain Vps =15V, Ip =5mA 18 10 dB
‘NF ‘Noise Figure Vps =15V, Ip=5mA, Rg=1kQ 2 4 - dB

Note 1: Pulse test duration = 2 ms.
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2N4856-61/PN4856-61 N-Channel JFETs 2 %
General Description T0-18 2N Series NN
0203-0220
The 2N4856/PN4856 thru 2N4861/PN4861 series of N Em-ran) v @? 80
N-channel JFETs is designed for analog switch appli- =] e ey e PN TFET 1 e
cations requiring low ON resistance and moderate P { A 1 S f"‘q:\ﬂ
capacitance. 1 fortork— 2 D -

P ‘ TTT T L2 soans i mane | 3 | G s
Qualified for JAN, JANTX, JANTXV level processing poo T mm/x“‘&( T = prd
per MIL-5-19500/385. 2N series only. ) < N

Hax m m
Absolute Maximum Ratings (25°c) snssws TO-02 PN Series Gl o
Reverse Gate-Drain or Gate-Source Voltage 9 s 4 6o N(esNs's)

2N4856/PN4856—2N4858/PN4858 —40V v o

Reverse Gate-Drain or Gate-Source Voltage ELRL) R
e 0076-0337) PIN FET 23

2N4859/PN4859—2N4861/PN4861 —30v \enos ToFT 0 otoe },‘«"m TG o

Gate Current 50 mA S s ta8) — 2 s o &£
. .. . o DIA HOLE (TYP) vL Tﬂ m @@

Total Device Dissipation at 25 C Case Temperature _ r%. (':_"’j;% 3 b Gi
(Derate 10 mW/°C) 2N Series 1.8W __! | oos-oms o %
(Derate 3 mW/°C) PN series, Tp =25°C 350 mV s HFE
Storage Temperature Range ' (- =y )
2N Series -65°C to +200°C 2=

PN Series -65°C to +150°C IS
Lead Temperature (1/16" from case o (o8]

for 10 seconds) 300°C N &)
Electrical Characteristics (25°C unless otherwise noted) = @

[
2N4856,59/ | 2NA4857,60/ | 2N4858,61/ AN
PARAMETER CONDITIONS PN4856,59 PN4857,60 PN4858,61 UNITS g’f;: :};{:
MIN | MAX | MIN | MAX | MIN | MAX £ Y
Gate-Source Breakdown _ ~ 2N/PN4856-58 =40 —-40 -40 ' m
BVGSS  ygitage IG=-14A Vps=0 IN/PNAB5961 | —30 30 —30 v o)) g
2N Series ~250 -250 -250 pA =h b
Vgs=-20V,Vps=0 - ~
Igss Gate Reverse Current PN Series =1 -1 -1 nA
Vgs=—15V, Vps=0 150°C -500 ~500 -500
2N Series 250 250 250 pA
ID(off) Drain Cutoff Current Vps =15V, Vgg = —10V | PN Series 1 1 1 A
n.
150°C 500 500 500
VGS(off) Gate-Source Cutoff Voltage Vps =15V, Ip=0.5nA -4 -10 -2 -6 -08 | -4 \
Ipss Saturation Drain Current Vps= 15V, VGs=0, (Note 1) 50 20 100 8 80 mA
Ip = 20 mA 0.75
VDS(on) Drain-Source ON Voltage Vgs=0 Ip=10mA 0.50 Vv
ID=5mA 0.50
rds(on) Drain-Source ON Resistance Vgs=0,Ip=0 f=1kHz 25 40 60 Q
Ciss Common-Source Input Capacitance 18 18 18
Common-Source Reverse Transfer | VDS =0, VGs=-10V f=1MHz pF
Crss N 8 8 8
Capacitance )
14 Turn ON Delay Time ' Vpp = 10V, VGs(on) = 0, 6 6 10 ns
— ID(on) VGS(off)  RL
' Rise Time IN/PNA856,59 20mA 10V 464D 3 4 10 "
toff Turn OFF Time 2N/PN4857,60 10 mA -6V 953 Q2 25 50 100 ns
2N/PN4858,61 5mA —4V 1810 Q2
Note 1: Pulse test required, pulse width = 100 us, duty cycle < 10%. v
0D
_ Voo-Voston) input Pulse Sampling scope
L= D(oN) Rise time = 0.25 ns Rise time = 0.75 ns
v Vour Fall time = 0.75 ns Input resistance = 1 MQ
W e i Pulse width = 100 ns Input capacitance = 2.5 pF
50 Pulse duty cycle < 10%
4-11 ”



2N5114, 2N5115, 2N5116

2N5114-16 P-Channel JFETs
General Description- To18
. . 0.209-0230
The 2N5114 thru 2N5116 series of P-channel JFETs is 5309 5.082)
designed for low ON resistance analog switch applica- 0.175-0.195 0.170-0210
tions. (8445-4.953) {@318-5.93)
Qualified for JAN, JANTX, JANTXV level processing SEATING "“‘"3 i
per MIL-S-19500/476. T 0.500
. tnao (21 PIN | FET
Absolute Maximum Ratings (25°¢c) oats-nats || © 06 1] s
{0.406-0.483) 0483 (0.762) 2 G
Reverse Gate-Drain or Gate-Source Voltage 30V . MAX 3 D
Gate Current 50 mA 0.100
Total Device Dissipation, Free-Air “”%) 254
211
(Derate 3 mW/°C) 500 mW ‘
Storage Temperature Range —65°C to +200°C
Lead Temperature (1/16" from case 4 \
for 10 seconds) 300°C 0.036-0.045 0.026-0.048
{0918 1153)‘5{(\\{(0711 Z1219)
Electrical Characteristics (25°C uniess otherwise noted)
2N5114 2N5115 2N5116
PARAMETER CONDITIONS VI MAX MIN | MAX T WMIN T MAX UNITS
BVGss Gate-Source Breakdown Voltage IG=1uA,Vps=0 30 30 30 \2
1Gss Gate Reverse Current VGS =20V, Vps=0 o) - 500 500 500 L
150°C 1.0 1.0 1.0 MA
514 =12V ~500 ~500 -500 A
ID(off) Drain Cutoff Current Vps=-15V, Vgg=2N5116= 7V 10 0 10 pA
2N5116= BV | 150°C ) ’ ) H
VGS(off) Gate-Source Cutoff Voltage Vps=-15V, Ip=—1nA N 5 10 3 6 1 4 A
'2N5114 = —18V
Ipss Saturation Drain Current Vgs=0,Vps= ING115 = :ZV ] 30 -90 -15 -60 -5 —25 mA
VGs() Forward Gate-Source Voltage Ig=—1mA,Vps=0 . -1 -1 -1
2N5114 = 15 mA v
VDS(on) Drain-Source ON Voltage Vgs=0,Ip= 2N51156= -7 mA -13 -0.8 —0.6
2N5116= -3mA ' .
rDS(on) Static Drain-Source ON Resistance | Vgg=0, Ip=—1mA 75 100 150 | Q
rds(on) _ Drain-Source ON Resistance Vgs=0,ip=0 f=1kHz 75 100 150 Q
- Common-Source Input
Ciss ) . Vps=—15,VGs=0 f=1MHz 25 25 25
Capacitance )
= ! F
Common-Source Reverse Transfer 25114 =12V s P
Crss ) .| VDs=0,vgs=  2N5115= 7V 7 7 7
Capacitance
2N5116= 5V
. 2N5114 2N‘5115 2N5116 .
td Turn ON Delay Time VpD =10V -6V -6V 6 10 12
t Rise Time veg | 20v |. 12v 8V 10 20 30
ns
toff Turn OFF Time RL 43002 91002 200092 - 6 8 10
[T Fall Time RG - 10092 22002 39092 15 30 50
ID(on)| —15mA | -7 mA ~3mA

Input Pulse

Rise time < 1 ns

Fall time < 1 ns

Pulse width = 100 ns
Repetition rate = 1 MHz

SAMPLING
SCOPE

Sampling Scope

Rise time = 0.4 ns

Input resistance = 10 M
Input capacitance = 1.5 pF
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2N5196-99 N-Channel Monolithic Dual JFETs =
General Description T071 ﬂ
. S 0.209-0.230
The 2N5196 thru 2N5199 series of N-channel monolithic ST Een) 0100 ©
dual JFETs is designed for low to medium frequency 0.175-0.195 | || na70-0210 0050 {2540) =]
differential amplifiers requiring low leakage and tight 14.445-4.953) 4318-5333) (1210 ‘ -
match. SEATING PLANE N
. . .
Absolute Maximum Ratings (25°c) 1 Ll NG z
) o 00006 WS 0.028-0.008 (6)]
Gate-Drain or Gate-Source Voltage 50V o {270 TETRETTAN {( \\(’M) -
Gate Current 50 mA 0016-0019 || 0030 ~ (o]
Device Dissipation (Each Side), Ta = 85°C (040504831 62 (o +)
. -
(Derate 2.56 n?W/°C) . 250 mW INT FET(12)
Total Device Dissipation, Tp =85 C 1 S1 N
(Derate 4.3 mW/°C) 500 mW 2 D1 2
Storage Temperature Range —65°C to +200°C 3 G1 21
Lead Temperature (1/16” from case 5 s2
for 10 seconds) 300°C S ©
or secondas 7 G2 m
Electrical Characteristics (25°C unless otherwise noted) ‘
PARAMETER CONDITIONS MIN - MAX UNITS
I Gate Reverse Current ‘ VGs =30V, Vps =0 ) oA
GSS e Reverse Curren GS = — VDS 150°C -50 nA
BVGss Gate-Source Breakdown Voltage Ig=-1uA,Vps=0 ’ -50
VGS(off) Gate-Source Cutoff Voltage Vps=20V,Ip=1nA -0.7 -4 \
VGs Gate-Source Vultagé ! -0.2 -3.8
Gate O . VDG =20V, Ip = 200 uA -15 N pA
Ig ate Operating Current T25°C 5 A
Ipss Saturation Drain Current Vps =20V, VGgs =0, (Note 1) 0.7 7 mA
dfs Common-Source Forward Transconductance Vps =20V, Vgs =0, (Note 1) 1000 4000
dfs Common-Source Forward Transconductance VDG = 20V, Ip = 200 uA, (Note 1) 700 1600
f=1kHz pumho
dos Common-Source Output Conductance Vps=20V,VGs=0 50
dos Common-Source Output Conductance VDG = 20V, Ip = 200 uA ) 4
Cjss Common-Source Input Capacitance 6
f=1MHz pF
Crss Common-Source Reverse Transfer Capacitance 2
NE Soot Noide Fi . =100 He,
pot Noise Figure Vps =20V, Vgs = 0 RG = 10 MQ 05 dB
2 Equivalent Input Noise Voltage v f=1kHz 0.020 i)
n q P ag . N7
Matching Characteristics
2N5196 2N5197 2N5198 2N5199
PARAMETER CONDITIONS MIN MAX | MIN | MAX | MIN MAX MIN MAX UNITS
lig1-lgal Differential Gate C VBG =20V | e 5 5 5 5 A
G1-1G2 ifferential Gate Current Ip = 200 uA 125°C n
! Saturation Drain Current Vps =20V, VGs =0V, . ’
Dss aturation Drain Lurren ps = <2V, VGS 095 | 1 |oes| 1 |oss [ 1 095 | 1
Ipss2 Ratio (Note 1)
afs1 Transconductance Ratio, - K
— f=1kHz 0.97 1- 0.97 1 0.95 1 0.95 1
9fs2 {Note 1)
VGs1—VGs2i  Differential Gate-Source Voltage 5 5 10 15 mvV
VpG = 20V, TA = 25°C,
Gate-Source Differential Voltage | 'D =200 A | T5 = 125°C 5 vl o 4o
AlVgs1-Vgsat X S - nale
—ar Change with Temperature, Ta=-55C, 5 10 20 40 P
(Note 2) Tg = 25°C -
'
lgos1—9o0s2| Differential Output Conductance f=1kHz 1 1 1 1 - umho
Note 1: Pulse test requifed, pulse width = 300 s, duty cycle < 3%. ‘
Note 2: Measured at end points, Tp and Tg.
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2N5245, 2N5246, 2N5247

\
2N5245-47 N-Channel JFETs
General Description T0-92
The 2N5245 thru 2N5247 series of N-channel JFETs is o
- (4.064]
designed for common-source or common-gate VHF/UHF “)“
amplifier, mixer and oscillator applications to 400 MHz. - a5
i i (’—2'333)‘ s
Absolute Maximum Ratings : oax
Drain-Gate Voltage 30V 0.025 —T
0.615
Source Gate Voltage 30V Sin
. 0.150-0.180
Drain Current 30 mA (gg;g:gﬁ;g)’l l_ By _—“__mu;:”
Forward Gate Current 50 mA o now S
Total Device Dissipation @ 26°C 360 mwW DIAPIN CIRCLE
(Derate above 25°C) 2.88 mwW/°C !
Operating Junction Temperature
Range —65°C to +150°C P:N FST
Storage Temperature Range —65°C to +160°C 2 s
Lead Temperature (1/16" from case 3 G
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
2N5245 2N5246 2N5247
PARAMETER CONDITIONS WiN MAX WIN MAX MIN MAX UNITS
-1 -1 -1
| Gate R C VGs = —20V, = A
GSS ate Reverse Current GS 20V, Vps=0 TA= 100°C ~500 “500 ~500 n
BV Gate-Source Breakdown le = —1 4A Vps = 0 —30 ~30 ~30
GSS Voltage G=—-1uA, Vps v
Gate-S Cutoff
VGS(off) vz:ﬁg:urce ute Vps=15V, Ip = 10nA -1 -6 -05 | -4 -15 | -8
Ipss Saturation Drain Current Vps= 15V, VGgs = 0, (Note 1) 5 15 1.5 7 8 24 mA
Common-Source Forward :
9fs . 4.5 7.5 3.0 6.0 4.5 8.0 mmho
Transconductance .
c S f=1kHz
dos ommon-Source Output 50 50 70 umho
Conductance .
- F d
Re(ygg  ommon-Source Forwar f=400MHz | 4.0 25 40 mmho
S Transconductance
Re Common-Source Output Vi = 15V Vae =0 f= 100 MHz 75 75 100
(vos) Conductance bs - VGs f =400 MHz 100 100 150
umho
Common-Source Input
Rely; =
e(yis) Conductance 100 MHz 100 100 100
C -Si {nput
Ciss , Comn‘ron ource inpu 45 45 45
apacitance
' £= 1 MHz -~ bF
Common-Source Reverse
Crss . - 1 1 1
Transfer Capacitance
= = RG=1kQ | f= M 2 2
NF Noise Figure Vps =15V, Ip =5 mA, Rg = 1 kQ 100 MHz 2
Vps =15V, Ip=5mA, Rg=1kQ | =400 MHz 4 4 4 "
6 Common-Source Power Vps=15V,Ip=5mA, Rg=1kQ | f=100 MHz 18 18 18 .
ps Gain - Vps=15V, Ip=5mA, Rg=1kQ | f=400MHz 10 10 10

Note 1: Pulse Test PW 300 us, duty cycle < 3%.




2N5358-60 N-Channel JFETs
General Description 1072
The 2N5358 thru 2N5360 series of N-channel JFETS is e
characterized for general purpose audio and RF ampli- 0.175-0.195 |, 0.170-0.210
fiers requiring tightly specified ipgsg ranges. 14.445-4.953) 14.318-5.334)
SEATING PLANE .
Absolute Maximum Ratings (25°c) == Ly
Gate-Drain or Gate-Source Voltage —40v goa [z P'1N FSET
Gate Current 10 mA ome-oms | - 0830 2ol o
. Lo {0.406-0.483) 0.762)
Total Device Dissipation MAX 3 G
(25°C Free-Air Temperature) 300 mW 0100 4 | case
Power Derating (to +175°C) 2 mW/°C 0.050 e
Storage Temperature Range —65°C to +200°C . {12700
Operating Temperature Range —65°C to +175°C
Lead Temperature (1/16" from case N
for 10 seconds) 300°C 003-0085 X)) 0.028-0.048
m.m-l.tss)\{( \/(E?TCJE)
Electrical Characteristics (25°C unless otherwise noted)
2N5358 2N5359 2N5360
PARAMETER CONDITIONS MIN MAX MIN MAX Vi MAX UNITS
1 Gate Reverse Current Vps =0, VGgs = —20V 100 100 100 PA
Gss DS= 05 VGs T=150°C ~100 ~100 ~100 nA
VGS(off) Gate-Source Cutoff Voltage Vps =15V, Ip = 100 nA -0.5 -3.0 -0.8 -4.0 -0.8 -4.0
\%
BVGss Gate-Source Breakdown Voltage Vps=0,Ig=-10uA —40 —40 -40
Ipss Saturation Drain Current Vps = 158V, Vgg = 0, (Note 1) 0.5 1.0 0.8 1.6 1.5 3.0 mA -
VGs Gate-Source Voltage Vps =15V, Ip = (Note 2) -0.3 -1.5 -0.4 -20 |-05 -2.5 \
Common-Source Forward
9fs f=1kHz 1000 | 3000 1200| 3600 1400 4200
Transconductance
Common-Source Forward
1y sl , f=100MHz | 800 900 1400 umho
Transadmittance .
Common-Source Output
doss =1kHz 10 10 20
Conductance
‘Common-Source Reverse Transfer | VDS =15V, VGs=10
Crss ) 2 2 2
Capacitance
f=1MHz pF
Common-Source Input
Ciss : 6 6 6
Capacitance
f=100 Hz
NF Noise Figure ' 25 25 25 dB
s Rg=1MQ E

Note 1: Pulse test duration = 300 us. Duty cycle < 3%.

Note 2: I test conditions for Test 5: 2N5358 = 50 uA; 2N5359 = 80 uA; 2N5360 = 150 uA.
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2N5361, 2N5362, 2N5363, 2N5364

Note 1: Pulse test duration = 300 us.
Note 2: Ip test conditions for Test 6: 2N5361 = 250 uA; 2N5362 = 400 uA; 2N5363 = 700 uA; 2N5364 = 900 pA.

7
2N5361-64 N-Channel JFETs
General Description T0-72
. 0.209-0.230
The 2N5361 thru 2N5364 series of N-channel JFETs is (5.309-5.842)
. . . 0.175-0.185 0.170-0.210
characterized for general purpose audio and RF ampli- ) BT
fiers requiring tightly specified Ipgg ranges.
SEATING PLANE
. . _ i
Absolute Maximum Ratings <(25°c) TUg 1 & o
000 {1270 PIN | FET
: \_ wmiN 1 S
Gate-Drain or Gate-Source Voltage —40V (;:Z_‘:g:__m,j [SCT) 2 D
Gate Current 10 mA 4060 @) 3 o
Total Device Dissipation o100 4 | Case
(25°C Free-Air Temperature) 300 mW 0.050 )
Power Derating (to +175°C) L2 mW/:C iz
Storage Temperature Range ~65 C to +200°C
Operating Temperature Range . —B5°C to +175°C
Lead Temperature (1/16" from case a5 o
) O - 0.036-0.046- . v 0.028-0.048
for 10 seconds) 300°C ("_u.s"_m-'—l.ms)\%? \Vgo=nr
Electrical Characteristics (25°C unless otherwisé noted)
: 2N5361 2N5362 2N5363 2N5364
PARAMETER CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNITS
. . . -100 —100 -100 -100 pA
! Gate R C t Vps =0,V =—20V| -
6ss are everse tutren bs s [T=150"C -100 -100 ~100 ~100 nA
Gate-Source Cutoff ' : .
\ Vps = 15V, Ip = 100 nA -1.0- | -6.0 -2.0 =7.0 -25 -8.0 -25 -8.0
BS(0) yo1tage DS = D n » ‘ :
- - \%
BV, Gate-Source Breakdown v lo = 1 0 0 a0 0
GSS  ygitage DS=0,lg=-10kA B
Ipss Saturation Drain Current | Vpg =15V, Vgs =0, (Note 1) 25 5.0 4.0 8.0 7.0 140 | 9.0 ©18.0 mA
VaGs Gate-Source Voltage Vps = 15V, Ip = (Note 2) -1.0 -5.0 -1.3 ~5.0 -2.0 -6.0 -2.0 ~6.0 \
. Common-Source Forward . -
afs f=1kHz 1500 | 4500 | 2000 | 5500 | 2500| 6000 | 2700 6500
Transconductance
C -S F d N N
Yis ommon-Source Forwarg f= 100 MHz | 1700 1900 2100 2200 umho
Transadmittance
Common-Source Output = 1kH 26 40 40 60
= = = z
9oss Conductance Vps=156V,Vgs=0
: Common-Source Reverse
Cc R 2 2 2 2
rss Transfer Capacitance .
- - f=1MHz - pF
Ciss Comm-onASource Input 6 6 5 6
Capacitance
f= 100 Hz, N
NF Noise Figure fg =1 o 25 25 25 25 a8
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Process 90
2N5397, 2N5398 N-Channel JFETs
General Description 1072
0.209-0230
The 2N5397 thru 2N5398 series of N-channel JFETs is 1750108 ‘56310790“_56";110’
designed for VHF/UHF common-source or common- aisase |1 | @33
gate amplifiers, mixers and oscillators. T
. SEATING PLANE j_ 1
Absolute Maximum Ratings (25°c) u IJ T 0500
i(um) PIN | FET
0o M T[S
Gate-Drain or Gate-Source Voltage —25V qu;: gg;;‘) .JL (‘;gzg) 2 D
Gate Current 10 mA MAX 3 €]
Total Device Dissipation w0 4 | Case
(Derate 1.7 mWy/°C) 300 mW om0 [~ s
Storage Temperature Range -65°C to +200°C 11270
Lead Temperature (1/16" from case
for 10 seconds) 300°C
/ <9 a
0.036-0.045 0.028-0.048
912 1155)\% X\/(nm 21219
Electrical Characteristics (25°C unless otherwise noted)
2N5397 2N5398
PARAMETER CONDITIONS WIN T MAX TN MIAX UNITS
| Gate Reverse Current v 15V, Vps =0 01 L nA
ate Reverse Curren =-15V, = 3
GSs GS DS 150°C 0.1 —0.1 1A
BVGss Gate-Source Breakdown Voltage Vps=0,Ig=—-1uA -25 -25 v
VGs(off)  Gate-Source Cutoff Voltage Vpg= 10V, Ip=1nA -1.0 [-6.0 -1.0 |-6.0 )
IDSs Saturation Drain Current Vps =10V, Vps=0 10 30 5 40 mA
VGs(f) Gate-Source Forward Voltage Vps=0,lg=1mA 1 1 \%
Common-Source Forward Vps =10V, Ip=10mA 6000 | 10,000
9fs Transconductance, (Note 1) Vps=10V,Vgs=0 5500 { 10,000
- f=1kHz umho
Common-Source OQutput Vps =10V, Ip=10mA 200
dos Conductance Vps=10V,Vgs=0 400
c Common-Source Reverse Transfer Vps =10V, Ip=10mA 1.2
rss Capacitance Vps = 10V, VGs = 0 1.3
f=1MHz pF
Vv =10V, Ip =10 mA 5.0 !
Ciss Common-Source Input Capacitance DG D m
Vps =10V, Vgs=0 5.5
. Common-Source Input VpG =10V, Ip=10mA 2000
Giss Conductance * Vps=10V,Vgs=0 3000
Common-Source Output VpG = 10V, Ip = 10 mA 400
9oss pmho
Conductance Vps =10V, Vgs=0 500
Common-Source Forward VpGg =10V, ip=10mA |f=450MHz | 5500 | 9000
afs Transconductance, (Note 1) Vps = 10V, VGgs = 0 5000 | 10,000
Common-Source Power Gain
Gps o . 15
(Neutralized)
VpG =10V, Ip =10 mA dB
Common-Source, Spot Noise
NF . K 3.5
Figure (Neutralized)

Note 1: Pulse test duration = 2 ms.
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2N5432, 2N5433, 2N5434

Rise time = 0.25 ns
Fall time = 0.75 ns
Pulse width = 200 ns
Pulse rate = 550 pps

Process 58
2N5432-34 N-Channel JFETs
General Description To52
The 2N5432 thru 2N5434 series of N-channel JFETSs is 0209-0.230
X . L L. . {5.309-5.842)
designed for analog switch applications requiring very 0.178-015 || 115-0.150
low ON resistance. ' .521-4953) [| T
SEATING
N . PLANE J_
Absolute Maximum Ratings (25°c) N i
0500
Reverse Gate-Drain or Gate-Source Voltage —-25V 1270 PIN | FET (07)
Gate C t 100 mA 0.016-0.019 ’l |<— 0.030
ate Curren m {0.406-0.483) {0762} 1 5
Drain Current 400 mA MAX 2 D
Total Device Dissipation at 25°C 0.100 3 G
Free-Air Temperature, (Note 1) 300 mW 0050 _ | {2.580)
Storage Temperature Range —65°C to +200°C GEN
Lead Temperature (1/16"’ from case '
for 10 seconds) ' 300°C §
'
457 QN7
.0.036-0.046 ST 002800
(0,914—1.1611)\%( > 07111219
Electrical Characteristics (25°C unless otherwise noted)
: 2N5432 2N5433 2N5434
PARAMETER CONDITIONS MIN MAX MiN MAX MIN MAX UNITS
| Gate Reverse Current v 15V, Vpg = 0 200 200 ~200 pA
e ver: urren == =
GSS ? e burr Gs - VDS 150°C 200 ~200 200 nA
BVGss Gate-Source Breakdown Voltage Ig=—-1uA, Vps=0 -25 -25 -25 \
1 Drain Cutoff C t V 5V, V, v - 200 200 200 PA
rain Cuto urren = . = -
Dioff) , Ds GS 150°C 200 200 200 A
VGS(off)  Gate-Source Cutoff Voltage Vpg=5V,Ip=3nA ~ —4 =10 -3 -9 -1 -4 \
IDss Saturation Drain Current Vps = 15V, VGgs = 0, (Note 2) 150 100 30 mA
rDS(on) Static Drain-Source ON Resistance 2 ‘5 7 10 Q
- VGs=0,Ip=10mA
VDS(on)  Drain-Source ON Voltage 50 70 100 mV
rds(on) Drain-Source ON Resistance Vgs=0,Ip=0 f=1kHz 5 7 10 Q
Ciss Common-Source Input Capacitance 30 30 30 .
- _ P
Common-Source Reverse Transfer Vbs=0,Vgs=—10V | f=1MHz
Crss X 15 15 15
Capacitance
td Turn ON Delay Time 4 4 4
<ot Rise Time Vpp = 1.5V, VGS(on) = 0, 1 1 1
ns
toff Turn OFF Delay Time VGs(off) = =12V, Ip(on) = 10 mA 6 6 6
tf Fall Time 30 -30 30
Note 1: Derate linearly at the rate of 2.3 mW/°C.
Note 2: Pulse test required pulse width 300 us, duty cycle < 3%.
Vop .
Vpp-V
RL= W’ Input Pulse Sampling Scope

Rise time = 0.4 ns
Input resistance = 10M
Input Capacitance = 1.5 pF




Process 55 %
. EAN
47
=
2N5457-59 N-Channel JFETs =
General Description T0-92 0
0.175-0.185 )
The 2N5457 thru 2N5459 series of N-channel JFETs is {a.445-4.699) \?ﬁ
designed for general purpose small-signal amplifier )
and moderate ON resistance analog switch applications. 2
) 0.003-0013 g
. . {0.076-0.330) (9]
Absolute Maximum Ratings LEADS TO FIT INTO . ot 'W S £
0.016-0019 oD [soee m
. {0406-0483) | )
Drain-Source Voltage 25V DIA HOLE (TYP) tD
. 0.085-0.085 0.045-0.055
Drain-Gate Voltage 25V Zis92a) 11831397
Source-Gate Voltage ’ 25V ‘_1 || 00e5-0055
Total Device Dissipation at 25°C 310 mW “";’n;':z’;ﬁ
(Derate above 25°C) 2.82 mwW/°C -1 r_mﬂ
Operating Junction Temperature 135°C .
"Storage Temperature Range —65°C to +150°C PIN | FET
Lead Temperature (1/16" from case - 1 G
for 10 seconds) 300°C 2 5
3| D i
Electrical Characteristics (25°C unless otherwise noted)
. 2N5457 2N5458 2N5459
PARAMETER . CONDITIONS MIN TYP MAX | MIN TYP MAX MIN TYP | MAX UNITS
-0.01 {-1.0 -0.01 {-1.0 -0.01 [-1.0 4
| Gate R VGs = —15V, Vpg = nA cN
GSS ate Reverse Current GS 5 Ds=0 TA=100°C 500 500 200 C
Gate-Source Breakdown _ _ 60
BVGSS  yoirage Ig=—~104A, Vps =0 -25 -60 -25 60 25 .
Gate-Source Cutoff
\2 =15V, =10 -0.! —6.! =1 =7. -2.0 -8.0
GS(off) Voltage Vpg =15V, Ip=10nA 0.5 6.0 1.0 0
, Saturation Drain YV =15V, Vgs = 0, (Note 1) 10 5.0 20 9.0 4.0 16 mA
DSS Current Ds +VGs =0, (Note R . A . 8
Common-Source Forward
9fs 1,000 5,000{ 1,500 5,500| 2,000 6,000
Transconductance .
f=1kHz umho
Common-Source Output
dos 10 50 15 50 20 50
Conductance
Vps=15V,Vgs=0
Common-Source Input .
Ciss . 45 | 7.0 45 | 70 4.5 7.0
Capacitance
f=1MHz pF
Common-Source Reverse
Crss . 10 | 30 1.0 | 3.0 1.0 | 3.0
Transfer Capacitance
Vps =15V, VGs=0,
NF Noise Figure RGg=1MQ, f=1kHz 0.04 | 3.0 0.04 | 3.0 0.04 | 3.0 dB
NBW = 1 Hz . N
Note 1: Pulse test PW < 630 ms; duty cycle < 10%.




2N5460, 2N5461, 2N5462

Process 89
2N5460-62 P-Channel JFETs
General Description T0.92
The 2N5460 thru 2N5462 series of P-channel JFETs is i
designed for general purpose amplifier applications. '
. - 0.003-0.013
Absolute Maximum Ratings (25°c) ,\ /\ )
Gate-Drain or Gate-Source Voltage 40V LERDS TO FIT INTO 0.594 Fo
0.016-0.019 sl
Gate Current 10 mA Ll {1508 %
Total Device Dissipation 310 mw DIA HOLE (TYP) L 0.085-0.0% LUED 08
: Y {Ta3-1397)
Storage Temperature Range —65°C to +150°C . s-2am
Lead Temperature (1/16°" from case (?:':::?J":;
for 10 seconds) 300°C 0.045-0.055
I I R X5
PIN | FET
1 G
2 S
3. D
Electrical Characteristics (25°C unless otherwise specified)
2N5460 2N5461 2N5462
PARAMETER . CONDITIONS WiN VAKX T WiN T MAX | WMiIN T MAX UNITS
| Gate R Ci t Vv 20V, V 0 l 5 5 5 nA
€ u = =
GSS ate Reverse Curren GS . VDS | T80°C 1 1 3 A
Gate- kd
BVGss ate-Source Breakdown 1G = 104A, Vpg=0 40 40 40
Voltage i \%
) Gate-! Cutoff
Vasiofy) e Seurce Cute Vps= 15V, Ip = 0.1 4A 075 |60 |10 |75 |18 |90
Voltage ) -
Ip=-0.1mA | 0.5 4.0
VaGs Gate-Source Voltage Vps=—15V Ip =—-0.2mA 0.8 4.5 \
Ip=-0.4mA 1.5 6.0
Ipss Saturation Drain Current Vps= 15V, VGgg=0 : 1.0 5.0 2.0 9.0 4.0 16 mA
nmon- F
as Common-Seurce Forward : 1000 | 4000 | 1500 | 4000 | 2000 | 6000
Transconductance, (Note 3)
Vps=-16V,VGs=0 f=1kHz umho
Common-Source Qutput
dos 75 75 75
- Conductance -
' Ciss ComnTon-Source Input 70 70 70
Capacitance
Vps=-15V,Vgs=0| f=1MHz pF
Common-Source Reverse
C . ‘ . 2.0 2.0 2.0
rss Transfer Capacitance
NF Noise Figure 25 25 2.5 dB
Vps=—-15V, Vgs=0, -
. . f=100Hz
en Equivalent Input Noise Rgen = 1M, BW = 1 Hz 115' 115 15 nV
Voltage VHz
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2N5484-86 N-Channel JFETs N
“General Description T0-92 H
The 2N5484 thru 2N5486 series of N-channel JFETSs is ) 0175-0.185 o
designed for VHF/UHF amplifier, mixer and oscillator (4.405-4.593) ‘Sﬂ
applications. N
H H J— 0.003-0.013
Absolute Maximum Ratings (25°c) oo 2
Drain-Gate Voltage 25V LEADSTO FIT INTO ooha ’V?mm 0
Source Gate Voltage 25V 0016-0019 {50881 D
. {0406-0.483)
Drain Current 30 mA DIA HOLE l""),[H] osas-00%s | 0.045-0 055 (00]
~ .143-1.397]
Forward Gate Current 10 mA . s8-2413) (L-tam ()]
. . . . .045-0.055
Total Device Dissipation @ 25°C 310 mW (%m,
-(Derate above 25°C) 2.82 mW/°C -
Operating Junction Temperature ’
Range —65°C to +150°C : PIN | FET
Storage Temperature Range —65°C to +150°C 1 G
Lead Temperature (1/16’* from case , § SD
for 10 seconds) . 300°C
Electrical Characteristics (25°C unless otherwise noted) )
2N5484 2N5485 2N5486
PARAMETER - CONDITIONS N T vax T wn T vax Twin T vax] UNITS
N -1.0 -1.0 -1.0
= Vpeg = A
lgss Gate Reverse Current Vgs=-20V,Vpg=0 Ta=100°C 200 500 500 n
X kd
BVGSS Gate-Source Breakdown 1G=—11A, Vs =0 25 25 25
Voltage v
Gate- £ : |
Vas(off) V;:’f"“’“ Cutof Vps= 18V, Ip = 10 nA -03 [-30 |-05 |40 |-20 |-60
ge K .
Ipss Saturation Drain Current Vps =15V, Vgs =0, (Note 1) 1.0 5.0 4.0 10 8.0 20 mA
- F
ats ::::z: diocl:;::e orward 3000 | 6000 | 3500 7000 | 4000| 8000
s f=1kHz
Common-Source Output
) . 50 60 75
Jos Conductance }
R Common-Source Forward =100 MHz | 2500
€
) Transconductance f= 400 MHz 3000 3500 )
umhos
Common-Source Qutput =100 MHz 75
Re(yqs) ’ —
Conductance . f=400 MHz 100 100
Vps= VGgs=0
Re Common-Source Input ps =15V, VGs f=100 MHz 100
ish  conductance f= 400 MHz 1000 1000
c -Source Input .
Ciss Comn'fon ource inpu 5.0 5.0 5.0
apacitance
C -S Reve ’ )
Crss ommon souree Reverse ) f=1MHz - 1.0 1.0 1.0 pF
Transfer Capacitance
C -Si QOutput
Coss COmI'ITOrI ource Qutpu ) \20 20 2.0
apacitance i
Vps =15V, Vgs=0, Rg =1 MQ f=1kHz 2.5 2.5 . ) 2.5
NF Noise Figure , Vpg=15V, Ip=1mA, Rg=1kQ £= 100 MHz 3.0 i —
Vps=15V,Ip=4 RG=1k - -
DS /1D =4mA, RG = 1kQ [ 4.0 4.0 o
Vps=15V,Ip= 16
. Common-Source Power DS 18V.Ip=1mA - | =100 Mz | b o =
ps Gai ' Vps= =4mA
an DS=18V,Ip=4m f= 400 MHz 10 | 20 |10 | 20
Note 1: Pulse test pulse width 300 us, duty cycle < -3%A
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: Process 95

2N5515-24 N-Channel Monolithic Dual JFETs

General Description Tor
The 2N5515 thru 2N5524 series of N-channel monolithic 0200-0230
dual JFETs is designed for low to medium frequency . -~ s
differential amplifiers requiring very low noise and @aEss) #3153
high common-mode rejection. SEATING PLANE N PIN | FET (12)
=)
Absolute Maximum Ratings (25°c) I | e 1 s1
Gate-Drain or Gate-Source Voltage —40V mo in 2 D1
) oots-001 || "Dy 3 G1
Gate Current . 50 mA oas-a483) ] 5 s2
Device Dissipatior(n) (Each Side), Ta = 85°C o 6 D2
(Derate 2 mW/"C) 250 mW s a5 7 G2
Total Device Dissipation, T = 85°C
(Derate 3 mW/°C) 375 mW
Storage Temperature Range -65°C to +150°C 0036-0046 Zyar-ams
" o= usn)\/ \3\((\1 TN-1218)
Lead Temperature (1/16" from case
for 10 seconds) 300°C
Electrlcal Characteristics (25°C uniess otherwise noted)
PARAMETER  ° ) CONDITIONS min | max | uniTs
| Gate Reverse C Vs = 30V, Vps = 0 I 250 pA
GSS ate Reverse Current GS = —30V, Vps = l T50°C N 250 A
BVGSS Gate-Source Breakdown Voltage IG=-1uA,Vps=0 —40
VGS|off) Gate-Source Cutoff Voltage Vps=20V,Ip=1nA . 0.7 |4 Vv
VGs Gate-Source Voltage -0.2 |-38
3 VpG = 20V, Ip = 200 A . -100 pA
I Gate Operating Current T25°C 100 A
Ipss Saturation Drain Current Vps =20V, Vgs = 0, (Note 1) 0.5 75 mA
g"s Common-Source Forward Vps=20V,VGgs=0, 1000 | 4000
Transconductance (Note 1)
Common-Source Forward VpG = 20V, Ip = 200 pA,
‘ - 500 | 1000
ats Transconductance (Note 1) f=1kHz Hmho
dos Common-S Output Cond Vps =20V, VGgs=0 10
dos [of S Output C VpG =20V, Ip = 200 kA 1
Ciss Common-Source Input Capacitance 25
c Common-Source Reverse Transfer Vps =20V, VGgs=0 f=1MHz. 5 pF
Tss Capacitance . .
£2 30w 2NE515-2N5519 30
en Equivalent Input Noise Voltage VDG = 20V, Ip = 200 uA 2N5520—2N5624 . 15
f=1kHz 10
Matching Characteristics
2N5515, 2N5516, 2N5517, 2N5518, ZN5519,
PARAMETER CONDITIONS 2N5520 2N5521 2N5522 2N5523 2N5524 UNITS

MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Differential Gate

llg1-iG2l VpG = 20V, Ip = 200 A |125°C 10 10 10 10 10 nA
Current
1 Saturation Drai
Osst aturation Brain Vps = 20V, Vs = 0, (Note 1) 095 | a 095 | 1 095 | 1 085 | 1 080 | 1
IDSS2 Current Ratio .
‘ Differential Gate- ;
VGsi-v 5 5 10 15 15 v
Ves1Vesal. Source Voltage "
. TAs35°C
Gate-Source Voltage A=25°C, 5 10 20 40 80
AlVgs1Vesal ) Tg = 125°C
—=2_22% Differential Drift, = uvre
AT (Note 1 TA=-85CH T ) g 10 20 40 80
) ote 1) VDG =20V, Ip = 2004A frp - 95°¢ .
Differential O
19051-Gos2! Herential Sutput 01 0.1 0.1 J o1 01 | umho
Conductance
f=1kHz -
T duct
o1 renseanductance 097 | 1 097 | 1 095 | 1 095 | 1 080 | 1
9fs2 Ratio, (Note 1)
Common-Mode
CMRR - Rejection Ratio, Vpp = 10 to 20V, Ip = 200 uA 100 100 90 dB

(Note 2)

2N5515, 2N5516,. 2N5517, 2N5518, 2N5519, 2N5520, 2N5521, 2N5522, 2N5523, 2N5524

Note 1: Puise test required, pulse width = 300 us, duty cycle < 3%.
Note 2: CMRR = 20 log1g AVpp/AlVGs1—VGs2l (AVpp = 10V).
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2N5545-47 N-Channel Monolithic Dual JFETs >
General Description To7 )]
The 2N5545 thru 2N5547 series of monolithic dual 0.209-0.230 S
JFETs is designed for low to medium frequency differ- 1750105 ‘5:‘"7’0'_5‘;";2(’] _O’
ential amplifiers requiring matched gate-source voltage, {@285-4.953) || @ats—saam
high common-mode rejection, and low output conduc- N
tance. _ SEATING PLANE P z
L PIN | FET (12) (51
Absolute Maximum Ratings (25°c) i ] g
. 0.016-0.019 1.030
Gate-Drain or Gate-Source Voltage 50V M)’IL‘ o7 3 G1 =
Gate Current 30 mA MAX 5 s2
Device Dissipation (Each Side), Ta = 25°C 0100 6 22
(Derate 1.67 mW/°C) 250 mW % (2.540) 7 2
Total Device Dissipation, Tp = 25°C
(Derate 2.67 mW/°C) 400 mwW
Storage Temperature Range —65°C to +200°C
Lead Temperature (1/16"’ from case .
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
l Gate R Current v 30V, Vpg = 0 I 100 PA
el = =
GSS ate Reverse Curren GS . VDS [ 50°0 150 oA
BVGss Gate-Source Breakdown Voltage Ig=-1pA, Vps=0 -50 v
VGS(off)  Gate-Source Cutoff Voltage Vps =15V, Ip=05nA -0.5 -4.5
I Gate Operating Current VpG = 15V, Ip = 200 uA f -50 PA
Ipss Saturation Drain Current Vps =15V, Vgg=0 . 05 8 mA
afs Common-Source Forward Transconductance 1500 6000
T f=1kHz umho
9os Common-Source Output Conductance 25
Vps = 15V, VGs =0
Ciss Common-Source Input Capacitance 6
- F
Crss Common-Source Reverse Transfer f=1MHz P
Capacitance 2
NF Spot Noise Figure
2N5545 =10 Hz, 3.5 dB
2N5546 RG = 1MQ
VDG = 15V, Ip = 200 pA
en Equivalent Input Noise Voltage be b H ‘ v
2N5545 =10 Hz 180 \'}—H;
2N5546 200 i
Matching Characteristics
2N5545 2N5546 2N5547
PARAMETER CONDITIONS i T v TN T vax TN T max] UNiTs
lig1-lg2! Differential Gate Current VpG = 15V, Ip = 200 uA [ 125°C 5 5 5 nA
Ipss1 Drain Current Ratio at .
=22 Vps = 15V, Vgg = 0 095 ) 1 090 | 1 0.90 1
Ipss2 Zero Gate Voltage bs GS
Differential Gate-Source Ip = 50 uA 5 10 15
VGs1-V - v
Ves1-vVasal Voltage VbG =15V 1D = 200 gA 5 0 15 m
o
Ta=25°C, 10 20 40
AIVGS1-VGs2! Gate-Source Voltage Tg=125°C WG
AT Differential Drift, (Note 1) Ta=—55°C,
: 10 20 40
Tg =25°C
VpG = 15V, Ip = 200 A
Us1 Transconductance Ratio . 097 | 1 095 | 1 090 | 1
9fs2
Differential O T TkHe
ifferential utput
190s1-90s2] 1 2 3 umho
Conductance
Note 1: Measured at end points, Ta and Tg.
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2N5564, 2N5565, 2N5566, NPD5564, NPD5565, NPD5566

Prdcess 96

2N5564-66/NPD5564-66 N-Channel Monolithic Dual JFETs

General Description o To71
oo 30975082 PIN | FET
The 2N/NPD5564 thru 2N/NPD5566 series of N-channel soo | “voer wo |~ T a1
. . . . 88454953} -5 3: ¥ R
monolithic dual JFETs is designed for broadband low S e ;E ] 2 | bt
noise differential amplifier or applications requiring dual s i T ";;;) ' "3 | o1
matched moderate ON resistance analog switches. i W
g oo . ,"JA:(W (uu-uw\//( X\(mn-um : 3022
. - - 016-0.019 0030
Absolute Maximum Ratings (25°c) e 7 | 62
Gate-to-Gate Voltage +40V Molded Dual-In-Line Pack ‘(N)
Gate-Drain or Gate-Source Voltage —40V oam
0080
Gate Current 50 mA «Tw‘ﬁ‘r T FeT
Device Dissipation (Each Side), Ta = 25°C i L 1 51
{Derate 2.2 mW/°C) 325 mW i 2 | b1
. . . . 2 032)
Total Device Dissipation, Ta = 25°C Lo e 3 | NC
(Derate 3.3 mW/°C) 650 mW y w1 wo e emam 4| 61
Storage Temperature Range —65°C to +200°C _ 2 222
Lead Temperature (1/16” from case ‘:gg ae { toam 7 | ne
i
for 10 seconds) 300°C i “*QZ; g -F [_—“-(Z."Z!l;'?i, o 8 | G2
i 05 .
\ e
Electrical Characteristics (25°C untess otherwise noted)
PARAMETER CONDITIONS MIN’ MAX UNITS
"Igss Gate-Reverse Current VGs=-20V,Vps=0 - =100 pA
' 150°C -200 nA
BVGss Gate-Source Breakdown Voltage Ig=-1uA,Vps=0 —40
VGS(OFF) Gate-Source Cutoff Voltage Vpg= 15V, Ip=1nA._ . 05 | -3 v
VGS(f) Gate-Source Voltage Vps=0v, l'G = 2 mA 1.0
Ipss” Saturation Drain Current Vps = 16V, Vs =0, (Note 1) 5 30 mA
TDS(ON) Static Drain Source “ON"" Resistance Ip=1mA,Vgs=0 100 Q
“gfs Common-Source Forward Transconductance f=1kHz 7500 12,500 .
(Note 1) . =100 MHz 7000 umho
dos Common-Source Output Conductance f=1kHz 45
Crss Common-Source Reverse Transfer, Capacitance N 3 ~
Vpg=15V,Ip=2mA f=1MHz pF
Ciss Common-Source Input Capacitance 12
NF Spot Noise Figure f=10Hz, Rg=1M 1.0 dB
nVvV
e, Equivalent Input Noise Voltage f=10Hz 50
" VHz
Matching Characteristics
\ NPD/2N5564 NPD/2N5565 NPD/2N5566
PARAMETER CONDITIONS UNITS
MIN | MAX [ MIN | MAX | MIN | MAX
1DsS1 Saturation Drain Current Vps = 15V, Vgs = 0, (Note 1) 0.95 1 0.95 1 0.95 1
Ipss2 Ratio
Vgs1-Vas2! Differential Gate-Source 5 10 20 mV
Voltage
ANVGs1-Vasa! Gate-Source Voltage Ta =25°C 10 25 50
AT Differential Drift v . 15V 1n = 2mA Tg=125°C WrC
Ds= D =2m = —B5°
(Note 2) IA 2:os,cc 10 2 50
5= .
9fs1 Transconductance Ratio f=1kHz 0.95 1 0.90 1 0.90 1
9fs2

Note 1: Pulse test required, pulse width 300 us, duty cycle 53%.

Note 2: Measured at end points, T and Tg.
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2N5638-40 N-Channel JFETs §
General Description \ Toez g
The 2N5638 thru 2N5640 series of N-channel JFETs is (.:w W

. . . . . .445-4.69!
designed for analog switch applications requiring low ON 559 ©
resistance and moderate capacitance. -
H H 0.003-0.013
Absolute Maximum Ratings (25°c) , y oo ".‘Z’
Drain-Source Breakdown Voltage 30v LEADS TO FIT INTO U ose ‘J\“mm 3]
Drain-Gate Breakdown Voltage 30V %, N (s _4_ »
Source-Gate Breakdown Voltage 30V DIA HOLE (TYP) l] 0.085-0.085 0.045-0.055 HN
Forward Gate Current 10 mA Z1s92a13) " (1.143-1.307) (o)
Total Device Dissipation at 25°C 310 mW Al | 0.045-0055
1.143-1.397
Derate above 25°C 2.82 mW/°C e
Operating Junction Temperature —65°C to +135°C BT
Range . R PIN | FET
Storage Temperature Range —65 Cto +150 C 1 G
Lead Temperature (1/16"" from case 2 S
for 10 seconds) 300°C S| D
Electrical Characteristics (25°C unless otherwise noted)
~ 2N5638 2N5639 2N5640
PARAMETER CONDITIONS WIN | MAX | WIN | MAX | WIN | MAX UNITS
BVGa Gate Reverse Breakdown I6 = —10 A, Vi = 0 —30 _30 —30 v
GSS  yortage G HA, Vps
-1 -1, -1, A
lgss Gate Reverse Current VGgs=-15V,Vps=0 10 10 10 "
Ta=100°C -1.0 ~1.0 -1.0 LA
VGs = —12V, 2N5638 10 1.0 1.0 nA
ID(off) Drain Cutoff Current Vps = 15V VGs = —8V, 2N5639
VGs = —6V, 2N5640 Ta=100°C 1.0 . 1.0 1.0 uA
Ipss Saturation Drain Current Vps =20V, Vgs = 0, (Note 1) 50 25 5.0 mA
Ip = 12 mA, 2N5638
VDS(on) Drain-Source ON Voltage { VGs = 0 Ip = 6 mA, 2N5634 0.5 0.5 0.5 A
ID = 3mA, 2N5640
. Static Drain-Source ON Ves=0. 1 ; 1 mA 30 . 60 100
DSfon) Resistance Gs=0.1p m Q
Drain-Source ON . B
Tds(on)  Resistance lves=0.1p=0 f=1kHz 30 60 100
Common-Source Input . 10 10 10
“Ciss Capacitance !
Vgs=-—12V,Vps=0 f=1MHz pF
Common-Source Reverse
Crss - 4.0 4.0 4.0
Transfer Capacitance
td(on)  Turn ON Delay Time ID(on) = 12 mA, 2N5638 4.0 6.0 8.0
ty Rise Time Vpp = 10V, VGS(on) = 0, iD(on) = 6 MA, 2N5639 5.0 8.0 10
ns
4 Turn OFF Delay Time | VGS(off) = =10V, RG = 508 |(n( ) = 3 mA, 2N5640 5.0 10 15
1 Fall Time 10 | 20 30

Note 1: Pulse test PW < 300 us, duty cycle < 3%. yop
10V0e 5146

f S T0 50
INPUT L (SCOPE B)
10% Vi PULSE >
{SCOPE A) GS(ON) GENERATOR J:....._ r... —_— R
VGS(0FF) - ;, 0.001 uF
ta(oN)
iIP4 50Q
q <
W(OFF)
o T0 50

QUTPUT . ‘50‘ Vv DD (SCOPE A)
SCOPE B] | -
tscorEE) TYLIRL= 57 — (rpsion) +50)

. Scope Tektronix 567A or equivalent
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2N5902, 2N5903, 2N5904, 2N5905, 2N59806, 2N5907, 2N5908, 2N5909

A

General Description

ZNSZ-QQ N-Channel Monolithic Dual JFETs

Process 84

TO-99
The 2N5902 thru 2N5809 N-channel monolithic dual e
. . . oA 0305-0335
JFETs is designed for ultra-low leakage (Ig < 1 pA) T
. . g . . DIA
differential amplifier applications. 01650125
. @arae | § PIN | FET
Absolute Maxi Rati o - L gon T ] s
solute Maximum Ratings (25°c) g e T s
. T mAX iToie
Gate-to-Gate Voltage +40V s non max PR
Gate-Drain or Gate-Source Voltage —40V [ [ .11 4 | Case
Gate Current 10 mA w0 > s
. P . o .
Device Dissipation (Each Side), To =25 C 3 g
(Derate 3 mW/°C) 367 mW 4 g | s
. e o 00280045
Total Device Dissipation, Ta =25C ) eI AN
0028-003
(Derate 4 ITIW/OC) 500 mW mm-u.ssu\///(
Storage Temperature Range —65°C to +200°C §m§w
Lead Temperature (1/16" from case
for 10 seconds) * 300°C
. . ae o .
Electrical Characteristics (25°C unless otherwise noted)
2N5902:5 2N5906-9
PARAMETER CONDITIONS MIN | MAX | MIN | MAX UNITS
| -5 -2 PA
IGss Gate Reverse Current Vgg=-20V, Vps =0 | 175°C 0 5 A
Gate-Source Breakdown
1G=-1pA, Vps=0 -40 -40
BVGss Voltage G uA, Vps
\%
VGs(off) Gate-Source Cutoff Voltage " Vps=10V,Ip=1nA -06 | =45 | 06 | -45
VaGs Gate-Source Voltage -4 -4
Vpg=10V,ip=30uA . | -3 -1 pA
e Gate Operating Current l 125°C " 3 ey vy
Ipss Saturation Drain Current 30 500 30 500 LA
ofs Common-Source Forward 70 250 70 250
Transconductance =1 kM2 umho
Common-Source Qutput 5 5
fos Conductance N
Vps = 10V, Vgs =0
- I
Ciss Comrr!an -Source Input 3 3
/- Capacitance =1 MH2 oF
\ Cess :ommonASourtfe Reverse 15 15
ransfer Capacitance
ats Common-Source Forward 50 150 50 150
Transconductance
VpG =10V, ip =30 uA - umho
s gommon-Source Output f=1KHz 1 1
onductance
. Equivalent Short-Circuit 0.2 01 a4
n Input Naise Voltage Vps = 10V, Vgs =0 ) i Vhz
R NF Spot Noise Figure £=100 Hz, Rg = 10M 3 1 dB
. T
Matching Characteristics
2N5902, 2N5903, 2N5904, 2N5905,
PARAMETER CONDITIONS 2N5906 2N5907 2N5908 2N5909 UNITS
) } MIN | MAX | -MIN | MAX | MIN | MAX | MIN | MAX
\ , ) Gate G :'D_G ; 0"’;" 2N5902:5 2.0 20 20 20 -
flg1-1G2! Differential Gate Current D= uo . SNS306.0 03 03 02 032
Ta=125°C
:g—zz—; Saturation Drain Current Ratio Vps = 10V, Vgg = 0 095 | 1 095 | 1 095 | 1 095 | 1
g?—; Transconductance Ratio f=1kHz 0.97 1 0.97 1 0.95 1 0.95 1
'S,
IVGs1-VGs2l  Differential Gate-Source Voltage 5 5 10 15 mV
Ta=25°C,
Gate-Source Voltage Differential N 5 10 20 40
- Vpg = 10V, Tg=126°C
2IVES1-V6S2! it (Measured at End Paints o B uvre
AT Taand Tg) o= 30uA Ta=—t57C, 5 10 20 40
Aandis Tg=25°C -
180s1—90s2! Differential Output Conductance f=1kHz 0.2 0.2 0.2 0.2 Hmho
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Process 93 gf-;
.Y
& B:’l}
il -
A& ) y H: 9
2N5911, 2N5912 M-Channel Monolithic Dual JFETs %
General Description 1078 4]
The 2N5911 thru 2N5912 series of N-channel monolithic "‘;:::E:::,"] [{%]
dual JFETSs is designed for wideband, low noise differen- LSS LELE 1S =y
tial amplifiers. . tia D
el
- e (2191-3099) 1. .
Absolute Maximum Ratings (25°c) I TG s PIN | FET
0503 TR ~
Gate~to-(?ate Voltage 125V, e ; S
Gate-Drain or Gate-Source Voltage —25V [ m] ﬂ m] D
T usene 3 16
Gate Current 50 mA {€a05-0.403) 4 |case
Device Dlssrpatlono(Each Side), IX: g 5 S
(Derate 3 mW/"C) 367 mW @ 6 D
Total Device Dissipation, . 716
(Derate 4 mW/°C) 500 mW LN
Storage Temperature Range ~65°C to +200°C FRTiEh “ S
Lead Temperature (1/16'* from case {\(
for 10 seconds) 300°C T
Elecirical Characteristics (25° uniess otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
-100 pA
1Gss Gate Reverse Current VGgs=—-15V,Vps=0 T50°C 250 oA
BVGss Gate Reverse Breakdown Voltage Ig=-1uA, Vps=0 -25
VGS(off) Gate-Source Cutoff Voltage Vps =10V, Ip=1nA -1 -5 \
VGs Gate-Source Voltage -0.3 -4
VpGg =10V, Ip=5mA —-100 PA
| Gate O ting Current
G ate Operating Curren 250 100 A
Ipss Saturation Drain Current Vps =10V, Vgs =0V, (Note 1) 7 40 mA
9fs Common-Source Forward Transconductance f=1kHz 5000 10,000
Ofs Common-Source Forward Transconductance f=100 MHz 5000 10,000 h
umho
dos Common-Source Output Conductance f=1kHz 100
doss Common-Source Output Conductance f=100 MHz 150
Ciss Common-Source Input Capacitance . 5
Vpg =10V, Ip=56mA | f=1MHz pF
Crss Common-Source Reverse Transfer Capacitance 1.2
Equival hort-Circui i f=10kH 20 nv ’
en quivalent Short-Circuit Input Noise Voltage = z \/H_z
NF Spot Noise Fi : £=10kHz, 1 dB
PO oise Figure RG = 100k
Matching Characteristics
2N5911 2N5912
1
PARAMETER CONDITIONS N MAX MiN MAX UNITS
Hg1-lg2l Differential Gate Current VpGg =10V, ip=5mA 125°C 20 20 nA
IDss1 . . . - -
I_DSE Saturation Drain Current Ratio Vps = 10V, Vgg = 0, (Note 1) 0.95 1 0.95 1
IVGs1-VGs2l Differential Gate-Source Voltage 10 15 mV
Ta=25°C,
AIVGS1-VGsal Gate-Source Voltage Differential TA 122550 20 40
1-VGS2 . . B = ©
R v/ C
AT Drift (Measured at End Points, VDG =10V, Ip=5mA [TTa=ssC, uv/
Ta and Tg) A 20 40
Tg = 25°C-
9fs1
2 Transconductance Ratio f=1kHz 095 |. 1 0.95 1
S.
Note 1: Pulse width 300 us, duty cycle < 3%.




2N5949, 2N5950, 2N5951, 2N5952, 2N5953

2N5949-53 N-Channel JFETs

General Description

The 2N5949 thru 2N5953 series of N-channel JFETs is
characterized for low frequency to VHF amplifiers
requiring tightly specified Ipgg ranges.

Absolute Maximum Ratings (25°c)

Reverse Gate-Drain or Gate-Source Voltage

Gate Current
Total Device Dissipation at 25°C

Case Temperature (Derate 2.88 mW/°C)

30V
10 mA

360 mW

Total Device Dissipation at 25°C Lead

Temperature (Derate 4 mW/°C)
Storage Temperature Range

500 mW
—65°C to +150°C

Lead Temperature (1/16"’ from case

Process 50

0 ——

LEADSTO FIT INTO ” U 0.594
0.016-0.019 . N {15.0808) -
{0.406-0.483)
DIA HOLE (TYP)
] 0.085-0.095
(2.159-2.413)

0.045-0.055

0.003-0.013 N
(0.076-0.330)

o PIN | FET
for 10 seconds) 260°C 1 3
| . 2 D
) 3 G
Electrical Characteristics (25°C unless otherwise noted)
2N5949 2N5950 2NE951 2N5952 2N5953
PARAMETER CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS
i -1 -1 -1 -1 -1
1 Gate R Ci t VGs=—15V,Vps=0 A
GSS @ Reverse Luren GS P87 [Ta-100°c ~200 200 200 200 200 "
Gate-Source Breakdown
BV, Ig=—1uA = - = -30 -30 -30 \
G55\ ortage G=-11A, Vps=0 30 30
v Gate-Source Cutoff Vps = 16V, Ip = 100 nA 3 7 25| 6 | -2 | -5 |-13 |-3s |-08| -3 v
GS(off) Voltage DS 1D n, K . - .
Ip=12mA -2.25 | -6
- Ip=1mA -1.8 | -5
VGs Gate-Source Voltage Vps = 15V Ip=0.7mA -1.3 | -45 \
ip = 0.4 mA -0.75 | -3
ip=0.25 mA -0.5 =25
\ Saturation Drain v 15V, V. 0, (Note 1) 12 18 10 15 7 13 4 8 25 5 A
= = . m
DSS Current DS «VGS=U, ote
" Drain-Source ON VGs=0,1p=0 f=1KH 200 210 250 300 375 Q
=0,Ip= = 2
ds{on) Resistance GS b
C -S F d
ais emmeon-Source Forwar 35 | 75 | 35| 75 | 35| 65| 2 65 | 2 6.5 | mmho
Transconductance
Vps=15V,VGs=0 |[f=1kHz
Common-Source Output 75 75 75 50 50 h
m
Jos Conductance pmne
Common-Source Qutput
Re(Y o) 75 75 75 75 50 umho
08" Conductance
Re Comman-Source Vps= 15V, Vgs=0 |f=100MH 30 | 75 | 30| 75 | 30| s5 | 10 | 65 | 10] 65 [ mm
= = = . . X g . i . X K . o
(¥s) Transconductance bs +VGs , :
"~ Common-Source Input
Re(yls) 250 250 250 250 250 umho
Conductance
C -
Cis omrr!on Source Input 6 6 6 6 6 pF
Capacitance . B
Vps=15V,VGgs=0 =1MHz
Common-Source Reverse
Crss 2 2 2 2 2 pF
Transfer Capacitance
f=100 MH
A _0:] o 5 5 5 5 5
NF Noise Figure Vps = 15V, Vgg =0 f_G;kH B
‘ “ 2 2 2 2 2
RG = 1 MQ
Equivalent Input nV
Vps = 15V = f=1k 100 100 100 100 100
en Noise Voltage DS =15V, Vgs =0 1kHz VHz
v
Note 1: Pulse width 300 us, duty cycle < 3%.
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2N6483-85 N-Channel Monolithic Dual JFETs

Process | 95

General Description TO71
The 2N6483 thru 2N6485 series of N-channel monolithic s /
dual JFETs is designed for low to medium frequency 0175-D195 0.170-0210
low noise differential amplifier applications requiring (aads-a53) _(818533)
tight match and high common-mode rejection. SEATING PLANE
. . N L PIN | FET (12)
Absolute Maximum Ratings (25°c) T J_ om0 T =
%uun)
Gate-Drain or Gate-Source Voltage —-50V S016-0019 ][Eﬂm O o § 21
Gate Current . 50 mA wans-0am) o7 5 52
Device Dissipation (Each Side), Ta = 85°C o 6 D2
(Derate 2.56 mW/°C) 250 mW a0 @50 7 G2
Total Device Dissipation, Ta = 85°C 120
(Derate 4.3 mW/°C) 500 mW -
Storage Temperature Range —65°C te +200°C ) by IR
0035-0046 v 0.028-0.038
Lead Temperature {1/16" from case i T /X X\(m"" T
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
) —200 PA
Igss Gate Reverse Current Vgs=-30V,Vps=0 150°C 500 A
BVGss Gate-Source Breakdown Voltage IG=-1uA,Vps=0 -50
VGS(off) Gate-Source Cutoff Voltage Vps =20V, Ip=1nA -0.7 —4 \
VGs Gate-Source Voltage -0.2 -3.8
. VDG = 20V, Ip = 200 A -100 pA
I Gate Operating Current . 1255 300 oA
Ipss Saturation Drain Current Vps =20V, Vgs = 0, (Note 1) 0.5 75 mA
' gfs Common-Source Forward Transconductance Vps =20V, Vgs =0, (Note 1) 1000 4000
9fs Common-Source Forward Transconductance VpG = 20V, Ip = 200 uA, (Note 1) 500 1500
- - f=1kHz umitio
dos Common-Source Output Conductance Vps =20V, Vgs=0 10 Ve
dos Common~Sou‘rce Output Conduc’tance VDG = 20V, Ip = 200 uA 1
Ciss Common-Source Input Capacitanke 20
¢ ~ Common-Source Reverse Transfer Vps =20V, VGgs=0 f=1MHz | 35 pF
rss N /) Capacitance
. f=100 Hz 5 nV
e Equivalent Input Noise Voltage Vps =20V, Ip = 200 uA —=
" ° o bs P i f=10Hz 10 VHz
Matching Characteristics
§ 2N6483 2N6484 2N6485
PARAMETER CONDITIONS MIN T MAX | MIN | MAX | MiN | MAX UNITS
VpgG = 20V, °
Hg1—-lg2l Differential Gate Current, IDDS2OO;1A 125°C 10 10 10 nA
| Vpg =20V, VGs=0,
DSS1 Saturation Drain Current Ratio Ds = 20V. VGs 0.95 1.0 | 095 1.0 | 095 1.0
1DsS2 {Note 1)
9fs1
oy Transconductance Ratio, (Note 1) f=1kHz 0.95 1.0 0.95 1.0 0.95 1.0
Vas1—Vasal Differential Gate-Source Voltage 50 10 15 mV
VpG = 20V, -
‘ Gate-Source Differential Voltage Iip=200pa | TA=25 QC 5 10 25
AlVgs1-Vgs2l R Tg=125°C
—_—— Change with Temperature, 3 uv/,e
AT Ta=-55°C,
B {Note 2) o 5 10 25
Tg = 25°C
l90s1—90s2! Differential Output Conductance f=1kHz 0.1 0.1 0.1 " pmho
CMRR Common-Mode Reject Ratio 100 100 100 dB

Note 1: Pulse test required, pulse width 300 us, duty cycle < 3%.
Note 2: Measured at end points, Tp and Tg.

429 :

S8YINT ‘V8YINT ‘€81V9NC




J108, J109, J110

Process 58

J108-10 N-Channel JFETs

General Description » TO-92
0.175-0.185
The J108 thru J110 series of N-channel JFETs is designed i {8.4454.699)
for analog switch applications requiring very low ON
resistance.
‘ ' T 0003-0.013
- . (0.076-0.330)
Absolute Maximum Ratings (2s°c) N J” e ’\/;m,,
} 0.016-0.019 o {i5.088) .
Gate-Drain or Gate-Source Voltage —25V m/:oh‘:f:#vnﬂ 1 %
. 0850, . 0.045-0.055
Gate Current 50 mA (';'::;%::;« T
Total Device Dissipation *1 | 0a5-0.055
(25°C Free-Air Temperature) : 350 mW "":‘30'4:317;55
Power Derating (to +125°C) 3.5 mw/°C R
Storage Temperature Range —55°C to +150°C
Operating Temperature Range —55°C to +150°C PIN | FET
Lead Temperature (1/16'* from case ; G
for 10 seconds) 300°C 3 SD

Electrical Characteristics (25°C unless otherwise noted)

J108 J109 J110
PARAMETER CONDITIONS Nt
MIN TYP | MAX MIN TYP MAX MIN TYP | MAX UNITS
Igss Gate Reverse Current Vps=0, Vgs = —15V, (Note 1) -3 -3 . -3 nA
VGS(off) Gate-Source Cutoff Voltage Vps=5V,ip=1uA -3 -10 -2 -6 -0.5 -4 v
BVGss Gate-Source Breakdown Voltage | Vps =0, Ig = —1 A ‘ —25 -25 -25
Ipss Saturation Drain Current Vps = 15V, VGs = 0, (Note 2) 80 40 10 mA
ID(off) Drain Cutoff Current Vps =5V, Vgg = —10V, (Note 1) 3 ’ 3 3 nA
rDS(on)  Drain Source ON Resistance Vps<0.1V,VGgs=0 8 12 18 Q
Cdg(off)  Drain Gate OFF Capacitance . 15 15 15
Vps=0,Vgs=-10V
Csg(off)  Source Gate OFF Capacitance 15 15 15
- f=1MHz oF
Cdgﬁon) Drain Gate Plus Source Gate Ve = Vac=0 85 ' 85 a5
ON Capacitance Ds=VGs )
Csglon)
td(on) Turn ON Delay Time Switching Time Test Conditions 4 4 4
" Rise Time J108 J109  +J110 1 1 1
Vpp 1.5V 15V 1.5V ns
td(off) Turn OFF Delay Time Ves 12V -7V -5V 6 . 6 6
tf Fall Time RL 15082 150 15092 30 .30 30
Note 1: Approximately doubles for every 10°C increase in TA.
Note 2: Pulse test duration = 300 us, duty cycle < 3%. : N
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J111-13 N-Channel JFETs

Process 51

General Description Too2
. . . 0.175-0.185
The J111 thru J113 series of N-channel JFETs is designed Ba85-35%9)
for analog switch applications requiring low ON resistance
and moderate capacitance.
0.003-0013
Absolute Maximum Ratings (25°c) . ©U6-033m
LEADS TO FIT INTO 0.594 5°(TYe)
. 0.016-0.019 ——
Gate-Drain or Gate-Source Voltage —35V YT 13.080) %
Gate Current 50 mA DIA HOLE (TVP) oogs-nass | 0.045-0.055
Total Device Dissipation 159-2413) {1.183-1397)
(25°C Free-Air Temperature) 350 mW (??:;:?::;
Power Derating (to +125°C) 3.5 mW/°C . 0.045-0055
Storage Temperature Range —55°C to +150°C EEEED]
Operating Temperature Range ~55°C to +150°C
Lead Temperature (1/16" from case PIN FZT
for 10 seconds) 300°C ; S
3 D
Electrical Characteristics (25°C unless otherwise noted)
Ji J112 J113
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN [ TYP [ MAX unNITS
1Gss Gate Reverse Current Vps =0, Vgs = —15V, (Note 1) -1 -1 -1 nA
VGS(off) Gate-Source Cutoff Voltage Vps=5V,Ip=1uA -3 =10 -1 -5 -0.5 -3 v
BVGss  Gate-Source Breakdown Voltage | Vps =0, Ig = —1 uA -35 —35 -35
Ipss Saturation Drain Current Vps = 15V, VGg = 0, (Note 2) 20 5 2 mA
ID(off)  Drain Cutoff Current Vps =5V, Vgg = —10V, (Note 1) 1 1 1 nA
rDS(on) Drain Source ON Resistance Vps <0.1V,VGs=0 30 50 100 Q
Cdg(off) Drain Gate OFF Capacitance 5 5 5
. Vps =0, Vgs = —10V
Csg(off) Source Gate OFF Capacitance 5 5 5
C f=1MHz pF
dg+(on) Drain Gate Plus Source Gate Vne = Vas =0 2 28 28
ON Capacitance DS=VGs= 8
Csg(on)
td(on) Turn ON Delay Time Switching Time Test Conditions 7 7 7
tr Rise Time Vpp 10V 10V 10V 6 6 6
T ns
td(off)  Turn OFF Delay Time Vgs —12v. -7V -5V 20 20 20
- R 002 160092 32009
t Fall Time L 8 0 15 15 15
Note 1: Approximately doubles for every 10°C increase in TA.

Note 2: Pulse test duration = 300 us, duty cycle < 3%.
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J174, 1175, J176, J177

J174-77 P-Channel JFETs

Process 88

General Description T0-92
' . . . ©0.175-0.185
The J174 thru J177 series of P-channel JFETs is designed @a85-4599)
for fow ON resistance analog switch applications.
. " ' 0.003-0.013
Absolute Maximum Ratings (25°c) J ” ,‘ /\ T6-030)
; ) . } save /|
Gate-Drain or Gate-Source Voltage, (Note 1) 30V - LR e ooy oo U “"_:% ) auy
Gate Current ‘50 mA ., 04T6-0483) | ' %
N L = DIA HOLE (TYP) 0.085-0.005 0.045-0.055 -
Total ?evtce Dissipation (Zisaaanm o (11833397
(25°C Free-Air Temperature) 350 mW 00850055
Power Derating (to +125°C) 3.5 mW/°C ‘, I~ {a3-1397)
Storage Temperature Range —55°C to +150°C | 0045-0055
. 1.143-1397)
Operating Temperature Range —55°C to +150°C {
" oge N
Lead Temperature (1/16” from case . PIN | FET
for 10 seconds) 300°C 1 S
2 G
3 D
Electrical Characteristics (25°C unless otherwise noted)
3174 J175 J176 4177
PARAMETER CONDITIONS WMIN | TYP | MAX | MIN | TYP [ MAX | MIN | TvP | MAX | min | Tve [wax |N'TS
IGss Gate Reverse Current Vps =0, VGs = 20V, (Note 2) 1 1 ) 1 1 . nA
X f i -
Vas(ofy e Source Cutoff Vpg= 15V, [p = —~10nA 5 10| 3 6 1 4 | os 2.25
Voltage oY b v
Gate-Source Breakdown B - ;
BV Vps=0,ig=1 | 30 30 30 30
G55 yoicage DS=0,1G=1pA ‘ 4 )
- 4 -
Ipss Saturation Drain Current | Vps = —~15V, VGgs = 0, (Note 3) ~—"1-20 -100 | -7} 60 -2 =25 . | -1.5+- -20 mA
ID(off)  Drain Cutoff Current Vps = ~15V, VGs = 10V, (Note 2) -1 -1 - -1 ' -1 nA
Drain Source ON .
% LV, = 5 125 250 ; 300 Q
"DS{on) Resistance DS 0.1V, Vas=0 8 \
Drain Gate OFF J J C
c 5. §5 |~ 55 | - 55,
dgloff) Capacitance v oV, 10v 5
DS =0, -
¢ Source Gate OFF s as N 55 55 55 5.5
soloff) Capacitance f=1MHz : ) ) i pF
Cdg(on) .
Drain Gate Plus Source .
+ - Vps=Vgs=0 4 40 40 40
Gate ON Capacitance s GSs 0 B
Csglon)
td{on) Turn ON Delay Time Switching Time Test Conditions 2 5 15 20
N Rise Time J74 75 W76 177 5 10 20 25
Vpp —-10v -8V -6V -6V ns
ime - ) 15 20
td(off) Turn OFF Delay Time VGs(off) 12V av 6V 3v 5 10
i Fall Time RL 5600 12k 5.6kQ 10k 10 20 20 25

Note 1: Geometry is symmetrical. Units may be operated with source and drain leads interchanged.
Note 2: Approximately doubles for every 10°C increase in TA-
Note 3: Pulse test duration = 300 us; duty cycle < 3%.
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J201-03 N-Channel JFETs L
: _ (35
General Description T0-92 B
0.175-0.185 W
The J201 thru J203 series of N-channel JFETs is designed (2.425-4,699)
for low to medium frequency amplifiers requiring low ’
input current and input noise voltage.
_ 00030013
{0.076-0.330)
Absolute Maximum Ratings (25°c) - LEADS TO FIT INTO o 5 v
0016-0018 o fogE)
. {0.406-0.483) W
Gate-Drain or Gate-Source Voltage, (Note 1) —40V DIA HOLE (TYP) 0.085-0.095 0.045-0.055
Gate Current 50 mA Z159-2413) (r1a3-1.390)
Total Device Dissipation . ‘_l _,_M
oS 1.143-1.397)
(25°C Free-Air Temperature) 350 mW 00050055
Power Derating (to +125°C) 3.5mW/°C e =)
Storage Temperature Range —55°C to +150°C" ‘ ‘ )
Operating Temperature Range —55°C to +150°C PIN | FET
Lead Temperature (1/16" from case ) ; S
for 10 seconds) 300°C 3 D
Electrical Characteristics (25°C unless otherwise noted)
J201 J202 J203
PARAMETER CONDITIONS MIN TYP MAX MIN TYP | MAX MIN TYP MAX UNITS
Igss Gate Reverse Current Vps =0, VGs = —20V, (Note 2) —100 -100 =100 PA
v Gate-Source Cutoff o o
GS(off) Voltage Vps =20V, Ip=10nA -0.3 -1.5 |08 4.0 2. 10.
\%
Gate-Source Breakdown
BVGss VDs=0,1G=—1uA -40 -40 —40
Voltage ) .
Ipss Saturation Drain Current | Vpg = 20V, Vgs = 0, (Note 3) 0.2 1.0 0.9 4.5 4.0 20 | mA
Ig Gate Current VDG = 20V, Ip = IDSS(MIN) —35 -35 -35 pPA
Common-Source Forward
dfs Transconductance, 500 1000 1500
(Note 3) f=1kHz umho
C -S Out
dos Ccmdmc: ource Output 1 35 v 10
onauctance VDS - 20\/, VGS =0
c -S Input )
Ciss omnfon ource Inpu 5 5 5
Capacitance
f=1MHz pF
Cres Cominon-Sour?e Reverse 2 2 2
Transfer Capacitance
Equivalent Short-Circuit nVv
Vps=10V,Vgs=0|f=1kH 10 10 | 10 —=
en Input Noise Voltage Ds GS z \/ﬁz
Note 1: Geometry is symmetrical. Units may be operated with source and drain leads interchanged.
Note 2: Approximately doubles for every 10°C increase in Ta- '
Note 3: Pulse test duration = 2 ms.
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J210, J211, J212

. . | Process ‘90

J210-12 N-Channel JFETs

General Description Too2
. 0.175-0.185
The J210 thru J212 series of N-channel JFETs is charac- {8.445-2.698)
terized for low to medium frequency amplifiers requiring :
high transconductance and low input capacitance. :
: : 0.003-0.013
f\ 076-0330)
Absolute Maximum Ratings (25°c) wenostorrmre || ot &ave
D016-0.019 o o re
il {15.088)
. {0.406-0.483] %
Gate-Drain or Gate-Source Voltage 25V " DIA HOLE (TYP) 0.085-0.085 0.045-0.055
Gate Current 10mA - @158-2413) (1:183-1.397)
Total Device Dissipation ' J 0.045-0.055
. | 1831
(25°C Free-Air Temperature) 350 mw O ess
Power Derating (to +125°C) . 35mwW/C = [~ e
Storage Temperature Range —55°C to +150°C
Operating Temperature Range © —55°C to +150°C PIN | FET
l.ead Temperature (1/16"' from case : ; :
for 10 seconds) ) 300°C 3 D
Electrical Characteristics (25°C unless otherwise noted)
J210 J211 J212
PARAMETER . CONDITIONS MIN | TYP | MAX | MIN [ TYP | MAX | MIN [ TYP | MAX UNITS
1Gss Gate Reverse Current Vps =0, Vas = —15V, (Note 1) =100 =100 " |-100 pPA
VGS(off) Gate-Source Cutoff Voltage Vps=15V,Ip=1nA -1 ! -3 -25 -4.5 ~4 - -6 v
BVGss  Gate-Source Breakdown Voltage | Vpg =0, IG = —1 uA -25 -25 -25
Ipss Saturation Drain Current Vps = 158V, VGs = 0, (Note 2) 2 N 15 7 20 15 40 mA
1] Gate Current VDG =10V, Ip = 1 mA -10 ’ -10 -10 pA
Common-Source Forward
4 7 12000| 7000 12000
9fs Transconductance, (Note 2) 000 12000 000 2 0
f=1kHz umho
Common-Source Output . 150 200
9os Conductance 200
i Common-Source Input Vie = '15\/ Ves=0 5.0 : 5.0 5‘0
1ss Capacitance bs VGS*= : ) .
f=1MHz pF
s * Common-Source Reverse ) 15 15 15
TS Transfer Capacitance . : :
Equivalent Short-Circuit Input nVv
= 1 —_—
en Noise Voltage f=Tkhz | 10 10 0 +VHz -

Note 1: Approximately doubles for every 10°C increase in TA-
Note 2: Pulse test duration = 2 ms.
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Process 88 | Y
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J270, J271 P-Channel JFETs -
General Description “To92
= 0.175-0.185
The J270 thru J271 series of P-channel JFETs is charac- @AT5A.50)
terized for low to medium frequency small-signal ampli-
fiers which require high transconductance and low 0003-0.013
input noise voltage. ? {@076-0330 "
- 5°(TYP)
. . LEADS TO FIT INTO 1 o8
Absolute Maximum Ratings (25°c) w0 g G 5379)
(0.406-0.483) | 0.035-0.095 +0.045-0.056
) DIA HOLE (TYP) i ETTT R RTERRT]
Gate-Drain or Gate-Source Voltage, (Note 1) 30V ' ! ’
Gate Current —50 mA _l | 00a5-0055
Total Device Dissipation “";:;3170’55
(25°C Free-Air Temperature) 350 mW TR
Power Derating (to +125°C) 3.5 mW/°C
Storage Temperature Range -55°C to +150°C PIN | FET
Operating Temperature Range —55°C to +150°C 1 S
Lead Temperature (1/16" from case g g
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
J270 J271
PARAMETER CONDITIONS Wi TYP MAX YT TYP MAX UNITS
1Gss Gate Reverse Current Vps =0, Vgs = 20V, (Note 2) 200 200 pA
VGS(off) Gate-Source Cutoff Voltage Vps=-15V,Ip=—1nA 0.5 2.0 1.5 4.5
- Vv
BVGss Gate-Source Breakdown Voltage | Vpg=0, IG=141A 30 30
Ipss Saturation Drain Current Vps=—-15V, Vgs =0, (Note 3) -2 =15 ~6 -50 mA
I Gate Current VDG = —15V, Ip = IpSS(MIN) 15 60 pA
Common-Source Forward 6000 15000 8000 18000
9fs Transconductance, (Note 3)
f=1kHz umho
Common-Source Output 200 500
Jos Conductance
Vps=-15V,VGgs=0
Common-Source Input ‘
Ciss . 20 20
Capacitance
=1MHz pF
Common-Source Reverse '
Crss : . 5 5
Transfer Capacitance
Equivalent Short-Circuit Vps=—10V, \Y
en quiva n or rcul DS £=1kHz 10 10 rl_
Input Noise Voltage Ip = IDSS{MIN) VHz
Note 1: Geometry is symmetrical. Units may be operated.with source and drain leads interchanged.
Note 2: Approximately doubles for every 10°C increase in TA-
Note 3: Pulse test duration = 2 ms.
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J300

Process 90 |

J300 N-Channel JFET

General Description To92

The J300 N-channeli JFET is designed for VHF/UHF (f"'f__‘_zz_'%
common-source or common-gate amplifier, oscillator e 4599
and mixer applications.

- . . o : 0.003-0.013
Absolute Maximum Ratings (25°c) D=
LEADS TO FIT INTO U osm 5°(TYP)
Gate-Drain or Gate-Source Voltage : —25V (';_:;;%%.. nn (50 .
DIA HOLE (TYP)
Gate Currgnt o 10 mA 0050085 0.005.0.055
Total Device Dissipation . . EEnO 11835139
(25°C Free-Air Temperature) 350 mW ‘_l --(_‘1’;:'%:_‘%)
Power Derating (to +125°C) 35mW/°C o 0ts 0055
Storage Temperature Range —55°C to +150°C N At
Operating Temperature Range —55°C to +150°C
Lead Temperature (1/16'' from case P:N FZT /
for 10 seconds) 300°C 2 | s
3 D
Electrical Characteristics (25°C unless otherwise noted) -
PARAMETER CONDITIONS 4300 UNITS
MIN TYP MAX
IGss Gate Reverse Current \ Vgs=-15V, Vpg=0, (Note 1) - -500 pA
VGS(off) Gate-Source Cutoff Voltage Vps=10V,Ip=1nA -1 1-6 v
BVGss Gate-Source Breakdown Voltage ' Vps=0,Ig=—-1uA =25
Ipss Saturation Drain Current | Vps =10V, Vgs =0, (Note 2) 6 30 mA
VGs(f) Gate-Source Forward Voltage _ Ig=1mA,Vpg=0 . 1 Vv
ats | Common-Source Forward Transconductance, 4500 9000
(Note 2) VpG =10V, ip=5mA | f=1kHz umho
dos Common-Source Output Transconductance 200
Ciss Common-Source Input Capacitance ’ ' 3.5 5.5
Crss Common-Source Reverse Transfer Capacitance VpGg =10V, Ip=56mA | f=1MHz 0.8 1.7 pF
Coss Common-Source Output Capacitance : 1.5
f=100MHz 6200
- F dT dmitt
lyfsl Common Sourcg orward Transadmittance T = 450 Mz T 6000
umho
Rz Common-Gate Forward T dmittanc f= 100 MHz 6000
- ransadmittance
Vg A VDG = 15V, Ip = 5 mA | f= 450 MHz 5500
Gfg Common-Gate Power Gain . 17
f= 100 MHz, (Note 3) , d8
NF Noise Figure (Single Sideband) . 2

Note 1: Approximately doubles for every 10°C increase in TA-
Note 2: Pulse test duration = 2 ms.
Note 3: Typical values for performance at 100 MHz in a common-gate circuit operating 3 dB bandwidth is 2 MHz.
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Process 50 | &
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J304, J305 N-Channel JFETs 8
General Description To-92
The J304 thru J305 N-channel JFETs are designed for ::F-mi
low input capacitance VHF amplifier, oscillator and 1140504 595)
mixer applications.
- - 0.003-0013
Absolute Maximum Ratings (25°c) ” ” ,\ e
. (T "
Gate-Drain or Gate-Source Voltage -30V A T = e —L
Gate Current 10mA 2555 (]
Total Device Dissipation FREEr {iiaicaan
(25°C Free-Air Temperature) 350 mW "i‘ 00450055
Power Derating (to +125°C) 3.5mw/°C A
Storage Temperature Range —55°C to +150°C T
Operating Temperature Range —55°C to +150°C TR
Lead Temperature (1/16" from case 1 G
for 10 seconds) 300°C 2 | s
’ 3 D
Electrical Characteristics (25°C unless otherwise noted)
. J304 J305
PARAMETER CONDITIONS MIN TYP MAX | MmN Tvp VIAX UNITS
_lgss Gate Reverse Current Vps =0, Vgs=—20V, (Note 1) -100 ~100 pA
VGS(off) Gate Source Cutoff Voltage Vps =15V, Ip = 1 nA -2 -6 -0.5 -3 v
BVGss Gate Source Breakdown Voltage [ Vpg=0, Ig = —1uA -30 -30
Ipss Saturation Drain Current Vps = 15V, VGs = 0, (Note 2) 5 15 1 8 mA
- F
ot Common-Source Forward . 4500 7500 | 3000
Transconductance, (Note 2) N
f=1kHz umho
Common-Source Output 50 50

9
08 Transconductance

c S | Vps =15V, VGgs =0

ommon-Source Input

Ciss . : 3.0 3.0
Capacitance

Common-Source Reverse
Crss . i f=1MHz 0.8 0.8 pF
Transfer Capacitance .

Common-Source Output
Coss . : 1.0 1.0
Capacitance

Common-Source Forward f=100 MHz 3000
gfs Transconductance f= 400 MHz 4200
Common-Source Output =100 MHz 60 60
doss Conductance f= 400 MHz 80
Common-Source Output f=100 MHz 800 800
b Vps=15V,VGgs=0 mho
oss Susceptance bs GS f=400 MHz 3600 H
. Common-Source Input =100 MHz 80 80
diss Conductance f =400 MHz 800
b Common-Source Input f= 100 MHz 2000 2000
ss Susceptance f =400 MHz 7500
s Common-Source Power V> 15V 1 5 mA f= 100 MHz 20
. = =5m
ps Gain bs +D t = 400 MHz 1
dB
NE Noise Figure Vps= 15V, Ip=5mA, | f= 100 MHz 1.7 '
(Single Sideband) RG = 1k f = 400 MHz 3.8

Note 1: Approximately doubles for every 10°C increase in TA-
Note 2: Pulse test duration = 2 ms.
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J308, J308, J310

Process 92

J308-10 N-Channel JFETs

General Description ,  To92
The J308 thru J310 series of N-channel JFETs is designed (—:-;:—::_‘j—;;;]
for VHF amplifier, oscillator and mixer applications. )
Absolute Maximum Ratings oous-oars
. ’ 0.076-0.330)
Drain-Gate Voltage 25V : ’ /;m,,,
LEADS TO FIT INTO 0.594
Source-Gate Voltage . 25V 0.016-0019 {5088
(0.406-0.483)
Forward Gate Current . 10 mA DIA HOLE (TYP) 00850095 0.045-0.055
Total Device Dissipation @ 25°C - 350 mW {2 159-2413) (1.143-1.397)
(Derate above 25°C) 3.5 mW/°C .l g
Storage Temperature Range -55°C to +150°C | oos-noss
Operating Junction Temperature (11431397
Range -55°C to +150°C . PIN | FET
Lead Temperature (1/16" from case 1 G
for 10 seconds) 300°C 2 (s
. 3 D
Electrical Characteristics (25°C unless otherwise noted) )
J308 J309 J310
PARAMETER CONDITIONS MIN | TVP | MAX | WIN | TVP | MAX | miN | Tve | maAx | UN'TS
Gate-Source Breakdown .
BV, - Vps=0.1g=—1uA -25 -25 -25 v
GSs Voltage DS G H
' Gate Reverse C VGs =15V, Vpg =0 L0 o L e
GSS ate Reverse Current Gs=—15V, Vps = To125°C s T30 =0 A
Gate-Source Cutoff
Vps =10V, Ip = -1.0 -5 |-1.0 -40 |-20 -6.5 v
VGSs(off) Voltage pDs =10V, Ip=1nA
. ion Drai Vgs =0, Vpsg =
Ibss Saturation Drain Gs =0, Vps =10V, 12 60 12 20 2 60 A
Current {Note 1)
Gate- F d
VGs(f) ate-Source Forwar Vps=0,1g=1mA 1.0 1.0 1.0 A
Voltage g
- F
afs Common:Source Forward 8000 20000{ 10000) 20000 8000 18000
Transconductance N
dos Common-Source : A 200 150 200
Output Conductance .
Vps =10V, Ip = 10mA f=1kHz umhos
-Gate F d )
ot Common-Gate Forwar 13000 13000- 12000
Transconductance
tog Common-Gate Output 150 100 150
Conductance
Cad Gate-Drain 18 | 25 18 | 25 18 | 25
Capacitance
VGs=~10V,Vpg=0 f=1MHz pF
Cos Gate-Source 43 | s0 43 | s0 43 | 50
Capacitance
Equivalent Short-Circuit _nV
Vps=10V,Ip=10mA | f=100H: 10 10 ) 10
en Input Noise Voltage DS b m ? Hz
Re(y‘ ) Common-Source Forward N ) 12 12 12
s Transconductance
Re(y- | Common-Gate Input 12 12 12
9 Conductance
mmho
Common-Source Input .
Re(y; Vps=10V,Ip=10mA | f=100MH 0.7 0.7 0.5
Vi conductance s Ip=10m :
Re(yoy) Common-Source Output ) 0.25 . 0.25 0.25
o8 Conductance
Common-Gate Power :
G 16 16 16
Po Gain » a8
NF Notse Figure 15 15 1.5

Note 1: Puise test PW 300 us, duty cycle < 3%.
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NDF9401-10 N-Channel Monolithic Cascode Dual JFETs e
General Desc"ptlon TO-99 NDF9401—-NDF9405 Series z U
The NDF9401 thru NDF9410 series of N-channel mono- s PIN | FET jw)
. . . . . b e——— 02
lithic cascode duals is designed for broadband low noise «s..;‘.:mrj _— ) ; ‘; M B
differential amplifier applications requiring tight match, e 3 G ©
low capacitance, and very high common-mode rejection. ] | senoms 2K 4 | case B &
Tows "Lmsuuwu m\/\ o o
ot L2 —T "t saoon 5 S N
T ik m] n T A—ﬂhholu)z/z/\i s b “\l_
Absolute Maximum Ratings (25°c) T e =
A u
Gate-Drain or Gate-Source Voltage —50V % U
Gate Current 10 mA TO-71 NDF9406—-NDF9410 Series M -
evice Dissipation (Each Side), Ta = 85°C —
Device Dissipation (Each Side), Ta = 85 PIN | FET 0O
(Derate 2 mW/°C) 250 mw bs-ams, S v g P Y
! oo o =r i—| ) waw . H
Total Device Dissipation, TA =85 C S AR 2 D1 o o
" AR
(Derate 3 mW/°C) 375 mW Nl i T 3 | a1 oW
asw PINE
Storage Temperature Range —65°C to +200°C did O ey N g Z 322 - -
Lead Temperature (1/16°* from case = ST 7 | 2 4 2
o
for 10 seconds) 300°C o O
Electrical Characteristics (25°C unless otherwise noted) - ‘B
PARAMETER CONDITIONS MIN MAX UNITS © Y
| Gate Reverse Cur Vas = ~30V, Vps = 0 10 2A 'ho
GSS ate Reverse Current GS + VDS 150°C ~25 | nA o 'b
BVGss Gate-Source Breakdown Voltage Ig=—-1uA,Vps=0 -50 v p‘l
VGS(off) Gate-Source Cutoff Voltage Vps=20V,ip=1pA 0.5 4.0 z
) Gate Operating Ci VDG = 36V, Ip = 20GuA -5 pA ZU
G ate Operating Current DG 1D = H 125°C -10 nA U m
Ipss Saturation Drain Current Vps =20V, Vgs =0, (Note 1) 0.5 10 M mA E‘- @
K F = = '
o 28
ul e
f=1kHz umho b
Common-Source Output VBe = 20V 11 = 200 LA T o m
dos Conductance G b H -
Ciss Common-Source Input Capacitance 6
c Common-Source Reverse Transfer Vps = 20V, VGs =0 f=1MHz o pF
rss Capacitance )
en Equivalent Input Noise Voltage VpG = 20V, Ip = 200 uA f=10Hz 30 \/"_%
z
Matching Characteristics
NDF9401, NDF9402, NDF9403, NDF9404, NDF9405,
PARAMETER CONDITIONS NDF9406 NDF9407 NDF9408 NDF9409 NDF9410 UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
. Differential Gate VDG = 20V, °
| 1 A
lle1-te2l _ Current Ip = 200 uA [ 12s°c ! ! ! ! "
Ipss1 Saturation Drain _ _
oees Current Ratio Vps = 20V,VGs=0,(Note 1) | 0.95 | 1 095 | 1 095 | 1 095 | 1 0.90 | 1
Differential Gate-
Vas1-Vasa2! Source Voltage 5 5 10 15 25 mV
AVGs1-Vasal Gate-Source Voltage IA: 12;’55(': 5 10 10 10 25
% Differential Drift, TB e uvre
(Note 1) VDG = 20V, AT 5 10 10 10 25
1D =200 uA Tg=25"C
B | Differential Output o1 - o1 o o n
19051 ~ G052 Conductance . e . . ’ : : prmhe
= z
st Transconductance 097 | 1 0907 | 1 095 | 1 095 | 1 090 | 1
9fs2 Ratio, (Note 1)
CMRR Common-Maode Vop = 10-20V, 120 120 110 110 100 8
Rejection Ratio Ip = 200 uA, (Note 2) '
N -
Note 1: Pulse test required, pulse width = 300 us, duty cycle < 3%.
Note 2: CMRR =20 log1g AVpp/AIVGgs1—VGs2l. (AVpp = 10V).
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NF5101, NF5102, NF5103/PF5101, PF5102, PF5103

NF5101-03/PF5101-03 N-Channel JFETs
General Description ~
TO-92 TO-72
The NF5101-3 (TO-72) and PF5101-3 (T0-92) are 0175-0.185 ‘va-0230
N-channel silicon Junction Field-Effect Transistors s ame P s
designed for ultra-low noise preamplifier applications, @aE-agE) @35 339)
particularly hydrophones, particle detectors, high quality - SEATING PLANE f
mic/phono/tape, video, vidicon and I-R sensor preampli- 1 iy
fiers . LEADSTO FITINTO 05% R U u_ﬂ ‘T‘“[E[._nﬂ‘
" 0016-0019. (15088) (12101
(04060 483) . ﬂ ] ‘__i LU
DIA HOLE (TYP) N 00160019 1 - oo
s - u (0.406-0.483) X
Absolute Maximum Ratings T v i
. e I AT R
Drain-Gate Voltage 40v _.} L -
1.183-1 ul
Reverse Gate-Source Voltage 40V = s
0003-0.013
Forward Gate Curre‘nt 10 mA -~ @ 076-0330)
Device Dissipation @ 25?0 310 mW i h
Derate Above 25°C 2.82 mW/°C T 00360048 \;\’/ 0.028-0 048
. 0. 0045-0 055 (0912-1168) 0711-1.219)
Operating Temperature Range ~65 10 +150°C s ‘O
Lead Temperature (1/16"" from case
for 10 seconds) 300°C
Electrical Characteristics
PF/NF5101 PF/NF5102 PF/NF5103
PARAMETER CONDITIONS UNITS
MIN | TYP | MAX [ MIN | TYP [ MAX | MIN | TYP | MAX
BVgss Gate-Source Breakdown lg = 1A, Vpg =0V 40 40 40 \ '
Voltage o
lass Gate Reverse Current Vgs = =15V, T =25°C 0.2 0.2 0.2 nA
Vps =0V Ty = 125°C 0.5 0.5 0.5 A
\./GS(OFF) Gate-Source Cutoff Vps =15V, Ip =1nA 0.5 1.1 0.7 - 1.6 1.2 27 A\
Voltage
lpss Saturation Drain Current | Vpg = 15V, Vgg =0V, 1.0 12 4.0 20 10 40 mA
Pulsed 300us < 2%
s Common-Source Ve = 15V Ip=05mA | 3.5 5 3.5 5 35| 45 mmho
Transconductance D_G Ip =2mA 7.5 9 7.5 9 mmho
Jos Common-Source Output | Vpg = 15V, Ip =0.5mA 5 25 5 25 5 25 umho
Conductance
Ciss Common-Source Input Vpg =158V, Vgs = Oy 12 16 12 16 12 16 pF
Capacitance :
Crss Common-Source Reverse | Vpg = 16V, Vgg =0V 4 6 4 6 4 6 pF
Transfer Capacitance
NF Common-Source Spot Vpg =15V, Ip =0.5mA, 1.5 1.5 1.5 dB
Noise Figure Rg =20k, f= 10 Hz )
en Equivalent Short Vpg =10V, | Ip =0.5 mA 7 .20 8 20 10 25 [nVA/Hz
Circuit Input Noise f=10 Hz Ip =2mA 15 20 |nVA/Hz
Voltage Vpg =10V, | Ip =0.5mA 3.5 3.5 3.5 |nVA/Hz
f=1kHz Ip =2mA .3 3 nVA/Hz
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Process 83

NPD8301-03 N-Channel Monolithic Dual JFETs

General Description
. Molded Dual-In-Line Package (N)
The NPD8301 thru NPD8303 series of N-channel mono- v
lithic dual JFETs is designed for low cost, high per- T
formance differential amplifiers requiring tightly
matched gate-source voltage, low. drift, high common- — N FET
mode rejection, and low output conductance. PIN NO. 1 INDENT —_ |~® 0250 -0005 =
~L ©3%0-0120) 1
2 D1
Absolute Maximum Ratings (25°c) ouo 3| N
0300-0320 e 4 G1
(16208128 gax 5 s2
Gate-to-Gate Voltage +40V it 6 | D2
. ‘j’
Gate-Drain or Gate-Source Voltage -40V 1 { 7 NC
Gate Current 50 mA 0005-0015 ; a—g;n 8 o2
Total Package Dissipation (25°C Free-Air) 350 mW s eams | | o T
. + 22N e | e MIN
Power Derating (to +1 25°C) 3.5 mwW/°C °% oms {T1a3-0280) vars 0u01 e
063 1018033
Storage Temperature Range -55°C to +125°C foass73353) Fo— 0% 00
Operating Temperature Range —55°C to +125°C v
Lead Temperature (1/16" from case '
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
NPD8301 NPD8302 NPD8303
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Igss Gate Reverse Current Vps =0, Vgs = —20V, (Note 1) -100 -100 =100 PA
Gate-Source Cutotf
Vi =20V, Ip= —0. -3. -0. -3.5 -0.5 -35
GSl(off) Voltage Vps =20V, Iip=1nA 0.5 3.5 0.5 y
BV Gate-Source Breakdown Ve =0, Ig = —1 uA —40 40 _40
Gss VOllage p5=0.16 H
Ipss Saturation Drain Current | Vps = 20V, Vgs = 0, (Note 2) 0.5 6.0 0.5 6.0 0.5 6.0 mA
I Gate Current, (Note 1) -100 -100 =100 pPA
VDG = 20V, Ip = 200 A
VGs Gate-Source Voltage -0.3 -4.0 -0.3 -4.0 -0.3 -4.0 Vv
Common-Source Forward| Vpg = 20V, Vgg =0 1000 4000 | 1000 4000 | 1000 4000
9s Transconductance VDG = 20V, Ip = 200 gA 700 1200 | 700 1200 | 700 1200
f=1kHz umho
Common-Source Vps =20V,Vgs=0 20 20 20
Jos Output Conductance Vps = 20V, Ip = 200 uA 5 5 5
Ciss Comrr?on-Source Input 45 45 45
Capacitance
Vps =20V, Vgs =0 f=1MHz pF
Common-Source Reverse
Cres ! 1.2 1.2 1.2
Transfer Capacitance
Equivalent Short-Circuit nv
Vps =20V, Ip = 200 pA f=100H 15 15 15 — =
én Input Noise Voltage oS D= 2004 ? VHz
Differential Gate-Source
V -V \ =20V, Ip = 200 pA 5 10 15 Vv
Vesi-vesal oltage DG 1o H m
AlVgs1—Vas2! Ga.le-Source Differential | VpG = ZOOV, Ip= ZUO:AA, 10 15 25 avre
AT Drift Ta=25°Cto Tg = 85°C
CMRR Cofnmon-Mod-e . Vpp = 10V to Vpp = 20V, Ip = 200 uA, 70 80 80 80 a8
Rejection Ratio {Note 3)

Note 1: Approximately doubles for every 10°C increase in Ta.
Note 2: Pulse test duration = 300 us; duty cycle < 3%.
Note 3: CMRR =20log1g [AVpp/AIVGs1—VGs2ll, AVpp = 10V.
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U308, U309, U310

U308-10 N-Channel JFETs

General Description

Process 92

TO-52
The U308 thru U310 series of N-channel JFETs is (gig::gﬁ:)
designed for VHF amplifier, oscillator and mixer applica- 0.178-0195 | 0415-0.150
tions. wa2t-ass3) 1 Z971-3870)
SEATING
. . PLANE J
Absolute Maximum Ratings (25°c) | L i
707 0500
. 1270
Gate-Drain or Gate-Source Voltage —25V oot6-0018 || T . PIN [ FET
Gate Current 20 mA {Oate-0a83) "1™ {762 1 S
T MAX
Total Power Dissipation 500 mW . § g
Power Derating 4 mW/°C 0.100
540
torage Temperature Range —65°C to +200°C (l:;g:_g)_ (2540
Lead Temperature (1/16" from case
for 10 seconds) 300°C
0.036-0.046 0.028-0.048
091a- 1153)\//> @7-1.219)
Electrical Characteristics (25°C unless otherwise noted)
U308 U309 U310
PARAMETER CONDITIONS MIN TYP | MAX MIN TYP MAX MIN TYP MAX unNITS
=— —150 ’ -150 —150 A
lgss Gate Reverse Current Vas 18V = L
Vgs=0 [T=125°C -150 -150 -150 [ 'nA
aVes Gate-Source Breakdown l6 = —1 1A Ve = 0 25 o5 o5
GSs Voltage G HA, VDS
\2
Gate-Source Cutoff
Vi Vps=10V,Ip=1nA -1.0 —6.0 -1.0 -4.0 -2.5 -6.0
GS(off). Voltage DS D n 1 2
IDss Saturation Drain Current Vps =10V, Vgs = 0, (Note 1) 12 60 12 30 24 60 mA
Gate-Source Forward
\ Ig=10mA,Vpg=0 1.0 1.0 1.0 A\
Gs(h Voltage G=10m DS
Common-Gate Forward
9tg 10 20 10 20 10 18 mmho
Transconductance, (Note 1)
Vps =10V, Ip=10mA |[f=1kHz
Common-Gate Output
dogs 150 150 150 | umho
Conductance
Cgd Drain-Gate Capacitance 25 25 25
Vps = 10V, Vgg = ~10V | f = 1 MHz pF
Cgs Gate-Source Capacitance 5.0 5.0 5.0
Equivalent Short-Circuit . nV
Vps =10V, Ip=10mA |f=100H 10 10 10 —=
en Input Noise Voltage DS o m 0 Hz VHz
ot Common-Gate Forward f=100MHz 12 12 12
9 Transconductance f =450 MHz 11 1 1
5 mmho
Common-Gate Qutput f= 100 MHz 0.18 0.18 0.18
9ogs Conductance f= 450 MHz 0.7 ! 0.7 0.7
Vps =10V, Ip = 10 mA
G Common-Gate Power f=100 MHz 15 15 15
Pe Gain f= 450 MHz 10 : 10 10 "
f=100 MH. 15 15 1.5
NF Noise Figure z >
. f =450 MHz 3.2 3.2 3.2

Note 1: Pulse test duration =2 ms.
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€-§

RON valt PART LoGIC (‘(Is) tON/tOFF Ron vall PART LOGIC (Vvs) tON/tOFF RoN Valt PART LoGIC X,S, tON/tOFF
(v} v) NUMBER INPUT TvP TYP («2) v) NUMBER INPUT TYP Q) (%} NUMBER INPUT TYP
. TYP TYP
Dual SPST SPDT . MULTIPLEXERS
10 £10 AH0141/DG141 TTL  -18,12 0.8/1.1ps 10 +10 AHO146/DG146  TTL  -18,12 0.8/1.1ps
30 £10 AH0133/DG133  TTL  -—18,12 0.5/0.9us 30 £10 AHO0144/DG144  TTL  -18,12 0.5/0.9u5 2-Channel Differential
80 +10 AH0124/DG134  TTL  -18,12 0.5/0.9us 80 +10 AHO0143/DG143  TTL  -18,12 0.5/0.9us 200600 10 MM450/MMES50 PMOS .
15 475 AHD151/DG151 TTL %15 0.8/1.1us . 15 7.5 AHO161/DG161 TTL %15 0.8/1.1us
50 +75 AH0152/DG152  TTL 15 0.5/0.9us 50 +7.5 AH0162/DG162  TTL  #15 0.5/0.9ys 3.Channel
*30 +75 AM181/DG181 . TTL  *15,5 180/150 ns 100 19 AH2114(Sw. 1) 15V TTL #15 35/600 ns 100 15mA  AH5013 15V TTL 150/300 ns
*75 +10 AM182/DG182 TTL - *15,5 300/150 ns (Sw. 2) 1.2us/50 ns *150 5mA AH5014 TTL 150/300 ns
i *30 1.5 AM187/DG187 TTL  #15,5 180/150 ns
Triple SPST *75 110 AM188/DG188 TTL 15,5 300/150 ns 4-Channel
*100 15mA  AH5015 15V TTL 150/300 ns ‘10
*150 5mA AH5016 TTL 150/300 ns ,Dual SPDT 'mg :g :'\1: :;gx;cé%/gmgme éin\:)?L : igﬁgg ::
200-600 10V MMA455/MM555 PMOS 730 175 AM190/DG190 TTL  #15,5 180/150 ns *150 5mA AHB010/AMO710  TTL 150/300 ns
75 +10 AM191/DG191 TTL  *15,5 300/150 ns *150 3mA AMO7C10 cMOS 150/300 ns
Quad SPST - 200-600 10 MM461/MM551 PMOS
200600  +10 AHO015 TTL -20,10,5  100/400ns Triple SPDT -
:200 +10 LF11201 TTL  *15 90/500 ns 280 +7.5 CD4053 CMOS 7.5 4-Channel Differential
200 +10 LF11202 TTL  #15 90/500 ns 280 +7.5 CD4052 CMOS $7.5
*200 £10 LF11331 TTL . #15 90/500 ns Dual DPST 200-600 +10 MM454/MM554 PMOS -24,12
200 £10 LF11332 TTL #15 90/500ns | 10 £10 AHO140/DG140  TTL 18,12 0.8/1.1us *350 12-15  LF11509 TTL 415 1/0.2u8
*200 £10 LF11333 TTL  #15 90/500 ns 30 +10 AHO0129/DG129 TTL  -18,12 0.5/0.9ps
*250 +10 LF13201 TTL  #15 90/500 ns 80 *10 AH0126/DG126 TTL  -18,12 0.5/0.9us 6-Channel °
250 £10 LF13202 TTL =15 80/500 ns 15 +7.5 AH0153/DG153 TTL 15 0.8/1.1us
250 £10 LF13331 TTL  £15 90/500 ns - 50 275 AH0154/DG154 TTL  £15 0.5/0.9us 2501500 50mA mzst;gi/w%w T ,
250 10 LF13332 TTL #15 90/500 ns 200-600 =10 AH0019 TTL  -20,10,5  100/400 ns
*250 - +10 LF13333 TTL %15 90/500 ns *30 175 AM184/DG184 TTL %155 180/150 ns
280 - 175 CD4066 CMOS 7.5 75 10 AM185/DG185 TTL  *155 300/150 ns 8-Channel
850 +7.5 €D4016 CMOS 7.5 : 250400 - £5 AM3705 TTL 155
100 15mA  AH5011/AM8711 15V TTL 150/300 ns DPDT 350 12715 LF11508 TTL #15 1/0.2us
*100 . 10mA  AMB7CI1 cMoS 150/300 ns 10 £10 AHO145/DG145  TTL 18,12 0.8/1.1ps
*150 5mA AH5012/AM9712 TTL 150/300 ns 30 +10 AH0139/DG139 TTL  -18,12 0.5/0.9us 8-Channel Differential -
*150 3mA AM97C12 CMOS 150/300 ns 80 +10 AH0142/DG142  TTL  -18,12 0.5/0.9ys *350 12,716 LF11507 TTL #15 1/0.2us
30 £7.5 AM193 TTL  #15,5 180/150 ns 15 +7.5 AHO163/DG163  TTL %15 0.8/1.1us
75 +10 AM194 TTL  #15,5 300/150 ns 50 +7.5 AH0164/DG164 TTL 215 0.5/0.8us 16-Channel
200-600 £10 MM452/MM552 PMOS 150/300 ns 200600 10 AH0014 TTL -20,10,6  350/400 ns 350 12-15  LF11506 - TTL %15 1/0.2us
Notes:

RoN max @ Tp = 25°C . -
Va/l = maximum voltage or current to be safely switched
Part number = basic number/alternate number (i.e., AM181/DG181). May be ordered by either number.

*Preferred devices
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Definition of Terms

Driver Leakage Current: The sum of the currents into

the source and drain switch terminals, with both held:

at the same specified voltage.

Logic “1” Input Voltage: The voltage level which is
guaranteed to be interpreted by the device as a logical
“true” signal. ) .

Logic “0” Input Voltage: The voltage level which is
guaranteed to be interpreted by the device as'a logical
“false'” signal. :

Logic Input Slew Rate: The voltage difference between
the logic 1" and logic 0" states divided by the transi-
tion time.

Switch Leakage Current: The current seen when a
specified voltage is applied between drain and source
of a channel that is logically turned off.

Switch “ON” Resistance: The equivalent resistance
from source to drain, tested by forcing a specified
current and measuring the resultant voltage drop.

Switch Turn “OFF” Time: The interval between the
time that the logic input passes through the threshold
voltage -and the time that the output goes to a specified

voltage level in the test circuit.

Switch Turn “ON" Time: The interval between the time
that the logic input passes through the threshold voltage
and the time that the output goes to 90% of its final
value in the specified test circuit.
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AHO014/AH0014C* DPDT, AHO015/AHO015C Quad SPST,

AHO019/AHO019C* Dual DPST-TTL/DTL Compatible

MOS Analog Switches

General Description

This series of TTL/DTL compatible MOS analog
switches feature high speed with internal level
shifting and driving. The package contains two
monolithic integrated circuit chips: the MOS ana-
log chip is similar to the MM450 type which
consists of four MOS analog switch transistors;
the second chip is a bipolar 1.C. gate and level
shifter. The series is available in both hermetic
dual-in-line package and flatpack.

Features

@ | arge analog voltage switching +10V
@ Fast switching speed 500 ns
8 QOperation over wide range of power supplies
@ Low ON resistance 20082
8 High OFF resistance 10'"'Q

o Fully compatible with DTL or TTL logic *
@ [ncludes gating and level shifting

These switches are particularly suited for use
in both military and industrial applications such
as commutators in data acquisition systems, multi-
plexers, A/D and D/A converters, long time
constant integrators, sample and hold circuits,
modulators/demodulators, and other analog signal
switching applications. For information on other

National analog switches and analog interface ele- *

ments, see listing on last page.

The AH0014, AH0015 and AHO019 are specified
for operation over the ~55°C to +125°C military
temperature range. The AH0014C, AH0015C and
AHO019C are specified for operation over the
~25°C to +85°C temperature range.

Block and Connection Diagrams
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Order Number AHO014F or AHO014CF
See Package 23
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Grder Number AH0015D or AHO015CD
See Package 15

Typical Applications

Integrator

*Previously called NH0014/NH0014C and NHO019/NH0019C
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Order Number AH0014D or AH0014CD
See Package 14
Dual DPST
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W 1
anaLOG 7 ! I5 ANALOG.
W —t— ——
! A 1
aacos Y ! |
W |
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Note: Pin connections are identical
i
e “wwe  for DIP and Flatpack. All logic nputs
S # hownatlogic “1."

Order Number AHO019F or AHO019CF
See Package 23

Order Number AHO019D or AHO019CD
See Package 14

Reset Stabilized Amplifier
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v

AHOO14/AH0014C*, AHOO15/AH0015C, AHO019/AHO019C*

Absolute Maximum Ratings

Vee Supply Voltage

V~ Supply Voltage

vt Supply Voltage

viiv- Voltage Differential

Logic Input Voltage

Storage Temperature Range

Operating Temperature Range
AH0014, AH0015, AH0019
AHO0014C, AH0015C, AH0019C

Lead Temperature (Soldering, 10 sec)

7.0V
-30v
+30V
40V
5.5V
-65°C to +150°C

.

+ -65°C to +125°C '
-25°Cto +85°C
300°C

Electrical Characteristics (Notes 1 and 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical 1" Input Voltage Vee = 4.5V 20 A
Logical 0" Input Voltage Vee =4.5V 0.8 Vv
Logical 1" Input Current Vee = 5.5V Vin = 2.4V 5 uA
Logical ““1”" Input Current Vee = 5.5V Vin = 5.5V 1 mA
Logical ““0” Input Current Vee = 5.5V Vin = 0.4V 0.2 04 mA
Power Supply Current Logical 1"’ Vee = 5.5V Vin = 4.5V 0.85 16 mA
Input — each gate {Note 3) '
Power Supply Current Logical 0" Ve = 5.5V Vin =0V
Input — each gate (Note 3) ,
AHO0014, AH0014C 1.5 3.0 mA
AH0015, AH0015C 0.22 0.41 mA
AH0019, AH0019C 0.22 0.41 mA
‘Analog Switch ON Resistance — each gate | V|5 (Analog) = +10V 75 200 Q
Vin (Analog) = -10V 150 600 Q
Analog Switch OFF Resistance 10" Q
. Analog Switch input Leakage Current — Vin =-10V
each input (Note 4) )
AH0014, AH0015, AH0019 Ta=25°C 25 200 pA
Ta=125°C 25 200 nA |
AHO0014C, AH0015C, AH0019C Ta =25°C 0.1 10 nA
Ta=70"C 30" 100 nA
Analog Switch Output Leakage Vour = -10V
Current — each output (Note 4) . .
AHO0014, AH0015, AH0019 Ta=25°C 40 400 pA
Ta=125°C 40 400 nA
AH0014C, AH0015C, AH0019C Ta=25°C 0.05 10 nA
Ta=70°C 4 50 nA
Analog tnput (Drain) Capacitance 1 MHz @ Zero Bias 8 10 pF
Qutput Source Capacitance 1 MHz @ Zero Bias ) 11 13 pF
Analog Turn-OFF Time — tgee See test circuit; To = 25°C 400 500 ns
Analog Turn-ON Time — ton See test circuit; T = 25°C
AHO0014, AH0014C 350 425 ns
AHO0015, AH0015C 100 150 ns
AHO0019, AH0019C 100 150 ns

Note 1: Min/max limits apply across the guaranteed temperature range of -55°C to +125°C for

AH0014, AHO015, AH0019 and -25°C to +85°C for AH0014C, AH0015C, AHO019C. V™ = -20V.

vt = +10V and an analog test current of 1 mA unless otherwise spectfied.

Note 2: All typical values are measured at Tp = 25°C with Vg = 5.0V. vt = +10v, V© = =22V,

Noye 3: Current measured 1s drawn from V¢ supply.

Note 4: All analog switch pins except measurement pin are tied to vt
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Analog Switch Characteristics (Note2)

RonN vs Temperature

Ron vs Temperature

RonN vs Temperature
225

125 T T 7 125 T T 1
= Vin = Vour = +10V [~ Vin = Vour = OV

T T
- Vin = Vour = -10V

100 100

200

15 - =

175

50 50

150

ON"" RESISTANCE (ohms)
'ON" RESISTANCE {ohms)

25 : 25

“ON" RESISTANCE (ohms)

125 P

0 0

1
100

-55°C |, -15° 25° 65° 105° -55°  -15° 25°

AMBIENT TEMPERATURE (°C)

65° 105° -56°  -15° 25° 65° 105°

AMBIENT TEMPERATURE (°C)

AMBIENT TEMPERATURE (°C)

Cinvs VN Leakage vs Vg (Channel ‘'OFF") Driver Gate V| vs VoUT
75 ——T L e T T
R e e e N vre v E) Ve = 5.0V
50 I Y S S Y A D R 5 _ 50 AN V7= NO EFFECT _J uoo45 ] VT =-22V
CHANNEL “ON” — CHANNEL "ON" —] < \ = 125°C * = 8.0V
20 fv=-20V - TV =0V = 2 2 o —}
= I A\ =] > 25°C 4l -55°C
) y \ K >
z < N E
z / [} o =
o " £ ¥ = N &
/ ' g N g
ER] Tt 1 2
4 \\ ? P S = -15
e T
2 FCHANNELVON” T~ CHANNEL “OFF™ 50 -2 I
V- =-10V VT =-20V z
1 S 5 25
-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 +10 0 -10 ¢ 05 10 15 20 25 30 35
ANALOG Vi (V) ANALOG Vi (V) INPUT VOLTAGE (V)
Schematic (Single Driver Gate
and MOS Switch Shown) Analog Switching Time Test Circuit
+100V. 1 Vour
I A Qex
ANALOG .
“ o -
ANALOG =
our

>
16K T

Selecting Power Supply Voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit.
The range of operation for power supply V™ is
shown on the X axis. It must be between --25V
and -8V. The allowable range for power supply
V* is governed by supply V™. With a value chosen
for V7, V* may be selected as any value along a
vertical line passing through the V™ value and
terminated by the boundaries of the operating
region. A voltage difference between power sup-
plies of at least 5V should be maintained for
adequate signal swing. )

o re R N
|
ov: !
|

I
1
!
S —

OPERATING 5

25 -5 f§5 {5
REGION
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

AHO120, AHO130, AH0140 AHO150 AHO160 Series

Analog Swntches
General Description

The AHO100 series represents a complete family
of junction FET analog switches. The inherent
flexibility of the family allows the designer to
tailor the device selection to the particular appli-
cation. Switch configurations available include dual
DPST, dual SPST, DPDT, and SPDT. rq5on) ranges
from 10 ohms through 100 ohms. The series is
available in both 14 lead flat pack and 14 lead

cavity DIP. Important design features include:

# TTL/DTL and RTL compatible logic inputs

® Up to 20V p-p analog input signal
® rygon) less than

AHO0145, AH0146)
B Analog signals in excess of 1 MHz
8 "OFF" power less than 1 mW

102 (AHO0140, AHO141,

8 Gate to drain bleed resistors eliminated

; @ Fast swnchmg, ton iS typlcally 4 us, topp is

1.0 us
@ Operation from standard op amp supply volt-
ages, =15V, available (AH0150/AHO0160 series)
® Pin compatible with the popular DG 100 series.

The AHO0100 series is designed to fulfill a wide

- -variety of analog switching applications including

commutators, multiplexers, D/A converters, sample
and hold circuits, and modulators/demodulators.

" The AH0100 series is guaranteed over the tempera-

ture range -55°C to +125°C; whereas, the
AHO0100C series is guaranteed over the temperature
range -25°C to +85°C.

Schematic Diagrams

DUAL DPST and DUAL SPST

LT J

“

Note: Dotted line portions are not applicable to the dual SPST.

Loglc and Connection Diagrams

DPDT (diff.) and SPDT (diff.)

e
| S

Ao
5
A,

)

1
I
1

.|‘
|
1

_______ S—

v
Note: Dotted line portions are not apphcable to the SPOT {differential).

Order any of the devices below using the part number with a D or F suffix. See Packages 14 and 23

DUAL DPST DUAL SPST DUAL DPDT (Diff) SPDT (Diff)
i i i i
U ot A L i
" i . A .4 B
. H SR W ) o - .
2 s B H :
ot : °’_'j:>‘[>‘:
~ H
.
mot—t Nt L n
8 B . @
HIGH LEVEL (:10V) HIGH LEVEL (:10V) HIGH LEVEL (:10V) HIGH LEVEL (£10V)
AHO0140 (10Q) AHO141 (1092) AH0145 (100) AHO0146 (1002)
AHO0129 (300) AHO133 (3002) AHO0139 (30Q) AH0144 {3092)
AHO0126 (8002) AHO0134 (8002) AHO0142 (8092} AHO0143 (8092)
MEDIUM LEVEL (£7.5V) MEDIUM LEVEL (£7.5V) MEDIUM LEVEL {+7.5) MEDIUM LEVEL (£7.5V)
AH0153 (160) AH0151 (15Q) AHO163 (15Q) AHO161 (150)
AHO154 (500) AHO152 (5092) AH0164 (500) AHO162 (5090)
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Absolute Maximum Ratings

" High Medium

Level Level
Total Supply Voltage (V¥ - V) 36V 34V
Analog Signal Voltage (V* = V4 or V4 - V7) 30V 25V
Positive Supply Voltage to Reference (V* - Vg) 25V 25V
Negative Supply Voltage to Reference (Vg - V™) 22v 22v
Positive Supply Voltage to Input (V* -V y) 25V 25V
Input Voltage to Reference (V,n - VR) , 6V 6V
Differential Input Voltage (VN - Vin2) 6V 6V
{nput Current, Any Terminal 30 mA 30 mA
Power Dissipation See Curve

Operating Temperature Range AH0100 Series  -55°C to +125°C

AH0100C Series  ~25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) . 300°C

Electrical Characteristics for "HIGH LEVEL" Switches (Note 1)

S O9LOHY ‘OSLOHYV ‘OVLOHV ‘OSiOHY ‘OCLOHVY

. DEVICE TYPE CONDITIONS LMmITs
PARAMETER SYMBOL DUAL DUAL oPOT SPOT V= 12,0V, V- = 18.0V. Ve = 0.0V e UNITS
DPST | SPST [ (DIFF) | (DIFF) =120V, V=180V, VR =0 MAX
Logic 1" Ta=25C 2.0 60 MA
[}
input Current I'N‘?N’ All Circunts Note 2 Over Temp. Range 120 HA
Logic "0 X Ta = 25°C 01 N UA
Input Current lincore) All Cireuits Note 2 Over Temp. Range 2.0 HA
Positive Supply Current . Ta=25°C 2.2 3.0 mA
Switch ON M ony \ Al Circuits One Driver ON Note 2 Dver Temp. Range 33 A
Negative Supply - Ta=25°C -1.0 -1.8 mA
Current Switch ON o All Circuits One Driver ON Note 2 Over Temp Range -2.0 mA
Reference Input ’ ) ’ Ta =25°C -1.0 -1.4 mA
(Enaple) ON Current 'Rion) All Cireunts One Driver ON Nate 2 Over Temp Range . -1.6 mA _‘E
Positive Supply N B _ Ta=25°C 1.0 10 HA b
Current Switch OFF ore) Al Circutts Ving = Vinz = 08V Over Temp Range 25 UA g
Negative Supply - ~ i Ta=25°C -1.0 -10 HA
Current Switch OFF 1"ioFr) ) Al Cireurts Ving = Vinz = 0.8V Over Temp. Range -25 HA
Reference Input B ~ Ta=25°C -1.0 -10 uA
(Enable) OFF Current IRioFF) All Circurts ‘ Ving = Vinz = 0.8V Over Temp Range -25 HA
Vp = 10V Ta=25°C 45 80 Q
tch ON R.
Swatch ON Resistance Tas(oN) AHO0126 | AHO0134 | AH0142 | AH0143 Io = 1mA Over Temp. Range ) 150 Q
Vp = 10V Ta=25°C 25 30 Q
Switch ON Resistance Tas(ON) AHO129 | AHO133 | AHO139 | AHO144 Ip=1mA Dver Temp. Range ) o)
. Vp = 10V Ta=25°C 8 10 Q
tch =
Switch ON Resistance T4s(ON) AHO0140 | AHO141 | AHO145 | AHO146 I -1mA Dver Tomp. Range 50 a
. . Ta=25C .01 1 nA
Di - - A
river Leakage Current | (Ip + Ig)on All Circuits Vp = Vg =-10V Over Temp. Range 00 A
Switch Leakage Isiorr) OR | AHO126 | AH0134 | AHO142 | AHO143 Voo = 220V Ta=25°C 0.8 1 nA
Current loioFF) AH0129 | AHO133 | AHO139 | AHO144 os == Over Temp. Range 100 nA
Switch Leakage Isiorr) OR . . Ta=25°C 4 10 nA
Current Iowore) AH0140 | AHO141 | AHO145 | AHO146 Vps = 20V Over Temp. Range ) A
AHO0126 AHOIIM AHO0142 | AHO143 ' See Test Circuit
Switch Turn-ON Time | ton AH0129 | AHO133 | AHO133 | AHO144 Va=t10V Tn=25°C 05 08 | us
) See Test Circuit
Switch Turn-ON Time ton AHO140 | AHO141 | AHO145 | AHO146 Va=t10V Ta=25°C 0.8 1.0 us
AHO0126 | AHO134 | AHO142 | AH0143 See Test Circuit
Switch Turn-OFF Time | tore AH0129 | AH0133 | AHO139 | AHOD144 Va= 10V Ta=25°C 09 16| s
Swi See Test Circuit
. Switch Turn-OFF Time | tore AHO0140 | AHO141 | AHO145 | AHO146 VA=£10V  Tp=25°C 1.1 25 Hs

Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series
and -25°C to +85°C for the AHO100C series. All typical values are for T p = 25°C.

Note 2: For the DPST and Dual DPST, the ON condition 1s for VyN '= 2.5V; the OFF condition
is for Vi = 0.8V. For the differential switches and SW1 and 2 ON, VN2 = 2.5V, V|1 = 3.0V.
For SW3 and 4 ON, VN2 = 2.5V, VNt = 2.0V.
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

Electrical Characteristics for “MEDIUM LEVEL" Switches (Note 1)

DEVICE TYPE CONDITIONS LIMITS
PARAMET
e STMEOL | ouau | ouau | puac | seor V' = +15.0V, V7= -16V, VR = OV TYP | MAX e
opsT | spst | oPDT | (DIFF) o R
Logic 1" Ta=25°C 20 60 HA
Input Current linon All Circunts Note 2 Over Temp Range R 120 A
Logic 0" Ta=25°C 01 0.1 HA
tnput Current fnore) All Cireurts Note 2 Over Temp. Range 2 A
Positive Supply . Ta=25°C 2.2 3.0 mA
Current Switch ON ""om All Circurts One Driver ON Note 2 Over Temp. Range 3.3 mA
Negative Supply - Ta=25°C -1.0 -1.8 mA
Current Switch ON o All Cireurts One Driver ON Note 2 Over Temp. Range -2.0 mA
Reference Input Ta=25C -1.0 -1.4 mA
(Enable) ON Current taon Al Cireunts One Driver ON Note 2 Over Temp. Range -1.6 mA
Positive Supply L . _ B Ta= 25°C 1.0 10 A
Current Switch OFF ore) All Curcuits Ving = Vinz < 0.8 Over Temp. Range 25 HA
Negative Supply - N _ . Ta= 25°C -1.0 -10 HA
Current Switch OFF iorr Al Circunts Vint = Vinz < 08V Over Temp. Range -25 HA
Reference Input L _ Ta=25°C -1.0 | -10 HA
(Enable) OFF Current | 'R(OFF! All Circuits Ving = Vinz = 0.8V Over Temp. Range -25 A
Vg = 7.5V Ta=25C 10 15 Q
Switch ON Resistance Tds(ON) AHO153 | AHO151 | AH0163 | AHO161 Ip=1mA Over Temp, Range 30 a
Vp =75V Ta=25°C 45 50 Q
Switch ON Resistance TastON) AHO0154 | AH0152 | AHO164 | AHO0162 Ip=1mA. Gver Temp, Fange 100 a
Ta=257C 01 2 nA
= =75 A
Driver Leakage Current | (Ip + Is)on All Circuits Vp=Vg=-75V Over Temp. Range 500 A
Switch Leakage Ioors) OR . Ta=25°C 5 10 nA
Carrent o AH0153 | AHO151 | AHO163 | AHO0161 Vps = +15V o Toms o o A
Switch Leakage Iooer) OR N . . Ta=25C 1.0 2.0 nA
Current lsiorr) AHO0154 ’AH0152 AH0164 | AHO162 Vps *150V Over Temp. Range 300 A
) See Test Circuit )

 Switch Turn-ON Time ton AHO153 | AHO151 | AH0163 | AHO161 08 1.0 Hs

. See Test Circuit
Switch Turn-ON Time ton AHO154 | AHO152 | AHO164 | AHO162 Va = 7.5V 05 0.8 I’

Ta=25°C

| See Test Circuit

Switch Turn-OFF Time | toge AHO0153 | AHO151 | AHO163 | AHO161 Va =175V 11 25 Hs
Ta=25°C

See Test Circuit

Switch Turn-OFF Time | toge AHO154 | AHO152 | AHO164 | AH0162 0.9 1.5 Hs

Note 1: Unless otherwise specified, these limits apply for —55°C to +125°C for the AHO100 series
and -25°C to +85°C for the AHO100C series. All typical values are for T = 25°C.

Note 2: For the DPST and Dual DPST, the ON condition is for Vy = 2.5V; the OFF condition
is for VN = 0.8V. For the differential switches and SW1 and 2 ON, V2 = 2.5V, Vint = 3.0V.
For SW3 and 4 ON, VN2 = 2.5V, V|N1 = 2.0V.
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Typical Performance Characteristics XL
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

Applications Information

1. INPUT LOGIC COMPATIBILITY
A. Voltage Considerations

In general, the AHO100 series is compatible with
most DTL, TTL, and RTL logic families. The ON-
input threshold is determined by the Vgg of the
input transistor plus the Vs of the diode in the
emitter leg, plus | x Ry, plus Vg. At room
temperature and Vg = 0V, the nominal ON thres-
hold is:0.7V+0.7V+0.2V,=1.6V.Over temperature
and manufacturing tolerances, the threshold may
be as high as 2.5V and as low as 0.8V. The rules
for proper operation are:

Vin = Vg > 2.5V All switches ON
Vin - Vg < 0.8V All switches OFF

B. Input Current Considerations

linon). the current drawn by the driver with
Vin = 2.5V is typically 20 pA at 25°C and is guar-
anteed less than 120 pA over temperature. DTL,
such as the DM930 series can supply 180 uA at
logic 1" voltages in excess of 2.5V. TTL output
levels are comparable at 400 uA. The DTL and
TTL can drive the AHO100 series directly. How-

ever, at low temperature, DC noise margin in the .

logic 1" state is eroded with DTL. A pull-up re-

sistor of 10 k2 is recommended when using DTL"

over military temperature range.

Ifmoré than one driver is to be driven by a DM930
" series (6K) gate, an external pull-up resistor should
be added. The value is given by:

1
RP=N_—]fOTN>2

where:
Rp = value of the pull-up resistor in k§2

N = number of drivers.

C. Input Slew Rate

The slew rate of the logic input must be in excess
of 0.3V/us in order to assure proper operation of
. the analog switch. DTL, TTL, and RTL output
rise times are far in excess of the minimum slew
rate requirements. Discrete logic designs, however,
should include consideration of input rise time.

‘2. ENABLE CONTROL
The application of a positive signal at the Vg

«

terminal will open all switches. The Vg (ENABLE)
signal must be capable of rising to within 0.8V of
Vin(ony in the OFF state and of sinking lg(on)
milliamps in the ON state (at V,yon) - VR >
2.5V). The Vg terminal can be driven from most
TTL and DTL gates.

3. DIFFERENTIAL INPUT CONSIDERATIONS

The differential switch driver is esseritially a differ-
ential amplifier. The input requirements for proper
operation are: '

Ving - Vina!> 03V
2.5< (Ving or Ving) = VR < 5V

The differential driver may be furnished by a DC
level as shown below. The level may be derived
from a voltage divider to V* or the 5V V¢ of
the DTL logic. In order to assure proper operation,
the divider should be “stiff”" with respect to ljyo.
Bypassing R1 with a 0.1 uF disc capacitor will
prevent degradation of toy and togg.

2y

1
Ep S P

v -8V

Alternatively, the differential driver may be driven
from a TTL flip-flop or inverter.

DwserD 15 DwRa0a

o n
O] wis

Connection of a 1 mA current source between Vg
and V™ will allow operation over a 10V common
mode range. Differential input voltage must be less
than the 6V breakdown, and input threshold of
2.5V and 300mV differential overdrive still prevail.

B

v S
M RANGE

16K

R
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4. ANALOG VOLTAGE CONSIDERATIONS

The rules for operating the AHO100 series at
supply voltages other than those specified essen-
tially breakdown into OFF and ON considerations.
The OFF considerations are dictated by the maxi-
mum negative swing of the analog signal and the
pinch off of the JFET switch. In the OFF state,
the gate of the FET is at V™ + Vgg + Vgat oOF
about 1.0V above the V™ potential. The maximum
Vp of the FET switches is 7V. The most negative
analog voltage, V5, swing which can be accomo-
dated for any given supply voltage is:

WAILIVTI= Vp - Vgg - Vgat or
NV Al<IVT1-8.0 or IVTI>IV A +8.0V

For the standard high level switches, V5 <I- 18l
+8 = -10V. The value for V' is dictated by the
maximum positive swing of the analog input volt-
age. Essentially the collector to base junction of
the turn-on PNP must remain reversed biased for
all positive value of analog input voltage. The base
of the PNP is at V' - Vgat = Vgg or V' = 1.0V.
The PNP’s collector base junction should have at
least 1.0V reverse bias. Hence, the most positive
analog voltage swing which may be accommodated
for a given value of V* is:

Typiéal Applications

Va <V -Vgar - Vge - 1.0V or

VA<V =2.0Vor V' >V, + 2.0V

For the standard high level switches, Vo =12~
2.0V =+10V.

5. SWITCHING TRANSIENTS

Due to charge stored in the gate-to-source and
gate-to-drain capacitances of the FET switch, tran-
sients may appear in the output during switching.
This is particularly true during the OFF to ON
transition. The magnitude and duration of the
transient may be minimized by making source
and load impedance levels as small as practical.

ANALOG___A |
weyT

4>

Furthermore, transients may be minimized by
operating the switches in the differential mode;
i.e., the charge delivered to the load during the
ON to OFF transition is, to a large extent, can-
‘celled by the OFF to ON transition.

T

Loeee

Programmable One Amp Power Supply

)

anorst
~o 2

ek 100K 1%

>/

o

2 5K

>

aoist |, agen i

A

11

N -

Vacr
POLARITY !

TIL/OTL 8CD INPUTS

[i s

Eour

Vour = (* Palanty) x (BCD Code) x Vaer
lout ~ 2A peak, 1A continuous

Vour Range - +12V

Full Scale Acquisition Time — 8 s

DISABLE

Four to Ten Bit D to A Converter (4 Bits Shown)

A0k R 10K 303

R10K

v o——d

26RO ADIUST

Settng Time: 1 s

THLIRRUT

l 1 Accuracy: 0.2%
) = *Note: Al resistors are 0.1%
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

Typical Applications (continued)

Four Channel Differential Transducer Commutator

TRANSOUCER
w0 1

X

o
W
~(—
{
L
d

Gain: 22

s

'-14 Commutation Rate: 500 kHz
|

!

4 x 4 Cross Pcint Analog Switch

Lo -1y

e ML OHANNEL
BLANKING

[—:»A:;H!::W - T T T j r___‘

“A” CHANNELS

I

: ¢ Switching Time — 800 ns
. “ON” Resistance — 4552
B CHANNELS “OFF" Resistance - 10700

Delta Measurement System for Automatic Linear Circuit Tester

TYRCAL DEVICE
tR

T TEST ADAFTI
1

| .

1

_ | i

F i R I

1 |l 4
[

W[ — 277 m
|

]

{

YO A/D CONVERTER

Ry

W commenT Bave ;—_L | T FL '-..1— =
L _ =™ TR W s«
. -7 A Analog Input Range ~ +7.5V *

r_%
L
HH
b

H
H

Egurt = 10x (Analog Input 2 — Analog Input 1)
Note: S1 must be apen for 50,s min to take first reading with I, = 50 mA. Second reading is taken with = Error Rate — 0.01% F.S./sec
$2 closed. With S1 and other set-up forcing functions under computer control, system will measure line
and load regulation on voltage regulators, voltage gain, offset current, CMRR and PSRR on op amps as
well as other circuits requiring measurement of the change of a parameter with the change of a forcing function.

Precision Long Time Constant Integrator with Reset Four Channel Commutator
g gt
© nemgpa
II
P
ki t.-m.
a0 Ta
. 2
P
o ramaay [ ol
e Integration Internal = 10 sec Analog Signal Range: 15 Vp.p
-'-:‘:«':o— - t—“—l *Integration Error = 1004V . aiiermm © Sample Rate: 1 MHz
E' _ 3 ..r = Reset Time: 30us Acquisition Time: 20ps
*Note: Vos adjusted 1o zero. o ¥ . ' Drift Rate: 0.5 mV/sec




AH2114/AH2114C DPST Analog Switch
General Description

The AH2114 is a DPST analog switch circuit com- ® Powered from standard op-amp supply voltages
prised of two junction FET switches and their of 15V

associated driver. The AH2114 is designed to fulfill
a wide variety of high level analog switching appli-
cations including multiplexers, A to D Converters,
‘integrators, and choppers. Design features include:

IPLIZHY/PLIZHY

Input signals in excess of 1 MHz
® Turn-ON and turn-OFF times typically 1 us

The AH2114 is guaranteed over the temperature
range -55°C to +125°C whereas the AH2114C is
guaranteed over the temperature range 0°C to
® Large output voltage swing, typically 10V +85°C.

® | ow ON resistance, typically 75Q
& High OFF resistance, typically 10''Q

Schematic and Connection Diagrams

o 5 Metal Can Package
Ny
8 Ol “
al
ouTy
3
i,
A3
108K '/—1 a Circut 15 Shown
A a2 4 With Vg Logie 1"
ar 5 out,
108K ‘Pm G
11 O——AA— ar S 1.44K
Ven 9
S R2
184K
R:K 6
10
A o T0P VIEW .
12 2
" ? Order Number AH2114G or AH2114CG

See Package 3

Ew. Rs = 60002

Vinz -18V

v,
ourt . o

Voun

FIGURE 1. FIGURE 2.
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AH2114/AH2114C

Absolute Maximum Ratings

Vplus Supply Voltage

Vminus Supply Voltage

Vplus—Vminus Differential Voltage

Logic Input Voltage

Power Dissipation (Note 3)

Operating Temperature Range
AH2114
AH2114C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

+25V
-25V
> 40V

25V
1.36W

_65°C 10+125°C

0°C to +85°C
-65°C to +125°C
300°C

Electrical Characteristics (Notes 1 and 2)

AH2114 AH2114C
PARAMETER CONDITIONS - UNITS
MIN  TYP MAX | MIN  TYP MAX
Static Drain-Source Ip=1.0mA, Vgs =0V, Ty = 25°C 75 100 75 125 Q
“On" Resistance Ip = 1.0 mA, Vgs = OV 150 160 Q
Drain-Gate Vps = 20V, Vgg = -7V, Ta = 25°C 0.2 1.0 o 02 5.0 nA .
Leakage Current 60 60 nA
FET Gate-Source lg = 1.0uA ‘35 35 \%
Breakdown Voltage Vps = 0V
Drain-Gate Vpg = 20V, Ig = 0 40 50 40 50 | pF-
Capacitance f=1.0MHz T, =25°C )
Source-Gate Vpe =20V, Ip =0 4.0 5.0 4.0 5.0 pF
Capacitance f=1.0MHz, T, = 25°C
Input 1 Turn-ON Time |Vinq = 10V, Ty = 25°C 35 60 35 60 ns
(See Figure 1)
Input 2 Turn-ON Time [V yz = 10V, T, = 25°C 1.2 1.5 1.2 1.2 Hs
(See Figure 1) .
Input 1 Turn-OFF Time|Viny = 10V, Ta = 25°C 06 075 06  075| s
(See Figure 1)
" tnput 2 Turn-OFF Time|Vin2 = 10V, T = 25°C 50 80 50 80 ns
. (See Figure 1)
DC Voltage Range Ta=25C #9.0 *10.0 +9.0 100 \%
{See Figure 2)
AC Voltage Range Ta=25"C \39.0 #10.0 +9.0 *10.0 \
(See Figure 2)

Note 1: Unless otherwise specified these specifi'cations apply for pin 12 connected to +15V, pin 2

connected to ~15V, ~55°C to 125°C for the AH2114, and 0°C to 85°C for the AH2114C.

Note 2: All typical values are for Tp = 25°C.

Note 3: Derate linearly at 100°C/W above 25°C.
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Monolithic N-Channel Junctioh FET Switches

With High Speed Drivers

AM181/AM281, AM182/AM282 dual driver with SPST switches
AM184/AM284, AM185/AM285 dual driver with: DPST switches
AM187/AM287, AM188/AM288 single driver with SPDT switches
AM190/AM290, AM191/AM291 dual driver with SPDT switches

General Description
These devices combine N-channel junction FETs and
bipolar transistors on a single chip for the first time in a
new N-channel Bi-FET process.

This technology provides the industry’s only low “ON”
resistance, high speed, monolithic N-channel junction
FET analog switch. Unique circuit techniques are
employed to achieve break-before-make switching action
and constant “ON" resistance over the analog voltage
range. The switch can block 20V peak-to-peak signals,
and because of the driver design, an "OFF" isolation
greater than 60 dB is achieved at 10 MHz.

Features
® |nterfaces with standard DTL, TTL and CMOS
m Constant ““ON" resistance with signals to =10V

8 “ON” resistance match 2  typ

m “OFF" isolation and crosstalk less than —60 dB at
10 MHz (typ)

B toN/tOFE = 105 ns/95 ns typ
V Break-before-make action
Applications

@8 A-to-D/D-to-A converters

@ Data acquisition

®  Signal multiplexers

®m Sample and hold

Video switch

Schematic Diagram (Typical Channel)

Vi

SUBSTRATE

s

0D

S L6LAY ‘O6LANY ‘88LNY ‘ZGLANY ‘SBLINY ‘¥BLNYV ‘ZSLINV ‘L8LNY

Application Hints*

100 200 * Applications Hints are for design aid only,
Vin Series Series not guar.anteed and not subject to produc-
Vee VEE Vi VR Logic Input Vg Vg **tlon testing
Positive | Negative | Logic | Reference| Voltage Analog Analog Electrical Parameter Chart based on Vg +
Supply | Supply | Supply { Supply | VinH Min/ Voltage Signal 15V, VEg = —18V, V|_=5V, VR = Gnd
Voltage | Voltage | Voltage | Volitage |Vpp Max— Range Range
(V) (V) (V) (V) (v) (V) (V)
+16** -15 +5 . Gnd 2.0/0.8 —-75to+15 |-10to +15
+10 -20 +5 Gnd 2.0/08 -12.5t0o +10| —15 to +10
+12 ~12 +5 Gnd 2.0/0.8 —4.51t0+12 |7 to +12
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AM181, AM182, AM184, AM185,AAM187, AM188, AM190, AM191 Series

Absolute Maximum Ratings

Vee - VEE 36V
Vee-Vp 33v
Vp - VEE 33v
Vp -Vs +22V
Vi - VEE 36V
VL -VIN 8V
Vi —-VR 8V
VIN - VR 8v
VR —VEE . 27v
VR -VIN 2v

Current (Any Terminal)

Connection Diagrams

Storage Temperature
Operating Temperature
Power Dissipation™
Metal Can™*
14-Pin DIP***
16-Pin DIP****

—65°C to +150°C
-55°C to +125°C

* All leads soldered to PC board

** Derate 6 mW/°C above 75°C
*#** Derate 11 mW/°C above 75°C
**** Derate 12 mW/°C above 75°C

450 mW
825 mW
900 mW

AM181/AM281, AM182/AM282*

Metal Can Package
See Package 1
Order by Part Number
Followed by H Suffix

TOP VIEW

Switch states are for logical 1"’ input

01 — D2
Ne = HZ ne Dual-In-Line Package
o) 1 e See Package 16
Order by Part Number
N1 Xin2  Foll d by D Suffix
Vg -2 e vee
v LI

TOP VIEW

AM184/AM284, AM185/AM285*

Switch states are for logical “0" input

16
pee S1

15
= IN1

b Ve

L

-13-\[‘

11
—Vce
1
2

9
P s2

TOP VIEW

Dual-In-Line Package
See Package 17
Order by Part Number
Followed by D Suffix

-AM187/AM287, AM188/AM288*

Metal Can Package
See Package 1
Order by Part Number

g

w3

e\

LER
1
12 1,
1
— s2
10

Dual-In-Line Package
See Package 16
Order by Part Number

) = NC Foilowed by D Suffix
Followed by H Suffix 8 .
¢~ —VEeE
i LI
TOP VIEW
Switch states are for logical **1’’ input TOP VIEW
AM190/AM290, AM191/AM291*
-ty o— Yoy
!
e ) LA
) p3=4—al 18 v
W ! 1 Dual-In-Line Package
$31= - — VR See Package 17
542 = 12 v, Order by Part Number
s ! 1 Followed by D Suffix
04—ty | — v
Ne—H ; L
Yl I S N — LY
TOP VIEW

Switch states are for logical *’1"" input

“Consult local sales representative or factory for information concerning the 14-pin flat package




Electrical Characteristics AM181/AM281, AM182/AM282

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures and tON, tOFF are sampled to ensure

conformance with specifications.

MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM181 AM281 UNITS
’ Vee =15V, VEE=—15V, V| =5V, VR =0 = ~ m = . =
-55°C | 25°C | 125°C [-20°C | 25°C | 85°C
rDS(ON) Drain-Source s=—10mA, ViNy=0.8V | Vp=-75V 30 30 60 50 50 75 Q
“ON" Resistance
IS(OFF) Source “OFF" Vs=10V,Vp =-10V, 1 100 5 100
Leakage Current Vge = 10V, Veg = 20V
Vs=7.5V,Vp=-75V 1 100 5 100
ViN =2V
ID(OFF) Drain “OFF” Vp =10V, Vg=-10V, 1 100 5 100 nA
Leakage Current Vee = 10V, VEE = —20V
Vp =75V, Vg =~7.5V 1 100 5 100
ID(ON) +Is(ON) . Channel “ON"
ViN =08V Vp=Vg=-75V -2 —200 -10 —200
Leakage Current IN 8 o s
TINL Input Current, Input ViN=0 —250 | -250 | —250 | —250 | -250 | —250
Voltage Low
A
INH Input Current, Input VIN =5V 10 20 10 20
Voltage High
tON Turn “ON" Time 150 180
See Switching Time Test Circuit ns
tOFF Turn “OFF" Time 130 ) 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM182 AM282 UNITS
Vee =15V, VEg=~15V, VL =5V, VR =0 = " ’ >
. -55°C | 25°C | 125°C | -20°C | 25°C | 85°C
rDS(ON) Drain-Source Is=—10mA, V|y=0.8V | Vp=—-10V 75 75 100 100 100 150 Q
““ON"" Resistance
IS(OFF) Source “OFF” Vg =10V, Vp =-10V, 1 100 5 100
Leakage Current Vce = 10V, VEE = -20V
Vg =10V, Vp =-10V 1 100 5 100
T OFF VIN =2V
ID(OFF) Drain “OFF Vp =10V, Vg=-10V, 1 100 5 100
Leakage Current Vee = 10V, VEE = ~20V nA
' Vp =10V, Vs =-10V 1 100 5 700
ID(ON) * IS(ON) Channel ““ON"" Vin =08V’ Vp =Vg=-10V -2 ~200 -10 —200
Leakage Current
IINL Input Current, Input ViN=0 —~250 |[-~250 { -250 { —-250 |-—250 { —250
Voltage Low
HA
HNH Input Current, Input VIN =5V 10 20 . 10 20
Voltage High
tON Turn “ON” Time 250 300
See Switching Time Test Circuit ns
1OFF Turn “OFF" Time 130 150
MAX LIMITS
N TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15V 15V, Vy =5V VR =0 AM181, AM182 AM281, AM282 UNITS
ce= B VEE LR TR -55°c [25°c [125°c |-20°c [25°c [asc
CS(OFF) Source “OFF " Capacitance Vg=-5V,Ip=0 9 Typical, (Note 1)
CD(OFF) Drain “OFF" Capacitance f=1MHz Vp=-5V,Ig=0 6 Typical, (Note 1) pF
CD(ON) + C5(ON)  Channel “ON" Capacitance Vp=Vg=0 14 Typical, (Note 1) -
“‘OFF" lsolation RL=75Q > 60 dB at 10 MHz Typical, (Note 1)
Icc Positive Supply Current - 0.1 0.1
(EE Negative Supply Current -5 -5
Both VN = 0, All Channels “ON"
[N Logic Supply Current 45 45
IR Reference Supply Current -2 -2
mA
icc - Positive Supply Current 0.1 N 0.1
IEe Negative Supply Current -5 -5
Both VN = 5V, All Channels “OFF"
[N Logic Supply Current . 45 45
IR Reference Supply Current -2 -2

Note 1: Typical values are for Design Aid on/y, not guaranteed and not subject to production testing.
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Electrical Characteristics AM184/AM284, AM185/AM285

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tQN, tQFF are sampled-to ensure

conformance with specifications.

MAX LIMITS
TEST CONDITIONS, UNLESS NOTED: -
PARAMETER Vep = 15V, Ve = —15V, VI =5V, Vi = 0 AM184 AM284 UNITS
' cc= 5V, VEE VLTIV YR —55°C | 25°C | 125°c | —20°c [ 25°c [ 85°C
rDS(ON) Drain-Source Ig=—10 mA, VN = 2V |Vp =—7.5V 30 30 60 50 50 75 Q
ON Resistance
IS(OFF) Source OFF Vg =10V, Vp =-10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = 20V
|Vg=7.5V,vp=-75V 1 100 5 100
- Vin = 0.8V 5
ID(OFF) Drain OFF Vp =10V, Vg =-10V, 1 100 5 100 NA
Leakage Current Vee = 10V, VEE =20V
’ Vp = 7.5V, Vg =-7.5V 1 100 5 100
ID(ON) *+ IS{ON) . Channel ON VIN =2V VD =Vg=-7.5V -2 —200 -10 ~200
Leakage Current
N Input Clrrent, Input VIN=0 ~250 { -250 | -250 | —-260 { -250 | —250
Voltage L
ge Low uA
IINH Input Current, Input ViN =5V 10 20 10 20
Voltage High
ton Turn ON Time . ) , 150 "l 180
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 . 150
' MAX LIMITS
TEST CONDITIONS, UNLESS NOTED: -~
PARAMETER Ve = 15V, VEE = 15V, V| =5V, VR =0 AM185 AM285 UNITS
cc= 5. VEE PYLTEVVR —55°C | 25°C | 125°C| —20°C | 25°C | 85°C
'DS(ON) Drain-Source 15=-10V, VN =2V |Vp=-10V 75 75 150 | 100 | 100 | 150 Q
ON Resistance :
IS(OFF) Source OFF Vs =10V, Vp = —10V, 1 100 5 100
Leakage Current Vge = 10V, VEE = —20V
Vg =10V, Vp = —10V 1 100 5 100
" VIN = 0.8V
ID(OFF) Drain OFF Vp =10V, Vg =-10V, 1 100 5 100 nA
Leakage Current Vee = 10V, VEE = 20V
Vp =10V, Vg =-10V 1 100 5 100
ID(ON) +IS(ON)  Channel ON Vin =2V Vp =Vg=-10V -2 -200 =10 —200
Leakage Current
INL Input Current, Input VIN=0 -250 | -250 | -250 | -250 | —-250 | —250
Voltage Low ~
HA
HNH Input Current, Input VIN-= BV 10 20 10. 20
Voltage High -
tON Turn ON Time : 250 300
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
MAX LIMITS
1m ED: - .
PARAMETER VTESJ—:;?/NS T ?l\ii,s)l\)/Nl\;ES—SSI\\I,OI/ D_ o - AM184, AM185 AM284, AM285 UNITS
ce= Y. VeE LT TR 65°C | 25°C | 125°C | —20°C | 25°C | 85°C
CS(OFF) Source OFF Capacitance Vg=-5V,Ip=0 9 Typical, (Note 1) -
CD(OFF) Drain OFF Capacitance | f=1 MHz Vp=-5V,Is=0 6 Typical, (Note 1) pF
CD(ON) *+ CS(ON) Channel ON Capacitance Vp=Vg=0 ) 14 Typical, (Note 1)
““OFF"’ Isolation RL=75Q > 60 dB at 10 MHz Typical, (Note 1)
Icc Positive Supply Current 0.1 0.1
Ige Negative Supply Current —4 -4
[N Logic Supply Current Both VIN = 5V, All Channels "ON"* 4.5 45
Ir Reference Supply -2 -2
Current mA
Icc Positive Supply Current 0.1 0.1
IEE Negative Supply Current -5.5 -5.5
I Logic Supply Current Both V| = 0, All Channels “OFF" 4.5 4.5
h IR Reference Supply -2 -2
Current

Note 1: Typical valﬁes are for Design Aid only, not guaranteed and not subject to production testing.

5-20




Electrical Characteristics AM187/ANM287, AM188/AM288

. dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tQN, toép are sampled to

S LBLINY ‘O6LINY ‘S8LINY ‘LSLINY ‘SBLAY ‘Y8LINV ‘Z8LIANY ‘L8LINY

ensure
conformance with specifications.
,‘ MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER Vee = 15V, Veg = 15V Vi =5V, V o AM187 AM287 UNITS
cc - VEE SYLESVER -55°C | 25°C | 125°c | -20°c | 25°c | 85°C
'DS(ON) Drain-Source Is==10mA, V| = 2V, Ch. 1 “ON", | Vp =-7.5V 30 30 60 50 50 75 Q
’ “ON"* Resistance ViN = 0.8V, Ch. 2 “ON"
IS(OFF) Scurce “OFF"" Vg =10V, Vp = —10V, 1 100 5 " 100
Leakage Current Vce = 10V, VEE = —20V
- =2V, Ch.2 “OFF"
VIN =2V, Cn. 270 Vs = 7.5V, Vp = ~7.5V 1 100 5 100
VN = 0.8V, Ch. 1 “OFF"
ID(OFF) Drain “OFF” Vp =10V, Vg =-10V, 1 100 5 100 |, nA
Leakage Current Vee = 10V, VEE = —20V
Vp =7.5V, Vg = -71.5V 1 100 5 100
ID(ON) +IS(ON)  Channel “ON"" VIN =2V, Ch. 1 “ON" Vp =Vg=-7.5V -2 —200 -10 —-200
Leakage Current V(N =0.8V,Ch 2 "ON"
lINL Input Current, Input VIN=0 —-250 | -250 | —250 [ —250 [ -250 | —250
Voltage Low
HA
HINH input Current, Input VIN =5V 10 20 10 20
Voltage High
tON Turn ““ON" Time . 150 180
See Switching Time Test Circuit ns
SOFF Turn “OFF"” Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15V, v 15V V) =5V V o AM188 AM288 UNITS
CC = 1oV, VEE =I5V, VL 75V, VR = -55°C | 25°C | 125°C | —20°C | 25°C [ 8s°C
TDS(ON} Drain-Source Is=-10mA, V|N = 0.8V, Ch. 2 Vp =10V 75 75 150 100 100 150 Q
“‘ON” Resistance “ON", VN =2V, Ch. 1 "ON"
IS(OFF) Source "pFF" Vg =10V, Vp =-10V, 1 100 5 100
Leakage Current Vee = 10V, VEE = ~20V
Vin = 0.8V, Ch. 1 “OFF" Vs =10V, Vp = -10V 1 100 5 100
ID(OFF) Drain “OFF" VIN =2V, Ch. 2 “OFF" Vp = 10V, Vg = -10V, 1 100 5 100 A
. n
- Leakage Current Vee = 10V, VEE = 20V
Vp = 10V, Vg =—10V 1 100 | 5 100
ID(ON) *+ IS(ON)  Channel “ON" VIN =2V, Ch. T “ON” Vp = Vg = =10V -2 ~200 -10 | -200
Leakage Current Vin =08V, Ch.2"ON"
L , Input Current, Input ViN=0 -250 | -250 | ~250 | —250 |-250 | 250
Voltage Low
uA
HINH Input Current, Input ViN =5V 10 20 10 20
Voltage High
tON Turn “ON" Time 250 300
See Switching Time Test Circuit ns
tOFF Turn “OFF” Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15V, v 15V. Vi =5V V o AM187, AM188 | AM287, AM288 UNITS
cer Y. VEE LT R -55°c | 25°c [125°C [-20°c [25°C [ 85°C
CS(OFF) Source “OFF"" Capacitance Vs=-5V,Ip=0 9 Typical, (Note 1)
CD(OFF) Drain “OFF* Capacitance f=1MHz Vp=5V,Ilg=0 6 Typical, (Note 1) pF
Cp(ON) * Cs(ON) Channel “ON" Capacitance Vp=Vg=0 14 Typical, (Note 1)
“OFF" Isolation RL =759 > 60 dB at 10 MHz Typical, (Note 1)
Icc Positive Supply Current ” 0.1 0.1
IEe Negative Supply Current -3 -3
VIN =0, Ch. 2 “ON”, Ch. 1 “OFF"
IR . Logic Supply Current 3.2 ’ . 3.2
IR Reference Supply Current -2 -2
mA
- lce Positive Supply Current 0.1 0.1
Ige Negative Supply Current B -3 -3
Vin =5V, Ch. 2 “OFF”, Ch. 1 “ON" -
I Logic Supply Current 3.2 3.2
IR Reference Supply Current -2 -2

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Electrical Characteristics AM190/AM290, AMi191/AM291

dc parameterS are 100% tested at 25°C; ac parameters, high and low temperatures, and tQN., tOFF are sampled to ensure
conformance with specifications.

TEST CONDITIONS, UNLESS NOTED: MAX LIWITS
PARAMETER Voo = 15V, V ___1'5\/ Vi =5V V. -.0 AM190 AM290 UNITS
cc= BV, VEE T TIBTL VLTV VR 55°C | 25°C | 125°C| 20°C| 25°C | 85°C
rDS(ON) Drain-Source Is=—10mA,V N =2V,Ch.1and 2 Vp =-7.5V 30 30 60 50 50 7% Q
ON Resistance “ON",V|n=0.8V,Ch.3and 4 “ON"
IS(OFF) Source OFF Vg =10V, Vp =-10V, 1 100 5 100
Leakage Current Ve = 10V, VEE =20V
R VIN =2V, Ch. 3 and 4 “OFF" Vg=75V,Vp=-75V 1 100 5 100
ID(OFF) Drain OFF Vin = 0.8V, Ch. 1and 2 "OFF"” Vp = 10V, Vg =-10V, 1 100 5 100 nA
Leakage Current Vee =10V, VEg =-20V
Vp =75V, Vg =-7.5V 1 100 5 100
Ip(ON) +Is(ON)  Channel ON ViN =2V, Ch. T and 2 "ON" Vp = Vg =-7.5V -2 =200 -10 -200
Leakage Current Vin = 0.8V, Ch. 3and 4 “ON"
HINL Input Current, Input VIN=0 -250 | -250 | -250 | -250 | -250 | -250
Voltage Low
HA
lINH Input Current, Input ViN =5V 10 20 10 20
Voltage High
tON Turn ON Time 150 180
See S ing Time Test Circuit ns
tOFF Turn OFF Time 130 150
TEST CONDITIONS, UNLESS NOTED: MAX LIMITS
PARAMETER Voe = 15V, V __1'5‘/ Vi =5V V _'0 AM191 AM291 UNITS
cc= Y. VEE PYLme R 55°C| 25°C | 125°C] —20°C| 25°C] 85°C
IDS(ON) Drain-Source Is=-10mA, VN =0.8V, Ch.3and Vp =-10V _75 75 150 100 100 150 Q
ON Resistance 4“ON", VN =2V, Ch.1and 2“ON"
IS(OFF) Source OFF ' Vg =10V, Vp =-10V, 1 100 v 5 100
Leakage Current Vee = 10V, VEE = -20V
V|N=-0.8V,Ch11and2"0FF” Vs =10V, Vp =—10V 1 100 5 100
ID(OFF) Drain OFF VIN=2V,Ch3and 4 “OFF"” Vp = 10V, Vg =-10V, 1 100 5 100 nA
Leakage Current Vee = 10V, VEE = -20V
Vp = 10V, Vg = -10V 1 100 5 100
ID(ON) + IS(ON)  Channel ON ViN =0.8V, Ch. 3 and 4 “ON" Vp = Vg =-10V -2 —200 -10 -200
Leakage Current VIN =2V, Ch. 1and 2 “ON"" :
HNL Input Current, Input Vin =0 —250 | —250 | -250 | -250 { -250 | -250
Voltage Low
" HA
HINH Input Curient, Input VIN =5V 10 20 10 20
Voltage High
tON Turn ON Time 250 300
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
*MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM190, AM191 I AM290, AM291 UNITS
Ve = 15V, VEg = =15V, V. =5V, VR =0 = = - = P Rt
-55°C | 25°C | 125°C| —20°C | 25°C | 85°C
CS(OFF) Source OFF Capacitance Vg=-5V,Ip=0 9 Typical, (Note 1)
CD(OFF) Drain OFF Capacitance | f=1MHz Vp=5V,lg=0 6 Typical, (Note 1) pF
Cp(ON) + Cs(ON) Channel ON Capacitance Vp=Vs=0 14 Typical, {(Note 1)
“OFRF" Isolation RL=75Q > 60 dB at 10 MHz Typical, (Note 1)
Icc Positive Supply Current 0.1 0.1
IEE Negative Supply Current . -5 -5
L Logic Supply Current VIN =0, Ch.3and 4 “ON", Ch. 1 and 2 “OFF" 4.5 45
IR Reference Supply -2 -2
Current
mA
Icc Positive Supply Current 0.1 0.1
Igg Negative Supply Current N : -5 -5
I . Logic Supply Current VN =5V, Ch. 3and 4 “OFF”, Ch. 1and 2 “ON" 45 45
IR Reference Supply -2 -2
Current

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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Typical Performance Characteristics v =15V, VEE = =15V, V| = 5V, VR = 0 unless otherwise noted.
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— VGEN

I

LOGIC
INPUT

Typical delay, rise, fall, settling
times, and switching transients in
this circuit.

If RGEN., RL or CL is increased
there will be proportional in-
creases in rise and/or fall RC times.
8

LOGIC INPUT

Vi — LOGIC INPUT (V)
oNn & o

0 Vg = 10V
L

-2 ——VeEn = ¥

Vg - DUTPUT VOLTAGE (V)
~

=6 T Vgen =-S5V
1 1

-10 VgEn = —10V—
I

0 04 0.8 1.2 1.6
t = TIME {us)

LI ~Cp
10K 10pF
Vin .
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Switching Time Test Circuit

Switch output waveform shown for Vg = constant with

logic input waveform as shown. Note that Vg may be +

or — as per switching time test circuit. VQ is the steady
Vi Vee

? v ?wv
SwTen & 4,( A u S swircH
INPUT ] ouTPUT
wi Ry -L
Jﬂl) T (l

LOGIC =

INPUT lV 15V(L tON:Vs—3V
ue w e tOFF. Vs =-3V
- R
Vo =Vg L

Ry +rDS(ON)

(Repeat test for IN2 and S2)

Typical Applications

state output with switch “ON”. Feedthrough via gate
capacitance may result in spikes at leading and tralllng
edge of output waveform

LoGIC  3v _\ /____
INPUT 15V

4 <10ns
t<tons 0 N/
SWITCH
eyt VS
09vg

swrew | 04 Vp
ouTPUT

—= toN — 109FF

Logic /0" = SW. “ON"

Low Drift-Compensated Sample and Hold

R1 ~AM181

@
>
4

5k
N O—AAN
3

28k 5y 02

b—0 eQUT
(—eyy)

A

LoGIC

el

FET INPUT
AMPLIFIER

. —ch
Z‘E- 300 pF I— 1500 pF

! 1k ouTPUT

e |nput impedance 5 k2
e Slew rate limiting and 3 dB point: 20V swing: 3.2K C; 5V swing: 12K C; small signal: 21K C
e Droop rate @ 25°C 0.5 nV per us
e Sample to hold offset adjustable to zero
® Acquisition time—98 us
~® Aperture 1ime—80 ns
e Aperture unceftainty—2 ns
Video Switch with Very High “OFF’" Isolation
f = dc to 10 MHz)
TV CAMERA 1 i
Am187 AM181
A A Qi1 s N
AAAs v
) NN |
31 |
{ I I
o7 - r o{ A
P g
: . [ CAMERA 1SELECT
TV CAMERA 2 .
AM187
R . . JRULE @—————— CAMERA 2 SELECT
VW ( ) Q\'
%75 ]
| ”
L !
|

® 116 dB isolation at 10 MHz, “OFF"’ camera to “ON’’ camera
® 98 dB isolation at 10 MHz, load from each camera when both cameras are "OFF"’

e < 1dB on insertion loss’
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Typical Applications (continued)

A 16-Channel Data Acquisition Unit with Second Level Multiplexing

15V —15V
,n? JT | l

"l

T llisile | BT

coas208¢ LY -
oo || i |,
als l4 IJ‘E 1
A2 A} AbT
) 52

LF13508
‘ 4 7 5
EN A0 A1 A2 .L—O/rc 2
' l
PV 19 P 9
BN Ab AL A2 Lot of2d
? ? ? ? | | sz
2 [1 Jis [is 5

r
I
I
I
|
I

LF356 I
|
I
|
I
|
L

r A
= I |
3 = —
oo 1788 o] 5 |
o7 - oMm2502 o .
o ki I L '
oxfo” el il wt o |
. W
o | op QLLPTYORD |
g—o/, 3 _ i 3 |
] LF13503 |— I 5k = i — g I
10070 1 To P 2
”J, 3& '-‘IJ_- | 4 5k LM13008 ’ o l
P I = _E\ANE ' Io & Sk LM I
| I
| |
L

Maximum A/D clock frequency: 4.5 MHz

Maximum throughput rate: 31.25k samples/sec

Minimum switch “ON" time for the 2-channel MUX: toN (min) < 1/4.5 MHz

Maximum input signal bandwidth 15.6 kHz :

Maximum input signal variation during conversion for 8-bit accuracy and 10V full scale: AV|N/AT = 19.5 mV/us

© © 0 e O

Timing Diagram

1 I L.

s2

S LGLNY ‘O6LINY ‘SBHAY ‘Z8LINY ‘SSHAY ‘VSHNV ‘TSLINY ‘ISHAY

®
-
®
w

Ao

At

A2

Ag
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AM2009/AM2009C, MM4504/MM5504

AM2009/AM2009C, MM4504/MM5504
6-Channel MOS Multiplex Switches

General Description

The AM2009/AM2009C/MM4504/MM5504 are six The AM2009/AM2009C/MMA4504/MM5504 are de-
channel multiplex switches constructed on a single signed for applications such as time division multi-
silicon chip using low threshold P-channel MOS plexing of analog or digital signals. Switching
process. The gate of each MOS device is protected speeds are primarly determined by conditions
by a diode circuit. . external to the device such as signal source imped-

ance, capacitive loading and the total number of
channels used in parallel.

Features
B Typical low “on” resistance 16082 The AM2009/MM4504 are specified for operation
8 Typical low “off"” leakage 100 pA over the -55°C to +125°C military temperature
B Typical large analog voltage range 10V range. The AM2009C/MM5504 are specified for
& Zero inherent offset voltage operation over the -25°C to +85°C temperature
8 Normally off with zero gate voltage range.

Schematic Diagrams

s 0
O BULK.

— & /Y 'y /' /Y x
L Fo b
— 1 for the MM4504/
p— MMS5504 only.
01 0
1] ,_®
- p———O SOURCE
04 O 1
05 (Fm 1_[_[
ot 1le
- 1 la dl 0. ‘35 U
4] G2 63 G4 65 (13
Order Number ' Order Number
AM2009F or AM2009CF AM2009D or AM2009CD
MM4504F or MM5540F MM4504D or MM5504D
See Package 23 See Package 14

Typical Applications

INPUT
CHANNELS MMAS04/MMS504

1
ANALOG INPUTS 1 1
! evecenee]s : I | 1| amaowamazose | anaroc
2 DM7800 ] 1 ] MM4504/MM5504 ouTPUT
- [ | 1\
3
P AM2009/AM2009C ALOG INPUT 5= €
weuts 4 4] om0 1MASI/MMs508 = SUALO cHANNELS 22232 mmasoammssoa I I I l l -
5
1] oM7800 ADDRESS SELECT ADDRESS SELECT
TTL Compatible 6 Channel MUX 32 Channel MUX
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Absoclute Maximum Ratings (vou«=0v)

Voltage on Any Source or Drain -30V Total Power Dissipation (at T4 = 25°C) 900 mW
Voltage on Any Gate -35V Power Dissipation — each gate circuit 150 mW
Positive Voltage on Any Pin 10.3V Operating Temperature Range  AM2009 -55°C t0 +125°C
Source or Drain Current 50 mA AM2009C -25°C to +85°C
Gate Current (forward direction ot zener clamp) 0.1 mA Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C

Elecirical Characteristics (Note 1)

POSSININ/FOSPININ “06002ZINY/600CINY

LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX

Threshold Voltage Vs = Vps, Ipg = =1 A -1.0 -3.0 \
DC ON Resistance Vgs = -20V, lpg = ~100 A,

Ta=25°C 150 250 Q
DC ON Resistance Vgs = =10V, Vgg = -20V,

. lpg = =100 pA, T = 25°C 500 1250 Q

DC ON Resistance . Vgs = -20V, Ipg = ~100 uA 325 Q2
DC ON Resistance Vgs = -10V, Vgg = =20V,

los = ~100 uA 1500 Q
Gate Leakage Vgs = -20V, Note 2 10 uA

Vgs = 20V, Note 2, T, = 25°C 100 pA
Input Leakage Vps = -20V, Note 2 1.0 HA

Vos = =20V, Note 2, T, == 25°C 100 pA
Output Leakage Vsp = =20V, Note 2 3.0 HA

Vgp = -20V, Note 2, T, = 25'C 500 pPA
Gate Bulk Bieakdown lag = =10 A, Note 2 -35 ’ Vv
Voltage
Source-Dram Breakdown Isp = =10 uA, Vg = 0,
Voltage Note 2 -30 \ =
Drain-Source Breakdown Ips = =10 uA, Vgs = 0, ,
Voltage Note 2 -30 \
Transconductance 4000 mhos
Gate Capacitance Note 3, f = 1 MHz 4.7 8 pF
Input Capacitance Note 3, f= 1 MHz 4.6 8 pF
QOutput Capacitance Note 3, f = 1 MHz 16 20 pF

Note 1: Ratings apply over the specified temperature range and Vg K = 0, unless otherwise specified.

Note 2: All other pins grounded.

Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other pins. Capacitances are
guaranteed by design.

Typical Performance Characteristics

. “ON" Resistance vs Gate-to- ““ON’’ Resistance vs T Input Leakage Current vs
Source Voltage Temperature Temperature
00 T 500 = 100,000
Ips = =100 uA
809 [~ 25g o 1 =
i 310000
500 T 1 =
5w Vgs = +20V PR B H
El [T Ves=+10V E ~ B &
z Vog= 45V = LT Vs = -1 Jv, vg’s— 20V S 1000
o< 00 = 200 e % 5
200 E
160 Vg = ~20V, v‘ ov g ow
- 20V, Vs = OV —] E
100 Gs s
0 0 1
[} 50 -25 0 25 50 75 160 125
TEMPERATURE ( C) TEMPERATURE ('C)
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AM3705/AM3705C

AM3705/AM3705C 8-Channel MOS Analog Multiplexer

General Description

The AM3705/AM3705C is an eight-channel MOS
analog multiplex switch., TTL compatible logic
inputs that require no level. shifting or input
pull-up resistors and operation over a wide range
of supply voltages is obtained by constructing the
device with low threshold P-channel enhancement
MOS technology. To simplify external logic re-
quirements, a one-of-eight decoder and an output
enable are included in the device.

Important design features include:

TTL/DTL compatible input logic levels
Operation from standard +5V and ~15V supplies
Wide analog voltage range — 5V '
One-of-eight decoder on chip

a a o

Output enable control

® Low ON resistance — 15082
® |nput gate protection
8 Low leakage currents — 0.5 nA

The AM3705/AM3705C is designed as a low cost
analog multiplex switch to fulfill a wide variety of
data acquisition and data distribution applications
including cross-point switching, MUX front ends
for A/D converters, process controllers, automatic
test gear, programmable power supplies and other
military or industrial instrumentation applications.

The AM3705 is specified for operation over the
-55°C to +125°C military temperature range. The
AM3705C is specified for operation over the -25°C
to +85°C temperature range.

Schematic and Connection Diagrams

I
NSREREN ARSI SRR R A J RERRERR!
. ?J ?J ?'_[ ?J ?J ?J ?J ?J Dual-In-Line Packgge
e fa T . o o
g T T T i o
Gl GG o] I
£ Gl ol o - ..
.J J ,_] ,J TOP VIEW
L, ? ) ? ? = Order Number
r mf my m o — AM3705D or AM3705CD
= ‘ | ? —— ? | ? —| ? E ee Package
o 1 7] 5] 1 . ) AM3§05: ork A?Vl;‘;r’OSCF
,m,__. See Package 24

Block Diagram (wiL-sTD-8068)

DATA INPUT

CHANNEL NO §

DATA QUTPUT

TTTTITTIT

ONE OUT OF ELGHT DECODER

2 1[ z[ uw]nn
ENABLE
~—————————————— *Both Vgs lires are internally
LOGIC INPUT connected; either one or
both may be used.

|

Voo

Truth Table

'

LOGIC INPUTS

CHANNEL
2° PR OE . ON
L L L H s,
H L L H S,
L H L H S5
H H L H Sa
L L H H Ss
H L H H Se
L H H H s,
H H H H Sg
X X X X OFF

Typical Application

Buffered 8-Channel Multiplex, Sample and Hold

o MNALOG
ourre

Analog Signal Range — 0.5V

= Acquisition Time — 25 ns
Dnift Rate — 0.5 mV/sec

Aperature Time — 250 ns.
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Absolute Maximum Ratings

Positive Voltage on Any Pin (Note 1)

Negative Voltage on Any Pin (Note 1)

Source to Drain Current

Logic Input Current

Power Dissipation (Note 2)

Operating Temperature Range AM3705
AM3705C

Storage Temperature Range

+0.3V

-35v

+30 mA

+0.1 mA

500 mW

-55°C to +125°C
-25°C to +85°C
-65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (nNote 3)
LIMITS
1m
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ON Resistance Ron Vin = Vss: louT = 100 uA 80 250 Q
ON Resistance Ron Vin = =5V loyt = =100 uA 160 400 Q
ON Resistance Ron Vin = -5V, loyt = ~100 uA
AM3705 Ta=+125°C 400 Q
AM3705C Ta=+70°C 400 Q
ON Resistance i Ron Vin = +5V; Vpp = -15V;
lout = 100 LA 100 Q
ON Resistance Ron Vin = 0V, Vpp = -15V,
lout = 100 uA 150 Q
ON Resistance Rown Vin = -BV; Vpp = -15V;
lout = -100 A 250 ° Q
OFF Resistance Roer 1010 Q
Output Leakage Current o Vss - Vour = 15V . 0.5 10 nA
AM3705 S Vss - Vour = 15V, Ta = 125°C 150 500 nA
AM3705C ILo Vss - Vour = 15V, T = 70°C 35 500 nA
Data Input Leakage Current - Lot Vss - Vin = 16V 0.1 3.0 nA
AM3705 lo Vss - Vin = 15V; Ta = 125°C 25 500 ° nA
AM3705C lor Vss - Viny = 15V T = 70°C 0.5 500 nA
Logic Input Leakage Current ['H Vss = Viogecin = 18V .001 1 MA
AM3705 I Vss = Viogein = 16V; Ta = 125°C .05 10 UA
AM3705C L Vss = Viogen = 16V; Ta = 70°C 05 10 uA
Logic Input LOW Leve! ’ VL Vgs = 5.0V 0.5 1.0 '
Logic Input LOW Level Vi Voo Vss - 4.0 \
Logic Input HIGH Level Vin Vgg = +56.0V 3.0 35 A\
Logic Input HIGH Level Vin Vgg - 2.0 Vgs +0.3 \
Channel Switching Time-Positive & l Switching Time 300 ns
Channel Switching Time-Negative a } T?“ Circuit 600 ns
Channel Separation f=1kHz 62 dB
Output Capacitance Cap Vss - Vour = 0; f = 1 MHz 35 pF
Data Input Capacitance Cq Vss - Vpip=0;f=1MHz 6.0 pF
Logic Input Capacitance Ceq Vss = Viogicin = 0; = 1 MHz 6.0 pF
Power Dissipation Po Vpp =-31V, Vg5 = 0V 125 175 mW

Note 1: All voltages referenced to Vgg..

Note 2: Ratings applies for ambient temperatures to +25°C, derate linearly at 3 mW/°C for ambient temperatures above +25°C.
Note 3: Specifications apply for Tp = 25°C, —24V < Vpp < —20V, and +5.0V < Vgs < +7.0V; unless otherwise specified

(all voltages are referenced to ground).
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AM3705/AM3705C

Typical Performance Characteristics

Ron (2)

OUTPUT LEAKAGE CURRENT (pA)

ON Resistance vs Analog
Input Voltage

ON Resistance vs

Ambient Temperature

ON Resistance vs Vpp
Supply Voltage

EVour - Vss = 15V
+ t

108
==—=— |
[ 1 1 . .4 1 Vase
0
.
=—=———|
L T 1 7 1 I 1
.
-
[ |74 1 1 1 . | -
P S S — —
0 25 50 75 100 125

TEMPERATURE ('C)

Typical Applications (COﬁtinuedi

Differential input MUX

) s
myestng [ OF
wpur
o |} | A
i
o]

)
100t

s
w

boog
o—a
-
|

a2
1ok

" ourrur

ENABLE(TTL) A *
sofisfif «
s "
wventing | T i S
Wit {4 | woms
cunenets | ) =
| odt
T o
. Voltage Gain = 200
oo Differential Input Resistance = 10'°0
CMRR = 100 dB

Input Current = 0.5 nA

8-Channel D itipl with le and Hold

mrrsurren

o O 1w
ot ~ outhur
eyt cnanner | o]
é stiecTano | O
5 ouanie rr) | 01

oY

300 T T T
Vo = 20V R ] \ Ta=25°C
250 — TEST POINT {—— Vss=+7V Vss =47V 1 250 V=46V |
Ta=425°C 30 |-lour =-1004A HEA A\ tour =-100 A |
200 lour = -100 A | 200 TESTPOINTS || 200 \‘ X\ ]
_ 250 Ll 3 P ( Vour =50V —]
150 TEST POINT—¢ g Vineur =-5V | |47 = 150
\ z 200 = 2
] < - h— e~
100 b 150 L 100 =
™~ . 1 | Vour =450V ;
50 : T Vineur'= +7V 50 Vour = 0.0V
50 Vi |
. ; ITL , 1
5 <3 - -1 0 +1 43 5 +7 -75 -50 -25 0 25 50 75 100 125 -10 -15 =20 -25
INPUT (V) TEMPERATURE (°C) Voo SUPPLY (V)
Output Leakage Current vs Switching Time Test Circuit
Ambient Temperature N
10°

OO0Ono

16-Channel Commutator

v
A

o
T

s

counen
=

anaLos
WS,
e

coex
T

Wide Input Range Analog Switch

o -ANALOE
outrur

Analog Input Range — 25V .
Slew Rate ~ 5 V/us
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AM9709, AM97C09, AH5009 Series
Monolithic Analog Current Switches

General Description

A versatile family of manolithic JFET analog switches
designed to economically fulfill a wide variety of multi-
plexing and analog switching applications.

Even numbered switches may be driven directly from
standard 5V logic, whereas the odd numbered switches
are intended for applications utilizing 10V or 15V logic.
The monolithic construction guarantees tight resistance
match and track.

The AM97CO09 series is specifically intended to be driven
from CMOS providing the best performance at lowest
cost.

Applications

a AD/DA converters

® Micropower converters
8 |ndustrial controllers
® Position controllers

® Data acqbisition

Active filters
Signal multiplexers/demultiplexers
Multiple channel AGC

Choppers/demodulators
Programmable gain amplifiers
High impedance voltage buffer

[
]
[]
® Quad compressors/expanders
-
]
»
[

Sample and hold

Features

Interfaces with standard TTL and CMOS

On-resistance match 2 ohms
Low ““ON"’ resistance 100 ohms
Very low leakage 50 pA
Large analog signal range +10V peak
High switching speed 150 ns
Excellent isolation between 80 dB
channels at 1 kHz

Connection Diagrams

Dual-In-Line Package

U

=

S SRERECEH

N S S P O 1S

TOP VIEW

Order Number AM9709CN, AM9710CN, AM97C09CN,
AM97C10CN, AH5009CN, AH5010CN, AH5013CN
or AH5014CN '
See Package 21

Dual-In-Line Package

U L

o O O B O e K

TOP VIEW
Order Number AM9711CN, AM9712CN, AM97C09CN,
AM97C10CN, AH5011CN, AH5012CN, AH5015CN
or AH5016CN
See Package 22

Functional and Schematic Diagrams (Additional type on other pages)

'SPST Switches
(Quad Version Shown)

MUX Switches
(4-Channel Version Shown)

MUX Switches
(4-Channel Version Shown)

SPST Switches

(Quad Version Shown)
COMPENSATING FET

2 o—c/:A-—————01| 3 o—o{‘——ou 10——3 7 5 & H 4 3 1
oo romnnd 'RdRal Y
eo—o/:l——,-—-l\o—-oa so--o/;l——oa *o i*o -
—_1 . 1 2
10~ 70-== 5 O—t 50— 8
9 0—0/:‘—4 " Ta—os P {!
8 Omm— . 100-~—=- . ] —oO 1 4o T
o
13 o—(/;L—J ] o—o/;A——ous s 7 7
18 O 5ommmd 90— . 11 O— 9
A 'Y
10% O 12* 0
8 10
13 0—9 14 0—4 16
Note: All diode cathodes are internally connected }
to the substrate. 12* O 1% 0 .
1 15

COMMON DRAINS UNCOMMITTED DRAINS
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AMS709, AMS7CO09, AH5009 Series

Absolute Maximum Ratings

Input Voltage .
AM9709—12CN, AH5009—24CN
AM97C09—-12CN

Positive Analog Signal Voltage

Negative Analog Signal Voltage

Diode Current

Drain Current

Power Dissipation

Operating Temperature Range

Storage Temperature Range

30V
25V

30V

-15V

10 mA

30 mA

500 mW

—25°C to +85°C
—65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics
AM9709, AM9I7C09, AH5009 (Notes 1 and 2)
5V TTL 5V TTL 5V-10V CMOS
PARAMETER CONDITIONS AM9710CN AH5010-16 AM97C10CN UNITS
AMI712CN (EVEN SERIES) AM9712CN
TYP MAX TYP MAX TYP MAX
lgsx Input Current "OFF"" Vgp =11V, Vgp =0.7V 0.01 2 0.01 0.2 nA
Ta =85°C 100 10 nA
lgsx Input Current “OFF"’ Vgp = 18V, Vgp = 0.7V 0.01 2 nA
Th=85C ) 100 nA
fo0FF) Leakage Current "OFF" Vgp = 0.7V, Vgg = 3.8V 0.01 0.2 0.01 0.2 nA
Ta =85°C 10 10 nA
loorr) Leakage Current “OFF" Vgp = 0.7V, Vgg =4.3V 0.01 2 nA
' T, =85°C 100 nA
lsony Leakage Current “ON" Vgp 20V, Ig =1 mA " 0.08 1 0.08 1 0.08 1 nA
Ta =85°C 200 200 200 nA
lson) Leakage Current “ON" Vgp =0V, Ig =2mA 0.13 5 1000 0.13 5 nA
: ' Ta =85°C 10 10 10 HA
'
laon) Leakage Current “ON" Vgp =0V, Ig =—2mA '041‘ 10 100 0.10 10 nA
Ta =85C 20 100 20 HA
Tps(ON) Drain-Source Resistance Vgs = 0.35V, Ig =2 mA 90 150 90 150 Q
T, =+85°C 240 240 Q
rpson)  Drain-Source Resistance Vgs =0V, Ig=2mA . 90 150 Q
Ta =85°C 240 Q
Vpiope  Forward Diode Iﬁrop Ip =0.5mA 0.8 0.8 \2
rosiony  Match Vgs =0, 1p = 1mA 4 20 50 4 20 Q
Ton Turn "'ON"* Time See ac Test Circuit 150 500 150 500 150 500 ns
Tore Turn “OFF" Time See ac Test C}rcu it 300 500 300 500 300 500 ns
CT Cross Talk See ac Test Circuit N 120 120 120 dB

Note 1: Test conditions 25°C unless otherwise noted.
Note 2: ““OFF’ and "“ON'’ notation refers to the conduction state of the FET switch.
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Electrical Characteristics (continued)

15V TTL 15V TTL 10—-15V CMOS
AM9709CN AH5009-15 AMS7CO9CN
PARAMETER CONDITIONS AMI711CN (ODD SERIES) AMS7C11CN UNITS
TYP MAX TYP MAX TYP MAX
lgsx Input Current "OFF" Vgp = 11V, Vgp = 0.7V 0.01 2 0.01 0.2 nA
Ta =85°C 100 10 nA
lasx Input Current “OFF"’ Vgo = 15V, Vgp = 0.7V 0.01 2 nA
Ta =85°C 100 nA
Io0FF) Leakage Current “OFF" Vgp = 0.7V, Vg = 9.3V 0.0t 2 nA
: T, =85C 100 nA
IpiorF)  Leakage Current "OFF” Vgp = 0.7V, Vgs = 10.3V 0.01 2 0.01 0.2 nA
T =85°C 10 10 nA
laiomn Leakage Current “ON" Vgp =0V, Ig=1mA 0.04 0.5 0.04 0.5 0.04 0.5 nA
Ta =85°C 100 100 100 nA
laon) Leakage Current “ON" Vgp =0V, Ig =2mA 0.07 2 2 0.07 2 nA
Ta =85°C 1 2 1 A
lgon) Leakage Current “ON"’ Vgp =0V, Ig =—2mA 0.05 5 100 0.05 5 nA
Ta =85°C 2 20 2 A
TDS(ON) Drain-Source Resistance Vgs =0V, Ig =2mA 60 100 Q
Ta =85°C 160 Q
rDS(ON) Drain-Source Resistance Vgs = 1.5V, Ig =2 mA 60 100 60 100 Q
Ta =85°C 160 160 Q
Vpiope  Forward Diode Drop Ip =0.5mA 0.8 0.8 \
rpsion)  Match Vgs =0, Ip =1mA 2 10 50 2 10 Q
Ton Turn “ON" Time See ac Test Circuit 150 500 150 500 150 500 ns
Torr Turn “OFF" Time See ac Test Circuit 300 500 300 500 300 500 ns
CcT Cross Talk See ac Test Circuit 120 120 120 dB

S 600SHY ‘60D26WV ‘60L6NY
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AM9709, AM97C09, AH5009 Series

Schematic Diagrams and Pin Connections

F

AM97COSCN (Rps(oN) < 10082, 10~15V CMOS)
AMS7C10CN (Rpg(on) < 15022, 5-10V CMOS)

our Channel

AM9709CN, AH5009CN (Rpg (oN) < 10052, 15V TTL)
AM9710CN, AH5010CN (Rpg(ON) < 15082, 5V TTL) .

. 2 - p—O 4
3 o-———q,__i}-j--l_‘lb—1
. 6 s
) . p—O 1

5 O—4 7

g b
100 :: 8

) 3
12 O-——-J 1 .
14-Pin DIP
Three-Channel

AH5013CN (Rps(oN) < 1002, 15V TTL)
AH5014CN (Rps(oN) < 1502, 5V TTL)

T

Y

10 O——4

@~

.

14-Pin DIP

O 4

Test Circuits and Switching Time Waveforms

Cross Talk Test Circuit

45V or +15V

AM97C11CN (Rps(on) < 1002, 1015V CMOS)
AM97C12CN (Rps(on) < 15092, 5—10V CMOS)

AM9711CN, AH5011CN (Rpg(on) < 1002, 15V.TTL)
AMS9712CN, AH5012CN (Rpg(on) < 15022, 5V TTL)

3

[Xe

. .

130——4

16-Pin DIP

AHS015CN (Rpg(on) < 1002, 15V TTL)
AH5016CN (Rpg(oN) < 1502, 5V TTL)

5 O—¢

T

16-Pin DIP

ac Test Circuit

ov —_—
= Vour
Va =-10V
—"l ton)

+5V of 415V

Vin
t=y< n,1,.s 50% S
Va =410V
. o _j
0.8/
7
o 0%
Va = HOV
Vour o=
(C, <10pF) | —=] tion) ——
90%

N

10%

tore)

0%
v
—  ‘torm)

7 o
1 9
12 O——4 10
)_h‘}_j_l-rﬁ
15 '

16

1

9

-1V
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Typical Performance Characteristics S
Leakage Current, Ip(OFF) On Resistance, rps(ON) ‘3
Parameter Interaction vs Temperature vs Temperature
1000 = . 10k — 150 — o
= Vasiorr) @ Vos = =15V, Ip = ~1nA 1 = lp = -1mA ‘D
3 = ros @1p = -1 mA, Vs = OV b 3 2 T 125 } *
Wz I 61, @ Vpg = =15V, Vgg = OV PULSED A 2 ¢ 2
N i g e >
G5 20— y Ioss e H = = W'S\,c%/ g
el v c = ui \'“\_HG-‘/
EE 4g w 5 g ey (o]
Lo S z g = -l =~
°E > S B 2
=2 o o > & 0
o Al <, El- - =
o< =
= 2 os E’_ § o 25 8
" 10 10 0 -
10 5 10 100 25 35 45 55 65 75 85 2% 35 a5 55 65 75 85 >
Vgs GATE SOURCE CUTOFF VOLTAGE (V) TEMPERATURE ('C) TEMPERATURE (“C) T
. Leakage Current vs Transconductance vs o
Cross Talk, CT vs Frequency Drain-Gate Voltage Drain Current o
~120 g r T 1000 — 100 F— C o
~110 Va =10V Ta=25"C ETa=25
©-100 3! E = [ Vog = -5V
~ BN 2 £ [¢-
5 o ll £ Ip = -2mA H =1 ke w
Z [J B2 100 w (1]
= I ] - z : =
2 -n i - o T mAS 5 w0 =22 )
g -60 TN a LT T 3 b7
@ M x — i mues
2 -50 FT] < 10 7 Floss = g 5 [ Vosiorn = 2V i
£ a0 e = 2 A 7T 1T
-3 L 5 Io=~01mA < A 12007 Vasioer = SV
a 1 - SV 4y T
~20 ! 1] // /VGSIOFF)=7<5VI Hl
-10 L1l 1.0 1 Al T
100 100k ™ 0 50 10 15 20 25 -0.1 -10 -10
FREQUENCY (Hz) DRAIN-GATE VOLTAGE (V) DRAIN CURRENT (mA)
Normalized Drain
Drain Current vs Bias Resistance vs Bias
Voltage Voltage °
-25 T T 100 | N W N SIS S J
\\ Vps = -10V _| w E Vasiorr) @ —10V, —104A f
f=1kHz Z sk
z \ Taz25¢C 5 [rosst — i
E g [ 1-ge I
E s X \ = 20 Ves(orr
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S 1 S
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] 2
2 5 \ \ ¢ s
NN 2 20
NN 1o bt
0 1.0 20 30 0 02 04 06 08 190,
GATE-SOURCE VOLTAGE (V) IVes/Vosare! - NORMALIZED GATE-
TO-SOURCE VOLTAGE (V)
Applications Information
Theory of Operation (AM9O7C10), open collector 15V TTL (AM9709), and
: 10—15V CMOS (AM97C09).
The AM/AH series of analog switches are primarily Two basic switch configurations are available: multiple
intended for operation in current mode switch applica- independent switches (N by SPST) and multiple pole
tions; i.e., the drains of the FET switch are held at or switches used for multiplexing (NPST-MUX). The MUX
near ground by operating into the summing junction of versions such as the AM9709 offer common drains and
an operational amplifier. Limiting the drain voltage to include a series FET operated at Vgg = OV. The addi-
under a few hundred millivolts eliminates the need for a tional FET is placed in feedback path in order to
special gate driver, allowing the switches to be driven compensate for the “ON’’ resistance of the switch FET
directly by standard TTL (AM9710), 5V—-10V CMOS as shown in Figure 1.



AM9709, AM97C09, AH5009 Series

ANALOG y_ o AAA,

INPUT l al
Vin
!

Applications Information (continued)

The closed-loop gain of Figure 1 is:

R2 + vpsionaz
AvcL -
R1 + rpsoniat
For R1 = R2, gain accuracy is determined by the
rpsion) Mmatch between Q1 and Q2. Typical match
between Q1 and Q2 is 4 ohms resulting in a gain
accuracy of 0.05% (for R1 = R2 = 10 k{2).

Noise Immunity

The switches with the source diodes grounded exhibit
improved noise immunity for positive analog signals in
the “OFF" state. With V,y = 15V and the V5 = 10V,
the source of Q1 is clamped to about 0.7V by the diode
(Vgs = 14.3V) ensuring that ac signals imposed on the
10V will not gate the FET “ON."”

Selection of Gain Setting Resistors

Since the AM/AH series of analog switches are operated
current mode, it is generally advisable to make the signal
current as large as possible. However, current through
the FET switch tends to forward bias the source to gate
junction and the signal shunting diode resulting in
leakage through these junctions. As shown in Figure 2,
lcion) represents a finite error in the current reaching
the summing junction-of the op amp.

Secondly, the rpgon) of the FET begins to “round” as
|Is approaches lpgg. A practical rule of thumb is to
maintain Ig at less than 1/10 of Ipgs.

Combining the criteria from the above discussion yields:

VA(MAK) AD

Rimigy 2 ———— (2a)
lcon)
or:
Vamax) (2b)
IDSS“O

whichever is worse.

\

Where: Vamax) = Peak amplitude of the analog
input signal
Ap - = Desired accuracy
lclon) = Leakage at a given Ig
loss = Saturation current of the FET
switch
= 20 mA

COMPENSATION
FET

' SERIES
A1 ELEMENT

10k

ouTPUT

FIGURE 1. Use of Compensation FET

ANALOG

In a typical application, Vo might = 210V, Ay = 0.1%,
0°C < Tn < 85°C. The criterion of equation (2b)
predicts:

10V

R1 > =
(MIN) 2 20 mA

10

5 kQ

For R1 = 5k, Ig = 10V/5k or 2 mA. The electrical '

characteristics guarantee an Igon) < TuA at 85°C for
the AM9710. Per the criterion of equation (2a):

(10V)(1073)

X

Rlming 2

Since equation (2a) predicts a higher value, the 10k
resistor should be used. -

The “OFF” condition of the FET also affects gain
accuracy. As shown in Figure 3, the leakage across Q2,
Io(orF) represents a finite error in the current arriving
at the summing junction of the op amp.

Accordingly:
Vaminy Ap
Rlimax) € —————
(N) Ip(0rF)
Where: Vi) = Minimum value for the analog
input signal
A, = Desired accuracy
N = Number of channels
Ip(oFE) “OFF" leakage of a given FET
switch

As an example, if N = 10, Ap = 0.1%, and Ip(orf)
< 10 nA at 85°C for the AM9709, R1pax) is:

a1 avi07®) .
WA= (10)10x 1079

Selection of R2, of course, depends on the gain desired
and for unity gain R1 = R2.

Lastly, the foregoing discussion has ignored resistor
tolerances, input bias current and offset voltage of the
op amp—all of which should be COnSIdEI’Pd in setting the
overall gain accuracy of the circuit.

= a Io =Is ~loion)
Rl — + _ —_—
Va =0V O—AM—O l

<l

4

“ANY OP AMP"

p l'ctom

FIGURE 2. On Leakage Current, IG(ON)

R2
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Applications Information (Continued)
TTL Compatibility

Two input logic drive versions of AM/AH series are
available: the even numbered part types are specified to
be driven from standard 5V-TTL logic and the odd
numbered types from 15V open collector TTL.

Standard TTL gates pull-up to about 3.5V (no load).
In order to ensure turn-off of the even numbered switches
such as AM9710, a pull-up resistor, Rgx, of at least

both cases, togg) is improved for lower values of Rgxt
and the expense of power dissipation in the low state.

CMOS Compatibility

The cost effective AM97C09 series of switches is
optimized for CMOS drive without resistor pull-up. The
AMO7C10’s and AM9O7C12’s are specified for 5V—10V
operation while the AM97C09's and AM97C11's are
specified for 10V—15V operation.

10 k€2 should be placed between the 5V V¢ and the
gate output as shown in Figure 4. Definition of Terms

The terms referred to in the electrical characteristics
tables are as defined in Figure 6.

Likewise, the open-collector, high voltage TTL outputs
should use a pull-up resistor as shown in Figure 5. In

S 600SHY ‘60D26NV ‘60Z6WY

Va
s 10215+ loiose)
Vay R — o —_—
Y “ANY OP AMP”
- ®
-
L = -
P T oo o (13
O—AM—O w

1l-o—j—
=
z L
:, o——at—
& S
< 3
:

FIGURE 3.

ANALOG
INPUT (V4)

A;IALGG
ouTPUT

FIGURE 4. Interfacing with +5V TTL

+5V OR +15V
; i
e
| |
b3 2 I
A B e
l Rexy ==
| | g
1
gj l i Locic
: |
|
|

15V TTL GATE

—_

FIGURE 5. Interfacing with +15V Open Collector TTL

5-37




AM9709, AM97C09, AH5009 Series

Applications Information (continued)

Rosiony COMPENSATING
ELEMENT

SERIES
ELEMENT

Va

ELEMENT

FIGURE 6. Definition of Terms

Typical Applications

Gain Programmable Amplifier

e 10k

r_“"‘?mmmr*—-— R
1 ' ~-0—AW—9
1 Y
| 3 |
I = ! 6 100k
T |
| 3
| B
| 5 |
Y
| ol
| = 13 10M
\ A ‘

l—— — | chanacrensmics. cam- 'i:“’ = Rea

Ot 07 08,01 -}-12

N—

GAIN SELECT =

3-Channel Multiplexer with Sample and Hold

AM9709/AMS710

L]

Y

10k

ot

10k

©

ANALOG
INPUTS

|

-I}—S—K—< il
r~;_i___;_4

10k

S

|

—_ —

[
!
|

III—S $

CHARACTERISTICS: TYPICAL OUTPUT
O1 07 08 OW VOLTAGE DRIET.
———r <5mVisec
CHANNEL
SAMPLE/HOLD - SELECT
LECT
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Typical Applications (continued) Z
’ ©0
1T~
o
16-Channel Multiplexer }o
. wk o T T e 1y E
11 O—A 5
B ©
. sl = |, ~
2 | : | o
l A5 N I & o
. wl 7 9 [Te)
N3 ' -
- 12 !m l >
; wl T ‘u‘. X
l : | o
: -:” 15 | 8
— —
. Al T Tamem 1 ©
W | 7 m
IO R o
- sl ~ | s =
N6 Vv ] LI-‘L -O—4 m
5 ], o
|
|
|

CHARACTERISTICS: ERROR = 0.4uV TYPICAL @ 25°C

Enis 10V TYPICAL @ 70°C
|
13 I Note: The analog switch between the op amp and the 16 input
| = 15 switches reduces the errors due to leakage.

L——--—_—___I Al resistars are 10k




AM9709, AM97C09, AH5009 Series

Typical Applications (continued)

' 8-Bit Binary (BCD) Multiplying D/A Converter

: I% %
G2 10k

a | = )

b — -

w
=3

VW~

0
180 FOR BCD)

G515 \ Gblg N (518 R GBIy

6 16 16
Note: The switch 1s “ON" when G 1s at 0V
{Logic “0")

L
Lo Amez gy g

|

|

N

] I| 1_[ |

I : P
67 | Be@Th B2 B Tak

|

|

|
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CD4007M/CD4007C
Dual Complementary Pair Plus Inverter

General Description

The CD4007M/CD4007C consists of three complemen- s Wide supply voltage range 3.0V to 15V
tary pairs of N-channel and P-channel enhancement mode ® High noise immunity 0.45 Ve typ
MOS transistors suitable for series/shunt applications.

All inputs are protected from static discharge by diode

clamps to Vpp and Vgs.

For proper operation the voltages at all pins must be
constrained to be between Vgg —0.3V and Vpp + 0.3V
at all times.

Connection Diagram

Dual-In-Line and Flat Package

z

|
J

Vss.
TOP VIEW

Note. All P channel substrates are connected to Vpgp,
and all N-channel substrates are connected to Vgs.

Order Number CD4007MD Order Number CD4007CJ
See Package 14 or CD4007MJ
Order Number CD4007MF See Package 18
SeePackage 23 Order Number CD4007CN
See Package 21

AC Test Circuits

Voo Voo Voo

14 n 14,2 |—J“

| »
8,13
INPUT ouTPuT INPUT % outeut INPUT autPuT

ISyF 15 pF 16 pF

11 L T

P

5-41

0O
O
oY
O
o
~
=
~N
0
O
i Y
o
o
~
O




CD4007M/CD4007C

Absolute Maximum Ratings (note 1)

Voltage at Any Pin

Vgs —0.3V to Vpg + 0.3V

Operating Temperature Range

CD4007M
. CD4007C

Storage Temperature Range

Packagé Dissipation
Operating Vpp Range

~55°C to +125°C
—40°C to +85°C
-65°C to +150°C
500 mW

* Vgg *+3.0V to Vgg + 15V

Lead Temperature {Soldering, 10 seconds) 300°C
DC Electrical Characteristics cpaoorm
. LIMITS
PARAMETER CONDITIONS -55°C ' 25°C 125°C UNITS
MIN TYP MAX | MIN TYP MAX MIN TYP MAX
Quiescent Device Vpp =5V 0.05 0.001 | 0.05 3 HA
Current {1 ) Vpp =10V " 0.1 0.001 | 0.1 6 HA
Quiescent Device Dissi- | Vpp =5V } 0.25 0.005 | 0.25 15 uw
pation/Package (Pp) Vpp = 10V 1 0.01 1 60 uW
Output Voltage Low Vpp =5V 0.01 0 0.01 0.05 \%
Level (Vo) Vpp = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp =5V 4.99 499 | 5 4.95 \
Level (Vop) Voo = 10V 9.99 9.99 | 10 9.95 v
Noise Immunity Vpp =5V, Vg =3.6V 1.5 1.5 2.25 1.4 \%
(Vi) (All Inputs) Vob =10V, Vg = 7.2V 3 3 45 29 v
Noise Immunity Vpp =5V, Vg =0.95V 1.4 1.5 2.25 1.5 . \2
(Vaun) (Al Inputs) Voo = 10V, Vg = 2.9V 29 3 45 3 Y
Output Drive Current Vpp =5V, Vg =04V,V,=Vpp 0.756 0.6 1 0.4 mA
N-Channel {iN) Voo =10V, Vo =05V, V, =Vpp | 16 13 | 25 0.95 mA
Qutput Drive Current Vpp =5V, Vg =25V, V, = Vg » -1.756 14 |-a ) -1 mA
P-Channel {15 P) Vop =10V, Vg = 9.5V, V, = Vgs | -1.35 11 |-25 -0.75 mA
Input Current (1) 10 pA
DC Electrical Characteristics cpsoo7c
LIMITS

PARAMETER CONDITIONS -40°C 25°C 85°C UNITS

’ ‘ MIN TYP MAX MIN TYP MAX MIN TYP | MAX
Quiescent Device Vpp =5V 0.5 0.005| 0.5 15 LA
Current (1) Vpg =10V 1 0.005| 1 30 HA
Quiescent Device Dissi- | Vpp = 5V 25 0.025| 2.5 75 uw
pation/Package (Pg) Vpp = 10V 10 0.05 10 300 W
Output Voltage Low Vpp = 5V 0.01 o] 0.01 0.05 \%
Level (Vo) - Vop = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp = 5V 4.99 499 ] 5 4.95 \Y
Level (Vou) Vep = 10V 9.99 999 | 10 9.95 v
Noise Immunity Vpp =5V, Vo =3.6V 1.5 1.5 2.25 14 \
(Vo) (Al lnput_s) Vpp =10V, Vg = 7.2V 3 3 45 29 v
Noise Immunity Vpp =5V, Vg =0.95V 1.4 1.5 2.25 1.5 v
(Vyw) {All Inputs) Vpp =10V, Vg = 2.9V 2.9 3 4.5 3 \
Output Drive Current Vpp =5V, Vo =0.4V,V, =Vpp 0.35 0.3 1 0.24 mA
N-Channel (I5N) Voo =10V, Vo = 0.5V, V, =Vpp | 1.2 1. 25 0.8 mA
Output Drive Current | Vpp =5V, Vo =25V, V, =Ves | ~1.3 11 |4 -0.9 mA
P-Channel (I5P) Vpp = 10V, Vg = 9.5V, V, = Vgg -0.65 -0.55 | -2.5 -0.45 mA
Input Current (1) ’ ) 10 pA

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage.

i
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AC Electrical Characteristics cpacorm

\

Ta = 2570 and C, = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C.

J3.00vAdd/NL00YAd

PARAMETER CONDITIONS MIN TYP ) MAX UNITS
Propagation Delay Time (tp_y = tpry ) Vpp =5V 35 ' 60 ns
Vpp =10V 20 40 ns
Transition Time (tyyy = try) Vpp =5V 50 75 ns
Vpp =10V 30 40 ns
Input Capacitance (C,) Any Input - 5 pF

AC Electrical Characteristics cb4oo7c

Ta =25°Cand C_ =15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of V5p = 0.3%/°C.

PARAMETER CONDITIONS | MIN TYP MAX UNITS ’
Propagation Delay Time (tp_n = tppy ) Vpp =5V 35 75 ns
Vpp =10V 20 50 ns
Transition Time (ty g = truy) Vpp =5V 50 100 ns
‘ Voo = 10V 30 50 ns
Input Capacitance (C,) . Any Input 5 pF

Switching Time Waveforms

—] l<—t,
v,
oo 30%
INPUT 50%
"
Ve —10%
—| lpHy |=—
v,
oo 90% 90%
ouTPUT 50% 50%
10% 10%.
Vss

tru "“’ I‘— tron —|

o '> E
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CD4016M/CD4016C

CD4016M/CD4016C Quad Bilateral Switch

General Description

The CD4016M/CD4016C is a quad bilateral switch
which utilizes P-channel and N-channel comple-
mentary MOS (CMOS) circuits to provide an
extremely high “OFF’’ resistance and low ““ON"
resistance switch. The switch will pass signals in
either direction and is extremely useful in digital

switching.
Features

® Wide supply voltage range 3V to 15V

® High noise immunity 0.45 Vg typ.

m Wide range of digital +7.5 Vpeak

and analog levels

m Low "“ON" resistance 30092 typ.
' Vpp — Vgs = 15V

® Matched switch

characteristics

ARgp = 4092 typ.

High “ON/OFF" output 65 dB typ.
voltage ratio @ fg=10 kHz
RL = 10k

High degree of linearity

.5% distortion typ.

@f=1kHz

Extremely low leakage Vis=5 Vpp
VDD - VSS =10V

HL= 10 k2

Transmits frequencies up
to 10 MHz

Applications

Analog signal switching/multiplexing
® Signal gating

s Squelch control

Chopper

Modulator

Demodulator

e Commutating switch

Digital signal switching/multiplexing \
CMOS logic implementation
Analog to digital/digital to analog conversion

Digital control of frequency, impedance, phase,
and analog-signal gain

Schematic and Connection Diagrams

INPUT SIGNALS (Vis)
TERMINAL NOs 1,4, 8, 11

N IN
1 : : 4
QUTPUT SIGNALS (Vs) NP N P
TERMINAL NOS. 2,3,3, 10 e - e -

Voo

ild

“CONTROL d
Voo VOLTAGE (Vc)
I I 13* O—4
Vss N

31

%ﬁ

1.
d

33

]

14
5 O—"¢ }l 12 O——4g
N

SJ:L

—
i
Iy

! 2
ouT

Note 1: All switch P-channel substrates are internally connected ta terminal No. 14.
Note 2: All switch N-channel substrates are internally connected to terminal No. 7.

3!

Signal-level range: Vss < Vs > Vpp

Dual-In-Line and Flat Package

1 4
el
outeur & 24 12 conra

outrur 8 4 Ex
wouts 2] 4
conte

12
1< conro
L weuto

11 oureuto

conrc 4 12 oureutc
Ve LEL WPyt C

TOP ViEw

oy

o

ouT

Normal operation: Control-line biasing,

 switch ON V¢ “1” = Vpp, switch OFF Ve “0" = Ves

Order Number CD4016MD
See Package 14
Order Number CD4016MF
See Package 23

Order Number CD4016CJ or CD4016MJ

See Package 18
Order Number CD4016CN
See Package 21
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Absolute Maximum Ratings

Voltage at Any Pin (Note 1)
Operating Temperature Range

CD4016M

CD4016C

Electrical Characteristics cpaoism

Vgs 0.3V 10 Vg +16.5V
~55°C to +125°C
~40°C to +85°C

Storage Temperature Range
Package Dissipation

Lead Temperature {(Soldering, 10 sec)

Operating Vpp Range

~65°C 10 +150°C

500 mW

300°C

Vgg 43V to Vgg +15V

LIMITS
CHARACTERISTIC SYMBOL| TEST CONDITIONS -55°C 25°C 125°C UNITS
MIN| TYP| MAX [MIN| TYP [MAX | MIN} TYP| MAX
Quiescent Dissipation VOLTS
per Package TERMINALS APPLIED
Voo 14 +10
All Switches “OFF** Vss 7 GND \
Ve 56,1213 GND 5 0145 300 f uw
v, a8 < +10
Voo 2,3,9,10 < +10
Pr
VOLTS
TERMINALS APPLIED
Voo 14 +10
All Switches "ON" Vss 7 GND 5 0.1 5 300 | uW
Ve 56,12,13  +10
V,=Vos 1-4,8-11 <410
Threshold Voltage Ips = 10 A
N-Channef Vel Ly 28V, 10V, or 15V 17 15 13 v
los = ~10 uA :
. s . _ - - v
P-Channel VP Voo = 5V, 10V, or 15V T 1.7 15 1.3
SIGNAL INPUTS (V) AND QUTPUTS (V)
Ve=Voo  Vss Vie
! +75V 120 | 360 200 {400 300 | 600
+7.5V -78V  -15V 120 | 360 200 {400 300 | 600 2
025V 130 § 775 280 |850 470 | 1230
+5V; 130 | 600 250 660 400 | 960
+8V -5V -5V 130 | 600 250 1660 400 | 960 Q
~ON" Resistance a 025V 325 | 1870 580 | 2000 900 ) 2600].
on R = 10kQ +15V 120 | 360 200 |400 300 | 600
+16V ov +0.25V 120 | 360 200 [400 300 | 600 2
9.3V 150 | 775 300 |850 490 | 1230
+10V 130 | 600 250 |660 400 | 960
+10V ov +0 25V 130 | 600 250 1660 400 | 960 2
56V 300 | 1870 560 (2000 880 { 2600
A "ON" Resistance SIEV -75V 475V 10
Between Any 2 ARon N Q
of 4 Switches Vo SV v 1’
Sine Wave Response R_=10kQ 15V 5V 5V(p-p) 04 %
(Distortion) - fis= 1 kHz (Note 31
Voo Ve =Vss Vis
Input or Output +7.5V +100 A
Leakage—Switch “OF F* 75V 18V 7.6V £100 P
(Effective "OFF" +5V. (Note 2)} 125
- - nA
Resistance) v v -5V {Note 2)| 126
Frequency Response— Ve =Vpp =+5V, Vgs = -5V
Switch “ON" Voo 40 MHz
(Sine Wave Input) R =1kQ 20Lodio v, -3d8
V= SVIPP) < 45V, Ve = Veg = -5V
Feedthrough v, 125 MHz
Switch “OFF" 20 Logyo > = -50 0B
Vis
A\ = =45V
Crosstalk Between any 2 A=1kn V@ \\f’("s, - Vey - -5V
of the 4 switches V,(A) = © ss 09 MHz
(Frequency at ~50 dB) 5V(p-p) VoslB)
20 Logro 7o (aT = -50 9B
Capacitance  Input Cis Vpp = +5V, V¢ = Vg = -5V 4
Output Cos 4 pF
Feedthrough|  Cpg 02
Propagation Delay V¢ = Vpp = +10V, Vg5 = GND, C,_ = 15 pF
Signal Input to tod V= 10V (square wave) 10 ns
Signal Output t, = ty = 20 ns {input signal)
CONTROL (V¢)
Switch Threshold Voltage | Vruc | VS Voo :/n? 1-0‘:‘5: SISVI0V, SV g, 29 | os| 15 |27 |02 24 |V
157
Voo — Ves = 10V A
Input Current [} 10 P
¢ Ve < Voo — Vss
Average Input Capacitance Cc 5 pF
Crosstalk —
Control Input to Voo ~ Vss = 10V Ry =10kQ2 50 mv
8 Ve =10V
Signal Output
(square wave)
Turn “ON" R - ns
Propagation Delay toaC te =t =20 ns V<10V, C = 15pF 20
Maximum Allowable (\:/m: :510;/’ Vss = GND. Ry = 1k
Control Input L= 1P 10 MHz
Repetition Rat Ve = 10V (square wave)
epetition Rate == 20 ns

Note 1: The device should not be connected to circuits with the power on.

Note 2: £10 x 1073,
Note 3: Symmetrical about OV.
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CD4016M/CD4016C

Electrical Characteristics cpaoisc

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS -40°C 25°C 85°C UNITS
MIN| TYP| MAX| MIN| TYP |MAX| MIN| TYP | MAX!
Quiescent Dissipation | VOLTS
per Package TERMINALS APPLIED
: Voo +10
All Switches “OFF** Vss 7 GNO
Ve 561213  GND s or s | uw
Vi 1,4,8,11 <+10
Vos 2,3,9,10 < +10
Pr
VOLTS
TERMINALS APPLIED
Voo 14 +10
Al Switches “ON" Vs 7 GND 5 01 |5 80 W
Ve 5,6,12,13  +10
Vie=Vos 1-4,8-11 <410
Threshold Voltage los = 10 uA N
E 1.3 \Y
N-Channe! VTN |y oo = 5V, 10V, or 15V +7 18
‘ Ips = 10 A
-1.7 -1.5 -1.3 v
P-Channel VP | o = 5V, 10V, or 15V
SIGNAL INPUTS (V) AND OUTPUTS (V)
Ve=Vop Vss Vi
+7.5V 130 | 370 200 |[400 260 | 520
+7.5V -7.5V  -75V 130 | 370 200 |400 260 | 520 Q
+0.25V 160 | 790 280 |850 400 | 1080
+5V 150 | 610 250 660 340 | 840
+5V -5V -5V 150 | 610 250 |660 340 | 840 Q
N Resist N +0.25V 370 | 1900 580 (2000 770 | 2380
esistance on | Ru= 10k +15V 130 | 370 200 [400 260 | 520
+15V ov +0.25v 130 | 370 200 400 260 | 520 112
.
9.3V 180 | 790 300 850 400 | 1080
+10V 150 | 610 250 |660 340 | 840
+10V ov +0.25V 150 | 610 250 |660 340 | 840 Q
5.6V 350 | 1900 560 2000 750 | 2380
A "ON" Resistance
+7.5V ~7.5V 7.5V 10
Between Any 2 ARgn v fsv 5 Q
of 4 Switches v - - !
Sine Wave Response RL =10k
(Distortion) fo=1kHz OV v o (op) 04 %
Voo Ve =Vsg Vi
Input or Output +7.5V +100
Leakage—Switch “OFF " I8V -8V -75v £100 pA
(Effective "OFF"" +5V (Note 2} 125
Resistance) v -5V -5V (Note 2] 125 nA
Frequency Response— Ve =Vpp = #8V, Vgg = -5V
Switch “ON" C v, . 40 MHz
(Sine Wave Input) R =1kQ 20Logio v, -3dB
Vie=5VIPP) o4y, v = Veg = -5V
Feedthrough 1.25 MHz
Switch “OFF" 20 Logyo 22 = -50 dB :
Vis
v, = =45V
Crosstalk Between any 2 R =1k otA) :/,D&) = Veg = -5V
" of the 4 switches V(A = N = 09 MHz
(Frequency at -50 dB) 5V(p-p) VoslB)
20 Logio yj-(a) = -50 B
Capacitance  Input Cis Voo = +6V, V¢ = Vgg = -5V 4
Output Cos 4 pE
Feedthrough Cios 0.2
Propagation Delay Ve = Vpp = +10V, Vgg = GND, C_ = 15 pF
Signal Input to tog Vs = 10V (square wave) 10 ns
Signal OQutput t, = ty = 20 ns (input signal)
CONTROL (V)
— Vgs= 1
Switch Threshold Voltage | Ve | V=S Voo Voo = Ves 15V, 10V, 5V 05| 15 |27 v
lig = 10 A
Voo — Vs = 10V
Input Current Ic Ve < Voo ~ Ves 10 PA
Average Input Capacitance Cc . 5 pF
Crosstalk —
Control Input to Voo = Vss= 10V R, = 10k 50 mv
Ve= 10V .
Signal Output
(square wave)
Turn “"ON" L _
Propagation Delay t4C t =t =20ns V<10V, C_=15pF 20 ns
Maximum Allowable oo :5'0:' Vss = GND. Ry = 1k$2
Control Input v P / 10 MHz
Repetition Rate V¢ = 10V (square wave)
t,=t=20ns

Note 1: The device should not be connected to circuits with the power on.

Note 2: 10 x 1073,
Note 3: Symmetrical about OV.
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Typical ON Resistance Characteristics

J910vad/NSLorad

SUPPLY . LOAD CONDITIONS
CONDITIONS | R =1kQ R_=10k2 | Ry = 100k2
CHARACTERISTIC*
Voo | Vss | VALUE| V, | VALUE| V, | VALUE] v,
V) | (v) Q) [\%] Q) w) [tel] i
- 200 | «15 | 200 | +15| 180 | +15
Aon 5| o
200 0| 200 o| 200 0
Ron (max | w5 | o | a0 |en| 300 |+03]| 320 [+92
200 | «10| 250 | +10| 240 | +10
Ron w0 | o
290 o| 250 o] 300 0
Rop (max | «w0 | o | so0 |+74] se0 |+s6| 610 |+55
860 +5 | a0 +5| as0 | 5
Ron w | 0
600 o| se0 o] 800 o
Ron (max.) 5| 0 17k | va2 | o w29 | 3w | 27
. 00 | +75| 200 [+75{ 180 |+75
Ron 5 | -78
00 |-75| 200 [-75| 180 |-75
Ron (max.) 475 | -75 | 200 |:025 | 280 | 25| 400 |:0.25
260 +5 | 250 5] 220 | +5
Ron +5 -5
310 -5 | 250 5| 20 | -5
Rop (max.) +5 | -5 | 600 [:025 580 |:025| 760 |:0.28
s00 | +25| 4so | +25| aso | +25
Ron 25 125 g0 | 25| s | -25| 52 | -25 :
Row(max) | +26 |-25 | 232k |:025 | 300k [:025| 870k |20.25

*Variation from a perfect switch: Rgy = 082,
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CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/ CD4053C

CD4051M/CD4051C

Single 8-Channel Analog Multiplexer/Demultiplexer
CD4052M/CD4052C

Dual 4-Channel Analog Multiplexer/Demultiplexer
CD4053M/CD4053C

Triple 2-Channel Analog Multiplexer/Demultiplexer

General Description

These analog multiplexers/demultiplexers are digitally CD4053M/CD4053C is a triple 2-channel multiplexer
controlled analog switches having low “ON"’ impedance having three separate digital control inputs, A, B and C
and very low “OFF" leakage currents. Control of analog and an inhibit input. Each control input selects one of a
signals up to 15 Vp-p can be achieved by digital signal pair of channels which are connected in a single-pole
amplitudes of 3—-15V. For example, if Vpp = 5V, double-throw configuration.

Vgs = OV and Vgeg = -5V, analog signals from —5V—

+5V can be controlled by digital inputs of 0—-5V. The Feat_ures

multipleser circuits dissipate, extremely low quiescent B Wide range of digital and analog signal levels: digital
power over the full Vpp — Vgg and Vpp — Vgg supply- "3—15V, analog to 15 Vp-p

voitage ranges, independent of the logic state of the ® Low “ON” resistance: 80% (typ) over entire 15 Vp-p

control signals. When a logical “1"" is present at the

signal-input range for Vpp — Vge = 15V
inhibit input terminal all channels are “OFF.” g P s po EE

® High “OFF" resistance: input leakage =10 pA (typ)

CD4051M/CD4051C is a single 8-channel multiplexer at Vpp — Vgeg = 10V

having three binary control inputs, A, B and C, and an ® | ogic level conversion for digital addressing signals of
inhibit input. The three binary signals select 1 of 8 3—15V (Vpp — Vgs = 3—15V) to switch analog sig-
channels to be turned “ON" and connect the input to nals to 15 Vp-p (Vpp — Vgg = 15V)

the output. ) ' = Matched switch characteristics: ARgy = 582 (typ) for
CDA4052M/CD4052C is a differential 4-channel multi- Vop = Vee = 15V

plexer having two binary control inputs, A and B, and an ® Very low quiescent power dissipation under all
inhibit input. The two binary input signals select 1 of 4 digital-control input and supply conditions: TuW typ
pairs of channels to be turned on and connect the at Vpp ~ Vss = Vpp ~ Vee = 10V

differential analog inputs to the differential outputs. ® Binary address decoding on chip

Connection Diagrams (bual-in-Line and Flat Packages)

INOuT INOUT INfOUT OUTAN INOUT
- —— ——e,
Voo ? A c Voo 2 1x QUT/N x Ox I A B Voo b a ay ax A [] c
16 15 14 13 12 1 10 | 9 16 15 14 13 12 11 10 l 9 16 15 14 13 12 11 10 |!
‘ 1 2 3 4 5 ] 1 | 8 I 1 2 3 4 5 B 7 ll 1 7 3 0 5 5 7 [
) 6 outnN 7 5 INH Vee Vss o 2y OUTANY 3y Iy INH Vee Vss. by bx ¢ o INK Vee Vss
———— S—— S——— OUTAN  IN/OUT
INFOUT INOUT IN/QUT INJOUT IN/OUT TOP VIEW
TOP VIEW TOP VIEW
Order Number CD4051MD Order Number CD4052MD Order Number CD4053MD
See Package 15 See Package 15 See Package 15
Order Number CD4051MF Order Number CD4052MF Order Number CD4053MF
See Package 24 See Package 24 See Package 24
Order Number CD4051CJ or CD4051MJ Order Number CD4052CJ or CD4052MJ Order Number CD4053CJ or CE4053MJ
See Package 19 See Package 19 . . See Package 19
Order Number CD4051CN Order Number CD4052CN Order Number CD4053CN
See Package 22 See Package 22 See Package 22
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Absolute Maximum Ratings

Voltage at Any Control Input Vgg —0.3V to Vpp +0.3V
Voltage at Any Switch Input or Output Vgg —0.3V to Vpp +0.3V
Operating Temperature Range

CD40XXM —-55°C to +125°C
CD40XXC -40°C to +85°C
Storage Temperature Range —65°C to +150°C

Package Dissipation 500 mW
Operating Vpp Range Vge +3V to Vgg + 15V
Vgs +3V to Vgg + 15V

Electrical Characteristics cpaosim, cbaos2m, cpaosam

DES0YAI/NESOPAD ‘OZS0PAI/NZSOrad ‘OLSOorad/NLSOrad

PARAMETER . CONDITIONS 55°C 25°C 125°¢ UNITS
MIN TYP | MAX MIN TYP | MAX | MIN TYP | MAX
Po Quiescent Dissipation | Vpp = 10V, Vgg = Vgg = 0V 100 1 100 6000 MW
Per Package
Ron  ""ON'" Resistance Vpp = 60 220 80 280 145 320 Q
(Peak for Vgg < Vee =
Vis <Vpo) ) or Vpp =15V,
Ve = OV
R =10k, Vpp =5V, 85 400 120 400 190 550 Q
Vss =0, Vege = -5V, or '
(Any Channel Vpp = 10V,
Selected) Vge =0V
Voo = 2.5V, ; 210 3000 270| 2500 360 | 5500 Q
Vee = -2.5V,
or Vpp =5V,
Vee =0V
ARon A"ON" Resistance Vpp =7.5V, 5 Q
Between Any Two Veg =-7.5V,
Channels R, =10k%, or Vpp = 15V,
Vgs =0, Ve = OV
(Any Channel Vpp =5V, 10 Q
Selected} Vegg = -5V, or
. Vpp =10V,
Veg =0V
Sine Wave Response Vpp = 7.5V, 0.1 %
(Distortion) R, = 10K, Vgg = -7.5V
Voo = 5V, 0.2 %
Ves =0. Vee = -5V
fis = 1 kHz
Voo = 2.5V, 1 %
Vee = 2.5V
“OFF" Channel Vpp = 7.5V 50 10.01} *50 +500 nA
Vgs = OV
Leakage Current Veg = 7.5V
Any Channel OUT/IN = 7.5V, IN/OUT = 0V
“'OFF"”
All Channels Inhibit = 5V, Vpp =7.5V, CD4051M +400 £0.08] +400 +4000 nA
“OFF" (Common | Vgg =0V Vee ==7.5V | CD4052M +200 +0.04] +200 +2000] nA
QOUT/IN) OUT/IN = 0V, IN/OUT = 7.5V CD4053M +100 +0.02| +100 +1000 nA
Frequency Response Ry =1k, Voo = BV, Ver = -5V, 40 MHz
Ch.annel “ON" Vis =5V (p-p), 20 Logso Vos/Vis = -3 dB
(Sine Wave Input) Vgs =0V
Feedthrough Ry = 1k€, MHz
Channelg“OFF" V:;- =5V (p-p), Voo =8V, Vee =5V, k
20 Logyo Vos/Vis = ~40 dB
Vgs = OV
Crosstalk Between Any| R =1k, Vpp =5V, Vgg = -5V, 1 MHz
Two Channels (Fre- Vis{A) = 6V (p-p), 20 Logyg Vos(B)/V\s(A) =
quency at 40 dB) Vgg = 0V —40 dB (Note 1)
Capacitance
Cis Input (IN/JOUT) 10 pF
Cos Output CD4051M 60 pF
{Common Vpp = Vge =Vgs =0V CD4052M 30 pF
QUT/IN) CD4053M 20 pF
Cios Feedthrough 0.2 pF
tpLn. Propagation Delay Vpp = 10V, Vgg = Vg = Inhibit = 0V, 10 ns
tpne  Signal Input to C_ =15pF, Vg = 10V (Square Wave),
Signal Output t,. t¢ = 20 ns (Input Signal)
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CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/CD4053C

Electrical Characteristics (continued) 604051M, CD4052M, CDA4053M

PARAMETER CONDITIONS -55C ¢ 1257 uNITS
min T vve [ max | min | vve [max | min ] 1ve | max
CONTROL INPUTS A, B, C AND INHIBIT
Noise Immunity (Any -
Control Input)
Vi Vis = Voo Voo ~ Vs = 10V 3.0 30 | a5 29 v
through 1 k2, Voo - Vs = 5V 15 15 | 225 14 %
Vee = Vss N
Vi Iis = 10uA Voo — Vss = 10V 2.9 30 | 45 3.0 v
RL=1k2to Veg | Voo - Ves = 5V 14 15 | 225 15 v
C, Average Input 5 - pF
Capacitance ,
tpur., Turn “ON’ Propa- C_ = 15pF, Voo = 10V, 150 | 300 ns
tpm  gation Delay R_ = 10kQ, Vee =0V
Control Input- Vis < Vpop. Vep =5V, 400 800 ns
to-Signal Output t, t=20ns, Vee =0V
Vgs = Inhibit =0V, [ Vpp = 5V, 200 | 400 s
{Note 2) Vegg = =5V
Inhibit Input-to- C_ =15pF, Vpp = 10V, 200 400 ns
Signal Output R, = 10k$2, Vegg =0V
. Vis = Voo Voo =5V 550 | 1100 s
t,t =20 ns Vegg = 0V
Inhibit Recovery Time| Vpg = 10V 200 400 1 ns
Electrical Characteristics cpaosic, cpaoszc, cpaossc
PARAMETER CONDITIONS -a0°c 25°c 85°C UNITS
' MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Po  Quiescent Dissipation | Vpp = 10V, Vee = Vgg = OV 1000 1 1000 6000 uw
. Per Package - : ’ '
Ron "ON" Resistance Vpp = 7.5V, 80 250 80 280 130 300 Q
(Peak for Vgg < Vgg =-7.5V,
Vis < Vool or Vpp = 15V,
Vee =0V
R =10k82, . Vpp =5V, 100 450 120 400 170 520 Q
Ves =0, Vee = -5V, or '
{Any Channel Vpp =10V,
Selected) Vge =0V
Vpp = 2.5V, 230 3500 270 2500 330 5200 Q
Vee = =25V,
orVpp =5V,
Vee = OV
ARgpn A"ON" Resistance Vpp =7.5V, 5 Q
Between Any Two Vegg =-7.5V, '
Channels Ry =10k€2, or Vpp = 15V,
Vgs =0, Vee = OV
{Any Channel Vpp =5V, 10 Q
Selected) Vee = -5V, or
Voo = 10V,
Vge = OV
Sine Wave Response Vpp =7.5V, 0.1 %
(Distortion) R = 10KS, Vee = 7.5V
Voo = 5V, 0.2 %
Vss =0, Vee = BV
fig = 1 kHz -
Voo = 2.5V, ] 1 %
' Ve = =25V
“OFF*" Channel Vpp = 7.5V 150 +0.01 | £50 +200 nA
Vgg = OV
Leakage Current Veg = -7.5V
Any Channel OUT/IN = +7.5V, IN/OUT = 0V
"OFF"
All Channels Inhibit = 5V, Vop = 7.5V, | CD4051C +1600 +0.08 | +400 +1600 nA
"OFF"” (Common Vgs = 0V Vege =-7.6V | CD4052C +800 +0.04 | +200 +B00 nA
OQUT/IN) OUT/IN =0V, IN/OUT = 7.5V CD4053C 400 +002 | 100 +400 nA
Freqhency REspc[mse Ry =1k&, Vop = 5V, Veg = -5V, ) 40 MHz
Channel “ON"" Vis =5V (p-p), 20 Logro Vos/Vis = -3 dB
(Sine Wave Input) Vgs = 0V
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Electrical Characteristics (continued) cD4051c, cDa052C, cD4053C O
— = - >
PARAMETER CONDITIONS d0¢ 2 8¢ UNITS o
MIN | TYP | MAX| MIN | TYP| MAX | MIN | TYP| MAX m
F h h R = 1k,
ee;: ;ou?"OFF“ v 5:(/ op), Voo T5V.Vee =75V, ! Mz —t
el = -
2nn s PPl 20 Logyg Vos/Vis = 40 dB g
Vgg = OV ~
Crosstalk Between Any| R =1kS§2, Vpp =5V, Vgg = -5V, 1 MHz 0
Two Channels (Fre- Vis{A) = 5V (p-p), 20 Logyg Vos(B)/Vis(A) = U
quency at 40 dB) Vgg = 0OV ~40 dB (Note 1) h
Capacitance o
Cis Input {IN/OUT) . 101 - pF m
Cos Output CD4051C 60 pF —h
(Common Voo = Vee = Vg = OV CD4052C 30 pF (@
OUT/IN) CD4053C 20 oF -
Cios Feedthrough : 0.2 pF 0
tp ., Propagation Delay Vop = 10V, Vgg = Vgg = Inhibit = 0V, 10 ns U
tpr  Signal Input to C_ =15pF, Vg = 10V (Square Wave), A
Signal Qutput t,, ty = 20 ns {Input Signal) o
CONTROL INPUT_S A, B, C AND INHIBIT m
Noise Immumty (Any N
Control Input) g
Vi Vis = Voo Vpp ~ Vs = 10V 3.0 30 | 45 2.9 v S
through 1 k{2, Vpp ~ Vgs = 5V 15 1.5 | 2.25 1.4 \Y 0
Vee = Vss U
Vs lis = 104A Vpp — Vgs = 10V 29 30 | a5 3.0 v
R =1kQto Vze | Vpp - Vs = 5V 14 15 | 2.25 15 v 3
C, Average Input 5 pF m
Capacitance N
tpur. Turn “ON’ Propa- C_ =15pF, Vpp =10V, 150} 300 ns O
tpLn Qation Defay Ry = 10k{2, Vegg =0V -
Control Input- Vis < Vpo. Vpp =5V, 400 | 800 ns
to-Signal Output t,, t¢ = 20 ns, Vgg =0V o
ss = Inhibit=0V, | Voo = 5V, 200 400 ns U
Note 2) Vee = -5V ' S
Inhibit Input-to- C_ =15pF, Vpp = 10V, 200 400 ns o '
Signal Output R, = 10k, Veg = 0V ‘ ) : . ()]
Vis=Voo . | Voo =5V ] i 550 | 1100 ns w
t.t=20ns .| Veg =0V g
Inhibit Recovery Time | Vpp = 10V . 200 | 400 ns N
Note 1: A,B are two arbitrary channels with A turned “ON’* and B “OFF."” U
Note 2: Channel Overlap = Turn *“ON"" delay, where channe) overlap is defined as the duration after control slgnal change during which
two channels may be “ON" together. .h
Note 3: V)5 = input signal voltage, Vg = output signal voltage, f|g = input signal frequency. 8 ’
Special Considerations “‘%

In certain applications the external load-resistor current tional switch must not exceed 0.6V at T4 < 25°C, or
may include both Vpp and signal-line components. To 0.4V at T > 25°C (calculated from Rgy values shown).
avoid drawing Vpp current when switch current flows No Vpp current will flow through R if the switch
into “In/Out’ pin, the voltage drop across the bidirec- current flows into ‘Out/In"’ pin.

Truth Table

INPUT STATES “ON" CHANNELS

INHIBIT| CI B| A CD4051A CD4052A CD4053A
0 o|lofo 0 0x, oy cx, bx, ax 5
0 00| 1 1 11X, 1Y cx, bx, ay
0 oj1}]0 2 2X,2Y cx, by, ax
0 ‘o) 1 ] . 3X, 3y cx, by, ay
0 1]ofo a4 oy, bx, ax
0 1{of1 5 cy, bx, ay
0 111]0 6 cy, by, ax
0 1 7 cy, by, ay

' 1 1t NONE NONE NONE

*Don’t Care condition
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CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/CD4053C

Schematic Diagrams'
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Typical Performance Characteristics
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CD4066BM/CD4066BC

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CD4066BM/CD4066BC is a quad bilateral switch
intended for the transmission or multiplexing of analog
or digital signals. It is pin-for-pin compatible with
CD4016BM/CD4016BC, but has a much lower “ON"
resistance, and ““ON’’ resistance is relatively constant
over the input-signal range.

Features

® Wide supply voltage range 3V to 15V

® High noise immunity 0.45Vpp typ .

® Wide range of digital and +7.5 VPEAK
analog switching

® "“ON" resistance for 15V operation 80%2 typ

® ‘High “ON"/“OFF" output voltage ratio

Matched “ON" resistance over
15V signal input ’
“ON" resistance flat over peak-to-peak signal range
65 dB typ
@ fig = 10 kHz, R_= 10 kQ
< 0.4% distortion typ
@ fis = 1 kHz, Vis =5 Vp-p,
VDD — Vss = 10V, R =10 kQ

ARQN = 59 typ

High degree of linearity

m Extermely low “OFF" switch leakage 0.1 nA typ

@ Vpp — Vsg = 10V,

Ta=25°C

® Extremely high'control input 1012Q typ

impedance

® | ow crosstalk between switches —50dB typ

@ fis=0.9 MHz, R_= 1k

® Frequency response, switch “ON’* 40 MHz typ

Applications

®m  Analog signal switching/multiplexing

N Signal gating *

® Squelch control

® Chopper

® Modulator/Demodulator

® Commutating switch

Digital signal switching/multiplexing

CMQOS logic implementation
Analog-to-digital/digital-to-analog conversion
Digital control of frequency, impedance,
and analog-signal gain

phase,

Schematic and Connection Diagrams

CONTROL

IN/OUT

Dual-In-Line and Flat Package

IN/OUT —'--] I:i_l L3 Vop
ourin 2 3 contaoL
) outin [swo J}— 12 conthoL o
ivout - 0L wour
- contRoL 8 ED 2 ournn
}_‘ OUTAN  conthoL ¢ = ' 2 outan
- wd [ e o
\ TOP VIEW

Order Number CD4066BMD
See Package 14

Order Number CD4066BMF
See Package 23

Order Number CD4066BCJ or CD4066BMJ

See Package 18

Order Number CD4066BCN
See Package 21
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Absolute Maximum Ratings Operating Conditions wk
(Notes 1 and 2) (Note 2) (@)
Vpp Supply Voltage ~0.5V to +18V Vpp Supply Voltage 3V to 15V o’
Vi Input Voltage -0.5V to Vpp + 0.5V VN Input Voltage 0V to Vpp m
Tg Storage Temperature Range ~65°C to+150°C TA Operating Temperature Range m
Pp Package Dissipation 500 mW CD4066BM ~55°C to +125°C =
Ty Lead Temperature (Soldering, 10 seconds) 300°C CD4066BC —40°C to +85°C ~
DC Electrical Characteristics cp4o668M (Note 2) 8
' -65°C 25°C 125°C (03]
PARAMETER CONDITIONS UNITS
) MIN- | MAX Min TYP | MAX MIN MAX 0
[Is)s) Quiescent Device Current | Vpp =5V 0.25 0.01 0.25 7.5 MA
Vpp = 10V 0.5 0.01 0.5 15 HA
Vpp = 15V 1.0 0.01 1.0 30 HA
SIGNAL INPUTS AND OUTPUTS
RoN “ON'* Resistance R =10kQ
Vc=Vpp  Vss Vis
7.5V -7.5V  -7.5V to +7.5V 220 80 280 320 Q
15V ov 0V to 16V
5V -5V -5V to +5V 400 120 500 550 . Q
1ov ov 0V to 10V
2.5V -2.5V -25V to +2.5V 3000 270 5000 5500 Q
5V ov 0V to 5V
ARQN  A"ON” Resistance RL =10k )
Between Any 2 of 4 Vc = VpD Vss Vis
Switches 7.5V -7.5V ~7.5V to+7.5V 5 Q
15V ov 0V to 15V
5V -5V -5V to +5V 10 Q
v ov 0V to 10V i 3 ) ~
IOFF Input or Output Leakage Vpp Vg=Vss Vis Vos )
Switch “OFF" 7.5V -7.5V +7.5V ov +50 0.1 +50 +500 T OhA
5V -5V 5V ov 50 |\ 0.1 150 +500 nA
CONTROL INPUTS ’ N
ViL Low Level Input Voltage | Vis=VpD, Vos = VS8, lis < 10 wA )
Vpp =5V L 1.5 2.25 15 1.5 Vv
Vpp = 10V 3.0 4.5 3.0 3.0 \")
Vpp = 15V 4.0 6.75] 4.0 4.0 \
VIH High Level Input Voltage | Vpp =5V 35 275] 35 35 \
: Vpp =10V - ) " 7.0 5.5 7.0 7.0 v
Vpp = 15V 11.0 8.25 11.0 1.0 \Y
TN Input Current Vpp - Vss = 15V +0.1 +1075| 0.1 +1.0 CRA
' VDD > Vis 2 Vss
Vpp 2 Ve 2 Vss
DC Electrical Characteristics cp4osesc (Note 2)
: . -40°C . '25°C 85°C
PARAMETER CONDITIONS - UNITS
. ' MIN MAX | MIN TYP | MAX MIN MAX
DD Quiescent Device Carrent | Vpp =5V 1.0 001| 1.0 7.5 uA
: Vpp = 10V ' 2,0 0.01| 20 18 1A
Vpp = 15V : 4.0 0.01 4.0 30 HA




DC Electrical Characteristics (continued) CD4066BC (Note 2)

CD4066BM/CD4066BC

-40°C 25°C 85°C
PARAMETER CONDITIONS UNITS
MIN | maX | min [ Tvp | max | mIN | MAX
SIGNAL INPUTS AND OUTPUTS )
RoN ON" Resistance RL=10kQ
Vc=Vpp Vss Vis
7.5V =75V -7.5V to +7.5V 250 80 280 300 Q
18V ov 0V to 15V
5V -5V -5V to +5V 450 120 500 520 Q
10V ov 0V to 10V
2.8V —2.5V  -25V to +2.5V 3500 270 5000 5200 Q
5V ov 0V to 5V
ARpN  A”ON” Resistance RL =10kQ2
Between Any 2 of 4 Vc=Vpp Vss Vis i .
Switches 7.5V -7.5V -7.5V to +7.5V 5 Q.
15V ov 0V to 15V
5v -5V -5V to +5V 10 Q
nov oV 0V to 10V
lOFF Input or Output Leakage Vpp Vg=Vss Vis Vos
Switch “OFF" 7.5V 7.5V +7.5V ov +50 0.1 +50 +200 nA
5V -5V ' 5V ov +50 0.1 | +50 +200 nA
CONTROL INPUTS
ViL Low Level Input Voltage | Vis=Vpp, Vos = Vss, lis < 10 uA .
Vpp =5V 1.5 225 1.5 f 1.5 \
Vpp = 10V - 30 45 | 30 30 v
Vpp = 15V 4.0 675 4.0 4.0 v
ViH High Level Input Voltage | Vpp = 5V 35 275 | 385 ‘35" v
‘Vpp = 10V 7.0 5.5 7.0 7.0 v
Vpp = 15V 11.0 B 8.256 11.0 1.0 Vv
1Y Input Current Vpp — Vss = 15V +0.3 +1075| +0.3 *1 ‘0( . MA
VDD 2 Vis 2 Vss
VDD Z Ve 2 Vss
AC Electrical Characteristics TA=25°C, ty=t§=20 ns and Vgs = OV unless otherwise specified
PARAMETER CONDITIONS MIN TYP MAX UNITS
tPHL. tpLH  Propagation Delay Time Signal V¢ = Vpp. CL = 50 pF, (Figure 1)
Input to Signal Output Vpp =5V 25 55 ns
Vpp = 10V 15 35 ns
R Vpp = 15V 10 25 ns
tpzH. tpzL.  Propagation Delay Time Control RL =10k, Cp = 50 pF, (Figures 2
Input to Signal Output High and 3)
Impedance to Logical Level Vpp =5V 20 180 ns
Vpp = 10V 40 80 ns
Vpp = 15V 30 60 ns
tpHZ.tpLZ Propagation Delay Time Control RL=10kQ, C|_ =5 pF, (Figures 2
Input to Signal Output Logical and 3)
Level to High Impedance Vpp =5V 920 180 ns
Vpp =10V 60 120 ns
Vpp = 15V 55 110 ns
Sine Wave Distortion Vc=Vpp =5V, Vgs=-5V, 04 %
RL =10k, Vis=5Vp-p, f=1kHz,
(Figure 4)
Frequency Response—Switch V¢ =Vpp =5V, Vss=-5V, 40 ‘MHz
*ON"" {Frequency at —3 dB) RL =1k, Vis=5Vp-p,
20 Logqg Vos/Vis = —3 dB, (Figure 4) -
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AC Electrical Characteristics (continued)
TA= 25°C, tr = t§ = 20 ns and Vgg = OV unless otherwise specified

' PARAMETER CONDITIONS MIN TYP MAX UNITS
Feedthrough — Switch “OFF" Vpp =5V, Vc=Vgs=-5V, 1.25 MHz
(Frequency at —50 dB) R = 1k, Vijs=5 Vp-p, 20 Log1Q,
Vos/Vis = =50 dB, (Figure 4)
Crosstalk Between Any Two VpD = Vc(1) = 5V: Vss = Vc(2) = -5V, 09 MHz
Switch (Frequency at ~50 dB) RL =1k, Vis(A) = 5 Vp-p, 20 Logqq,
Vos(2)/Vis(1) = ~50 dB,
(Figure 5)
Crosstalk: Control Input to Vpp =10V, R = 10k, 400 mVp-p
Signal Output -RyN = 1k§2, Vg = 10V Square Wave,
(Figure 6)
Maximum Control Input Ry = 1k§2, C| = 50 pF, (Figure 7)
Frequency (f at Vgg = Vpp =5V 6.0 MHz
1/2Vppp-p! Vpp = 10V 8.0 MHz
Vpp = 15V 85 MHz
Cis Signal Input Capacitance 8 pF
Cos Signal Output Capacitance 8 pF
Cios Feedthrough Capacitance 0.5 pF
CIN Control Input Capacitance 5 75 pF

Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. They are not’
meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions’ and “Electrical
Characteristics’’ provide conditions for actual device operation.

Note 2: Vgg = 0V unless otherwise specified.

Note 3: These devices should not be connected to circuits with the power “ON".

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; however, this capacitance is included in
Cy_ wherever it is specified.

AC Test Circuits and Switching Time Waveforms

. Vop
Vc=Vop

CONTROL  Vpg

10F4
vis INOUT (o renes OUT/N T Vos
Vss c

v
ve o0
CONTROL  Vpp
4 o
Vis= Voo 0UT Gifcnes OUF Vos
| R tpHz— = 01Vpp
Vsg c AL
L 10k
Vos 50% Vos
ov v—_—
FIGURE 2. tpzH, tpHz Propagation Delay Time Control to Signal Output
tpLz
v Voo Voo "
[
| AL v v Voo 073
CONTROL  Vpp 10k, 3 © 50%
10F4 v -
Vig=ov inviout 1 98 ks ouTN Vos ' e ez
Vss Voo
o Vos Vos
l I VGL
= = = 01Vop

FIGURE 3. tpz|, tpLz Propagation Delay Time Control to Signal Output
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CD4066BM/CD4066BC

AC Test Circuits and Switching Time  Waveforms - (Continued)’

5V

Ve .
I i I ) i 25—

CONTROL _ Vpp X \ /
vig ———fivvout 1 0F8 oyran| Vos Vs o ‘ ' \/
SWITCHES ° % ) .
Vgs o . . =25V )
—1/f
!v L V¢ = Vpp for distortion and frequency response tests

V¢ = Vgs for feedthrough test

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough

5V

Ve = Voo —I l

CONTROL _ Vpp
10F4
Vs ——wiout 1 OF L ouTn Vos()
Vss RL
I 1k
- 2.5V

-5V —

' ) ‘ Visty OV - - /
Ve(2) = Ve v . | . \/
c@ ss——-] I . : ..

1t

CONTROL  Vgp

- 10F4
Vig(zj= 0V INOUT oy 20 e OUT/IN Vos(2)

Vss R -

| 03

= - -5V =

FIGURE 5. Crosstalk Between Any Two Switches

Ve 10V ) 1= 20 ns —=| ty=20ns

I . . v Voo . / 90%
TONTROL ¢
Voo 10%

QY et

10F4
Vis IN/OUT o+t OUTAN - Vos . }
Ry Vss AL ' '
1k 10k ' h I
l * . Vos Jﬁ Y cnos‘smw

Voo

Ve I

CONTROL _ Vpp

10F4
SWITCHES

Vss .J_ . :
50 pF 1k
"I' I = Vas \/\_/\ Von”2

FIGURE 7. Maximum Control Input Frequency

Vis = Vgp = IN/OUT oUT/IN
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Typical Performance Characteristics

“ON"’ Resistance vs Signal
Voltage for Tp = 25°C

400

350
300

250 —-Vpp - Vss =5V /
200 t

150 y pD - Vss = 10V ]
100 N ||

50
0

CHANNEL “ON" RESISTANCE (Ron) ()

Vgp - Vss = 15V
) O S |

-8 -6 -4 -2 0 2 4 6 8

SIGNAL VOLTAGE (V) (V)

““ON" Resistance as a Function
of Temperature for
Vpp — Vgs = 10V

= 400
Z 350
=
= 300
=]
Z 20
=
7]
@ 200
2 Ta = H25°C AT
:Z 150 S S S T
o - s
~: 100 |_Ta=+25"C :
E 50 L§__// \
F Tp=-55C
© 0 ]
-8 -6

-4 -2 D‘ 2 4 6 8
SIGNAL VOLTAGE (V(g) (V)

Special Considerations

In applications where separate power sources are used
to drive Vpp and the signal input, the Vpp current
capability should exceed Vpp/Rp (R = effective
external load of the 4 CD4066BM/CD4066BC bilateral
switches). This provision avoids any permanent current
flow or clamp action on the Vpp supply when power is
applied or removed from CD4066BM/CD4066BC.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To

““ON" Resistance as a Function
of Temperature for
Vpp — Vss = 15V

-

~ 400
= 350

&

= 300

8

Z 250

%

@ 200

=

z 190 [Tp-m25C P
+ |

g 'O TE

E Al J/’ T
2 »
-

F

Ta=-55"C

0
-8 -6 -4 -2 0 2 4 6 8

SIGNAL VOLTAGE (Vyg) (V)

“ON"’ Resistance as a Function
of Temperature for
Vpp — Vgs =5V

s [
=z 30 e
K A | Ta=+125C
o 300 —t—

§ LT
2 250 -

5 / / Tp=+25C
2 Lw A
g /T
= 150 7 Ta=-55C
(=]

2100 v

E

g %

=3

S

0

-8 6 -4 -2 0 2 4 6 8
SUPPLY VOLTAGE (Vg) (V)

avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8 or 11, the voltage drop across the
bidirectional switch must notexceed 0.6V at Tp < 25°C,
or 0.4V at Tp > 25°C (calculated from RQp values
shown).

No Vpp current will flow through Ry if the switch
current flows into terminals 2, 3, 9 or 10.
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Quad SPST JFET Analog Switches

LF11331/LF12331/LF13331
LF11332/LF12332/LF 13332
LF11333/LF12333/LF13333
LF11201/LF12201/LF 13201
LF11202/LF12202/LF13202

ET

SOURCE 10N DRAIN GATE
mPLANT
CoTTED

BI-FET Technology

2L

4 normally open switches with disable
4 normally closed switches with disable

2 normally closed switches and 2 normally open switches witli disable

4 normally closed switches
4 normally open switches

General Description

These devices are a monolithic combination of bipolar
and JFET technology producing the industry’s first
one chip quad JFET switch. A unique circuit technique
is employed to maintain a constant resistance over the
analog voltage range of +10V. The input is designed to
operate from minimum TTL levels, and switch operation
also ensures a break-before-make action.

Features

‘@ Analog signals are not loaded |

® Constant “ON" resistance for signals up to 10V and
100 kHz

® Pin compatible with CMOS switches with the advan-
tage of blow out free handling

Small signal analog signals to 50 MHz

Break-before-make action torr <ton
High open switch isolation at 1.0 MHz -50dB
Low leakage in “OFF" state <1.0nA

TTL, DTL, RTL compatibility

Single disable pin opens all switches in package on
LF11331, LF11332, LF11333
® | F11201 is pin compatible with DG201

These devices operate from £15V supplies and swing a
+10V analog signal. The JFET switches are designed for
applications where a dc to medium frequency analog
signal needs to be controlled.

Connection Diagrams (Dual-In-Line Packages) (All Switches Shown are For Logical “0")

LF11331/LF12331/LF13331
INe D4 54 DISABLE +Vcc $3 n: N, N, D4

% Jis Jie fis fie |n Jwo s 1© 15 J1a

LF11332/LF12332/LF13332
S4 DISABLE+Vee S3 D3 N, w, 04

LF11333/LF12333/LF13333
4 DISABLE +Vec §3 DI Ny

[ I (TR T w6 fis Ja Jin 2 |n | s

R
"7’

1 |z 1
Va -Vee S2 O N, 01§t

5

Va -Vee S2 D2 W, W, 01 §

IR BB ERE I8 | BN AR

Vo -Vee S2 D2 N,

TOP VIEW

LF11201/LF12201/LF 13201
IN, D4 S8 Ve NG S3 D3 INg

I o O N N T e B

| 1 |1 3 | 0 | G
Ny DY S -Vee Va 2 02 [l
TOP VIEW .

Test Circuit and Schematic Diagram

ANALOG s
INPUT (V) |
1
b, | 1y
LaGIC —_—a &
INPUT
(LOGIC "0” -~ 08V) | |
(LOGIC “1”.- 20V)
L e Ve

lsel oo
-15v Sl sy

FIGURE 1. Typical Circuit for One Switch

TOP VIEW

Order Number LF11201D, LF12201D,

LF13201D, LF11202D, LF12202D,
LF13202D, LF11331D, LF12331D,
LF13331D, LF11332D, LF12332D,
LF13332D, LF11333D, LF12333D
or LF13333D
See Package 15

Order Number LF12201N, LF13201N,

LF12202N, LF13202N, LF12331N,
LF13331N, LF12332N, LF13332N,
LF12333N or LF13333N
See Package 22

TOP VIEW

LF11202/LF12202/LF13202

N, D4 Wee NCOSI D3 N
s _|is In N P T [
vl
[ ==
|| |z |: a s 's |7 'l
Ny DU St Ve Vq S2 02 |

TOP VIEW

R1

0 +Vee

Va

~Vee

FIGURE 2. Schematic Diagram (Normally Open)
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Absolute Maximum Ratings ,
Positive Supply — Negative Supply (Vee—Vee) 36V Operating Temperature Range

Reference Voltage Vee < Ve < Vee LF11201, 2 and LF11331,2,3 -55°C to +125°C
Logic Input Voltage Vg —4.0V<V)y < Vg +6.0V LF12201, 2 and LF12331,2,3 -25°C to +85°C
Analog Voltage Vee S Va < Ve +6ViVa < Veg +36V LF13201, 2 and LF13331,2,3 . 0°Cto+70°C
Analog Current 1Al< 20 mA Storage Temperature —65°C to +150°C
Power Dissipation (Note 1) Lead Temperature {Soldering, 10 seconds) 300°C
Molded DIP (N Suffix) 500 mW
Cavity DIP (D Suffix) . 900 mW

Electrical Characteristics (Notes 2, 7)

LF12331/2/3
' LF11331/2/3 LF12201/2
SYMBOL PARAMETER . CONDITIONS LF11201/2 LF13331/2/3 UNITS
LF13201/2 .
MIN TYP | MAX MIN TYP | MAX
Ron | “ON" Resistance Va=01p=1mA Ta =25°C 150 | 200 150 | 250 Q
200 | 300 200 | 350 Q
Ron Match | “ON’ Resistance Matching Ta =25°C 5 20 10 50 Q
Va Analog Range 10 | %11 10 | 11 v
Isiony + Leakage Current in ““ON"* Condition Switch “ON,"” Vg = Vp =£10V T, = 25°C 0.3 5 0.3 10 nA
Ioon) 3 100 3 30 nA
Is(oFF) Source Current in “OFF " Condition Switch “OFF,” Vg = +10V, Ta =25°C 0.4 5 0.4 10 nA
Vp =-10V 3 100 3 30 nA
looFF) Drain Current in “OFF"* Condition Switch “OFF,” Vg = +10V, Ta =25°C 0.1 5 0.1 10 nA
Vp =-10V 3 100 3 30 nA
VinK Logical 1" Input Voltage 2.0 20
VinL Logical “0" Input Voltage 0.8 08
[ Logical “1 Input Current Vi =5V Ta =25°C 3.6 | 10 36 | 40 HA
25 100 HA
Chne Logical “0” Input Current Vin = 0.8 Ta =25°C 0.1 0.1 HA
1 1 HA
ton Delay Time “ON"" Vg =10V, (Figure 3) . Ta =25°C 500 . 500 ns
torr Delay Time “OFF"" Vg = £10V, (Figure 3) Ta =25°C 90 90 . ns
ton ~torr | Break-Before-Make Vs =210V, (Figure 3) Ta=25"C 80 30 ns
Cs(oFF) Source Capacitance Switch “OFF,” Vg = +10V Ta =25°C 4.0 4.0 pF
Co(oFF) Drain Capacitance Switch “OFF,” Vp = 210V Ta = 25°C 3.0 3.0 pF
Cs(or\/n + Active Source and Drain Capacitance Switch “ON,” Vg = Vp = 0V Ta =25°C 5.0 5.0 pF
Coon)
Isoorr) | “OFF” Isolation (Figure 4), (Note 3) Ta =25°C -50 -50 B
CcT Crosstalk (Figure 4), (Note 3) Ta =25"C -65 65 dB
SR Analog Slew Rate (Note 4) Ta =25°C 50 50 Vius
Ipis Disable Current (Figure 5), (Note 5) Ta =25°C 0.4 1.0 0.6 1.5 mA
0.6 1.5 09 | 23 mA
lee Negative Supply Current All Switches “OFF,” Vg = 10V T, = 26°C 3.0 5.0 43 7.0 mA
4.2 7.5 6.0 | 105 mA
1r Reference Supply Current All Switches “OFF,” Vg = +10V  Tp = 25°C 20 4.0 2.7 5.0 mA
2.8 6.0 38 | 75 mA
lce Positive Supply Current All Switches “OFF,"" Vg =210V T = 25°C 4.5 6.0 7.0 9.0 mA
6.3 9.0 | 9.8 | 135 mA

Note 1: For operating at high temperature the molded DIP products must be derated based on a +100° C maximum junction temperature and a
thermal resistance of +150°C/W, devices in the cavity DIP are based on a +150°C maximum junction temperature and are derated at +100°C/W.
Note 2: Unless otherwise specified, Vo = +15V, Vgg = =15V, VR = 0V, and limits apply for -65°C < TasH+ 25°C for the LF11331,2,3 and
the LF11201,2, —-26°C < Tp < +85°C for the LF12331,2,3 and the LF12201,2, and 0°C < Ta < +70°C for the LF13331,2,3 and the
LF13201, 2.

Note 3: These parameters are limited by the pin to pin capacitance of the package.

Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates.

Note 5: All switches in the device are turned “OFF" by saturating a transistor at the disable node as shown in Figure 5. The delay times will be
approximately equal to the tgN or tgfF plus the delay introduced by the external transistor.

Note 6: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source.
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Test Circuit and Typical Performance Curves

Delay Time, Rise Time, Settling Time, and Switching Transients

5V -15v z;
50V L ol
Vin 0 JVee 'V(( s Va =10V Va =45V 4
. Vo
50 N
7/ 2 s [ $
'?' Vin \ 2. —— Vin
Vin )
IVR 0 \VD_‘—J
: I I \
’ Vo o A\ ] D
10 pF
I-_— = 200 ns/div 200 ns/div
I T 1 T T
Va =0V <] Vp -5V ] Vp = 10V
Vo Vo Vp
, . ERb  Thr
<3 =2 =2
H Vi 4 — Vin \\ I 4 —r VY I
: \ ]
Vi \ |
Wl A I\
200 ns/div 200 ns/dw 200 ns/div
Additional Test Circuits
Vi
v | .
+15V “15v Va f s0% 50% 5\
T Q o t
30v
Vi " , imEn Ve TVee s bo
Vp =410V
"ar , /
=7 v - !
20v \
v, " \
" I B0V 10 t !
L _L —= ton —=] torr
= = Vo 8.0V
PAN—O Vg 5200 20v
10pF L oov - 90%
I <tom
- Vo 1 <10ns N

FIGURE 3. tgN, tofF Test Circuit and Waveforms for a Normally Open Switch

: o

=i

OFF ISOLATION = 201og K‘:_l

CROSSTALK = 20 log

Vel
Val

FIGURE 4. “OFF" Isolaﬂon,CrosstaIk Small Signal Response
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Ron (€1)

TIME (ns)

SUPPLY CURRENT (mA)

SLEW RATE (V/us)

Typical Performance Characteristics'

*ON’* Resistance

*ON" Resistance

TJI1rI -
200
. Wee =18V | 150 A
~Vgg = -15V
180 Ia=0.1mA . e
= 10
160 “g 1
]
]
140 = =
40
120
- 0
-0 -60 -20 20 60 10 -5 0 50 100 150
Va (VOLTS) TEMPERATURE (°C)
B
Crosstalk and “OFF" Isolation
vs Frequency Using Test Circuit
Switching Times of Figure 5§
1200 -20
Vec = 15v
1000 L Vee = -15V /
e z
800 |— Tion. Va=-10 = f
= 3
= w
600 Tom,Va=+0V___| 2 =
/ / TiorF). Va = +10V < 3
a0 rw,s,,v,:_-mv 2 z
/ | T ;;n
200 14
14 .
0 -100
-50 0 50 100 150 100k m 10M
TEMPERATURE ( C) FREQUENCY (Hz)
Supply Current Switch Leakage Currents
100,000 Py T5V Vg - <18V
OFF LEAKAGE CONDITIONS
Vg = +10V, Vp = =10V =
10.000 | o} LEAKAGE EONDITIONS Z
i z Vs = Vp = +10V =
'NEGATIVE lice) i ; 1000 g
IlIlI T i
<
2
=
100 1.0k 10k 100k
FREQUENCY (Hz) TEMPERATURE ( C)
Slew Rate of Analog Voltage
Above Which Signal Loading -
Occurs Small Signal Response
100 6 T T T
| C, =3pF v,
Vee = 15V ATTENUATION =20 LOG —2
& Vee= 15V ] _ (SEE FIGURE 4} I
a £
= =
z =z
inpumt I
)\ < V El
s 3
40 z 3 @
o
= -
5 N =
E]
20 -6 <
[ -9
-100 50 0 50 100 150 ™ 10M 100M
TEMPERATURE ( C) FREQUENCY (Hz)

“ON’* Resistance

Break-Before-Make Action

240 500
Ve = 15V, ~Vge = ~15V
TIME MEASURED FROM
200 400 N ~|— 50% INPUT PULSE T0 0%
P N OF OUTPUT PULSE
L—T = 300 [
2
= g Lo
= om0 S
80 N
“ 100 1 torr
0 0
60 40 20 0 20 40 60 -0 -60 -20 20 60 10
ANALOG CURRENT (mA) Vg (VOLTS)
Supply Current Supply Current
10 T T 10
Va = Vee +5.0V Vec = 15V l
ALL SWITCHES OFF Vee = 15V
8.0 = B0 [-ALL SWITCHES OFF
£
4 -
6.0 Z 60 -
POSITIVE {Icc) S POSITIVE (Icc)
S |
a0 S NG
NEGATIVE (leg) = S NEGATIVE (1)
g
E
20 REFERENCE (Ia) - oo
" REFERENCE (1g)
0 0 I {
0 50 10 15 20 25 -0 50 o 50 100 150
SUPPLY VOLTAGE (*V) TEMPERATURE (' C)
Switch Leakage Current Switch Capacitances
06 Voo sv T 10
Vee
04 Posmé/ﬂ:unﬂsu c Y
i, T
1 £
02 s SIOVF) / p .
’ j o | é/ ;_ " ;L siom *Coon
. harel / \ B g w _\c
/‘ )( ES SIOFF)
02 // L—"Tlsiom * o ion: 20 Toorn
1 Vee = 15V
/ DIOFF) Vge = -15V
04 ) 0
0 60 20 20 60 10 -0 60 20 20 60 10
Va (VOLTS) V, (VOLTS)
Maximum Accurate Analog
Current vs Temperature Logical ““1” Input Bias Current
20 T 10
NOTE 6|
AY
-16 8.0 g
Ed
3
=
12 Z 60
o<
= \
-80 \ ; 4.0 AN
N E T —
-40 20
0 0
-100 50 0 50 100 150 ~100 50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C)
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Application Hints

GENERAL INFORMATION

These devices are monolithic quad JFET analog switches
with ““ON" resistances which are essentially independent
of analog voltage or analog current. The leakage currents
are typically less than 1 nA at 25°C in both the “OFF”
and “ON" switch states and introduce negligible errors
in most applications. Each switch is controlled by mini-
mum TTL logic levels at its input and is designed to turn
“OFF" faster than it will turn “ON.” This prevents two

analog sources from being transiently connected together -

during switching. The switches were designed for appli-
cations which require break-before-make action, no
analog current loss, medium speed switching times and
moderate analog currents.

Because these analog switches are JFET rather than
CMOS , they do not require special handling.

LOGIC INPUTS

The logic input (IN), of each switch, is referenced to two

forward diode drops (1.4V at 25°C) from the reference

supply (Vg) which makes it compatible with DTL, RTL,
and TTL logic families. For normal operation, the logic
“0" voltage can range from 0.8V to —4.0V with respect
to Vg and the logic 1" voltage can range from 2.0V to
6.0V with respect to Vg, provided V)y is not greater
than (Ve — 2.5V). If the input voltage is greater than
(Vee — 2.5V), the input current will increase. If the
input voltage exceeds 6.0V or —4.0V with respect to
Vg, a resistor in series with the input should be used to
limit the input current to less than 100uA.

ANALOG VOLTAGE AND CURRENT
Analog Voltage

Each switch has a constant “ON"’ resistance (Roy) for
analog voltages from (Vgg +5V) to (Ve —5V). For

‘analog voltages greater than (Ve — 5V), the switch will

remain ON independent of the logic input voltage. For
analog voltages less than (Vgg + 5V), the ON resistance
of the switch will increase. Although the switch will not
operate normally when the analog voltage is out of the
previously mentioned range, the source voltage can go to
either (Vgg + 36V) or (Ve +6V), whichever is more
positive, and can go as negative as Vgg without destruc-
tion. The drain (D) voltage can also go to either
(Veg + 36V) or (V¢ + 6V), whichever is more posi-
tive, and can go as negative as (Ve — 36V) without
destruction.

Analog Current

With the source (S) positive with respect to the drain
(D), the Rpop is constant for low analog currents, but
will increase at higher currents (>5 mA) when the FET
enters the saturation region. However, if the drain is
positive with respect to the source and a small analog
current loss at high analog currents (Note 6) is tolerable,
a low Rgp can be maintained for analog currents greater
than 5 mA at 25°C.

LEAKAGE CURRENTS

The drain and source leakage currents, in both the ON
and-the OFF states of each switch, are typically less than
1 nA at 25°C and less than 100 nA at 125°C. As shown
in the typical curves, these leakage currents are depend-
ent on power supply voltages, analog voltage, analog cur-
rent and the source to drain voltage.

DELAY TIMES

The delay time OFF (tggg) is essentially independent of
both the analog voltage and temperature. The delay time
ON (ton) will decrease as either (Ve — V) decreases
or the temperature decreases.

POWER SUPPLIES

The voltage between the positive supply (V¢c) and
either the negative supply (Vgg) or the reference supply
(VR) can be as much as 36V. To accommodate varia-
tions in input logic reference voltages, Vg can range
from Vgg to (Vcc —4.5V). Care should be taken to
ensure that the power supply leads for the device never
become reversed in polarity or that the device is never
inadvertantly installed backwards in a test socket. If one
of these conditions occurs, the supplies would zener an
interal diode to an unlimited current; and result in a
destroyed device.

SWITCHING TRANSIENTS

When a switch is turned OFF or ON, transients will
appear at the load due to the internal transient voltage at
the gate of the switch JFET being coupled to the drain
and source by the junction capacitances of the JFET.
The magnitude of these transients is dependent on the
load. A lower value R produces a lower transient volt-
age. A negative transient occurs during the delay time
ON, while a positive transient occurs during the delay
time OFF. These transients are relatively small when
compared to faster switch families.

DISABLE NODE

This node can be used, as shown in Figure 5, to turn all
the switches in the unit off independent of logic inputs.
Normally, the node floats freely at an internal diode
drop (= 0.7V) above Vz. When the external transistor in
Figure 5 is saturated, the node is pulled very close to Vg
and the unit is disabled. Typically, the current from the
node will be less than 1 mA. This feature is not availa-
ble on the LF11201 or LF11202 series.

+Vee

= -

DISABLE

Voisasee * 1V

FIGURE 5. Disable Function
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Typical Applications
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Typical Applications (Continued)
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Typical Applications (continued)

Chopper Channel Amplifier
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Typical Applications (continued)
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Typical Applications (continued)
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

e

i - A
\ [T

\ BI-FET Technology

LF11508/LF12508/LF13508
8-Channel Analog Multiplexer
LF11509/LF12509/LF13509

4-Channel leferentlal ‘Analog Multlplexer

General Description

The LF11508/LF12508/LF13508 is
analog multiplexer which connects the output to 1 of
the 8 analog inputs depending on the state of a 3-bit
binary address. An enable control allows disconnecting

the output, thereby providing a package select function. -

This device is fabricated with National’s BI-FET tech-
nology which provides ion-implanted JFETs for the
analog switch on the same chip as the bipolar decode
and switch drive circuitry. This technology makes
possible low constant “ON" resistance with analog

input voltage variations. This device does not suffer’

from latch-up problems or static charge blow-out
problems associated with similar CMOS parts. The
digital .inputs are designed to operate from both TTL
and CMOS levels while always providing a definite
break-before-make action.

The LF11509/LF12509/LF13509 is a 4-channel dif-
ferential analog multiplexer. A 2-bit binary address will

an 8-channel

connect a pair of independent analog inputs to one of
any 4 pairs of independent analog outputs. The device
has all the features of the LF 11508 seriés and should be
used whenever differential analog inputs are required.

Features

® JFET switches rather than CMOS

No static discharge blow-out problem
No SCR latch-up problems

Analog signal range 11V, —15V

Constant “ON" resistance for analog signals between
—=11Vand 11V

m “ON" resistance 380 Q2 typ )

® Digital inputs compatible with TTL and CMOS
® Qutput enable control

]

Break-before-make action:
2 us typ

tOFF = 0.2 ps; tON =

Functional Diagrams and Truth Tables

LF11508/LF12508/LF13508

Al A0
o

-0
Oz

10F 8 DECODER

LF11509/LF12509/LF13509

EN Al AD
[} Q

10F 4 DECODER

EN A2 A1 A0 SwITCH
ON
| o —ver H L L L s1
H L L H S2
. H L H L S3
}—0 cnp
N H L H H S4
H H L L S5
O Vee H H L H 6
H H H L S7
H H H H S8
L X X X NONE
SWITCH
—O -Vgg EN Al AQ PAIR ON
L X X None
O GND H L L S1
H |l L H S2
L o vge HlH|L 3
H H H S4




Absolute Maximum Ratings

LF11508, LF12508, LF13508,
LF11509 LF12509 LF13509
Positive Supply — Negative Supply (Vce — VEE) 36V 36V . 36V
Positive Analog Input Voltage (Note 1) Vee Vece Vee
Negative Analog Input Voltage (Note 1) —VEE ~VEE ~VEg
Positive Digital Input Voltage Vee Vee Vee
Negative Digital Input Voltage -5V -5V —5V
Analog Switch Current gl <10 mA ilgl <10 mA ligl < 10mA
Power Dissipation (Pp at 25°C) and Thermal
Resistance (8ja), (Note 2)
Molded DIP (N) Pp - - 500 mW
fia - - 150°C/W
Cavity DIP (D) Pp 900 mW 900 mW 900 mW
0ia 100°C/W 100°C/W 100°C/W
Maximum Junction Temperature (TjmaXx) 150°C 110°C 100°C
Operating Temperature Range ~55°C < Tp < +125°C —25°C < Ta < +85°C 0°C < Tpa < +70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering,'80 seconds) 300°C 300°C 300°C

Electrical Characteristics (Note 3)

LF12508, LF 12509,
LF11508, LF11509 ’ ‘
SYMBOL PARAMETER CONDITIONS LF13508, LF13509 UNITS
MIN TYP | MAX | MIN TYP | MAX
RON “ON" Resistance VouT =0V, Ig = 100 uA . Ta=25°C 380 500 380 650 Q
. 600 750 500 850 Q
ARQON ARQN with Analog Voltage =10V < VoyuT <+10V, Ig = 100 KA | Ta = 25°C 0.01 1 0.01 1 %
Swing .
RON Match | Ron Match Between Switches VouT = ov, Ig=100pA Ta=25°C 20 100 20 150 Q
IS(OFF) Source Current in “OFF " Switch “OFF",Vg=11,Vp=-11, |Ta=25°C 1 5 nA
Condition (Note 4) 10 50 0.09 | 50 nA
ID(OFF) Drain Current in “OFF"* Switch “OFF”, Vg=11,Vp = —11, [ Ta = 25°C 10 20 nA
Condition {Note 4) 25 500 0.6 500 nA
ID(ON) Leakage Current in “ON" Swiich “ON" Vp = 11V, (Note 4) Ta=25°C 10 20 nA
Condition 35 500 1 500 nA
VINH Digital ““1"" Input Voltage 2.0 2.0
VINL Digital “0"" Input Voltage 0.7 0.7
N Digital 0" Input Current ViN = 0.7V Ta=25°C 1.5 20 1.5 30 MA
40 40 HA
IINL(EN) Digital 0" Enable Current VEN = 0.7V Ta=25°C 1.2 20 1.2 30 uA
40 40 HA
TTRAN Switching Time of Multiplexer (Figure 1), (Note 5) Ta=25°C 2.0 3 1.8 us
tOPEN Break-Before-Make (Figure 3) Ta=25°C 1.6 16 I’y
tON(EN) Enable Defay “ON" (Figure 2) Ta=25°C 1.6 1.6 us
tOFF(EN) Enable Delay “OFF"" (Figure 2) Ta=25°C 0.2 0.2 us
ISO(OFF) “OFF" Isolation (Note 6) Ta=25°C -66 —66 dB
cT Crosstalk LF 11509 Series, (Note 6) Ta=25°C =66 -66 dB
CS(OFF) Source Capacitance ("'OFF"’) Switch “OFF"”, VoyT = 0V, Ta=25°C 2.2 2.2 pF
Vg =0V )
CD(OFF) Drain Capacitance ("OFF*) Switch “OFF"”, VoyT = 0V, Ta'=25°C 11.4 1.4 pF
Vg =0V
Icc Positive Supply Current All Digital Inputs Grounded Ta=25°C 7.4 10 7.4 12 mA
9.2 13 79 15 mA
IEE Negative Supply Current All Digital Inputs Grounded Ta =25°C 27 4.5 2.7 5 mA
29 5.5 28 6 mA
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LF11508/LF12508/LF13508, LF11509/LF1 2509/ LF13509

Notes

Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax. 0jA, and the
ambient temperature, TA. The maximum available power dissipation at any temperature is Pp={Tjmax — Ta)/0ja or the 25°C PpMAX. which-
ever is less.

Note 3: These specifications apply for Vg = £15V and over the absolute maximum operating temperature range (T < TA < Th) unless otherwise
noted. o

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an “OFF"" channel to
turn “ON". !

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. .

Note 6: ““OFF" isolation is measured with all switches “OFF" and driving a source. Crosstalk is measured with a pair of switches “ON", driving
channel A and measuring channel B. Ry_= 200, Cy_ =7 pF, Vg = 3 Vrms, f = 600 kHz.

Connection Diagrams

Dual-In-Line Package Dual-In-Line Package
Al A2 GND Vee S5 S6 §7 58 Al GND Vee S18 §28 $38 S48 0
I 16 15 14 13 12 11 10 I 9 '16 15 14 13 12 1" 10 9
I 1 2 3 4 5 6 7 l 8 . | 1 2 3 [ 5 6 7 8
AD EN Vg s1 52 s3 sa .0 AD EN  -Vgg  SIA S2A S3A  SeA DA
TOP VIEW TOP VIEW
Order Numbers LF11508D, LF12508D, Order Numbers LF11509D, LF12509D,
LF13508D or LF13508N LF13509D or LF13509N
See Packages 17 and 22 ) See Packages 17 and 22

AC Test Circuits and Swifching Time Waveforms

15V
. Vee

2V O~ EN S1 p=—O 10V
Az - s2-57 —o——_L B Vg1

o F11 :
a b sgp=O0-1v = 0.8 Vsg
AD ] '
GND -Veg - - ‘TRAN

LOGIC SB
weut UL 50 J_ = L 1M . 10pF
- 15V ne I_

FIGURE 1. Transition Time
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AC Test Circuits and Switching Time Waveforms (continued)
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FIGURE 2. Enable Times
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FIGURE 3. Break-Before-Make

Transition Times and Transients
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

TypiCaI ‘Performance Characteristics
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Application Hints

The LF11508 series is an 8-channel analog mulitiplexer
which allows the connection of a single load to 1 of 8
different analog inputs. These multiplexers incorporate
JFETs in a switch configuration which insures a constant
“ON" resistance over the analog voltage range of the
device. Four TTL compatible inputs are provided; a
3-bit binary decode to select a particular channel and an
enable input used as a package select. The switches
operate with a break-before-make action preventing the
temporary connection of 2 analog inputs during
switching. Because these multiplexers are fabricated with
the BI-FET process rather than CMOS, they do not
require special handling.

The LF11509 series is a 4-channel differential multi-
plexer which allows two loads to be connected to 1 of
4 different pairs of analog inputs. The LF11509 series
also has all the features of the LF11508.

ANALOG VOLTAGE AND CURRENT

The ““ON" resistance, RON, of the analog switches is
constant over a wide input range from positive (V)
supply to negative (—VEE) supply.

The analog input should not exceed either positive or
negative supply without limiting the current to less
than 10 mA; otherwise the multiplexer may get damaged.
For proper operation, however, the positive analog
voltage should be kept equal to or less than Vgg — 4V
as this will increase the switch leakage in both “ON"
and “OFF"’ state and it may also cause a false turn “ON"’
of a normally “OFF" switch. This limit applies over the
full temperature range.

The maximum allowable switch “ON" voltage (the drop
across the switch in the “ON" condition) is 0.4V over
temperature. If this number is to exceed the input
current should be limited to 10 mA. -

The “ON", resistance of the multiplexing switches
varies slighﬂy with analog current because they are
JFETs running at OV gate to source. The JFET charac-
teristics shown in Figure 4 indicates how RQN tends
to vary with current. A lower RQp is possible when
the source voltage is negative with respect to the drain
voltage because the JFET becomes enhanced. Caution
should be used when operating in this mode as this
may forward-bias an internal transistor and cause high
currents to flow in the switches. Thus, the drain voltage
should never be greater than 0.4V positive with respect

2 T T
IS
16
- A
] 12 [~ 74
= ~o A
3 0.8 /
X ,4/
.04 ‘/
P
0
-2 -1 0 1 2
Vsp (V)

FIGURE 4. JFET Characteristics

to the source voltage without limiting the drain current
to less than 10 mA.

LEAKAGE CURRENTS

Leakage currents will remain within the specified value
as long as the drain and source remain within the speci-
fied analog voltage range. As the switch terminals exceed
the positive analog voltage range "“ON" and ‘‘OFF”
leakage currents increase. The ‘“ON’” leakage increases
due to an internal clamp required by the switch struc-
ture. The “"OFF" leakage increases because the gate to
source reverse bias has been decreased to the point
where the switch becomes active. Leakage currents vary
slightly with analog voltage and will approximately
double for every 10°C rise in temperature.

SWITCHING TIMES AND TRANSIENTS

These multiplexers ‘operate with a break-before-make
switch action. The turn off time is much faster than
the turn.on time to guarantee this feature over the full
range of analog input voltage and temperature. Switching
transients are introduced when aswitch is turned “OFF".
The amplitude of these transients may be reduced by
increasing the load capacitance or decreasing the load
resistance. The actual charge transfer in the transient
may be reduced by operating on reduced power sup-
plies. Examples of switching times and transients are
shown in the typical characteristic curves. The enable
function switching times are specified separately from
switch-to-switch transition times and may be thought
of as package-to-package transition times.

LOGIC INPUTS AND ENABLE INPU'I;

Switch selection in the LF11508 series is accomplished
by using a 3-bit binary decode while the LF11509 series
uses a 2-bit decode. These binary logic inputs are compa-
tible with both TTL and CMOS logic voltage levels.
The maximum positive voltage applied to these inputs
may exceed VCC but should not exceed —~VEE + 36V.
The maximum negative voltage should not be less than
4V below ground as this will cause an internal device to
zener and all the switches will turn “ON".

As shown in the schematic diagram, the logic low bias
current will flow until the PNP input is raised above the
3 diode reference (=~ 2.1V). Above this voltage the input
device becomes reverse biased and the input current
drops. to the leakage of the reverse biased junction

(< 0.1 uA).
T T 1
36 s
.Sl
L
18 Ve
- 2
£ 5
b /
-1.8
e [
-2 -1 0 1 2
Vsp (V)
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LF11508/LF12508/LF1 3508, LF1 1509/LF12509/LF13509

PRECONDITIONED

Typical Applications 1A AcauisITION SYSTEM

A SIMPLIFIED SYSTEM DISCUSSION

Analog multiplexers (MUX) are usually used for multi-
channel Data Acquisition Units (DAU). Figure 5 shows a
system in which 8 different analog inputs are sampled
and converted into digital words for further processing.
The sample and hold circuit is optional, depending on
input speed requirements and on A/D converter speed.

Parameters characterizing the system are:
System Channels: The number of multiplexer channels.

Accuracy: The conversion accuracy of each individual

sample with the system operating at the throughput rate:
Speed or Throughput Rate: Number of samples/second/
channel the system can handle.

For a discussion on system structure, addressing mode
and processor interfacing, see application note AN-159.

A. ACCURACY CONSIDERATIONS

1. Multiplexer’s Influence on System Accuracy (Fig-
ure 6). '

a. The error, (E), caused by the finite “ON" resis-
tance, RQN, of the multiplexing switches
is given by:

100
E(%) = where:
1+ RiN/(RON + Rs + ARQN)

RN = following stage input impedance
ARQN = ““ON” resistance modulation which is
negligible for JFET switches like the LF11508

Example: Let RQN = 450 2, ARoNn =0, Rg= 0,‘

Ta = 25°C and allowable E = 0.01% which is
equivalent to 1/2 LSB in a 12-bit system:

_ RoN (100-E)

RiN|] -
min E

= 4.5 MQ

Note that if temperature effects are included,
some gain (or full scale) drift will occur; but
effects on linearity are small.

b. Multiplexer settling time (tg):
ts(ON): is the time required for the MUX output
to settle within a predetermined accuracy, as
shown in Table I.
' Cg (Figure 6): MUX output capacitance + fol-
lowing stage input capacitance + any stray capaci-
tance at this node.

8-CHANNEL
ANALOG INPUTS Mux

7797779

START
CONTROLLER
CHANNEL 55'-“&'_':_ FROM PROCESSOR

FIGURE 5. Rand Addressed, Multiplexed DAU

] n BITS WORD

L.; CONVERSION COMPLETE O——O/o—o

TABLE 1.
o t5(ON)
ERROR A. BITS TO 1/2 LSB
0.2 8 6.2t
0.05 10 7.6t
0.01 12 9t '
0.0008 16 11.8t

t=Cg (RoNn + Rs)IR|N

ts(OFF): is the time it takes to discharge Cg
within a tolerable error. The “OFF" settling time
should be taken into account for bipolar inputs
where its effects will appear as a worse case
doubling of the ts(ON)-

. Sample and Hold Influence on System Accuracy

The sample and hold, if used, also introduces
errors into the system accuracy due to:

® Offset voltage of sample and hold
® Droop rate in the Hold mode

® Ta: Aperture time or time delay between the

time of a digital Hold command and the actual
Hold occurance

® Taq: Acquisition ‘time or time it takes to
acquire an analog input and settle within a pre-
determined error band

® Hold step: Error created during the Sample to
Hold mode caused by an undesirable charge
injected into the Hold capacitor Cp.

For more details on sample and hold errors, see
the LF198/LF298/LF398 data sheet.

. A/D Converter Influence on System Accuracy

The ““accuracy’’ of the A/D converter is the best
possible system accuracy. In most data “acquisi-
tion systems, the A/D converter is the most expen-
sive single component, so its error will often
dominate system error. Care should be taken that
MUX, S/H and input source errors do not exceed
system error requirements when added to A/D
errors. For instance, if an 8-bit accuracy system
is desired and an 8-bit A/D converter is used, the
accuracy of the MUX and S/H should be far
better than 8 bits.

For details on A/D converter specifications, see
AN-156.

Rs Ron

— o——o/o—tb
o4 o-

*
_.I_cS inm .
O——-</o—-0 1_ >

8-CHANNEL MUX

FIGURE 6. 8-Channel MUX
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Typical Applications (continued)

B. SPEED CONSIDERATIONS

In the system of Figure 5§ with the S/H omitted, if n-bit
accuracy is desired, the change of the analog input
voltage should be less than £1/2 LSB over the A/D con-
version time T¢. In other words, the analog input slew
rate, (rate of change of input voltage), will cause a slew-
induced error and its magnitude, with respect to the total
system error, will depend on the particular application.

AVN

+1/2LSB  VFs
At -

TC 2MxTc

‘max

where VEg is the full scale voltage of the A/D. Note that
slew induced errors are not affected by the MUX switch
time since we can let the unit settle before starting
conversion.

Example:Let Tc = 40 us (MM4357), Vg = 10V and
n=8.

AVIN
At

1mV

max Hs

which is a very small number. A 10 Vp-p sine wave of
a frequency greater than 32 Hz will have higher slew
rate than this. The maximum throughput rate of the
above 8-channel system would be calculated using
both the A/D conversion time and the sum of MUX
switch “ON"’ time and settiing time, i.e.:

Th. R _ 1

= =3ksamples/sec/
max. g (Tc+ Tmux)

channel

TMuX = TON + TS(ON)

Also notice that Nyquist sampling criteria would
allow each channel to have a signal bandwidth of
1.5 kHz max, while the slew limit dictates a maxi-
mum frequency of 32 Hz. If the input signal has a
peak-to-peak voltage less than 10V, the allowable
maximum input frequency can be calculated by:

(Slew Rate)max

fMAX = TVop

On the other hand, if the input voltage is not band-
limited a low pass filter with an attenuation of 30 dB or
better at 1.5 kHz, should be connected in front of
the MUX.

1. Improving System Speed with a Sample and Hold

The system speed can be improved by using the
S/H shown in Figure 5. This allows a much greater
rate of change of V|N.

AVIN VES

< _
At n
- | max 2"x Ta

where Tp is the aperture time of the S/H. This
represents an input slew rate improvement by a
factor: Tc/Ta. Here again, the slew rate error is
not affected by the acquisition time of the Sample
and Hold since conversion will start after the S/H
has settled. An important thing to notice is that
the sample and hold errors will add to the total
system error budget’ therefore, the inequality of
the AVyn/At expression should become more
stringent.

Example: Tg = 40 us, Ta=0.5us,n=8:Tc/TA =80

So the use of a S/H allows a speed improvement
by nearly two orders of magnitude.

The maximum throughput rate can be calculated by:

1
8 (Ta + Taq+ Tg)

Th.R -

max

Notice that Tpux does not affect the AV|N/At
expression nor the throughput rate of the system since
it may be switched and settled while the Sample and
Hold is in the Hold mode. This is true, provided that:

TMux <Ta +Tc.

C. SYSTEM EXAMPLE (Figure 7)

The LF398 S/H with a 1000 pF hold capacitor, has an
acquisition time of 4 us to 0.1% (1/4 LSB error for 8
bits) and an aperture time of less than 200 us. On the
other hand, after the hold command, the output will
settle to *0.05 mV in 1 us. This, together with the
acquisition time, introduces approximately a =1/4 LSB
error. Allowing another 1/4 LSB error for hold step
and gain non-linearity, the maximum slew error (AV N/
At) should not exceed 1/4 LSB or:

AV 1 1
N 1

— ~ 5mV/us
At 4 56

TA

(which is the maximum slew rate of a 5 V peak sine
wave. Also notice that, due to the above input slew
restrictions, the analog delay caused by the finite BW of
the S/H and the digital delay caused by the response
time of the controller will be negligible. The maximum
throughput rate of the system is:

1
Th. R _ -
max = T = 3}?‘00 samples/sec/

8(5+40) 106

If the system speed requirements are relaxed, but the
A/D converter is still too slow, then an inexpensive S/H
can be built by using just a capacitor and a low cost
FET input op amp as shown in Figure 8.
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Typical Applicationé {Continued)

15V
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=
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FIGURE 7a. Sequentially Multiplexed DAU with Sample and Hold
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FIGURE 7b. Timing Diagram
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Typical Applications (continued)

D.DOUBLING THE SYSTEM CHANNEL CAPABILITY

This is done in two different ways. First, we can use
second level multiplexing with speed benefits, as shown
in Figure 9. A fast 2-channel multiplexer, made by the
dual analog switch AM182, accepts the outputs of each
8-channel MUX, LF13508, and then feeds them sequen-
tially into an 8-bit successive approximation A/D conver-
ter. With this technique, the throughput rate of the
system can again be made independent of the the
LF13508 speed. Looking at the timing diagram, when
the A/D converter converts the analog value of an
upper multiplexer channel, we switch channels in the
lower multiplexer for the next conversion. This can be
done provided that:

TMux <Tc+1CP
The LF356 connected as unity gain buffers are used
because of the low input impedance of the A/D; they
are connected between multiplexers for speed optimi-

zation. With a maximum clock frequency of 4.5 MHz:

6

Th.R= 1;2 3 = 31.25k samples/sec/channel
and
AV N 10
At - EEE X Y™ = 19.56 mV/us for 10VFS»
15V -18V

—0
w

o g

. oo
IN 4 O——-(/
oo
o—t—"
oo

LF13508

T T

EN AD A1 A2
e

SAMPLE —]_r
HOLD —
CHANNEL SELECT

Ipss = 1.5 mA, ZoyT = 40 k2
VN =10V, Ch = 1000 pF, Tp =20 ps to 0.1%

il

el

An alternate way to increase the system channel is
shown in Figure 10, where the enable pins are used to
disable one MUX while the other is sampling. With this
method, many 8-channel multiplexers can be connected,
but the parasitic capacitance at the common output
node will keep increasing and will eventually degrade
the settling time, ts(QN). Also, the MUX speed will now
affect the system throughput. If, for instance, this
method was used instead of second level multiplexing,
the system of Figure 9 will lose half of its speed. If,
however, speed is not the prime system requirement,
the approach of Figure 10 is more cost effective.

E. DIFFERENTIAL INPUT SYSTEMS

Systems operating in industrial environments may
require an instrumentation amplifier to separate the
desired analog signal from any common-mode signal
present. The LF11509 was designed to provide 4 pairs of
differential input signals to the input of an instrumenta-
tion amplifier for further process. A 4-channel precondi-
tioning circuit is shown in Figure 11 and a complete
system is shown in Figure 12.

15V

— — = T0A/D

The acquisition time, T, of the Sample and Hold depends upon: Rop, Ipss of switches, ZgyT of switches

Error created by charge injection during Hold mode: AVE = 10 pF (14.5V—VN)/Cp

FIGURE 8. Inexpensive Sample and Hold
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Typical Applications (continued)
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FIGURE 9a. A Fast 16-Channel DAU with S d Level Multiplexing
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Typical Applications (continued)
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o Differential multiplexer disabled during auto zeroing
@ Minimum zeroing puise width will depend upon the integréfér R1C
© This scheme provides input offset adjust especially useful with high gain connections. The device, LF352,
provides pins for output offset adjust. For more details, see LF352 data sheet.

FIGURE 11. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Typical Applications (continued)
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224F . » el =
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. : o)
12 7 20f  Apet2ooec  [10 1
LF13300 OC s DIGITAL s .
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M 15 7 4
W I —O(i 1] cLF‘;S
i Ho 4
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* fcLocK max = 200 kHz
e The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 A/D
e The system accuracy will mostly depend on the instrumentation amplifier gain linearity

FIGURE 12a. 4-Channel Differential Muhir.;lexer with Auto Zeroed Instrumentation Amplifier and 12-Bit A/D Converter
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] | f
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Ao I_-—_—_—__L_r  For more details, see LF13300 data sheet
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FIGURE 12b. System Timing Diagram for Differential MUX
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Schematic Diagrams
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MM450/MM550, MM451/MM551,
MM452/MM552, MM455/MM555 MOS Analog Switches

General Description

\

The MMA450, and MMB550 series each contain
four p channel MOS enhancement mode transis-
tors. built on a single monolithic chip. The four
transistors are arranged as follows:

MM450, MM550 Dual Differential
Switch

Four Channel
Switch

Four MOS Transis-
tor Package

Three MOS Tran-
sistor Package

MM451, MM551
MM452, MM552

MM455, MM555

These devices are useful in many airborne and
ground support systems requiring multiplexing,
analog transmission, and numerous signal routing
applications. The use of low threshold transistors
(V11 = 2 volts) permits operations with large ana-
log input swings (£ 10 volts) at low gate voltages
(—20 volts). Significant features, then, include:

® large Analog Input Swing +10 Volts

Low Supply Voitage VguLk = +10 Volts

VGG = —20 Volts

® Low ON Resistance Vin = —10V 15082

Viny = +10V 7582

Low Leakage Current 200 pA @ 25°C
Input Gate Protection

m Zero Offset Voltage

Each gate input is protected from static charge
build-up by the incorporation of zener diode pro-
tective devices connected between the gate input
and device bulk.

The MM450, MM451, MM452 and MM455 are
specified for operation over the -55°C to +125°C
military temperature range. The MM550, MM551,

" MM552 and MM555 are specified for operation

over the -25°C to +70°C temperature range.

Schematic and Connection Diagrams
Dual-In-Line and Flat Package

TOP VIEW "
[—————SOURCE4

!P.'_’_cnr ‘
2 oram e
H sounce
5 1
}—--——snn
l
3

'
| S—TY

sux———y

onam 1—H

[ -_’E
souRce 1
oRAIN 2 —

care z-‘——"

’
SOURCE 2]

Metal Can Package

TOP VIEW

TOPVIEW
X3 GATE2

LK BULK

Note: Pin 5 connected to case and device bulk.

bulk. Drain and Source may be

Order Number MM450H or MM550H
See Package 1

Typical Applications

EQUIVALENT
CIRCUIT

See Package

SWITCH 22

Metal Can Package

Note: Pin § connected to case and device

Order Number MM455H or MM555H

Note 1: Pins 1 and 8 connected to case and
device bulk, Drain and Source may be interchanged.
MM452F, MM552F,
Note 2: MM452D and MM552D (dual-n-line packages)
have same pin connections as MM452F and MM552F
shown above.
Order Number MM452F or MM552F
See Package 23
Order Number MM452D or MM552D
See Package 14

Metal Can Package

Torview

suLk
Note: Pin 5 connected to case and device bulk.

interchanged.

Order Number MM451H or MM551H
1 See Package 1

SWITCH #1

To66LE O-
INPUT O,

SWITCH #1
ouTPUT

T it

6 SWITCH 22 ‘L
ouTPUT

DPDT Analog Switch
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MM450/MM550, MMM451/MM551, MM452/MM552, MM455/MM555

Absolute Maximum Ratings

MM450, MM451, MM452, MM455  MM550, MM551, MM552, MM555

Gate Voltage (Vgg) +10V to —30V +10V to —30V
Bulk Voltage (VgyLk!) +10V +10V
Analog Input (V) '+10V to —20V +10V to —20V
Power Dissipation 200 mW 200 mW
Operating Temperature -55°C to +125°C —25°C to 70°C
Storage Temperature —65°C to +150°C —65°C to +150°C
Electrical Characteristics
STATIC CHARACTERISTICS (Note 1)
PARAMETER CONDITION MIN| TYP | MAX | UNITS
Analog Input Voltage +10 \%
Threshold Voltage (Vgs(T)) Vpg =0, lp=1pA 1.0 2.2 3.0 \
ON Resistance Vi = -10V 150 600 Q
ON Resistance Vin = Ves 75 200 Q
. OFF Resistance ‘ 10'° Q
Gate Leakage Current (lggg) Vgs= =25V, Vgg =0, T = 25°C 20 pA
Input (Drain) Leakage Current
MM450, MM451, MM452, MM455 Ta=25°C .025| 100 nA
: T, =85°C .002 1.01  uA
Ta=125°C .025 101 uA
Input (Draip) Leakage Current
MM550, MM551, MM552, MM555 Ta=25°C 0.1 100 nA
Ta=70°C .030 1.0 uA
Qutput (Source) Leakage Current
MM450, MM451, MM452, MM455 Ta=25°C .040{ 100 nA
dutput (Source) Leakage Current B
MM450 : Ta=85°C 1.0 pA
MM451 T, =85°C 1.0 pA
MM452, MM455 TA=85°C 1.0 pA
MM450, MM451, MM452, MM455 T, =125°C 1.0| WA
Output (Source) Leakage Current
MM550 ’ Ta=70°C 1.0 wA
MM551 AR=70°C 1.0 pA
MM552, MM555 Ta=70°C 1.0 uA
DYNAMIC CHARACTERISTICS \\
Large Signal Transconductance :/fsi 1;10\/’ 'p =10mA 4000 umhos
CAPACITANCE CHARACTERISTICS (Note 2)
PARAMETER DEVICE TYPE MIN TYP MAX UNITS
Analog Input (Drain) Capacitance (Cpg) ALL 8 10 pF
MM450, MM550 1 14 pF
. MM451, MM551 20 24 pF
Output (Source) Capacitance (Cgg) MM452, MM552 75 1 oF
MM455, MM555 . 7.5 1 pF
MM450, MM550 10 13 pF .
. MM451, MM551 55 8 pF
tC t C ‘
Gate Input Capacitance (Cgg) MM452, MM552 55 9 oF
) MM455, MM555 5.5 9 pF
Gate to Output Capacitance (Cgs) ALL 3.0 5 pF

Note 1: The resistance specifications apply for -556°C < Tp < + 85°C, Vgg = -20V, VgyLk =

Note 2: All capacitance measurements are made at 0 volts bias at 1 MHz.

"+10V, and a test current of 1 mA. Leakage current is measured with all pins held at ground except
the pin being measured which is biased at -25V.
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Typical Dynamic Input Characteristics (r, = 25°c untess otherwise Noted) 2
SN
CONDITION 1: g
ANALOG INPUT VOLTAGE g
AT +1 .
vovoLts Ron vs VGG Dynamic Rgp o
_ 10,000 10
Vgg = +10V ——t Vga = +10V  Vguy = 410 4 u.l
Ta:-55C = LN T [ ¥4
Ta=25C 6 -yl g (@)
Ta=85C 2 VARSI -
v __ 1000 — 7 Voo = +6
™ = Vgp = +10V - = Vgg = +4
+10v Vour -§ 4 — VBI: =+10vd '; 2 [/ /r ¢ g
= . 1 S0 e
& S E A
100 | Y g
4 L1/ N -h
s LAA
Voo 8 == Vgg = -20 m
10 10 <
+ 0 -8 -6 -2 -10 <06 -02 02 406 +10 N
Ve (V) Vi V) g
CONDITION 2: g
ANALDG INPUT VOLTAGE ) 0]
ATOVOLTS Ronvs VGG Dynamic Rgp,
' Vont1OV 10,000 — 10 1 O
88 sg = +10V 8 Vg = +10V l I Vour = 0V b
— Vin=0V V,N=0V| l ! -
b 8 Ay g
GG T~
Vin 1000 4 [
ov Gy ._. Vour ‘E = 2 GG 4 g
H £ o pds
E EN b
100 -t 0
TG N
6 /’( N
s // = g
Vea 10 1 0 L4 [>—1Veg = -20V
0 -4 -8 -2 -6 -20 10 -06 -02 +02 +06 +0 g
Vge (V) AV, V) (8)]
CONDITION 3: P N
ANALOG INPUT VOLTAGE .
AT -10 VOLTS Ronvs VGG / Dynamic Rgp - ]
- 100,000 10
i Evon - riov o [ Yoo 0¥ Vopr = <16V =
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e s : - =
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. = 1 £ 0 ey 2y l m
< : -
& Z 2 =X o ~
1000 ! TVec =
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Drain Current vs
Ron vs VGG Typical Drain Characteristics Gate To Source Voltage
10,000 e e e —T 10 17
i 45 f— Vo5 =-15V Vs = OV I Vps = -20v
= e ]
Vi L~ —40 ,l 80 Ves=0V
z 5 -135 L =1 z - |
= 1000 = s H —3n Z-/' | V| E 60
i B 8 5 g /
g 1 z -5 D'/ =1 z /
AN I <
& S £ 20 Hpr ’_‘:%’_, g 7
0 = 21 .
Vae =0V - P -15_| 1 - T ‘(
Vo = 2.5V —10 B 1/ 20
-6 i
i i IL 8 11— A
10 0 0
0 -4 -8 12 -6 -2 0 -20 -4 -60 -80 -100 0 -10 -20 -30 -40 -50
Voo V) Vos - DRAIN TO SOURCE VOLTAGE - VOLTS Vs - GATE TO SOURCE VOLTAGE ~ VOLTS
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‘MM450/MM550, M'MM451/MM551, MM452/MM552, MM455/MM555

Typical Input Capacitance Characteristics

MMA450, MM550 MM451, MM551 MM452, MM552 , MM455, MM555
Cinvs Vin Cinvs Vin Cinvs Vi
Tt + it : =
- 50 Vgg = +10V 50 11 T Vgg = +10V 50 Vgg = +10V
40 a0 —v T 1T 40
et ] 3 pYse” 30
n =20V = 20 o 20
z Voo = 20V . L vee=-v i = Voo = -20V
% v R E gL S /|
———} H 5 5 E V= 10V
=S ESREE R Tl
a ] >4<——] 4 | 4 : Vog = V5 ]
= Vg = +10V ]| Sy Vg = +10V 7| 3 ==
, F— ca = 410 ? il ) =
[ l L ] ] |+ Vgg = +10V
1 1 v L |
-10 -6 -2 +2 +6 +10 -10 -6 -2 2 +6 +10 -10 -6 -2 +2 +6 +10
Vin (V) Vin (V) Vi (V)
Typical Applications (continued)
Mmass — 1
(B b —
DIGITAL [ |
e | J
VIDED — ) VIDED D —I I——-——‘-
INPI.lT:IQ ! l I j | l Bl ODUYN"ﬂ N ‘

I OUTPUT

VIDED t : —-E- ) 0 VIDEO ’
INPUT =2 QUTPUT =2

|—l__ | INTELLIGENCE
|

1T
-

b o) TOGGLE
< INPUT

I

4-Channel Multiplexer*

DPST High-Frequency Switch

*Expansion in the number of data input lines is
possible by using multiple level series switches
aliowing the same decode gates to be used for
all fower rank decoding.
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MM454/MM554 4-Channel Commutator

General Description

The MM454/MM554 is a 4-channel analog com-
mutator capable of switching four analog input
channels sequentially onto an output line. The
device is constructed on a single silicon chip using
MOS P Channel enhancement transistors; it con-
tains all the digital circuitry necessary to sequen-
tially turn ON the four analog switch transistors
permitting multiplexing of the analog input data.
The device features:

8 High Analog Voltage Handling 10V
® High Commutating Rate 500 kHz
& |ow Leakage Current (T, = 25°C) 200 pA

(Ta =85°C) 50 nA

® Ajl Channel Blanking input provided
® Reset capability provided

® | ow ON Resistance 20082
In addition, the MM454/MM554 can easily be
applied where submultiplexing is required since a
4:1 clock countdown signal is provided which can
drive the clock input of subsequent MM454/MM554
units.

The MM454 is specified for operation over the
~55°C to +125°C military temperature range. The
MM6554 is specified for operation over the —25°C
to +70°C temperature range.

PSSININ/ YSPININ

Schematic and Connection Diagrams
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See Package 23
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MM454/MM554

Absolute Maximum Ratings (Note 1)

. Gate Voltage (Vgg) +10V to —30V

Bulk Voltage (Vgg) +10V
Analog Input (V) ' +10V to —20V
Power Dissipation © 200 mW
Operating Temperature MM454 ) ~55°C to +125°C

MM554 -25°C to +70°C
Storage Temperature , —65°C to +150°C

Static Characteristics ot 2)

PARAMETER CONDITION MIN TYP MAX UNITS
Analog Input Voltage +10 \%
ON Resistance Vin = -10V 170 600 Q
ON Resistance Vin = Vss 90 200 Q
OFF Resistance 10'° Q
Analog Input Leakage Current MM454 Ta =25°C .050 100 nA
: MMA454 Ta =85°C .006 1.0 uA
MM554 Ta =25°C : .0001 100 nA
MM554 Ta =70°C .030 10 MA
Analog Output Leakage Current MM454 Ta =25°C 0.100 100 nA
MM454 T, =85°C 30 1.0 uA
MMS554 Ta=25°C . .0001 | 100 nA
MM554 Ta=70°C .030 1.0 RA
Vgs Supply Current Drain Vgs = +12V 3.8 55 mA
Vg Supply Current Drain Vgg = -24V 24 35 mA
Capacitance Characteristics
PARAMETER CONDITION MIN TYP MAX UNIT
Analog Input Capacitance Channel OFF iy =0 v 4 6 pF
Analog Input Capacitance Channel ON I =0 20 24 pF
Analog Output Capacitance Iin =0 20 24 pF
Clock Input | Ve =+12v 20 pF -
Reset Input Vagset = +12V 20 pF
Blanking Input VgLank = +12V . 20 pF
Clock Characteristics note3)
PARAMETER CONDITION MIN TYP MAX UNIT
Clock Input (HIGH)*) ' Vg - 2 Vss v
Clock Input (LOW) -5 0 +5 v
Clock Input Rise Time (POS GOING) No requirement
Clock Input Fall Time (NEG GOING) : ' 20 usec
- Countdown Output (POS) Vo Vgg -2 - Vss ]
Countdown Output (NEG) Vo 0 \
Maximum Commutation Rate . 05 20 MHz
Ves ‘ +100 +12 +14 v

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages
referenced to Vpp = 0. '

Note 2: These specifications apply over the indicated operating temperature range for Vgg = =24V,
Vpp = OV, Vgs = +12V, VResSeT = +12V, VgL ANK = +12V. ON resistance measured at 1 mA,
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured
at 1 MHz.

Note 3: Operating conditions in Note 2 apply. Vgg to Vpp (0V) voltage is applied to counting and
gating circuits. VGG is required only for analog switch biasing. All logic inputs are high resistance and
are essentially capacitive.

Note 4: Logic input voltage must not be more positive than Vgg.

590




Typical Performance Characteristics
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FET Application Guide m
>
©
j=J
-—
) (Y
National Semiconductor manufactures a broad line of The following chart is a guide to enable the user to [\V]
silicon Junction Field Effect Transistors (JFETS). determine what parameters are important in each —
National’s JFETs provide excellent performance in many application. (o]
areas such as RF amplifiers, analog switching, low input =3
current amplifiers, ultra low noise amplifiers and out-
standing matched duals for operational amplifiers Q
input applications. E_
Q.
®
APPLICATIONS AND THEIR PARAMETERS
LISTED IN APPROXIMATE ORDER OF
IMPORTANCE
Low Low HIGH ANALOG AND
FREQUENCY Fggggxzn EL:;:E?,’:’LERT:R ';\?WM;B‘T:; NOISE | FREQUENCY | OSCILLATOR D':;izf::;'n‘“' DIGITAL
AMPLIFIER AMPLIFIER AMPLIFIER SWITCHING
Yis Yis [I¢] Ibz en Re(Yts) Yis IVas1-Ves2l 'DS(ON)
Ipss e Yis Yis@lpz 1G. in Re(Yis) IDss AlVas1-VGs2l | ID(OFF)
AT
VGS(OFF) Crss bz Vas @Ipz Yis NF Crss Ciss
Ciss Ciss en G Ipss Crss Ciss ilg1-1gal Crss
Crss Ipss 9os BVGss VGS(OFF) Re(Yos) VGS(OFF) [¢] VGS(OFF)
en VGS(OFF) Ipss BVGss Yis BVGss
BVGss BVGss VGS(OFF) Yts1/Yts2
1Yos1—Yos2!
CMRR
VGS(OFF)
JFET Parameter Relationships
2
_ VGs Variation .of drain cur- dfs = 9fso VID/IDSS Variation in transcon-
Ip = 1DSS (1 - m)) rent with gate bias. ductance with drain
Square low transfer current.
characteristic.
Relationship  between
21pss - Gate-source cutoff vol- DS~ — rps and gfs in the triode
VGS(OFF) = tage in terms of Ipsg 9fs region (i.e, Vps <
9fso and gso. VGS(OFF)-
VeV ; Ip 12 Gate-source voltage in he 'DS(0) Variation of drain resis-
GS=VGS(OFF) "(r—) terms of operating cur- DS VGs tance with gate bias in
rent Ip, Ipss, and 1——\-/— terms zero bias resis-
VGS(OFF)- GS(OFF) tance  (rpsQ)  and
VGS(OFF)-
gfso = K _Ipss Transconductance  at : .
VGS(OFF) zero gate voltage in s ~ KVGS(OFF)2 Variation of drain re-
terms of Ipgg and har v —v sistance in terms of
VGs(off). K= 1.1t Dss{VGS(0FF) —Vas) VGs, and VGS(OFF)
2.5. Typically 2 for N- K=0.5-0.9 IDSS.
channel JFETs.
rDST ~ rpg @ 25°C (1 + Variation of ON resis-
B (1 VGs ) Variation in transcon- 0.007 (AT)) . tance as a function of
gfs = Gfso VGS(OFF) ductance with gate bias. temperature.
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Monolithic Dual FETs vs 2-Chip Dual FETs

Monolithic Dual FETs vs
2-Chip Dual FETs

INTRODUCTION

Recent development of a monolithic dual field effect
transistor offers .distinct cost and design advantages to
the dual FET user. In this article, we have pointed out
these advantages on the basis of a comparison’ that was
made between this monolithic structure and the 2-chip
dual. Finally, a typical application for this FET is
presented and evaluated.

GENERAL

Most dual junction field effect transistors that are avail-
able today are the 2-chip variety. These devices are
costly to manufacture since 2 FET dice must be found
whose electrical characteristics match under a certain set
of bias conditions. Finding the matched pair is accom-
plished by collecting data on a large number of dice and,
with the help of a computer, selecting 2 devices with
identical characteristics. The result is a device that
exhibits excellent end point temperature characteristics
as long as the device is operated at the manufacturer
specified bias conditions. If the device is operated at
bias levels that deviate too much from the specified
conditions, the user runs the risk of poor temperature
performance. In addition, even if the device is biased
at the specified drain current operating point, there
still is no guarantee that the device will be well behaved
between the temperature end points.

The dual FET manufacturer and user alike would like
to have a device that exhibits none of the above short-
comings. They are:

1. High price because of the device selection process.

2. Poor temperature tracking characteristics at currents
other than those specified by the manufacturer.

GATE1
DRAIN 1 0S[)UFH:E1

GATE 2

4
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3. Non-linear temperature tracking performance between
the manufacturer specified end point temperatures.

Recent development by National of a complete family
of dual monolithic junction FETs has virtually eliminated
these shortcomings. National’s family of duals include
general purpose dual process 83 (2N3954 family, etc.),
ultra low leakage dual process 84 (2N5902 family),

" wideband RF dual process 93 (2N5911 family) instru-

* sounce 2 orainz

mentation dual cascode process 94 (NDF9400 family),
low noise dual process 95 (2N5515 family), and wide-
band chopper switch dual process 96 (2N5564 family).
While some other companies now manufacture a mono-
lithic dual g.p. FET similar to process 83, National is
the only ‘“‘all monolithic’’ dual manufacturer. These
devices (illustrated in Figures 7a and 1b) consist of 2
diffused isolated junction FETs. -

Since these devices are a monolithic structure, no dice
matching is required. The FETs that make up the chip
either match or they don’t. Units that do not match
are eliminated at the wafer sorting stage. Units that do
match and exhibit good temperature tracking charac-
teristics at a specified drain current also exhibit good
temperature tracking characteristics at other current
levels. These devices display a linear differential gate-
source voltage relationship to temperature. This is very
important to the operational amplifier manufacturer
since it allows him to temperature compensate the dual
FET, or his entire amplifier circuit for that matter, such
that temperature coefficient approaching 0 uV/°C can
be achieved. Since the 2 FETs that constitute the
monolithic structure are isolated by a diffusion, they can
be operated at different potentials without device
interaction.

"DRAIN 1

DRAIN 2

GATE 1 GATE2

SUBSTRATE
(CASE)

o

SOURCE1  SOURCE2

' I
SEE2

FIGURE 1a. Typical National Monolithic Dual FET Cross-Section

(Processes 83, 84, 93, 94, 95 and 96)

SUBSTRATE
(CASE)

FIGURE 1b. Process 83 Equivalent Schematic




FET TEMPERATURE CHARACTERISTICS making this type compensation difficult. To illustrate
the difference in temperature tracking characteristics
of the 2-chip FET and the monolithic structure, a 2-chip
10 uV/°C device was compared to a monolithic 10 uV/

°C unit.

Figure 2 illustrates.the gate-source voltage temperature
dependence of the 2N3954 (process 83) monolithic
FET for various values of drain current. All junction

. FETs, whether they are monolithic or single unit con-
struction, display similar characteristics. It becomes -
evident, upon examination of this curve, that a very
slight change in drain current results in a substantial
change in the gate to source voltage (VGS) temperature
coefficient.

Figure 4 illustrates how the differential gate-source
voltage of the monolithic 2N3954 varies as a function
temperature. When both sides of the dual FET are
biased at the specified 200 uA £0.01% level, the temper-
ature coefficient is constant and equal to 6 uV/°C. Also,
note that the AV@Gs temperature coefficient can be
adjusted to about O uV/°C by increasing the drain
current in Q2 to 201 uA. The AV @GS temperature charac-
teristics for -the 2-chip 2N3954 dual FET are shown in
Figure 5. Note that if one employs the definition of
temperature coefficient set forth in Note 1, the AVGS
temperature coefficient of the 2-chip dual is about
8 uV/°C. It would be impossible, however, to achieve
a temperature coefficient much better than 8 yV/°C
(by adjusting the drain current), because the AVGS
temperature curve is non-linear.

Figure 3 illustrates just exactly how dependent VGs
is to an Ip change. For example, suppose a device is
biased at a 200 uA drain current level. The curve in
Figure 4 tells us that a drain current change of 1 uA
will change the V@Gg temperature coefficient 4.8 uV/
°C. The fact the VGgg temperature coefficient can be
predictably changed by slight variation in the drain
current implies that the differential gate-source voltage
temperature coefficient can be adjusted to 0 uV/°C by
a change in drain current. A 2-chip dual FET can also be
temperature compensated in this same manner provided
the differential V@g temperature coefficient is constant
at all temperatures. The temperature coefficient of the
2-chip system, however, is generally not constant over
the specified operating temperature range, therefore

The AVGS temperature characteristics of the 2-chip
dual and the monolithic dual were then measured at
500 puA of drain current. The results are illustrated
in Figures 6 and 7.
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FIGURE 2. Gate-Source Voltage Temper-
ature Coefficient vs Drain Current (Single
Device)
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FIGURE 5. Differential Gate-Source
Voltage vs Temperature for a Typical
2-Chip Dual JFET (10 uV/°C Unit)

FIGURE 3. Gate-Source Voltage Temp-
erature Coefficient Sensitivity to Drain
Current Change vs Drain Current (Single
Device)

25
1p1 =500 A
_ 2 |vpg=20v
z Ip2 = 496
= | Ip2= w
z ¥ 12 = 500 kA3
g 1 L____I z=504uAN,.\ A
3 s ' />
H 7
L S
E
 _| _
805 7
9 -10 /' Vpg =20V
1p1 = 500 .A
15 D1 I

-75 -50 =26 0 25 50 75 100 125
TEMPERATURE (°C)
FIGURE 6. Differential Gate-Source
Voltage vs Temperature for the Same
Monolithic JFET in Figure 4, Only the
Drain Current has been Changed to
500 uA.

FIGURE 4.Differential Gate-Source:
Voltage vs Temperature for a Typical
Monolithic Dual JFET
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FIGURE 7. Differential Gate-Source
Voltage vs Temperature for the Same
2-Chip Dual FET in Figure 5, Only the
Drain Current is 500 pA
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Monolithic Dual FETs vs 2-Chip Dual FETs

Note that the monolithic dual exhibits good AVGs
temperature characteristics (TC =~ 15 uV/°C) while the
2-chip dual has a temperature coefficient greater than
50 uV/°C. The data displayed in Figures 4—7 is for 2
specific devices; however, it is representative of the data
accumulated on a number of process 83 and 2-chip
dual FETs.

Another point that warrants discussion is the fast
thermal transient response of the monolithic dual FET.
This type device is generally employed as the input
stage for an operational amplifier; therefore, it may be
subjected to electrical overload such as input voltage
transients. This condition causes 1-side of the dual FET
to dissipate. more power than the other, which in turn
results in a temperature differential between the 2 sides

15V

500

2Ty AD

A

A A4

R3 Q TEMPERATURE
COEFFICIENT

": R1 Pl

v 10k, 1% 4:101(. 1%
& 25 ppm/°C < 25 ppm/°C
- 3

~

of the device. The:AV@Gg error will disappear once the
devices are again in thermal equilibrium. The time for
the 2-chip dual FET to reach thermal equilibrium, after
a thermal transient, is considerable since the FET chips
making up the 2-chip dual are located some distance
apart. On the other hand, the monolithic structure
recovers from thermal transients very rapidly because
the 2 FETs, constituting the chip, are in intimate contact.

.

APPLICATIONS

A typical operational amplifier application is illustrated
in Figure 8. This circuit employs the 2N3954 monolithic
dual FET. as the input device. The drain current level
is set by FET Q2 and resistor Rx. FET Q2 is a 2N5457.
This device exhibits a 0 TC drain current operating point

2N3954
(P83)

. s
— 200
207
INPUTS

ﬂ OFFSET
C+

VOLTAGE ADJ

o
L}

Ry
S 25 ppm/°C

-15V

S SELECT Ry FOR
2V DROP ACROSS R1

Note 1: The temperature coefficient can typically be adjusted
(by R3 and R4) to less than 5 uV/°C from —25°C to +85°C.
Note 2: The common-mode rejection ratio is typically greater
than 100 dB for input voltage swings of 5V.

FIGURE 8. Low Temperature Coefficient Operational Amplifier

15V £1%

1g <100 pA
-
Vin

\ 4

AAA I O—AAA
v—

S 500
S 0.1%

o
—15V +1%

1/2 2N3954 (P83)

Vour= .
Vin * VOFFSET

1/2 2N3954 (P83}

FIGURE 9
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at about 400 pA. In, addition, the Q2—Rx combination
exhibits an output impedance typically greater than
10 M. This characteristic, coupled with the high
output impedance of the IMF3954, contribute to a
CMRR of greater than 100 dB for this amplifier. Input
offset voltage can be adjusted to 0 with R4. This control
exhibits sensitivity of 2 mV/turn. The temperature
coefficient can be compensated by R3 with an approxi-
mate sensitivity of 5 uV/°C/turn. The temperature per-
formance of a typical amplifier of this type is illustrated
in Figure 10.

25
2
15

1 5uV/°C
LIMITS
\:
-15

-50 -26 0 25 50 75 100 125 150
TEMPERATURE (°C)

FIGURE 10. Input Offset Voltage vs
Temperature
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0

\ |/

N
~I\

-05
-1.0

VogF — INPUT OFFSET VOLTAGE (mV)

CONCLUSION -

The junction isolated dual monolithic junction FET does
exhibit a more linear AVGS temperature relationship
than does the 2-chip dual FET. In addition, the mono-
lithic structure exhibits good temperature tracking

characteristics at drain currents other than the specified
ID. This is generally not the case for the 2-chip system.
Since all National duals are monolithic structures, the
cumbersome process of matching individual dice is not
required.

This, of course, makes the monolithic dual less expensive
then its 2-chip counterpart. And finally, the monolithic
dual FET maintains excellent tracking characteristics
when the device is subjected to thermal transients or
momentary voltage overloads. This is not the case with
the 2-chip dual since these devices are thermally isolated
from one another.

Note 1:

Definition of temperature coefficient:

_ 1AVGs(To) — AVGs(TL!

(TC)L x 108 pv/°C

To-TL

1AVGs(TH) — AVGs(Tolt
= x 108 uv/Cc

(TCIH
TH—To

Where Tg = 25°C
TH — High temperature limit (T = 85 or 125°C)
T — Low temperature limit
AVgs(To) in the differential gate-source offset voltage
at To (volts)
AVGs(TH) — Differential gate-source offset voltage at TH
AV@gg(T) — Differential gate-source offset voltage at T|_
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Why Use Cascode Dual FETs?

Why Use Cascode
Dual FETs? '

National Semiconductor’s. cascode dual JFET is a
unique structure in which each half of a monolithic dual
is actually 2 FETs connected in cascode. Figure 1a and
1b show the comparison. The advantages of a cascode
structure are low dynamic leakage (lg) and greatly
improved common-mode rejection ratio. National’s
processes 84 and 94 use the cascode configuration.

FIGURE 1a. Cascode Configuration

D1 D2

$1 82

FIGURE 1b. Triode Configuration

The cascode FET device offers a significant improve-
ment in gain/input current ratio when compared to
standard FET triodes. Specifically, the NDF9406 series
devices are specified at IG < 5 pA under operating
conditions, and they exhibit operating gfs of 1200 umho
typical. This compares favorably with non-cascode duals
exhibiting 3—10 times the |G.

Furthermore, the NDF9406 series will maintain this
low input current over a common-mode input range of
up to £15V, while triode devices are limited to approxi-
mately £6V for the same performance.

National Semiconductor .
FET Brief 2
Mike Turner
March 1977

Table | compares popular junction dual devices available
in the marketplace.

It is important to remember that |G is a dynamic charac-
teristic. The data supplied by major FET suppliers
clearly shows the effect of operating voltage and current
on Ig and the considerable difference between Ig and
the static parameter 1GSS-

Figure 2 explores the differences between cascode devices
such as NDF9406—NDF9409 and a triode configured
2N5196. It is easily seen that severe gate current modu-
lation will result in triode devices with even relatively
small change in Vp@G. Gate current variations will cause
variations in offset bias currents, offset voltage and
common-mode rejection. This is especially true in high
impedance circuits where gate impedances are not
matched.

*

TRIODE 2N5196
2 mo
g
=
w
o«
(-
S /
= .
S e
T CASCODE NDF9406
1 g

o

01

0 10 2 30 40 50
Vpg — DRAIN-GATE VOLTAGE (V)

FIGURE 2. Typical Gate Current vs
Drain-Gate Voltage @ Ip = 200 uA

The second major advantage of the cascode configura-
tion is improved common-mode rejection ratio. The
input FETSs are effectively shielded from large changes in
operating point by the drain load FETs.

TABLE | .

DEVICE SERIES BV iG Vba/'p ots ID
2N3954—2N3958 S50V <50 pA @ 20V/200 uA | 1000 @ 200 uA*
2N5196—2N5199 >50V <15 pA @ 20V/200 uA | >700 @ 200 uA
NDF9406—NDF9409 | >50V <5 pA @ 35V/200 uA >950 @ 200 uA

*Limits not specified on the published data sheet.
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The inherent matching of all devices because of mono-
lithic construction further reduces the effects of
common-mode signals. :

= 10
g IR
3 AVpg = 10V-20V
£ 100
g q =y
= ] .
(- P
w 90 AVpg = 5.0V-10V 1T
o
=
R
=
=
5]
1 n R AVpg
= CMRR =20 log
£ AVgsy—2
S 60 11 L L L1 1Ll
0.01 0.1 1.0

Ip — DRAIN CURRENT (mA)

FIGURE 3a. Triode Construction

Figure 3 compares CMRR of a monolithic triode dual
FET (National P83) with a cascode structure (National

P94).

CMRR — COMMON MODE REJECTION (dB)

T
AVpg = 10V~20V | TTHH
120
110
= S AVpg = 5.0V-10V
RaVD6
100
\‘L
80 | AVpg
CMRR =20log ———
L 0 AVgs1-
o L L LU |
0.01 (] 10

Ip — DRAIN CURRENT (mA)

FIGURE 3b. Cascode Construction
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Simple VHF Analog Switches

Simple VHF - .

Analog Switches

Simple JFET switches like those in Figure 7 will toggle
at rates to about 10 MHz and switch analog signals with
frequencies to above 100 MHz. They accomplish this by
resolving in the gate-driver design the contradictory
performance goals that-even the best switching transis-
tors cannot meet. .

Vin

CONTROL
SIGNAL

v-
’ BYPASS =
- _a. Series-Pass Switch
Vin O £ O Vout

R2 ::’ QI‘L)

&
2

CONTROL o,
SIGNAL
vt
3
S a2
v o]

2

BYPASS =
b. With JFET Gate Diode

FIGURE 1. High-Frequency JFET Switching Circuits

To switch high-frequency signals, the JFET should have
low ON impedance, rds(on) or RON. and low input
capacitance, Cjgs. The switch’s RC time constant is
established by these 2 parameters, and they also indicate
the bandwidth capability. JFETs have been developed
that come close to being ideal, but unfortunately the
real-world nature of semiconductor devices makes it
impossible to achieve optimum values of both para-
meters in the same device. Low RQy\ calls for a physically
large JFET. On the other hand, the very low capacitance
needed for fast toggle rates implies small size.

At a casual glance, gate drive impedance does not appear
very important, However, the JFET device conflict
between RN and Cjgs may be overcome by using the
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proper gate driver. The drive circuit should have a low
impedance when the JFET is turned OFF and a high
impedance when the JFET is turned ON. Tf"né low-
impedance path is needed to prevent analog-signal
feedthrough and the high impedance to minimize
signal attenuation through the driver while the JFET
is conducting. A well-designed driver can do both.

The relationships among JFET and driver characteristics
can be sorted out with the help of Figure 2, which shows.
a typical series-pass switch and the equivalent circuits
of the JFET in its ON and OFF conditions. A JFET
operates best as a series-pass switch when the ON condi-
tion allows RN and shunt capacitance to be low, and
series-pass capacitance to be high. But in the OFF
condition, it should exhibit low series-pass capacitance
and high series-pass resistance (RQFF). The JFET will

~have these characteristics when properly matched to

the driver.

SOURCE A DRAIN

A >

GATE

RL
GATE DRIVE

1

a. Series-Pass JFET Switch-

SOURCE Ron DRAIN

R S I

Cyg Cyg

GATE
b. JFET On

RDFF

cds

SOURCE DRAIN
o—AL—-I l o
- i

GATE
c. JFET Off

= drain-gate capacitance
Cgc = gate-channel distributed capacitance

Csg source-gate capacitance
Cds = drain-source capacitance
RoN = ON impedance

RofFF= OFF impedance

'

FIGURE 2. Series-Pass Switch and JFET Equivalent Circuits
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Getting down to a low RQ when the gate is turned ON
is no problem. A JFET such as the 2N4391 has a maxi-
mum Rop of 3082 (see rds(on) in Table I). However, the

. or exceed Rg in parallel with R|, but then the toggle

parallel capacitance in the signal path can become fairly

high—about 15 pF when drain, source and gate have the
same potential (Vps = VGs = 0). The simple answer to
this dilemma is to drive the gate with a high AC impe-
dance when the switch is closed. The shunt capacitance
will be in series with a high impedance. Virtually all of
the signal will then go through the JFET, the path of
least resistance, rather than through the gate-to-ground
connection.

Next problem. When the switch is OFF, high-frequency
attenuation is the name of the game. It is depended
upon to prevent the signal at the input from reaching the
output. The JFET channel is, for all practical purposes,
an‘open circuit because RQFF of a quality JFET is over
10120 although this decreases as frequency goes up.
However, capacitive feedthrough is the most significant
route across the switch. From Figure 2c,

CsgCdg

CFEEDTHROUGH = Cds *
Csq + Cdg

Feedthrough capacitance can be significant if the gate is
not operated at AC ground. Minimizing the right-hand
term by operating the gate at AC ground allows Cgg to
become the pacing-factor. If the gate is grounded, Cqs
will be approximately 0.2 pF. In other words, the
effective RQFF of the switch depends directly on
circuit design, not the JFET.

Now to put these principles to work. The best high-
frequency switch is an N-channel JFET. Its gate should
be biased positive from a high-impedance source for
turn-on and biased negative through a low-impedance path
for turn-off. Driving the switch ON through an RF choke
sounds tempting, but it would be difficult to avoid
resonances and oscillation bursts during some switching
conditions. DC resistances could be increased to equal

rate would be kept down by the very high drive
impedance.

We prefer the circuits in Figure 1, which are fairly fast
and not tricky. When NPN transistor Q2 is in saturation,
Q1 is biased OFF through a low-impedance path. The
diode is slightly forward-biased and exhibits high capa-
citance. When Q2 turns OFF, D1’s cathode is driven
positive by R1. Now the diode is reverse-biased and

exhibits high impedance and low capacitance. The -

charge that was stored on D1 discharges into the gate
of Q1, allowing the JFET to be turned ON. Because
there is no good discharge path available to the charge
stored on Q1’s gate, the gate will “follow’’ any signal
swing in the analog input voltage. Adding R2 will
ensure that the gate follows the signal even during DC
conditions. Remember, however, that the R2/Csq time
constant will effect switching time and gate-source
signal tracking. o

Don’t expect just any diode to work well; D1’s capa-
citance is critical and should match that of the JFET

"(Cp1 = CQ1). One good way of making sure that the

JFET and the diode are well mated is to use the same
type of JFET for both. The gate lead is 1 electrode of
the diode and the drain and source leads are simply
tied together to form the other electrode. The circuit in
Figure 1b was optimized in this way.

Excellent high-frequency series switches can be made
with 2N4091, 2N4092 and 2N4093 JFETs. RC time
constants are short because of their low rds(on) and
capacitance, and leakage is low. The 2N4391, 2N4392
and 2N4393 series is even better, having only 100 pA
leakage and lower Ciss. Even though the 2N4416 is
classed as an RF amplifier, it is also listed in Table | to
illustrate that many of our other JFETs can solve
special switching problems. This one does well in circuits
requiring very low capacitance and leakage. Although
the RoN of an RF transistor is not specified, it can be
estimated as rds(on) = 0.85/Yfs, which is typically
170%2 for the 2N4416.

TABLE 1. JFETs for High-Frequ Analog Signal Switching
BVGss Crss
TYPE OR igss Ciss OR rds(on) ton toff
NO. BVpgo (MAX) (MAX) CpGgg (MAX} (MAX) (MAX)

(MAX) (MAX)
2N4091 40V 02nA 16pF 5pF 3092 25ns 40 ns
2N4092 40v 0.2nA 16 pF  5pF 500 35 ns. 60 ns
2N4093 40V 02nA 16pF 5pF 800 60 ns 80 ns
2N4391 40v 0.1 nA 14pF 35pF 302 15 ns 20 ns
2N4392 40V 0.1nA 14pF 35pF 600 15ns 35 ns
2N4393 40v 0.1nA 14pF 35pF 100Q 15 ns 50 ns
2N4416 30v 0.1nA 4pF 08pF 170Q*
2N4416A 35V 0.1nA 4pF 08pF 1700*

*This value is not specified in RF amplifier JFETs; 17082 is typical
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Noise of Sources

Noise of Sources

INTRODUCTION

The elimination or minimization of noise is one of the
most perplexing problems facing engineers today.
Many preamplifiers and .components come with out-
standing noise specifications, only to disappoint the
user.- The problem is the difference between specifica-
tion and application, as the amplifiers are specified
under ideal conditions not the real conditions, (i.e.,
a transducer connected to the input). Many times the
transducer noise .is as large or even greater than the
amplifier noise, degrading the signal to noise ratio.
Before amplifier or component noise can be considered,
familiarity with the source noise is essential.

REVIEW OF NOISE BASICS

There are 3 types of transducers: resistive, capacitive and
inductive. The noise of a passive network is thermal
noise, generated by the real part of the complex impe-
dance, as given by Nyquist’s relation:

VZ = 4kTRe(2) Af (1
VE = Mean square noise voltage (V2)

k = Boltzmann’s constant {1.38x 10—23 VAS/°K)
T = Absolute ternperature (°K)

Re(Z) = Real part of complex impedance (£2)

Af = Noise bandwidth (Hz)

The noise may be represented as a spectral density
{(V2/Hz) or more commonly in uV/+/Hz or nV/+/Hz
and is given by:

v .
= n

e = — 2
nT A i (2

1k
w
(-]
<
-
= ]
(=]
>
8 100 ; =
o€ :
-
i Z
uE
S L
2 :
o
w 1
s b

1
100 1k 10k 100k "M
RESISTANCE (Q)

FIGURE 1. Thermal Noise Voltage vs Resistance

The total noise voltage in a frequency band can be
readily calculated if it is white noise (i.e., Re(Z) is fre-
quency independent). This is not the case for.capacitive
or inductive sources or most real world noise problems.
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Rapidly changing network impedance and amplifier
gain equalization combine to complicate the issue.
The total source noise in a non-ideal case can be calcu-
lated by breaking the noise spectrum into several small
bands where the noise (Re(Z)) is nearly white and
calculating the noise of each band. The total source
noise is the RMS sum of the noise in each of the bands:
Nq—Np. :

/2

- . 1
vNoisE = (VA + VR, t———+VR) T @)

The expression does not take amplifier gain equalization
(like RIAA) into account, which will change the char-
acter of the noise at the amplifier output. By reflecting
the gain equalization to the amplifier input and normal-
izing the gain to 0 dB at 1 kHz, the equalized source
noise may then be calculated.

. 1/2
VEQ= (1112 VE, + 1822 VR, + — - —+ 102 VR ) 7 (@)

Where VEQ = equalized source noise (1V) and
|Anl = magnitude of the equalized gain at the center of
each noise band (V/V). .

SOURCE NOISE

Models are needed for capacitive and inductive systems
such that noise calculations can be made. Namely, the
real part of the impedance needs to be determined.

A lumped model of a capacitive source, such as condenser
or electret microphone, consists of the microphone and
stray capacitance shunted by a load resistance.

_l_ Cmic CsTRAY RL
' Z = Rel2) +jiM(z) (5)
Re(z) = —B—
e =+ W2R2C2

R2
lZvI =

1/2
) 1+ w2R2¢2
FIGURE 2. 1

d Model of a C: Microph

It should be noted that for any particular microphone, '
the noise of the network ((Cp, + Cg)//RL) is reduced
by increasing R because Re(Z) (the real part of the
impedance) is inversely proportional to RL, (see equa-
tion ).

The inductive source (phono cartridges and tape heads)
is more complex to analyze because it has a much more
complex model. The simplified lumped model of a phono
cartridge or tape head consists of a series inductance
and resistance shunted by a small capacitor. Each phono
cartridge or tape head has a recommended load con-

6-12




sisting of a specified shunt resistance and capacitance.
A model for the inductive source and preamp input
network is shown in Figure 3.

—_——————n ———— e

19
i
Le [
I
Ce | | Ca 2 Ra
[ <
Re |1
|
J 11
——o
—_————e—memd e
INDUCTIVE SPECIFIED
SOURCE LOAD

FIGURE 3. Phono Cartridge or Tape Head
and Preamp Input Network

This circuit is quite formidable to analyze and needs
further simplication. Through the use of Q equations,
a series L-R is transformed to a paraliel L-R.

Rs wlg (6)
R '
Rp Rp,= Ry (1+0Q2)
1+Q2
Lg Lp= Ls Q2

Simplifying the input network to:

Ra/lRp

nounou

|
|
Oor >

p
Cs +C¢

FIGURE 4. Simplified Inductive Source Network

RX? X3
Relz) = 2+ x2 X2 )
(RXL — RXg)“ + X{ Xe
. RXLXC
VA =
((RXL — RXc)2 + X2 x2)1/2
XL = wL .
Xe = 1wC

The tools are now available to calculate the noise of a
variety of transducers and see how this unspecified noise
affects amplifier (S/N) performance.

EXAMPLES

Calculations of electret microphone noise with various
loads and RIAA equalized phono cartridge noise is done
using equations (1)—(7). Center frequencies and frequency
bands must be chosen first. Values of the lumped cir-
cuit components calculated and noise calculated for
each band, then summed for the total noise. Octave
bandwidths starting at 25 Hz will be adequate -for
approximating the noise.

In this example, the microphone capacitance is 10 pF
loaded with 5 pF of amplifier and stray capacitance.
Two resistive loads will be used to illustrate the effect
Ry has on the microphone noise. R 1 = 1GQ (109),
RL2 = 10GQ (1010). it is assumed that there is no
gain equalization in the amplifiers that follow. The
noise calculations are summarized in Table I.

The electret or condenser microphone noise (Re(Z)) is

reduced when the load resistance is increased. This is.

one of the cases when a larger resistance means lower
noise, not more noise.

The second example is the calculation of the RIAA
equalized noise of an ADC 27 phono cartridge loaded
with Ca = 250 pF and Ra = 47k. The cartridge con-
stants are Rg = 1.13k and Lg = 0.756H (C; may be
neglected). The noise calculations are summarized in
Table Il for this example.

The RIAA equalized noise of the ADC 27 phono
cartridge and preamp input network was 0.73 uV for the
audio band. Typical high quality preamps have noise
voltages less than 1 uV, resulting in a 3 dB or more loss
in system S/N ratio when the cartridge noise is added to
the preamp noise (in an RMS fashion).

CONCLUSIONS

Zero noise sources and amplifiers do not exist. Speci-
fying amplifier noise under ideal conditions will only
lead to ideal specifications, not a measure of actual
performance. Methods of S/N ratio measurement should
be used that reflect the true performance instead of
hollow specifications.
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TABLE 1. Summary of Electret Microphone Calculations

f Range (Hz) 25-50 50-100 100-200 200-400 400-800 800-1600 1600—3200 | 3200—6400 | 9600—12.8k 12.8k—20k
f Center (Hz) 375 75 150 300 600 1200 2400 4800 9600 16,400
fBw (Hz) 25 50 100 200 400 800 1600 . 3200 6400 7,200
for RL = 1GQ A
Re(Z) (Q) 74.2M 19.6M 4.98M 1.26M 0.31M 78k 19k 4.9k S 122k 420
121 (R2) 272M 140M 70.6M 35.4M 17.7M 8.8M 4.4M 2.2M 1.1M 650
enz (nVA/HZ) 1100 560 280 140 71 36 ’ 18 9 45 2.8
Vnz (V) 1 ss 3.96 2.8 1.98 1.42 1.02 0.72 0.51 0.36 0.24
V%Z (uv2) 30.2 16.7 7.84 3.92 20 1.04 0.52 0.26 0.13 0.06

(zv2) V2~7.9uv

R = 10GR

Re(2) () 8M M 0.5M 125k 31.3k 7.8k 2k 500 122 42
1Z1(Q) ) 283M 141M 70.8M *35.4M 17.7M 8.8M 4.4M 2.2M 1.1M 650k
enz (NVA/H2) 320 180 90 45 23 1.4 5.8 2.9 1.4 0.84
Vnz (V) 16 1.3 0.9 0.64 0.46 0.32 0.232 0.16 0.112 0.07
V2, (uv?) : 256 . 1.62 0.81 0.41 0.21 0.103 .0.054 0.025 - 0.013 0.005

224V
(zv2,) 1/ u

TABLE 1. Summary of Phono Cartridge Calculations

f Range (Hz) 25-50 50—100 100-200 200-400 400-800 | 800—1.6k 1.6k-3.2k | 3.2k-6.4k | 6.4k—12.8k 12.8k—20k
f Center (Hz)' 37.5 75 150 300 600 1200 2400 4800 9600 16.4k

faw (Hz) 25 50 100 200 400 800 1600 3200 6400 7.2k

Q= (wkhg/Rg) ~0.156 0.313 0.625 1.25 25 5 10 20 40 68.4

Q2 - 0.0244 0.098 0.391 1.56 6.25 25 100 400 1600 4678.6 -
1+02 1.0244 1.008 1.391 2.56 725 26 101 401 1601 4679.6
1+Q2/Q2 42 11.24 3.56 1.64 1.16 1.04 1.01 1.0 1.0 1.0

Rp (Q) 1.16k 1.24k 1.57k 2.9k 8.2k 29.4k 114k 454k 1.8M 5.20M

Lp (H) 315 8.43 2.67 1.23 0.87 0.78 0.76 0.75 - 0.75 0.75
Rp//R (Q) 1.13k 121k 1.52k 2.74k 7K 18.1k 32.9k 42,6k 45.8k 46.6k

X () ©7.4% 3.97k 2.52k 2.32k 3.28k 5.88k 11.45k 22.6k 45.2k 77.2k

X¢ () 17M 8.48M 4.24M 2.12M 1.06M 0.53M 0.265M 0.133M 66.3k 38.8k
Re(2) (22) 1.1k 1.11k 1.11k 1.15k 1.26k 1.73k 3.86k 12.4k 41.5k 34k

11 () 1.12k 1.15k 1.3k 1.77k 297k 5.59k 11.7k 24.4k 43.6k 40.1k

enz ("VA/Hz) 4.24 4.24 4.24 4.31 451 5.29 7.9 14.2 26 235

VN (nV) 21.2 30 424 61 90.2 149.6 316 803 2080 1994

V2 (nv2) 449.4 900 1798 3721 8136 22.4k 99.9k 645k 4.33M 3.98M

A2 63.0 29.5 10.7 3.85 1.66 0.85 0.49 0.154 0.043 0.019
A2vZ (nv2) 28.3k 26.6k 19.2k 13.2k 13.5k 19k 48.9k 99.3k 186k 76k

(EVE) 2. 3 uV unequalized noise
(£1An 12v2)2 - 073 uv RIAA equalized noise




The Noise Figure Fallacy

Noise Figure (NF) can be one of the most misleading
“specifications confronting the engineer today. Noise
Figure is defined as the ratio of total output noise power
to the output noise power of the source.

Total output noise power
NF =10 Log

(1)

Output noise power of the source

A minimum NF exists for any amplifier, but is usually
far removed from the actual operating conditions. This is
where the problem begins. Lowering the NF doesn’t
always lower the noise which is what the engineer is
really interested in. NF only gives the designer insight
into the ratio of the amplifier noise to the source noise,
not the input noise of the amplifier or the signal to
noise ratio. . )

Amplifier noise performance is adequately described by
modeling the noise sources as a series voltage generator
and a shunt current generator with a series voltage
generator for the source resistance noise.

2 =2
®nt = %hA

2 12 o2
+ en + lnA Rs
total input noise voltage (nV/y/Hz)

ent =
= epA = amplifier noise voltage (nV/</Hz)
ina = amplifier noise current (pA/\/Hz)
enR = source resistance thermal noise {(nV/y/Hz)

\\ FIGURE 1. S}miplified Amplifier Noise Model

The amplifier noise data is found on vendor data sheets
in the form of ey and iy vs frequency for bipolar transis-
tors and ep vs frequency for FETs and FET amplifiers.

Current noise depends on amplifier input bias current
which is only a few picoamps for FETs and is therefore
negligible. However, bipolar transistor amplifiers have
bias currents into the microamp range where current
noise is significant.

The thermal noise of the source resistance is given by
Nyquist's relation.

V2 = 4kTRAf (2
R Vg = mean square noise voltage (V2)
k = Boltzmann cgnstant
_ (1.38x 10723 VAS/°K)
V% T = absolute temperature (°K)
R = resistance (£2)
Af = noise bandwidth (Hz)
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with the spectral density given by e%

=5 1/2
enR = (V%/Af) /

(3)

1k

. 400

100

40

enR (nVA/Hz)

10

4

10k 100k
RESISTANCE (2)

™M

FIGURE 2. Thermal Noise vs Resistance

Using the model of Figure 1, an expression of noise
figure in terms of the noise generators can be developed.

The .noise power of the source can be found by using

Nyquist’s relation.

e%nAf
R2

Source Noise Power = (4)

:u<|
NN

with the total output noise power at the input of the
amplifier of:

2 2
eRAf  efaAf
Total noise power = nR + nA

R2 R2
Yielding
2 2 92
eqp + R
NF = 10 Log 1+—"-'"‘~’2-nﬁ—~ (6)
enR

Noise figure has a minimum that occurs at an optimum
source resistance Rgpt.

optT T (7)

Artifically changing the source resistance for minimum
NF will generally increase the circuit noise as demon-
strated by the following example.

=
=2
o
2
9,
(1]
o
L
«Q
c
—
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L
2
o
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<

+i2, RZ Af (5)
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The Noise Figure Fallacy

Example:

An amplifier is needed to boost the signal from a
resistive transducer.

Amplifier requirements

Av =100
f =10 Hz to 10 kHz
Transducer = 10 kQ2

Amplifier—LF356
Noise data, en = 12 nVA/Hz @ 1 kHz
in =0.01 pA/A/Hz @ 1 kHz

The optimum source resistance for the amplifier is

found to be 12M (using equation (7)). Using Figure 2,
the noise of the transducer is 12 nV/A/Hz and the noise
of the optimum source resistance is 140 nV/A/Hz.

Using the non-inverting amplifier configuration, we’ll
view the effect of Rgpt. In one case, resistance will be
added to the source to equal the amplifier optimum

a. Minimum NF

source resistance (not affecting gain). The other case will
only have the transducer connected to the input. -

We will neglect the noise of the feedback resistors and
determine the input noise and NF for both configura-
tions using equations (1)—(6).

Case A, minimum NF

1/2
Total input noise Vp= enpt (Af) =14 puV
NF= 0.06 dB

Case B, minimum noise

Vnp=17uVv
NF =3 dB

Noise figure is only a measurement of the amplifier
noise relative to the source noise. The example used
was radical, but it illustrated a very important point.
Resistance should never be added in series with the
source to improve the NF. The NF will improve but the
input noise will suffer, degrading performance. Total
input noise should always be considered allowing
problem sources to be identified and minimized to meet
the system's specific noise requirements.

10k
My

b. Minimum Noise

FIGURE 3. 2 Amplifier Squtiops




Low Noise FET Amplifiers

INTRODUCTION

Discrete JFETs reign supreme as low noise amplifiers.
JFETs are virtually free from the problems of current
noise, popcorn noise and limited bandwidth which
plague bipolar transistors and bipolar input op amps.

Unfortunately, JFETs are cumbersome to use because of
low gain and the need of extensive biasing networks.
However, monolithic op amps are cheap and easy to
use but suffer from poor noise performance. By com-
bining JFETs with an op amp vields single and differen-
tial input amplifiers that have the best of both worlds;
low noise, high gain and ease of use.

2w
BW = 200 Hz
10 \
& PNP
= 8 A 2N5086 /
= \\ lc=1mA/
=2
a6
.
g, \\ / NPN
5 7 7~ 2n930
=
Ic=0.1mA
2 b NJFET gl
PF5102
Ip=1mA
o LBZ°T
0.1k 1k 10k 100k

SOURCE RESISTANCE ()
FIGURE 1. Bipolar and JFET Transistor Noise Comparison

1k .
t
400 men
N
100 (LM7a1
g R
=N
£ N
I L o
=
LN —— LF356 =——
a — —
L PF5102 ~~t_ OR NPD5565 |
1
10 100 1k 10k 100k
FREQUENCY (Hz)

FIGURE 2. Discrete JFET and Op Amp Noise Comparison

The main problem with JFETSs is that the voltage gain is
limited by the size of the load resistance which is limited
by the power supply voltage and the FET operating
current. The voltage gain can be increased by combining
the JFET (a transconductance amplifier) with an op amp

National Semiconductor
John Maxwell
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current to voltage (I/V) amplifier, circumventing the
limited load resistor.

_ 9mRd
1+gmRg

a. Single FET Stage

Rt
[ AN 1
l ’ : I Vo
— Ay 9ImBt

) 1+9mRs

b. FET with 1/V Amplifier

FIGURE 3. FET Gain Stages

In the FET/op amp configuration, the FET AC drain
current is shunted to the op amp virtual ground and
through its feedback resistor, bypassing the FET drain

.resistor, Rg. The drain resistor is used to bias the FET

in.a linear region with the feedback resistor, Rf, used
to set the gain.

Biasing problems associated with lot and device to device
parameter variations are minimized by biasing the source
through a large resistor to the negative supply of the op
amp. A portion of the source resistor should be unby-
passed to minimize gain variations between FETs.
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Low Noise FET Amplifiers

From a- design standpoint, the maximum AC drain

- current should be 1/10 of the FET quiescent current

for low distortion. The unbypassed portion of the source
resistor should be limited to 22092 for minimum noise
and to increase the op amp feedback resistor (decreased
AC current). :

Expressions for the single and differential amplifier
configurations are needed for optimizing the noise to
meet system noise requirements.

Amplifier noise performance is adequately described by
modeling the noise sources as a series voltage generator

15V

7.5k

and a shunt current generator with a series voltage gener-
ator for the source resistance thermal noise. The thermal
noise of a resistor is given by Nyquist's relation and has a
spectral density given by eqR.

o2R = 4kTR n
E%R = mean square noise voltage per unit band-
width (nV2/Hz)
k = Boltzmann constant (1.38 x 10~23VAS/
o
K) : '
T = absolute temperature (°K)
R = resistance (£2)

240k

4.7 uF

Vi PF5102 O Vg
™
Ay = 1000
B uF
-15v -
a. Single-Ended
15V 240k
AAA
O 4.7 uF v
NPD5565 OVo
100
Vi
© =
m 7.5k
Ay = —500
L ~15V

b. Differential Input

FIGURE 4. High Gain FET/Op Amp AC Amplifiers
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The single ended and differential input amplifier input
noise (FET noise current is negligible) is given by the
RMS sum of the noise generators.

Single-Ended:
2
1+9mRs .
edi=edi+eds+ |————] (3 +edR +i3aR2)
9mRd
Differential Input:
2 2402 TramRs)? 5 o o o
eft=2 (eff+efg) +4 g—'d—‘ (efa * eAR + iFAR?)
m

with

ent = total input noise voltage (nV/A/Hz)

enf = FET noise voltage (nV/\/E)

enA= Op amp noise voltage (nV/A/Hz)

inA = op amp noise current (pA/A/Hz)

ens = source resistor thermal noise (nV//Hz)

enR= drain and feedback (Rd//Rf) resistor thermal
noise (nV/A/Hz)

gm = FET transconductance at the FET operating
current (mmho)

R = parallel resistance of Rq and Rf (§2)

The differential configuration has higher noise and lower
gain than the single-ended version, but is useful when.

low distortion or balanced inputs are of paramount
importance. '

The noise of the op amp and the FET drain resistor is
reduced by the gain of the FET portion of the amplifier
9mRd
1 +gmRs
effect on the noise but in conjunction with the drain
resistor, it can have a dramatic effect on the total circuit
noise. The drain resistor is the input leg of an inverting
amplifier with the op amp and the feedback resistor.
This amplifier has a gain of —Rf/Rg which boosts the
op amp noise, limiting the size of Rf to about 390k.

. The noise of the feedback resistor has little

Practical low noise, high gain AC amplifiers can be built
using a low noise JFET and just about any op amp.
The op amp needs to meet the slew rate and bandwidth
requirements of the circuit, eliminating selected low
noise op amps or complex discrete amplifiers.

A note of caution is in order for the op amp noise.
Virtually any JFET input or bipolar input op amp can
be used without trouble, but MOSFET input op amps
should be avoided. MOSFET 1/f noise is one or more

orders of magnitude greater than discrete JFETs, JFET |

op amps or bipolar input op amps. MOSFETs have
1/f corner frequencies (where the noise power rises as
1/f) starting as high as 100 kHz. The other forms of
amplifiers have 1L/f corner frequencies of 1 kHz and less.
Quite a difference.

1k
400
~ 100 =
= ll’
= 40
= e
[~ /
< 10 =
7
4
P
/
1
100 1k 10k 100k m
RESISTANCE ()
FIGURE 5. Thermal Noise vs Resistance
Ry Ry

M

FIGURE 6. Single-Ended Noise Model
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The Low Noise JFET—The Noise Problem Solver

low cost JFETs.

The Low Noise JFET—
The Noise Problem Solver

The most versatile low noise active device available to

the designer today is the Junction Field-Effect Transistor
(JFET). JFETs are virtually free.of the problems which
have plagued bipolar transistors—limited bandwidth,
popcorn noise, a complex design procedure to optimize
noise performance. In addition, JFETs offer low distor-
tion and very high dynamic range.

- Most - designers think of JFETs for vei‘y high‘ source

impedances. However, modern devices offer the designer
performance improvements over bipolar transistors in
NF for all but lowest impedance (<50052) sources and
even then may provide improved performance if popcorn
noise, bandwidth or circuit component noise is a
consideration (see Figure 1).

Therefore, the purpose of this article is to review low
noise design procedures and indicate the simplicity of
designing high performance low noise amplifiers with
\

12

[ [F=i1kiz []]
7 =
10 BW = 200 H:
a
=2 g \ PN
w \ ™ (ansan)
] (ansoss) | le=01m '
2 s \ te=1mafl
g N f
S 4 N
= -
2 T b cHaNNEL JFET
) (PF5102)
0 1o < 1ma
0.1k ik .. 10k 100k
SOURCE RESISTANCE (0)

FIGURE 1. Bipolar and JFET Transistor
Noise Comparison

REVIEW OF BASICS

Before guidelines are established for designing low noise
JFET amplifiers, a method of noise characterization
must be chosen. Designers are confronted with a multi-
tude of different noise parameters such as Noise
Figure (NF), noise voltage and current densities, noise
temperature, noise resistance, etc. Designers are primarily
concerned with signal to noise (S/N) ratios preferring
noise voltage, (ep) and current (i) density.

Noise generally manifests itself in three forms: thermal
noise, shot noise and flicker or ““1/f” noise. Thermal
noise arises from thermal agitation of electrons in a
conductor and is given by Nyquist's relation:

V§ = 4k TR Af (1)
" V2 = mean square noise voltage
k = Boltzmann constant
7 " (1.38 x 10722 VAS/K)
T = Absolute temperature (°K)
R = Resistance in ohms
Noise bandwidth (Hz)

Af =

National Semiconductor
Application Note 151
John Maxwell

January 1976

The noise of a resistor may be representgd as a spectral
density (V2/Hz) or more commonly in uV/A/Hz or
nV/A/Hz and is. given by:

enn = (V3/AN"2 (2)

. It is sometimes more convenient to represent thermal

noise as noise current instead of a noise voltage. One
needs only to consider the Norton equivalent yielding a
noise current density. '

enr (4 kT) 2
. R R

1000

(3)

inR

Yy

100

z)

(nVA

- N 1l

il Il il

I O s

10k 100k ™M
RESISTANCE (22)

FIGURE 2. Thermal Noise Voltage
and Current Densities' vs Resistance.

eqn ~ EQUIVALENT NOISE VOLTAGE
(zH/Mvd)
IN3H¥ND 3SION INTTVAINDI-

The second basic form of noise, shot noise, is due to the
randomness of current flow (discrete charge particles) in -
semiconductor P-N junctions.

™

= 2qlpcAf

i = Mean square noise current

g = Charge of an electron (1.6 x 1072 AS)

Ipc = dc current flowing through the junction (A)

Af = Noise bandwidth (Hz)

(4)

As with thermal noise, shot noise may be represented
as a current density (A2/Hz) or pAA/Hz.

in = (2/A1)12 (5)

It should be noted that both thermal noise and shot
noise are “‘white’’ noise sources, i.e., frequency indepen- -
dent.

1071

GATE NOISE CURRENT (pA/A/Hz)
3
&

=)
1
w

1

GATE LEAKAGE (pA)

FIGURE 3. Current Noise vs Gate Leakage Current
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The third basic noise source confronting designers is
flicker or *'1/f"" noise whose density is roughly inversely
proportional to frequency starting at about 1 kHz in
both JFETs and bipolar transistors and increasing as
frequency is decreased. Through careful processing,
flicker noise in JFETs has been reduced to: levels
nearly insignificant to the designer. Flicker noise in
JFETs is primarily a noise voltage and is source inde-
pendent. Flicker noise in bipolar transistors is a function
of base and leakage currents increasing with increased
source impedance or operating currents.

A simple noise model of a JFET or any amplifying device
may be constructed using a thermal and shot noise
source which would adequately describe its noise perfor-
mance allowing signal to noise ratios to be calculated
directly.

Os
FIGURE 4. Simple JFET Noise Model

The input noise per unit bandwidth at some frequency
may be calculated from the mean square sum of the
noise sources (assuming the JFET noise sources are
uncorrelated or independent of one another).
2 _ .2 R

e = edn + e +i% R2 (6)
The total noise in the same bandwidth Af, where the
noise sources are independent of frequency, is simply:

Vnoise =, (eme ANV (7)
Practically, noise sources are not frequency independent
except resistor noise with no dc bias. The total input
noise for the nonideal case may be calculated by
breaking the spectrum up into several small bands
and calculating the noise in each band where the noise
sources are nearly frequency independent. The total
input noise would then be the RMS sum of the noise in
each of the bands N1 ... Nn.

Viose = (VRr + Vi, +...VR3)"2 (8)
THE DESIGN PRQCESS;

The final circuit configuration and suitable JFET will be
determined by the external circuit constraints.

1) Minimum signal to noise ratio (maximum amplifier
noise) )

2) Type and magnitude of source impedance (resistive
or reactive).

3) Amplifier input impedance requirements
4) Bandwidth and maximum frequency of interest
5) Maximum operating temperature

6) Stage gain
7) Power supply voltage and current limitations
8) Circuit configuration, single or dual device

The design procedure is dependent on the type of
source and each case must be considered separately.
Resistive sources will be considered first because they
are the least restrictive for the preamplifier.

Resistive Sources

Preamplifiers for resistive sources are typically. voltage
amplifiers requiring a fixed input resistance and capaci-
tance consistent with the maximum frequency of interest
and source resistance. In most cases a resistor of the
desired value connected between the gate and ground

. will satisfy the input resistance requirement leaving the

maximum input capacitance as the major concern.

The maximum amplifier input capacitance is a function
of the JFET source resistor, input resistance, source
capacitance and maximum frequency. The maximum
allowable input capacitance will be used in eliminating
unsuitable JFET geometrics and optimizing the circuit
configuration. Sometimes the JFET geometry (or type)
with the lowest noise may also have an input capacitance
that makes it unsuitable. The JFET input capacitance
should be considered before noise in high source
resistance, wideband amplifier designs. .
N *

Cin = Crs 1+ am RD + CQS (9)
1+gm Rg

1+gm Ry

*Cgs =Cis—Crs

Rp
Voo

FIGURE 5. A Typical Resistive Source

JFET Amplifier
If low input capacitance is required, a cascode config-
uration minimizes input capacitance and still allows high
gain within a device type. The cascode configuration
can also be used to reduce the voltage across a device,
reducing device heating (for high current operation) and
gate leakage currents when source impedances are very
high,

Once the basic circuit configuration has been decided
upon or dictated by gain, bandwidth and power supply
limitations, the final JFET selection will be on noise.
Redrawing the amplifier in Figure 4 with all of the noise
sources, the total amplifier noise per unit bandwidth can
be found.
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The Low Noise JFET—The Noise Problem Solver

FIGURE 6. A Typical Resistive Source JFET
Amplifier with Noise Sources

2

oD 412 (R//R )2]‘/2(10)
\/

= a2 2 2
€nt “[enig teprtens t A

where: eﬁig = The noise of the parallel connection of
R;and Ry
eﬁf = The noise voltage of the JFET
e2, = The noise of the source resistor Rq
eﬁo
— = The noise at the drain (thermal noise of
Ay the load plus the second stage noise)

i,":(Ri//Rg)2 = The current noise contnbutlon of the

JFET

When the amplifier is operated at room temperature and
moderate drain voltages, the current noise term is
usually negligible with source resistances as high as

10 M. Depending on the voltage gain of the stage, the

drain circuit noise may be negligible, simplifying the
input noise expression.

= 2 2
€nt = (enig_ + eﬁf + ens)1/2 (11

The final JFET selection will be based on the noise
requirements from the maximum allowable noise Vyyax.

Vmax = (e + e2)"2 . (12)

Depending on Vyax and e?¢ the source resistor may

have to be bypassed to ground to eliminate noise of the
bias resistor.

Capacitive Sources

Preamplifiers for capacitive sources are primarily current

~amplifiers requiring very high input resistance and

controlled input capacitance to match the source capaci-
tance.

SOURCE LUMPED JFET mpm
1 )
l A
\& T
lcs 1
is | R, :: g ot Cn
T ' 4 T
_J cs'mAv L
FIGURE 7. JFET Preamplifier wuth a
Capacmve Source

The source capacitance should equal the sum of the
preamplifier input capacitance and the stray capacitance
for maximum frequency response and power transfer

from the signal source. Assuming the gate resistor, Ry, is
so large as to not load the capacitive source, the input
noise voltage is:

R 2
€y == Jea¢ + (i3 +1° n) — 9 V|
t = [ f f ] ( a +w2R92C2) )] (13)

where C = Cg + C;,

with an input signal of

R92 \1/2 o
PSRN . E— (14)
( 1+ w?Ry2C2
When the source and input capacitance are matched, the
final JFET geometry will be selected on two criteria: the
noise voltage, e,,, and the current noise from the gate
leakage, lg(on), to optimize the signal to noise ratio. As
in the resistive source case, the circuit configuration and
JFET selection is an iterative process using all of the
external circuit constraints and device parameters and
limitations.

Inductive Sources

Amplifiers designed for inductive sources (including
transformers) require fixed input resistances (as in the
resistive source case) and controlled input capacitance
(as in the capacitive source case). The input noise per
unit bandwidth will rise with increasing frequency to a
maximum value at resonance of the inductive source and
the input capacitance or when the shunt resistance of the
inductor is larger than the lnput resistance of the
amplifier.

SOURCE

LUMPED FET INPUT

B

FIGURE 8. JFET Amplifier with an
Inductive Source

The inductive source amplifier is the most difficult to
analyze due to the complex input impedance. The
input noise per unit bandwidth is given by:

€2, = €2 + (i20(1Z;, P) + 4 KT (Re (Z;,))
where Z = XCIN//Rg
and Z;, =2//(Z,_ + Ry)

(15)

Usually the current noise of the JFET is negligible,
simplifying the expression a little, but not much. The
optimization process for inductive sources is very com-
plex and it will require the spectrum to be'broken up
into several small bands to arrive at a final design. Gener-
ally, a JFET with a minimum noise voltage will be the
proper choice.
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Transformers may be used with JFET amplifiers to
minimize noise with very low source impedances.
Transformers have both drawbacks and advantages and
both must be examined before a transformer design is
chosen. Poor frequency response, susceptibility to mech-
anical and magnetic pickup and thermal noise head the
list of disadvantages to be weighed against two very
important advantages. First, the noise voltage is trans-
formed by the turns ratio N;second, the resistance is
transformed by N<“. These can be used to advantage by
matching very low values of source resistance to a

relatively noisy amplifier and still maintaining a.good .

signal to noise ratio, i.e., the total noise at the source
assuming an ideal transformer is

2
€nAamp
N2

e?lt = egRs (16)

SOME PRACTICAL LOW NOISE JFET INPUT CIRCUITS

Ay =50
PNAQS1

+15V

-15v

SUMMARY

Low noise amplifier design concepts have been intro-
duced for the three basic types of sources. Basic
parameters (Ci,, €,, gm) were discussed that affect
both circuit configuration and JFET type. There is no
universal low noise JFET or circuit configuration that
solves all problems. Each low noise amplifier design is
different and must be considered within its own frame-
work of performance requirements.

REFERENCES
A. Van der Ziel, “Noise,” Prentice-Hall, 1954,

Richard S.C. Cobbold, “Theory and Applications of
Field-Effect Transistors,’”” John Wiley & Sons, 1970.

C.D. Motchenbacher and F.C. Fitchen, ““Low Noise
Electronic Design,” Jo_hn Wiley & Sons, 1973.

Usable Bandwidth 1 MHz

a) Wide Band, Low Input Capacitance, Very Low Noise Preamplifier

Ciy 2 5pF

Ay =-10mA/V (R¢)
Tm

_ +15V = Vg ~ Vi,

=TT lpthe)

+15V

—15V

Vs

j

ouTPUT

10 MHz bandwidth with Rg = 1k ’

Ip = 5 mA for gm of 10 mmho

b) Low Noise, Very Low Input Capacitance Video Amplifier ,
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The Low Noisé JFET—The Noise Problem Solver

APPENDIX A

Important National JFET Process Parameter Guide

Test Conditions Vpg = 15V, Ip = 1 mA (Vgg =0V)*

PROCESS en @10 Hz e, @ 1kHz e, @ 100 kHz Ofs I (oN) Cgp Cgs
(nVA/Az) | (nVA/H2) (nVA/Hz) (mmho) (pA) (pF) | (pF)
50 " 15 5 25 3 |sv 2pa| 07 | 25
10V 10 pA ‘
, 15V 1nA
51 5 3 1.3 7 30 3 9
55 10 4 2.5 24 5 2 4
92 10 4 1.5 4.5 10V 20 pA 2 4
15V 1nA
83 10 5 2.5 2 5 1 25°
84" 50 15 9 0.2 0.1 0.01 2
94 10 5 2.5 2 1-2 0.01 4
95 10 4 25 1.5 15 3.5 15
96° 5 3 1.3 7 30 3 9
93 15 7 2 35 10V 20 pA 1 3.2
18V 1nA
National JFET Process Low Noise Amplifier Guide
PROCESS 50 | 51- l 55 | 92 83 I 84 l 93 I 94 | 95 I 26
Low Noise Application Single JFET Dual JFET
Resistive Ultra-Low X ' X
e, <5nVA/Hz @
10 Hz
Resistive Low Freq X X X X X X
<20 kHz
Resistive Wideband X X X X X X e X X
<10 MHz
Resistive Wide Band X X X
> 10 MHz
Resistive Very High X X X
Rg > 10 MQ
Capacitive Low C X -X X X X X X
<10pF
Capacitive High C X X X X
> 20 pF
Inductive X X X X X X X X X X
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APPENDIX B
NOISE PARAMETER CONVERSION
Noise Figure (NF) to an Effective e,

It is more convenient to present noise data for bipolar
transistors in the form of contours of constant noise
figure at a fixed frequency or plots of noise figure
versus frequency at a fixed source resistance due to
large values of noise current (i,). Noise figure must be
converted to an effective noise voltage (e,g) for com-
parisions to be made between a BJT and a JFET or for
signal to raise ratio calculations.

By definition:

Total Output Noise Power

NF = 10 log (B1)

Qutput Noise Power of the Source

From equations 1 and 2, one finds the source noise
power to be

e2g Af
Source Noise Power = ——— (B2)

Rs
for some source resistance Rg.

Referring to Figure 4, the total output noise power at
the input of the amplifier would be:

) e2p Af e2; Af
Total Output Noise Power = ———— + +
s Rs

(B3)
i2¢ RZ Af

‘The noise figure (NF) can now be expressed in terms of

the noise source generators, e,r, €,¢ and iy allowing,

an expression to convert noise figure (NF) to an
effective noise voltage (e,g).

2 .2 p2
ent +ins Rg

NF= 10log [1+ (B4)
o2
nR

yielding

o3 +i% R =efe = (10NF/10 1) &2q (B5)

EFFECTIVE NOISE VOLTAGE (nV/\/Hz)

100k m
SOURCE RESISTANCE (2)

FIGURE B1. Effective Noise Voltage (epg)
vs Noise Figure and Source Resistance (Rg)

Noise Resistance
The effective noise voltage density (e,,) and noise current

density (i,,) are found directly by referring to Figure 1,
and reading the values for the corresponding resistances.

"

(4 KTR)'?

4 KT\ 2
"< R )

‘APPENDIX C

(1)

€nRr

(3)

InR

JFET Current Noise

At low frequencies the current noise and voltage noise
sources are uncorrelated in JFETs with the current noise
being pure shot noise due to gate leakage currents.
As frequency is increased, the current noise also increases
starting at frequencies as low as 50 kHz in some high
capacitance device types.

It has been suggested and experimentally verified that the
noise current at high frequencies is due to increased gate
input conductance.

.2 -1
2 = 4 KT[Re (Y4y)] (c1)
Re (Yq¢) is available on high frequency JFET data
sheet as the real portion of the common source input
admittance parameters. In effect the channel noise is
coupling to the gate circuit through the source-gate and
drain gate capacitances. Hence low capacitance devices
exhibit lower values of noise current at high frequencies
thar® do high capacitance devices.
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FET C

FET Circuit Applications

LM102 OUTPUT

INPUT O ¢ +
: Ll

]._ i
- e *Polycarbonate dielectric

SAMPLE
-—l—I— 15V SAMPLE
—— 15V HOLD

Sample and Hold With Offset Adjustment

The 2N4393 JFET was selected because of its low
Igss (<100 pA), very low Ip(OFF) (<100 pA) and low
pinchoff voltage. Leakages of this level put the burden
of circuit performance on clean, solder-resin free, low
leakage circuit layout.

+ SUPPLY

Ggs = 5 umhos MAX

—°Vour

(IluF

1

I.M||l3

Low Power Regulator Reference

This simple reference circuit provides a stable voltage
reference almost totally free of supply voltage hash.
Typical power supply rejection exceeds 100 dB.

National Semiconductor
Application Note 32

April 1977
,
v
::vw
1 . PN3GBE
01 yr
! I-——vo
:’ 1m
b3 _L__ ouTPUT
a1 PN3686
INPUT O—AAA—

JFET AC Coupled Integrator

This circuit utilizes the “‘u-amp’” technique to achieve
very high voltage gain. Using C1 in the circuit as a Miller
integrator, or capacitance multiplier, allows this simple
circuit to handle very long t(me constants.

-0 30V

b33
L < 0.1,4F
<
M ; | 1
3 I
0.001 4F -
- ’
I >
Ry > 100M
Cin <025 0F b3 [ 2N3904
< m i
< ')
S oaur
! ! O uTeuT
> >
< <
> >
<M Sk

Ultra-High Zjpy AC Unity Gain Amplifier

Nothing is left to chance in reducing input capacitance.
The 2N5485, which has low capacitance in the first
place, is operated as a source follower with bootstrapped
gate bias resistor and drain.
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SHUNT
PEAKING COIL

2N5485

2N5485

410

FET Cascode Video Amplifier

The FET cascode video amplifier features very low input
loading and reduction of feedback to almost zero. The
2N5485 is used because of its low capacitance and high

Y¢s. Bandwidth of this amplifier is limited by R and

load capacitance.

i) 05V

4'—"M—1 5

s28

OFF

oi\z
o]

<
>
800k :,

0.001 uF
ouTPUT

2N5485

JFET Pierce Crystal Oscillator

The JFET Pierce crystal oscillator allows a wide fre-
quency range of crystals to be used without circuit
modification. Since the JFET gate does not load the
crystal, good Q is maintained, thus insuring good fre-
quency stability.

:: ATk :: an
< SENS < s26
5k
—AAA
200 48 Q
H~Y—¢
ng1
[ 3 4
A
—
_

<
100k
‘)

L -
80k &
b3

S~

FETVM—FET Voltmeter

This FETVM replaces the function of the VTVM while
at the same time ridding the instrument of the usual
line cord. In addition, drift rates are far superior to
vacuum tube circuits allowing a 0.5V full-scale range

which is impractical with most vacuum tubes. The low
leakage, low noise NPD8303 is an ideal device for
this application.
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FET Circuit Applications

\
0.0 uF 2N5458
INPUT
1 10k 100 10k
" ) 1 AL A "
—-I VW VWA VWA~
4 I | 3 |
b3 0.0334F
L 2 0.033 4F L 0334
1 ,
= <
>
b3
>
S 10k LM301A b——0O OUTPUT
0.0033 uF 00k gon33uF

HI-F1 Tone Control Circuit (High Z Input)

- The 2N5458 JFET provides the function of a high input
impedance and low noise characteristics to buffer an op
amp-operated feedback type tone control circuit.

RFC v]v
12V O LYY Y\

* BYPASS

i
RFC
BYPASS

! BYPASS

-

I
L
T

3

Ny

2N4416
IS

!
—> .
l I I T / 1
[ - .
b — N BYPASS e ___ twrd

100 MHz Converter

The 2N4416 JFET will provide noise figures of less than input staée. The output feeds into an LM171 used as a

3 dB and power gain of greater than 20 dB. The JFET's balanced mixer. This configuration greatly reduces L.O. .
outstanding low crossmodulation and low intermodula- radiation both into the antenna and into the IF strip
‘tion distortion provides an ideal characteristic for an and also reduces RF signal feedthrough.
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O ouTPUT

T\
e A4 \\
e AT
DIFFERENTIAL ] !
INSTRUMENT R | NPD5566 |
INPUT S i !
}
Ny
\
N 5
TOGGLE
DRIVE

AA
VVv

il

@—— === 70 ADDITIONAL

MULTIPLEX STAGES

Y TOGGLE

DIFFERENTIAL
INSTRUMENT Rg

T
NPD5566 )

O pRIvE

Rg — scaling resistors

INPUT O AN

Differential Analog Switch

The NPD5566 monolithic dual is used in a differential |

multiplexer application where Rps(ON) should be
closely matched. Since Rps(on) for the monolithic

dual tracks at better than *1% over wide temperature

ranges {(—25°C to +125°C), this makes it an unusual but
ideal choice for an accurate multiplexer. This close
tracking greatly reduces errors due to common-mode
signals.

1k
e AAA O 15V
+ <
g Q0
stk I 9 001 4F
L o ouTPUT
[P l 1
--—-l |——- o Qm 0.004 4F =
2N5458 9
>
—»t e
oo s !
P4l e b2k 0.0015 4F
‘ Sk ‘
a7k L S l
s P
= < |+
S 50.uF
>
N . <
>
1 - 1
+
>
<
—-[-5““' 330k
1, .
= 1k
- AN—O -15V
50,F
+

Magnetic Pickup Phono Preamplifier

This preamplifier provides proper loading to a reluctance
phono cartridge. It provides approximately 35 dB of
gain at 1 kHz (2.2 mV input for 100 mV output), it
features S + N/N ratio of better than —70 dB (referenced

to 10 mV input at 1 kHz) and has a dynamic range of
84 dB (referenced to 1 kHz). The feedback provides for
RIAA equalization.
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FET C

AAA
VWVv

R1
Vin O— M

2N5457 LMot O OUTPUT

+
R3
v -

GAIN CONTROL
Voltage Controlied Variable Gain Amplifier

The 2N5457 acts as a voltage variable resistor with an
Rps(ON) of 8002 max. Since the differential voltage
on the LM101 is in the low mV range, the 2N5457
JFET will have linear resistance over several decades of
resistance providing an excellent electronic gain control.

VIDEQ PN4391 1. PNA39 VIDEO
INPUT J_ OUTPUT
7'y = ) A
PN4391
-10v
| =
"2y
v - -
\ 1 'jf'.n.nm uF
“ Mty =
[
mf = dey

Variable Attenuator

-The PN4391 provides a low Rps(on) (less than 30Q2).

The tee attenuator provides for optimum dynamic
linear range for attenuation and if complete turn-off is
desired, attenuation of greater than 100 dB can be
obtained at 10 MHz providing proper RF construction
techniques are employed.

5V

BIPOLAR
LOGIC
ELEMENT

MoS -
LOGIC
ELEMENT
WITH
NEGATIVE

SUPPLY 1

v

2N5638

Negative to Positive Supply Logic Level Shifter

This simple circuit provides for level shifting from any
logic  function (such as MOS) operating from minus to
ground supply to any logic level (such as TTL) operating
from a plus to ground supply. The 2N5639 provides a
low rds(ON) and fast switching times.

) | M358
[_I -
L b0V,
::wm ) I_—‘ out
3

01gF
) I— 2N3686
VinG >t u
Sum Ay = — = 500 typical
S 2
= Yos

Ultra-High Gain Audio Amplifier

- Sometimes called the “JFET p-amp’’, this circuit pro-

vides a very low power, high gain amplifying function.
Since pu of a JFET increases as drain current decreases,
the lower drain current is, the more gain you get. You
do sacrifice input dynamic range with increasing gain,
however.

2N4391 VIDEO OUTPUT

(]
H
VIDEO INPUT 280391 \
500 v
. L L
XA =

al

Attenuation > 80 dB @ 100 MHz
Insertion loss = 6 dB

ON i) OFF
-10v

High Frequency Switch

The 2N4391 provides a low ON resistance of 30§ and a
high OFF impedance (<0.2 pF) when OFF. With proper

layout and an “ideal’’ switch, the performance stated
above can be readily achieved.
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Precision Current Source

The 2N5457 and PN2222 bipolar serve as voltage
isolation devices between the output and the current
sensing resistor, R1. The LM101 provides a large amount
of loop gain to assure that the circuit acts as a current
source. For small values of current (<1 mA), the
PN2222 and 10k resistor may be eliminated with the
output appearing at the source of the 2N5457.

200v
+|

50 uF

CONTRAST l
EP:

v O 2N3742

2N4091

]
. 1
.’1 :
> + .
< 4
>
BRIGHTNESS l——-}(,lk TSI] uF -
+

JFET—Bipolar Cascode Circuit

The JFET-bipolar cascode circuit will provide full video
output for the CRT cathode drive. Gain is about 90.
The cascode configuration eliminates Miller capacitance
problems with the 2N4091 JFET, thus allowing direct
drive from the video detector. An m derived filter using
stray capacitance and a variable inductor prevents
4.5 MHz sound frequency from being amplified by the
video amplifier.

VINO <—lg

2N5457

PN2222

1 = VIN
07 Ry 1
ViN > OV.

Precision Current Sink

The 2N5457 JFET and PN2222 bipolar have inherently
high output impedance. Using R1 as a current sensing
resistor to provide feedback to the LM101 op amp
provides a large amount of loop gain for negative feed-
back to enhance the true current sink nature of this
circuit. For small current values, the 10k resistor and
PN2222 may be eliminated if the source of the JFET
is connected to R1.

(]
OUTPUT O—@ 9~ s vt

INPUTO

c1
4 I 0.1 uF ¥

—I—Lr- 15V (SAMPLE)
~15V (HOLD)

*Polycarbonate dielectric capacitor

Low Drift Sample and Hold

The JFETs, Q1 and Q2, provide complete buffering to
C1, the sample and hold capacitor. During sample, Q1
is turned ON and provides a path, rds(ON). for charging
C1. During hold, Q1 is turned OFF, thus leaving Q1
ID(OFF) (<100 pA) and Q2 IGgss (<100 pA) as the
only discharge paths. Q2 serves a buffering function so
feedback to the LM101 and output current are supplied
from its source.
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FET C

22
ke 300K
= |._..
10k
0088 4F
= p—O V=10 Hz

10k

Peak output voltage
Vp=Vz+1V

Wien Bridge Sine Wave Oscillator

The major problem in producing a low distortion,
constant amplitude sine wave is getting the amplifier
loop gain just right. By using the 2N5457 JFET as a
voltage variable resistor in the amplifier feedback loop,
this can be easily achieved. The LM103 zener diode
provides the voltage reference for the peak sine wave
amplitude; this is rectified and fed to the gate of the

PN5139

Viy O- ¢|
Sum
<
b
High | d Low Capaci Wideband Buffer

The 2N5485 features low input capacitance which
makes this compound series-feedback buffer a wide-band
unity gain a_ampliﬁer.

15V ON
-I—r -15V OFF o= f =<

1914

.IJ!

2N4393

1918

0.001 4F

p—O OUTPUT

2N4393

0.001 uF

-||—-|

JFET Sample and Hold Circuit

2N5457, thus varying its channel resistance and, hence,
loop gain.

The logic voltage is applied simultaneously to the sample
and hold JFETs. By matching input impedance and feed-
back resistance and capacitance, errors due to rds(ON)
of the JFETs is minimized.

PN5139

Vi O

I; 108
1

High Imped Low Cap Amplifier

This compound series-feedback circuit provides high
input impedance and stable, wide-band gain for general
purpose video amplifier applications.




28V
A7k

+—

0.001 uF

-O OUTPUT

0.001 uF

IHH

100 kHz 0.001 uF

2N5484

Stable Low Frequency Crystal Oscillator

This Colpitts-Crystal oscillator is ideal for low frequency
crystal oscillator circuits. Excellent stability is assured
because the 2N5484 JFET circuit loading does not vary
with temperature.

22k
<
>
S 6sm
0.01 uF
02 ]
Vino >t f
]
L
(: ™
<M
< <’
S 2.2k
Q2
b3
b e

0 to 360° Phase Shifter

Each stage provides O° to 180° phase shift. By ganging
the 2 stages, 0° to 360° phase shift is achieved. The J202
JFETs are ideal since they do not load the phase shift
networks.

ANALOG o )
INPUT :
1 | 2N4860 i
4 LM102 —0 vour
T .
> 1N914
g l I )O D : | ‘ 10k
AA
! Vv
! 1
ANALOG
?‘;t : : weuy © 2N4B60
NeUT | 1 2 .I_‘ 3
CONTROL { \
| IN914
! o
' yvv¥
P | I i
057800 i ]
VOLTAGE .
TRANSLATOR ADDITIONAL STAGES

IF REQUIRED

DTL-TTL Controlled Buffered Analog Switch

This analog switch uses the 2N4860 JFET for its 25§
rON and low leakage. The LM102 serves as a voltage
buffer. This circuit can be adapted to a dual trace oscil-

ouTPYT

loscope chopper. The DS7800 monolithic IC provides
adequate switch drive controlled by DTL/TTL logic
levels.

20 MHz oscillator values

C1 =700 pF L1=13uH
C2=75pF L2 = 10T 3/8" dia 3/4" long
Vpp = 16V Ip=1mA

20 MHz oscillator performance

Low distortion 20 MHz osc
2nd harmonic — 60 dB
3rd harmonic > —70 dB

Low Distortion Oscillator

The 2N5485 JFET is capable of oscillating in a circuit
where harmonic distortion is very low. The JFET

local oscillator is excellent when a low harmonic content
_is required for a good mixer circuit.
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FET C

AGC range 59 dB

INPUT 2-8pF power gain 17 dB

L1 =0.07 pHy center tap
L2 = 0.07 pHy tap 1/4 up from ground

200 MHz Cascode Amplifier

This 200 MHz JFET cascode circuit features low cross- JFET. The only special requirement of this circuit is
modulation, large signal handling ability, no neutraliza- that Ipgg of the upper unit must be greater than that of
tion, and AGC controlled by biasing the upper cascode the lower unit.
ov* ,
- O -
/.____"f"_"fl'.__._\
ool 1.
* 1 .Y
ouTPUT
:Emok :Ewnk 0
AR .
I . 30 pF
' (‘) N )
{
FET Op Amp
The NPD8301 monolithic-dual provides an ideal low NPD8301 track well over its bias current range, thus
offset, low drift buffer function for the LM101A op improving common-mode rejection.

amp. The excellent matching characteristics of the

Prvagar | T
10V + LF356

= 2N5458 -
3

AA

A
W& vvv—l

1k

CONTROL P N o -
oave Ot I VW jgo v

AA

1N914 1N914

ON 10
OFF -20 _I - I<— FROM DS7800

High Toggle Rate High Frequency Analog Switch

100 pF

This commutator circuit provides low impedance gate " handling by providing a low AC impedance for OFF
drive to the PN4091 analog switch for both ON and . drive and high AC impedance for ON drive to the
OFF drive conditions. This circuit also approaches the PN4091.

ideal gate drive conditions for high frequency signal




2N4091 JFETS
1 —OINPUT 1
[ :: ™
T B
o D1
]
| I
or. | : O INPUT 2
T | ..L_]
euTs | | K Im
| |
I .
o De
S —1
DS7800 4 O INPUT 3
VOLTAGE TRANSLATOR I
3 ::1M
= |
. |
pan Dt
| | .
' [ 4 i
oL | OiINPUT &
o | L.
INPUTS | 3 Sm
| | S
! |
o D¢
i_ _____ 4 R —e Y (111
D$7800
, VOLTAGE TRANSLATOR

4-Channel Commutator

This 4-channel commutator uses the 2N4091 to achieve
low channel ON resistance (<30%2) and low OFF current
" leakage. The DS7800 voltage translator is a monolithic

DIFFERENTIAL
INPUT

device which provides from 10V to —20V gate drive to
the JFETs while at the same time providing DTL/TTL
logic compatability.

¢

oy [Pz
r 3
t2»15457 _
“SCALING” 1
RESISTORS 100 pF
AAA
—\N\\—
1k

DIFFERENTIAL
INPUT

O—AAMN .
R3

FROM DS7800

— 10V
VOLTAGE TRANSLATOR —-,—l— -20V

PN4392
Y —

i

-15V

ADDITIONAL
CHANNELS

Wide Band Differential Muitiplexer

This design allows high frequency signal handling and
high toggle rates simultaneously. Toggle rates up to
1 MHz and MHz signals are possible with this circuit.
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FET C

R1 senses current flow of a power supply. The JFET is
used as a buffer because Ip = Ig, therefore the output

R1
0.1
POSITIVE 1%
INPUT O AV -O TO LOAD
VOLTAGE
_' PN3684
M
1¢
MONITOR
oUTPUT
5V/A

R1R3
VOUT = ——mr
out "2 U8

R3
1%

Current Monitor

current flow.

TO COMPANION CHANNEL
FOR STEREOD CIRCUIT

monitor vdltage accurately reflects the power supply

o . O 15V
BALANCE
(STEREQ voLguE
. L& oy 5 3 :
68k & 150k 1% ‘N—I ouTRUT
| < 50k S . S 10K
LINEAR LINEAR i
Sram by TAPER TAPER oL
< l__ PNA249 =
>
<
QM .
0.024F 25457
INPUT = Pt =
-~ r— ”
L .. C :
< 68k | |
<
P | 10k A L
2 2.2 < 0.002 F | =
01 pF S22k | [
). < v
¢ |
I 10055 | o0, | 4
= > P S 10K gm
Sm ¢ % JRLIT- P N AP 3/ TIP: . PN3565
T i Seg—am—pa3it|
s s00k I 0.24F 0.1 ,‘F_|_ |
100k | LEVEL | '——_r {
< | <
Su | e 2%
— [ ﬂ’ l <
i T —O -5V
BASS
| ALL FIXED VALUES |
v 5% MYLAR CAPACITORS

This preamp and tone control uses the JFET to its
best advantage; as a low noise high input impedance
device. All device parameters are non-critical, yet the

Low Cost High Level Preamp and Tone Control Circuit

circuit achieves harmonic distortion levels of less than

0.05% with an S/N ratio of over 85 dB. The tone con-
trols allow 18 dB of cut and boost; the amplifier has a
1V output for 100 mV input at maximum level.
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A Novel FET Micropower
Voltage Regulator ‘

Many systems require a stable voltage supply to maintain
constant performance. When these systems are battery-
operated, a regulator is needed to stabilize the system
voltage as the battery decays with time. Unfortunately,
IC voltage regulators require several milliamps of
quiescent current, making them impractical for micro-
power applications. Zener diodes may also be impractical
because of short term peak current requirements of the
system. This could require additional buffering or high
standby currents, but both increase the battery drain.
An inexpensive micropower voltage regulator is needed
to fill the gap between IC regulators (high quiescent
current) and zener diodes (high standby current).

Instead of the tranditional bipolar approach, the
regulator shown in Figure 1 uses a JFET as the series
pass element. This offers several advantages: first, no
pre-regulation is needed for the pass element as with an
NPN because the drive comes from the regulated-output.
Next, the gate-source is isolated from the line via the
drain, thus offering excellent line regulation. This is not
the case with PNP pass_elements, where the emitter is
the input. Finally, and possibly the most important

feature for micropower regulators, is FETs require no

current drive.

Vin
a
1109
o]
R1 R3 ———t—
2.M { =
|
|
| [
! |
R2 | |
10M | | Vour
r |
| |
| 1
| I
1% I
| ]
| —o0

R —— |

Output Voltage

R1 R1
VouT =VBE (2+ o )+ BVEgpg (1 +R—2)

Drift

aVv 3V, R1 3BV R1

vour _3Vee ,, R1, 98Veg . Rl
aT aT R2 oT R2

Quiescent Current = 4 pA

FIGURE 1. Micropower Regulator

National Semiconductor
John Maxwell
February 1977

The emitter-base breakdown voltage of Q3 is used as
a reference (~7.2V) in conjunction with Q2 to form a
shunt regulator. The shunt current drives a current
mirror, Q4—Q5, which creates the gate drive voltage of
the pass FET. The value of the shunt current is deter-
mined by R3 and the VGs of the pass FET (IR3 =
ISHUNT). High load currents will reduce the shunt
current because the FET V@gg is lower. Temperature
stability is achieved by cancelling the drift of Q2 and
Q3's Vgg (~—2 mV/°C/transistor) with the BVEp
drift of Q3 (~ 3 mV/°C) resulting in a negative drift at
the base of Q2, and the output, of 1 mV/°C.

Selection of the FET requires some care. ldeally, the
FET Ipgs needs to be greater than the load current at
all temperatures (Ipgs has a temperature coefficient of
~—0.7%/°C) and the breakdown voltage should be
greater than the maximum input voltage. Practically,
the FET Ipsg needs to be much larger than the maxi-
mum load current. Linear operation requires the FET’s
drain to gate voltage (Vp@G) to be greater than the
pinchoff voltage Vp. By operating the FET at currents
much less than Ipgg, the gate to source voltage (V?s)
will be close to Vp (Vgs = Vp (1—(Ip/Ipss)1/2))
allowing small drain to source voltages (Vpg). For
linear operation:

IVpal> IVpl
VDG = VDS — VGS

It should be noted that N FET's can be paralleled for
higher load current requirements without matching the
devices.

Actual performance of the regulator is quite good. With
a 10V typical output, the line regulation is within
+0.05% for a range of ViN—VQuT of 0.3V to 10V.
The load regulation is 0.2% with a load range of 10 nA
to 10 mA (Zp = 1082) and the temperature stability is
—0.01%/°C (=1 mV/°C). The output voltage can be
easily trimmed by adding a pot at the R1R2Q2BASE
junction to eliminate BVER variations or to make the
output adjustable over a limited range. Also, the temper-
ature stability can be improved by replacing Q3 with an
8.2V zener diode, because its temperature drift (~ 4 mV/
°C) would nearly match the combined VBE drift of
Q2 and Q4. The regulator is good enough to be used as
a reference in low accuracy (6—7-bit) or limited temp-
erature range applications if current drain is important.

REFERENCES

1. ”Voltagé Regulator Handbook”, National Semicon-
ductor Corporation, May 1975.

2. ""Zener Diode Handbook”’, Motorola, Inc., May 1967.

-3. Williams, P., “D.C. Voltage-Reference Circuits with

Minimum Input-Output Differentials”, Proc. IEEE
pp. 1280—1281, December, 1969.
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A Novel FET Micropower Voltage Regulator

OUTPUT VOLTAGE DEVIATION (%)
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FIGURE 2. Line Regulation vs Input-Output Differential
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A Linear Multiple Gain
Controlled Amplifier

INTRODUCTION

A linear control function over three decades of gain can
be achieved with a FET in the feedback path of a non-
inverting amplifier. Besides the ultimate simplicity of the

. circuit, multiple tracking gain control circuits can be
constructed with dual op amps and monolithic dual
FET’s or quad op amps and monolithic quad FET's.
Such circuits could even be integrated with ion-implanted
FET's on single or multiple monolithic op amp chips.
The gain control range may be designed for less than 2 to
1 or higher than 1000:1, but input voltage levels are
limited by acceptable levels of distortion. Bandwidth is
dependent on maximum gain and unity gain bandwidth
of the op amp used. The gain control circuit is espectally
suitable for volume expansmn applications.

GAIN CONTROL WITH FETS

The FET has long been used as a voltage controlled
resistor (VCR), often as the shunt arm in the series-shunt
attenuator of Figure 1. Advantages of the FET as a VCR
are that:

National Semiconductor
Application Note 129
Jim Sherwin

August 1975

Examination of the FET drain characteristics in Figure 2
will reveal the essential non-linearity of ryq at high
signal levels, especially as Vgg approaches Vp. This non-
linear region must be avoided in order to achieve
tolerable distortion levels. One obvious way is to limit
Vps to small values when rq is high as suggested by
Figures 2c and 2d, another is to utilize FET's with high
Vp as suggested by referénce to Figures 2b and 2d.

The reciprocal relationship of rqy and Vgg is an
advantage, as it is precisely that which allows the linear
control of gain in the circuit to be described. The avail-

" ability of matched monolithic dual FET's such as the

1. The control signal is almost perfectly isolated from

the controlled signal path, and

2. The resistance can be made to vary over an almost
infinite max/min ratio.

/1
o
5
R1+ Ao

>,

0<Vas Ve o

FIGURE 1. Voltage Controlled FET Attenuator

Disadvantages are that:

1. The FET behaves as a linear resistance only for small
values of source-drain voltage Vpg,

2. Non-linearity (of resistance) increases as the control
voltage Vgg approaches cut-off voltage Vp when
the resistance is maximum,

3. The relationship of resistance ryq to Vgg is recip-
rocal rather than direct linear,

4. VCR multiples with matched resistance characteristics
over their full control range have been extremely
difficult to obtain at any kind of reasonable price, and

5. Production spread in Vp requires separate bias set and
gain set on each circuit.

NSC 2N3958 (watch out for the matched pairs as their
resistance match close to Vp may not be as good as that
of the monolithic versions) make available low cost duals
with very closely matched resistance characteristics over
the full control range. There are even some monolithic
quads available (such as the AM9709 series). The final
problem of the production range of Vp can be much
improved with ion-implant diffusion techniques whereby
lot variation in Vp may be held to within a few tenths
of one volt.

The gain control circuit is that of an ordinary non-
inverting op amp with feedback. The usual circuit is
modified in Figure 3a to include a FET as controlled
resistor. The gain function is normal except that ry
replaces R2 in the usual form.

R1
Ay =1+—
Ty

(1)

-Now rq can be equated to a control voltage V¢ as follows:

T (2)
fy = r—
V- Vas
Where: ) N
r
° VGS =0
\
rq=ro P (3)
Vc Kl
Where:
Ve =Vp~—Vas
The gain function is thus seen ‘to be linear with V¢.
R1 V¢
AV =1+ — — (4)
ro Vp
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A Linear Multiple Gain Controlled Amplifier

o
500uA
PER
owv.

<

Vg = TV/STEP

Vs = 0.5V/DIV. ) Vps = 0.5V/DIV.

a) Vp =28V . b) Vp =9V

Vps = 50 mV/DIV. Vps = 50 mV/DIV.

c) Vp=28V . d) Vp =9V

FIGURE 2. AC Output Characteristics of FET

o Avmw =1 =
() Aypin > 1
FIGURE 3. FET/Op Amp Gain Control Circuit
1200 1000 ——
| R1 =300k Ve =31V
| Vp=26V | 2nagss
1000 T 5n3g58 800
800
IRZ =3k . 600
600 > p.
| < /
730k ) - 400 v
400 i - | A
200 —— 200 e
= : L
0 . [] N
-30 -25 -20 -15 -10 -05 © -40 -32 -24 -16 -08 [}
Vs (V) Ves (V)
FIGURE 4. Gain vs Control FIGURE 5. Gain vs Control

Voitage For Short Channel FET Voltage For Long Channel FET
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FIGURE 6. Control-Gain
Match For Dual FET
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MONOLITHIC QUAD P-CHANNEL
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FIGURE 7. Monolithic Quad
Gain Control Tracking
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R
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(b) FAST CONTROL MODIFICATION

FIGURE 8. Circuit to Reduce Distortion

At Ve = 0, the gain reduces to unity; and at V¢ = Vp,
the gain increases to 1 + R1/r, which may be as high as
1000 or so. If it is desired to limit the minimum gain to
some value greater than unity, another resistor R2 may
be added as in Figure 3b. Then the gain equation becomes:

R1
R2r, (Ve/Ve)
R2+r, (Vp/Ve)

AV=1+

L R1IR2+ 1o (Ve/Vel]
R2 roVe/Ve)
R1 R1Vc

Ay=1+—+
v R2 o Vp

(5)

In either case, the gain function is linear with V.

The circuits of Figure 3 do indeed show a linear gain
versus control voltage as plotted in Figure 4 for several
values of minimum gain. There is some non-linearity
near minimum gain which appears in all curves. This is
certainly due to a non-ideal characteristic of the FET
caused by finite contact and bulk resistance at source
and drain. Figure 5 shows a similar control curve for a
FET with longer channel in which the controlled channel
resistance 'is a greater part of the total resistance than
that of the short channel device of Figure 4. For those
applications requiring a more precisely linear control of
gain, the long channel devices will be preferable.

Several variable-gain circuits can be made to track when
monolithic multiple FET’s are used as the control
elements with matched feedback resistors. A monolithic

FET dual (NSC 2N3958) used in two identical control

circuits shows remarkable tracking over the entire control
range, even when Vgg is near Vp where variations would
be expected to be most apparent. The plots appear in
Figure 6. Similar performance for a quad gain control
using a monolithic P-channel guad FET (AM97C09 or
AM9709) is shown in Figure 7.

DISTORTION

Reference to Figure 2 will show that the FET acts as a
linear resistance only for relatively small values of drain-
source voltage, in either polarity. This is particularly
apparent for positive Vpg (for N-channel FET) and Vgs
approaching Vp. The difference between Figures 2c and
2d indicates that the maximum allowed applied signal
will be greater for high Vp as compared with low Vp.

It is possible to improve the linearity characteristics
somewhat by applying a part of the Vpg in series with
the control voltage applied as Vgg. The .circuit to
accomplish this is that shown in Figure 8. |t happens that
about half of Vpg applied to the gate provides the

. greatest improvement for small signals. The addition of

two resistors and one capacitor as in Figure 8a is all that
is required. The capacitor simply blocks the control
voltage from the FET drain and the op amp input.
Figure 8b shows the addition-of an emitter follower to
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A Linear Multiple Gain Controlled Amplifier

PER
DIV,

Vps = 0.5V/DIV.

a) yp =2.8V

Vps =50 mv/DIV.

o) Vp =28V

o
10mA
PER
DIv.

Vps = 0.5V/DIV.

b) Vp=9V

Vs = 1V/STEP
Vps = 50 mV/DIV.

d) Vp=9V

FIGURE 9. AC Output Characteristics of FET with Feedback Linearization
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FIGURE 10." Distortion With
Vp = 2.8V
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FIGURE 12. Distortion With
Vp = 2.8V, With Linearization
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FIGURE 13. Distortion With
Vp = 8.2V, Linearized
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prevent abrupt changes in V¢ from coupling to the op
amp. Figure 9 shows the improved linearity of the drain
characteristics as compared to Figure 2. The improvement
is also seen in the distortion versus input signal plots of
Figures 10—13. Note particularly that the distortion at
any value of V¢ is primarily a function of input signal
(which equals the feedback signal applied to the FET
drain at the inverting input). Some modification is made
to this direct relationship if an R2 is shunted across the
FET as in Figure 3b. Measured distortion. at low signal
level is the result of noise rather than of signal distortion.
Maximum gain is limited to about 100 in these plots so
as to avoid the region of lower S/N. The noise is that of
the op amp input stage and the signal source resistance
plus the contribution of the FET which is essentially,
the thermal noise of ry.

" BANDWIDTH AND CONTROL TIME CONSTANT
The circuit bandwidth is the closed loop bandwidth of

the op amp used at the (instantaneous) set gain. The gain
control time constant is that of the input circuit to the

FET (dependent on the value of R in Figure 8) limited’

by the slew rate of the op amp. The FET itself reacts
practically instantly, producing a step change in feedback
ratio. Control time constant is thus a few microseconds
at most. '

APPLICATIONS

Three obvio’ﬁs applications present themselves; they are:
1. Remote or multichannel gain control

2. Volume expansion
-3. Volume compression/limiting

To this short list might be added a number of others,
including applications in noise reduction and quad sound
techniques.

The gain-controlled amplifier of Figure 14 has a gain
range of 1—1000, a maximum output level of 8.5 Vrms,
and a bandwidth of better than 20 kHz at maximum
gain. The FET used has high Vp for maximum freedom
from distortion. Figures 15 and 16 show the gain
function and constant distortion contour lines. Note
that the gain control curve is non-linear near unity gain
because the PN4091 is a short channel FET. Distortion

1000

I~ vp=82v
800 — pNa4091

600

>
<

400

200 e
-

0
~10 -9-8 -7 -6-5-4-3-2-110
Vgs (V)

FIGURE 15. Gain For Circuit
of Figure 14

is quite low except as limited by maximum output
voltage. Note that the maximum e;, is restricted by out-
put saturation. The LM318 is used in the example only
to achieve wideband response at maximum gain. The
amplifier input voltage must be restricted to about
8 mVrms at maximum gain when the S/N will be about
60 dB over a 10 kHz bandwidth.

+5v

85V
 <—— AMs O
wsg

O e, <8.5VRMS

PNA39T
-8V Ve <0 O
*2k for gain = 1-100

- **LM301A for gain = 1-100

FIGURE 14. Amplifier With Gain Range = 1—1000

A more practical circuit might employ a gain range of

1—100. Then the amplifier could be a LM301A and *

still achieve a 10 kHz bandpass at maximum gain. The

input signal could, accordingly, be increased to 80 mVrms -

for a S/N of 80 dB. This performance can be extended
to dual and quad control circuits with tracking gain
functions, but watch the bandwidth as required at maxi-
mum gain. Any of the several dual op amps could be
used with the 2N3958 (monolithic dual from NSC), or
the LM324 quad op amp can be used in limited gain
times bandwidth applications with a quad monolithic
FET. Figure 17 shows all details of an ac coupled tracking
quad gain -control with 40 dB range. Gain varies over
1—-100 range, bandwidth is' 10 kHz minimum, S/N
is better than 70 dB with 4.3 Vrms maximum out-

put. Figure 7 shows the gain curve and matching

characteristics.

Noise considerations could be important in this method
of gain control, as the signal is amplified rather than
attenuated. To realize the function of a 40 dB variable
attenuator, it is necessary to install a fixed attenuator at
the amplifier input and perhaps also at the output. This
will reduce the minimum signal level to millivolts, thus a
low noise amplifier is desirable. The LM381 dual low-
noise ac coupled amplifier could be used in a 40 dB

1000

FEEDBACK
Ay =1-1000
Ve =82V,
PN4QOT

100

G 0.1%
\ ——

N
VRN
~—
(Iy.os-ﬁm?‘g
, T
-9 -8 -7 -6-5-4-3-2-110
Vs (V)

e (mV)

[

FIGURE 16. Distortion For
Circuit of Figure 14
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A Linear Multiple Gain Controlled Amplifier
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FIGURE 18. Volume Expander/Comp Block Diag: FIGURE 19. Full Wave Linear Precision Peak Detector
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audio attenuator to realize S/N about 100 dB or in a
60 dB attenuator to realize 80 dB S/N. Improvements
in S/N can be made by reducing system bandwidth in
fixed or low frequency operation. Minimum noise is also
achieved by using the minimum practical amplifier
source resistance. Values as low as 1 k§2 are advantageous.

The effect of temperature will be to change the gain
according to the temperature sensitivity of the FET.
This effect can be reduced by using a silicon resistor for
the feedback resistor, R1. If the FET were to be
integrated onto the op amp chip, an attempt should be
made to include R1 on the chip as well.

The application to a volume expander circuit is of
interest as the control is linear, the required control
range is only about 1:4, and the input signal is small
for the low gain condition when distortion would other-
wise be most apparent. The elements of a volume
expander are indicated in Figure 18. The gain controlled
amplifier need only exhibit a 12 dB variation in gain,
being lowest for small signals. The slope of gain versus
control should be linear, more specifically the slope
of (log) gain in dB versus (log) signal in dB should
be linear. A practical range is 12 dB gain change over a
30 dB input signal range. The peak detector should be
linear down to very small signals, exhibit a fast attack or
charge time of a millisecond or less, a discharge time
constant of about 2 seconds, and operate on the first

half cycle (full-wave detector). The detector should,
therefore, be a full-wave precision linear peak detector
with low internal impedance; the requirements can be
met with the circuit of Figure 79.

The expander circuit shown in Figure 20 will perform as
desired. The gain control function is plotted in Figure 21,
distortion is below 0.1% at all levels. Resistors R3 and
R4 are added in order to modify the linear control curve
to the desired log curve. Note that the input signal is
attenuated prior to amplification in order to reduce
distortion and maintain an overall gain of approximately
0 dB at midrange of expansion. The noise with the
LM124 over a 20 kHz bandwidth is, of course, a function
of signal; but the maximum signal to noise ratio is 80 dB.

_ The circuit could be adapted to stereo or quad sound

as in Figures 22—23. Questions for individual design
concern the method of control. Whether to expand all
channels together, and whether to derive the control
signals individually from each channel, a summation
from 2 to 4 channels, or from a single channel (assuming
that high level from any channel indicates high levels
from all channels). Note that the FET is biased OFF
(minimum gain) for low signals, and increasing signals
progressively bias the FET ON (maximum gain).

The volume compression circuit is a logical mate to the

expander. The only difference would be that the FET is
initially biased ON .(maximum gain) for low signals, and

+20V

1 250k
+ o] ———s

10k

Rl

™ ™

™

W -

1/81LM324

+

1/a1M324

2
3
<

v

I-vW—

VW VWV

AAA
VWA~
R3
Spa 680K
&
AAA
W
SR s
14 LM3za Samo j»
< >
2N4391
v

’7/ SETTO0 (10V ~ V)

FIGURE 20. Volume Expander Circuit
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A Linear Multiple Gain Controlled Amplifier
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FIGURE 21. Expander Gain Ch
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VARIABLE GAIN
RIGHT AmpLIFIER [
7y
FULL-WAVE
PEAK DETECTOR
v
vamABLECAIN |
LEFT AMPLIFIER

FIGURE 22. Stereo Expander Block

increasing signals progréssively bias the FET OFF (mini-
mum gain). A disadvantage is that the circuit produces
greatest distortion in the low gain condition when signals
are highest. Maximum S/N is degraded by 24 dB over
that of the expander, minimum S/N is the same.

CONCLUSION

The combination of FET and op amp provides a linear
dc (voltage) control of gain over a range to 60 dB. As the
circuit realizes positive gain, rather than being a con-
trolled attenuator, the input signal is limited. Input

- RIGHT . VARIABLEGAIN |
FRONT | AMPLIFIER
4
FULL-WAVE
PEAK DETECTOR
v
LEFT | VARIABLE-GAIN
FRONT aweuRER [
RIGHT

VARIABLE-GAIN >
REAR AMPLIFIER

FULL-WAVE
PEAK DETECTOR

A

LEFT
REAR

| VARIABLE-GAIN

AMPLIFIER

FIGURE 23. Four-Channel Expandér Block

signal is further limited to several hundred millivolts by
the non-linearity of the FET (which sees the full input
signal). Because input signals will generally be in the
10—300 mV range, noise performance of the selected
op amp will be important. Even so, S/N of 60—100 dB is
obtainable with standard amplifiers. Tracking pair or
quad gain-control amplifiers are realizable with existing

* monolithic dual or quad FET's, and the combination of

FET and op amp lends itself to simple integration. The
circuit is well-suited to remote and multiple linear gain
control and to volume expander/compressors. The volume
expander is especially interesting as the signal level and
gain conditions result in extremely low distortion and
more than adequate signal-to-noise ratio.
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Binary/BCD Gain
Programmed Amplifiers

Many systems require logic controlled gain programmable
amplifiers (GPA) for signal preconditioning, level control
and dynamic range expansion. The system sets GPA
requirements for accuracy, speed and signal handling
capability, limiting the type used. Conventional CMOS
analog switches limit signal handling to *7.5V and
accuracy to 1%. High voltage CMOS or JFET analog
switches increase both accuracy and signal handling
(£10V to #15V) but at a greater cost. Programmable
amplifiers using current mode analog switches have the
highest signal handling capability (£25V) with high
accuracy, speed and low cost.

In reality, the logic controlled GPA is a multiplying
digital-to-analog converter (multiplying D/A). The D/A
input is the reference node which is multiplied by the
digital input. Multiplying D/A converters have been
available for some time in module, hybrid and mono-
lithic form but suffer from high cost and poor signal
handling capability (x10V maximum).

Large signal handling (¥25V), moderate cost multi-
plying D/A converters can be built using monolithic
current mode analog switches, an op amp and a few
resistors.

Unlike conventional analog switches, only signal current
is switched at the virtual ground of an op amp with cur-
rent mode analog switches. Limiting the voltage across
the switch to a few hundred millivolts, power supplies,
logic interface and level translator circuits are eliminated
allowing the JFET switches to be driven directly by
standard logic.

F2

Vo

FIGURE 1. Current Mode Analog Switch

National Semiconductor
John Maxwell
February 1977

A logic “0” turns the switch ON with a logic “1"”
shutting the switch OFF by pinching the FET OFF. The
diode is used to clamp the source to drain voltage to
about 0.7V in the switch OFF state. The series FET in
the feedback path is used to compensate for the ON
resistance of the switch FET.

Current through the switch is determined by the input
resistor, R1, the switch ON resistance and the input
voltage, V|N. Scaling of the output voltage is accom-
plished with the feedback resistor, setting the gain of the
amplifier.

R2+ RoN2 '
R1+ RON1

Ay = (1)

A 4-bit multiplying D/A converter can be built using a
quad current mode switch, 4 binary weighted resistors
(R, 2R, 4R, 8R) and an op amp. The output voltage
will be a function of the feedback resistor, input resis-
tors and the logic state of the FET gates, GN.

The ‘number of bits is expanded by cascading another
quad current switch and resistor array to the first.
Instead of continuing the binary progression of the input
resistors, (16R, 32R, etc), current splitting resistors are

- used such that the same resistor array (R, 2R, 4R, 8R)

is used for the additional bits, minimizing the number of
resistor values required for higher order converters.

G1

R
G2
2R =
q p
63
R =
[ - Rg
G4
Vo
8R =
Vin o—J +

A B B B }
Vo =—V|N = (G120+G22-1+G32-2+B42-3)
0=-Vin 3

FIGURE 2. 4-Bit Multiplying D/A Converter
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. Vin O—4
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215 Rg
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Vo=-Vin Re [G120+G22-1+G32-2+G42-3+1/16 (G5 20+ G6 2—1 + G72—2+ G8 2—3)]
R {1/10 for BCD)

FIGURE 3. 8-Bit Multiplying D/A Using Cascaded 4-Bit Sections

Binary weighting requires a 1/16 current split for the
second switch quad while .BCD weighting requires a
1/10 split.

There are 2 basic switch configurations available that
are optimized for a variety of logic drives: TTL or CMOS
Multiple independent switches (4 by SPST) and a 4-
channel multiplex version with a series compensation
FET.

Practical limitations in using monolithic current mode
analog switches need consideration. Resistor values and
tolerance impacted by switch resistance is minimized by
increasing resistor values without regard, but limits
bandwidth and creates leakage errors at elevated temper-
atures. Using resistors that are too small, increase switch
resistance errors. Current saturation (increased switch
resistance) occurs when the switch current approaches
the FET saturation current, Ipss. High currents also
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cause IG(ON). current lost through the gate, as the
diode and FET source to gate diode become forward
biased. An input resistor value of 10k limits the switch
current to less than 2 mA minimizing both leakage and
switch resistance problems. For example, the gain
accuracy at unity gain using the compensation FET is
less than 0.05% with R = RF = 10k.

The current shunt resistor used in cascading switches
should be kept small to.minimize the voltage drop,
keeping the FET drains near ground. Values of Rg
should be less than 1002 (20 typ).

Resistor tolerance will be determined by converter
resolution, i.e., the number if bits (N). For example,
an 8-bit- binary D/A converter will have 2N_1 or 255
steps (99 for BCD) or different gains. The resolution or
smallest step is (least significant bit) 1/2N of the full-
scale value (0.0039). Typical accuracy specifications
for D/A converters are stated as 1 LSB or +1/2 LSB.

This works out to be £0.2% for the 8-bit binary unit.
Errors in the feedback resistor directly affect the output
of the converter. The most significant resistor, R,
contributes 1/2 full-scale, reducing its error contribution
by a factor of 2. The same is true for the rest of the
resistors with contributions of 1/4, 1/8, etc. Using a
resistor tolerance of 0.1% for the feedback resistor,
0.2% for the 2 most significant resistors (R, 2R), 0.5%

-for the 3rd and 1% for the 4th and 5th switches allows

5% resistors to be used in the 6th, 7th and 8th switch
positions.

Using the above information, 4-bit or. more binary/BCD
gain programmable amplifiers can be built with large
signal handling capability, few parts and easily adjustable
gain or attenuation. Figure 3 shows a practical 8-bit
binary/BCD GPA with gains of 0.996 (binary) with
RF = 5k and 0.99 (BCD) with RE = 8k. For other gains,
only the feedback resistor need be changed.

. 1/2
2 [eR\2 (e 2 € 2
% error = e+—R + 2R t———t R
f \2 2 2n

or (2)

5 [02\% [o2)\? 5\2|'2
% error = |(0.1)“ + - + e +———t 756 =+0.198%

ef = tolerance of feedback resistor

€R = tolerance of most significant resistor

€nR = tolerance of Nth resistor
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FET Curve Tracer

FET Curve Tracer

i

Junction field-effect transistors (JFETs), unlike bipolar
transistors, do not easily lend themselves to analytic
solutions of bias networks. By their very nature, JFETs
are voltage controlled devices. Gate to source voltage
(control voltage VGg) variations of several volts can
exist within a given part type at the same operating
conditions, causing the problem. Multiple suppliers and
inadequate or non-existent data sheet curves compound
the problem further, requiring data from the suppliers
or the use of a curve tracer.

A simple curve tracer, used with any oscilloscope, can be
built using a quad op amp and a handful of parts. The
circuit displays drain current versus gate voltage for both

P and N-channel JFETs at a constant drain voltage. -

1k
. 1mANV

200
5mANV

100
10 mA/V ?
D

P o S ——

National "Semiconductor
John Maxwell
February 1977

= /
E
s, [,

2 ’/

o -~

25 -2 -15 -1 -05 0

Vgs (V)
FIGURE 1. Typical N-Channel FET Transfer Curve

The circuit consists of an op amp current to voltage
(1/V) amplifier with a positive or negative gate sweep

15V

o 10k
T O 2 2 AA-
H
6Q 22 10k
Al MN—
ves 10K W p
- O~ AN~ + a3
HORIZONTAL l sy VERTICAL
0.5V/ms
= e
<P I I
g 0.1 4F
- IH Hl .
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- D1—-D2 — 1N914
Qz2* — 92PUO1
A3 150k Q3* — 92PUS51
+
, |G
| PeH 15

*1W NPN, PNP

-15v

FIGURE 2. FET Curve Tracer
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voltage. The I/V amplifier uses 1/4 of the quad op amp
and 3 switchable feedback resistors for drain current
scaling: 1k for 1 mA/V, 20092 for 5 mA/V and 10002
for 10 mA/V. An NPN-PNP emitter-follower buffer is
used with the |/V amplifier to handle high FET currents
(to 100 mA). A unity gain inverting amplifier is used
for proper drain current polarity.

The gate sweep generator consists of 2 parts, a linear
ramp generator with a reset and a window comparator.
The ramp generator is an op amp with a capacitor in
its feedback loop. The sweep rate is set by a constant
current supplied to the capacitor through a resistor tied
to either the plus or minus voltage supply.

The positive (P-channel) ramp mode uses the positive
reference on the plus input of the comparator with the
ramp connected to the minus input. The comparator
output stays high (15V) pinching the FET OFF until the
input exceeds the reference (10V). At that point, the
output snaps to the negative supply, turning the FET
switch ON, discharging the capacitor. The reference
voltage at the plus input is set near ground using the
51k input resistor, D2 and 68k feedback resistor when
the comparator output is in the low state. When the
capacitor is discharged, the comparator resets, restarting
the ramp.

A negative sweep is maore difficult to generate using the
same comparator. The reference (—10V) is on the
minus input with the ramp connected to the plus input.
As with the positive sweep, the comparator output is
high until the negative sweep exceeds the reference.
The difference is that the reference cannot be set to
ground for the reset sweep but to a negative voltage
such that when the ramp is at OV the comparator resets.
The function of Q2.is to short R1, changing the refer-
ence voltage from —10V to —6V.

In both cases, the sweep time is 10 ms. The resistor
attenuator on the FET gate terminal divides the voltage
in half, yielding a sweep rate of 0.5V/ms with a maxi-
mum gate voltage of #5V. This should be adequate for
most FETs used as amplifiers but if additional gate
voltage is required, the attenuator can be switched out.

The circuit is limited to displaying only the FET transfer
characteristic Ip vs VGS, but this is the curve most
needed by designers. It gives insight into parameter
variations of bias circuits and it can be used to observe
temperature effects on the FET. The oscilloscope
vertical input is used for the drain current and the

horizontal input is used for the gate voltage. The hori-
zontal sweep can be used if no horizontal input is
available where a sweep rate of 0.5 ms/cm corresponds
to 0.5V/ms, allowing the curve tracer to be used with
any oscilloscope.

J176 X

E—ORESET

0.14F

150k

35 o—AAN—
+15V X

—
0.1 mA

b0 Vo
+1V/ms

FIGURE 3. Linear Ramp Generator
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FIGURE 4. Positive Sweep.

Vg (V)
\

0 10 20
TIME (ms)

FIGURE 5. Negative Sweep
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JFET Glossary of Symbols

JFET Glossary of Symbols

DC PARAMETERS -
BVpgo (V) Drain-Gate Breakdown Voltage with Source Open-
+ or BVGDO Circuited
The breakdown voltage of the drain-gate junction,
measured at a specified current with the source
open-circuited.
BVsgo (V) Source-Gate Breakdown Voltage with Drain
or BVGso Open-Circuited .
The' breakdown voltage of the source-gate junction,
measured at a specified current, with the drain
open-circuited.
BVgGss (V) Source-Gate Breakdown Voltage with Drain-
or BV, V(BR)GSS = Source Shorted
The breakdown voltage of the source-gate and
drain-ga\> junctions, measured at a specified
current with the drain-source shorted.
IpGo (pA) Drain-Gate Leakage Current, Source Open-Circuited
orlGpo
The leakage current of the drain-gate junction,
measured at a specified voltage, with the source
open-circuited.
Ip (uA) Drain ON Current o
or ID(ON)

The drain current, measured at a specified drain-
source voltage and gate-source voltage.

ID(OFF) (pA)

Drain Cutoff Current

The drain cutoff current, measured at a specified
drain-source voltage and gate-source voltage.

Ipss (mA) Drain Saturation Current Ipss
The drain current, measured at a specified drain-
source voltage with the source shorted to the gate
(Vgs=0)

1G (pA) Gate Leakage Current with Drain Current Flowing

orIG(oN) ‘
The gate leakage current, measured at a specified
drain current and drain-gate voltage.
Al
1gss (pA) Gate-Source Reverse Leakage Current with Drain-

Source Shorted

3
The gate-source reverse leakage current measured
at a specified gate-source voltage.
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1sGo (pA) Source-Gate Reverse Leakage Current with Drain 1560
or IGSO Open-Circuited
The leakage current of the source-gate junction,
measured at a specified voltage, with the drain
open-circuited. ’
ps (©2) Drain-Source ON Resistance
or rds. RDS,
rDS(ON) The drain-source ON resistance, measured at a

specified gate-source voltage and drain current.

Vps(ON) (mV)

Drain-Source ON Voltage

The drain-source ON voltage, measured at a speci-

fied gate-source voltage and drain current.

Vgs (V) Operating Gate-Source Voltage In
or VGS(ON)-
Vg The gate-source voltage, measured at a specified [“:r_
drain current and drain-source voltage. G +
S Vps Vps
Vss# Vgs 'I'
+
Vas(F) (V) Forward Gate-Source Voltage EDT
The forward gate-source voltage, measured at S 1
specifiéd current. s
: mT VGs(F)
VGs(oFF) (V) Gate-Source Cutoff (Pinch-Off) Voltage In
or Vp
The gate-source cutoff voltage, measured at a E—_ )
specified drain current and drain-source voltage. G +
Vps Vps

SMALL SIGNAL PARAMETERS

Ciss (pF)
or Cjss, Cqss

Common-Source Input Capacitance

The common-source input capacitance measured
between the gate and source with the drain A—C
shorted to the source at specified drain-source and
gate-source voltages. ‘

Vps

i

Coss (pF)
or Cos, Cdss

Common-Source Output Capacitance

The common-source output capacitance, measured
between the drain and source with the source
A—C shorted to the gate at specified drain-source
and gate-source voltages.
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JFET Glossary of Symbols

Cyss (pF) Common-Source Reverse Transfer Capacitance
or Cys, Cdg
The common-source reverse transfer capacitance,
measured between the drain and gate at specified
drain-source and gate source voltages.
en (nV/A/Hz) Equivalent Input Noise Voltage

orep, Vp, Ep

The equivalent input noise voltage per unit band-
width, measured with the input A—C shorted to
the source at a specified operating condition.

-
(o]
9fg {mV) Common- Gate Forward Transconductance s D
or yfg Vgs “s In
The common-gate forward -transconductancewith
the output A—C shorted. This is a complex quanti-
ty (9fq + ibfg)-
gfs (mV) Common-Source Forward Transconductance
or gm, Yfs, '
Re|Yfs The common source forward transconductance
) with the output A—C shorted. This is a complex
quantity (gfs + ipfs).
giss (LV) Common-Source Input Conductance
or Yis
The common-source input conductance with the
g output A—C shorted. This is a complex quantity
(gis + ibis)-
doss (LV) Comimon-Source Output \Cdnductance
or Yos ' .
The common source output conductance with the
input A—C shorted. This is a complex quantity
(gos + ibos!-
Gpyg (dB) Common-Gate Power Gain
The common-gate power gain is the ratio of out-
put power to input power. P
- Gp =10log10 P_°
Gpg (dB). Common-Source Power Gain . ) "
The common-source power gain is the ratio of out-
put power to input power.
in (PAN/Hz2) Equivalent Input Noise Current

The equivalent input noise current measured with
the input open-circuited under specified operating
conditions.
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NF (dB) Spot Noise Figure
Noise figure = 10 Iog‘10 F were F is noise factor Total Output Noise Power
which is the ratio of the total output noise power ~ Source Qutput Noise Power

to the output noise power. of the source. Measured
at specified operating conditions and source resis-
tance.

COMMON-SOURCE SWITCHING PARAMETERS

In the following, drive circuit conditions and drain R
circuit conditions must be specified. The transition Voo Vour
times of the input must be negligible compared to D
the measured times.
Vin £
td(ON) Turn-On Delay Time A S

The time interval during turn-on from the point
when the input pulse at the gate reaches 10% of its' - -
full amplitude to the point when the drain pulse
changes from 0 to 10% of its maximum amplitude.

sjoqwAig jo Atesson 1340

VpD—VDS(ON)

tr . Rise Time ID(ON) = AL
The time interval during turn-on in which vthe
drain current pulse changes from 10% to 90% of
its maximum amplitude.
td(OFF) Turn-Off Delay Time ) 100
. 90
The time interval during turn-off from the point
when the turn-off pulse at the gate changes from In(on) ()
100% to 90% of its full amplitude to the time
when the drain current has changed from 100% to 10 N
90% of its maximum amplitude. 0 .
’ WON = Iy, '
[ Pt B Ry BV
tf Fall Time o ‘0N H4(QFF) .
v
[ v

The time interval during turn-off in which the I
drain current pulse decreases from 90% to 10% of :
its maximum amplitude. )

DUAL FET PARAMETERS

BVgG1, G2 (V) Gate to Gate Breakdown Voltage
or BVG1-2 .
The breakdown voltage of the gate to gate junc-
tions, measured at a specified current.

BVg1,62 T'G

CMRR (dB) Common-Mode Rejection Ratio
or CMR
" The common-mode rejection ratio is the ratio of
the change in differential gate voltage with a -
change in the drain to gate voltage.

CMRR = 20 log1g AA\QDG
[o} ’
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JFET Glossary of Symbols

9fs1-2 (%)
or gfs1/9fs2

Common-Source Forward Transconductance Rétjo
(Match)

The transconductance ratio = gfs1/gfs2 X 100 (%)
measured at specified drain-gate voltage and drain
current.

9oss 1-2 (uV)
Or gos1—2

Common-Source Output Conductance (Match)

Output conductance match = [gos1—gps2| measured
at specified drain-gate voltage and drain current.

Ipss1-2 (%)

Drain Saturation Current Ratio (Match)

orIps1-2,

IDss1/1DSS2 The drain saturation current ratio = Ipss1/
Ipss2 x 100% measured at specified drain-source
voltages.

1G1-2 (pA) Differential Gate Leakage Current

Differential gate leakage current = [lg1—1G2l
measured at specified drain-gate voltage and drain
current.

1G1, G2 (pA)

Gate to Gate Reverse Leakage Current

specified drain-gate voltage and drain current.

161,62
/
The gate to gate reverse leakage measured at a 4
specified voltage monolithic dual with diode isola- ' a1
tion shown. v
. ml Sg _
sus V1,62 VG1,62
°%] [7°
[y
G2
[
VGgs1—2 (mV) Differential Gate-Source Voltage \ ¢
or AVGS, Vos. D1 Vog
IVes1—-Vas2! The differential gate-source voltage, measured at a T D

AVGg1-2 (uv/°C)
or AlVGs1—
VGs2l/AT
AVog/AT

Differential Gate-Source Voltage Drift

The differential gate-source voltage drift is the
change in the differential gate-source voltage with
a change in device temperature at a specified
operating condition.

AVes _|(VGs1-Vas2)IT1 = (Vas1-Vas2)iT2 |
at T1-T2
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PhYSicaI DimenSions All dimensions expressed as

inches
(millimeters)

0.350-0370
[ 8.890-9.398)
DIA

0.315-0.335
(8.001-8.509)
DIA

0,050
0.165-0.185 | 2m)
{a.191-4.699) { MAX
0430 | go35 I
(12454 {og89)
MIN MAX
R 0.120-0.160
{3.048-4.068)
0.015-0.019 DIA
{0.381-0483)
DIA 10 LEADS
0.220-0.240

(5.588-6.096)
TYP

0.026-0.034
(0.660-0.864)

| 0.026-0.034

®° EDUALLV \_‘ {0.660-0.864)
SPACED

Package 1
10-Lead TO-5 Metal Can Package (H) (Low Profile)
NS Package Number H10A

0.545-0.555

{13.843-14.097)
DIA
I
0.148-0.181

(3.759-4.597) *

w1

u 0.022-0.030

sl UL onoee
»(12.7uu-|4.zz4) ” I] ﬂ H n {0.559-0.762)

__1 l__ 0.016-0.019

(0.406-0.483)

)
0.400
(10.160)

TYP

0.595-0.605

{15.113-15.367)
DIA 0.026-0.036

(0.660~0.914)
Y

52 0.026-0.035
DIATYP (0.660-0.914)
Package 2

12-Lead TO-8 Metal Can Package (G)
NS Package Number H128

0.545-0.555
{13:843-14.007) 0.148-0.181
DIA {3.759-4.597)
nA
1 -
0.022-0.030
0.500-0.560 {0.559-0.762)
{12:70-14.228) [I [] [I I]
0.016-0.019
{0.406-0.483)
DIA12 LEADS
0.100

(2.540)
0.595-0.605

{15.113-15.367)
DIA

{@.660-0.913)
0.200 \\(
(5080}
MAX R~ 0.026-0.036
4PLACES (0.660-0.914)

Package 3
12-Lead TO-8 Metal Can Package (G)
{AH2114/AH2114C Only)
NS Package Number H12C

D 026-0.036
660-0.914)

0.203-0.219
‘ {5.309-5.563)
0.178-0.191 0.188-0210 |
{a5214.851) {@.7175-5.338)
SEATING PLANE
] u 0.500
—iz.70)
n n MIN
0.016-0.019 0.030
{0.405-0.483) wao {@.762)
MAX
v 0.100
0050 (2.540)
(1.270)
0.036-0.046 0.036-0.048

s ma)\{( \>[m 914-1219)

PIN FET N(02) FET P (11)
) 1 S s
2 D G.
3 G D
Package 4

3-Lead TO-18 (02, 11) Metal Can Package
NS Package Number HO3D
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imensions

Physical D

| 0.350-0.370
oL
{8.890-9.398)
0.315-0.335

“(8 001-8.509) ‘_l

0.240-0.260
(6.096~6.604)

S _

ATTTT

{1270)
MiN
e 0.016-0.019
Ty OA6-0489)" heg g1
MAX @ 826-5.330)

0.026-0.040
(0.660—-1.016)
0.028-0.037

(0.711-0.940)

PIN FET
1 S
2 D
3 G

Package 5

3-Lead TO-39 (09) Metal Can Package (H) (High Profile)
NS Package Number HO3G

0.203-0219
_ {5.309-5.563)
0.178-0195 | 0.142-0.159
(a521-4953) r {36074.039)
seaTing
PLAN
| 3

|] u u 0.500

[ (12.10)
0.016-0.019 0.030
{0at-0 m)’l l'" 0762
MaX
0.100
o5 | {z540)
{iz70
0.036-0.045 0.028-0.048

{0.711-1.219)

{0913-1.168) \//{ >

PIN FET(07)
S
2 D
3 ) G
Package 6

3-Lead TO-52 (07) Metal Can Package
NS Package Number ' H03J

0.209-0.219
(6.309-5.563)
0.178-0.191 | 0.188-0.210
(4.521-4.851) (4.775-5.334)
SEATING PLANE j_

MIN
0.016-0.018 ’I l__ o_ozl)

{0.405-0.983) (0.762)
MAX

0.100

0.050 {2.540)

iz |

0.036-0.046 ’

0.028-0.048
{091a-1168) { \(’(nm 1219)

PIN FET
S1
D1
G1
52
D2
G2

N O O WN -

Package 7
6-Lead TO-71 (12) Metal Can Package
NS Package Number HO6A

0.209-0.219
(5.309-5.563)
0.178-0.191 0.188-0210
{4.521-4.851) (4.775-5.333)
SEATING PLANE
u u u 0.500
—(12.70)
n n n MIN
0.016-0.019 0.030
(0 A06-0.483) | -—l l‘- {0.762)
MAX
0100
0.050 {2540)
(1.270)
0.036-0.046 " 2 0.028-0.051

©91a-1; 150)\{( x\[m 711-1285)

PIN | FETP(23) -| FET N(25)
1 S S
2 G' D
3 D G
Package 8
4-Lead TO-72 (23, 25) Metal Can Package (H)
NS Package Number HO4C

74




0.350-0.370

I~ {@.890-0.398)
DIA 0.315-0.335

(8.001-8.509)
DIA

0.165-0.185
@iaem)| |

__SEATING
‘Louau "" “TPLANE
0500 " iate)
(127[ll MAX I]l] ﬂ ﬂﬂ

l__ 0.016-0.019

(0.406-0.483)

0.200
(5.080)

0.100

2540 |

0.029-0.045
{0.737-1.143)
0.028-0. 034 Q

(0.711-0.864) /<

0.175-0.185
(4.445-4.699)

LEADS TO FIT INTO

1

0.594
(15.088)

J_—-_

(1.143-1.397)

0.045-0.055
(1.143-1.397)
0.045-0.055

0.003-0.013
(0.076-0.330)

0.045-0.055

] [0 NoW 4
2

DIA PIN CIRCLE

PIN FET
1 D
2 S
3 G

Package 11

3-Lead TO-92 (77) Plastic Package
NS Package Number 203D

—-—‘

0.160
/=10° NOM_ 12 540)

(2.159-2.413) (1.143-1.397)
PIN FET PIN|71 [ 72 | 74
1 S1 111G G S
2 D1 2 |{D S G
'3 G1 3 1S D D
4 Case
5 s2 FET case 71 and 72 are interchangeable without com-
D2 promise in performance except some RF application
6 at.VHF
7 G2
Package 9 Package 10
6-Lead TO-78 (24) Metal Can Package (H) 3-Lead TO-92 (71, 72, 74) Plastic Package
NS Package Number HO6B NS Package Number Z0O3A
0.160 0.160
14.068) (@.064)
0.180 0.180
- ~ws 1 W57
i ]
0.180 0.100 0.180 0.100
Ws12) (2.:580) a5 12.540)
[} 5'72) MAX (@.572) MAX
i ! 1
0.025 . 0025
(0.635) 10.635
MIN MIN
0.014-0.016 0.150-0.180 0.015 0.014-0.016 0.150-0.180 0.015
{0.356-0.406) —| {3.810-2.572) ——!L-_(U~35ﬂ 10.356-0.406) | {3.810-4572) | l=-T0.38T)
3LEADS 0,100 3ILEADS 3LEADS 3LEADS

DIA PIN CIRCLE

321

PIN{71 | 72| 74
11G G |S
2 |D S G
318 D D

TO-18 lead form available on special order or standard
on some products converted from TO-106 package.

Package 12
3-Lead TO-92 (TO-18 Lead Form) Plastic Package
NS Package Number Z03E

Iq |edisAyd
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imensions

Physical D

Package 15
16-Lead Cavity DIP (D)
NS Package Number D16 A

0.350-0.370
|~ {8.890-9.308)
oA 0315-0.335
{8.001-8.509)
DIA
_0.165-0.185 |
{@.191-4.609)
0035 INSULATOR PIN . FET
0500 o 0.040
7 (0.889) {T016) 1 S1.
12700 max , h
M;N ___."ﬂ ﬂ “I] " 2 o ;
|| bots-v01s 3 G1
{0.406-0.483) 4 Case
0.200
5.050) 5 52
6 D2
7 G2
0.028-0.045 & 8 Sub
{0.737-1.143)
0.028-0.034
{0.711-0.868)
45° EQUALLY
SPACED
Package 13
¢« 8-Lead TO-99 (24 Alternate) Metal Can Package-(H)
- NS Package Number HO8B
0.730
(18.582)
MAX
. GLASS
4] [3) [i7] [ (o] [5] [6)
’ 0780
7112)
M?x
LT 27 37 LT BT [T &
0310 0165
{7.878) 0.037-0.050 i)
MAX PN NO.1 {0.940-1.270) s <001
IDENT ¢ f (1.143:0.381)
0.008-0.012 T
{0.203-0.305)
+0.025
0325 g 015 0.050 £0.010 l__ 0.015-0.019 ’l 0125
(&255*0-335) {1.270 :0.254) {©381-0483) ~ @175)
038 0.100:0.010 min
{2.540 =0.254)
Package 14
, 14-Lead Cavity DIP (D)
NS Package Number D14A .
) 0730
(18.542)
MAX
GLASS
fﬁ [i5] 3] _[iz] 7] [io] [3]
0.280
72
MAX
L] Tof T [al TsT [T T Tel
0310 0.165
818 0.020 :0.010 0.037-0.050 @191
MAX {0508 0258 || {0.990-1.270) max
PIN NO. 1
“ IDENT ___L
0.008-0.012 )
{0.203-0.305) 0045 20018
0325 0025 | (1.143:0.381)
-0.015 01000010 | [ 0.125
(a 255 msas) {2,540 20.254). 0.015-0.019 __]L 3175
038, {©381-0483) MiN

7-6




| 0.760
{19.304)
MAX
o] 3] [o] (] fio] [o] [®
0.298
{7.569)
PIN NO. 1
IDENT e M“!X
[ BREJORERGRG|
0.054
0485 (1T.:;1PZ) 0.165
a1 {@.191)
{12319) MAX
MAX
0.020-0.060
§_{0.508-1.524)
0.008-0.015 L
T 2030380 I
0.300 0.050 :0.010 i__ 0,015 uoza T s
{7.620) {1.270 +0.254) {0.381-0.584) naaa) 3178
REF 0.100 :0.010 MIN
{2.540 +:0.254)
Package 16
14-Lead Side-Brazed Cavity DIP (D)
NS Package Number D14E
: 0.810
o
E (20578)
MAX
5] 5] (4] [3] [iz] [i7] [ro] [s
0.298
PIN NO. 1 (ms:)
msm\r. i
[T T2l ToT Te TsT [e T Le]
0.054
0485 (1372} g 65
- ryp 0185
(12.319) ] e (@.191)
MAX MAX .
. 0.020-0.060
{_ (0.508-1528)
0.008-0.015
[~ {0203-0.381) F
| o300 | 0.050 :0.010° l__ 0.015-0.023 J{__ 0.125
{7.620) {1270 -0.254) (0.381-0.583) {3.175)
REF . 0.100:0.010 MIN
(2540 :0.254)
Package 17
16-Lead Side-Brazed Cavity DIP (D)
NS Package Number D16C
0785 0310
{19.939) e
MAX (7.874)
MAX
GLASS
0.291
(2.381)
MI'U(
DT L] L] [ It IsT 1]
0.290-0.320 0.160 0.200
(7.366-8.128) ('JN.IiRW GLASS 0.060 +0.005 (5.080)
.
SEALANT {1524 :0.121) MAX ) 020-0.070

0.385 +0.025 ol 0.100
(9.779 +0.635) {2580) -

(0.508-1.778)

| o 008-0 012
{0203-0.305)

MAX BOTH ENDS
0.100 =0.010
(2.540 +0.254)

Package 18
14-Lead Cavity DIP (J)
NS Package Number J14A

Lj L:szz::::z:,»ll«

N

5

MIN
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N

imensions

Physical D

0.785
{19.939)
MAX 0.310
(1.874)
0.025 b 5] [is] [id] 2] o] ol T MAX GLASS
{05635) 0.291
' RAD 7391
MAX
T 2 ] (] 57 (&1 T o
0.160 GLASS 0.200
0.290-0320 | (4068)  SEALANT 0.060 0.005 o)
‘1 {7.366-8.128) Ax 528020 | MAX 0 020-0.070
| {0.508-1.778)
ooua—omz l][][]l][][] }
{0.203-0.305) H [}
| ba3sse0uzs 0.050 0 ‘_”*
-385 0. 0.018 :0.002
s 1.270) 0125
(9.779 +0.635) MAX {0.457 20.051) @
0.100 +0.010 MiN
(2.5400.258)
Package 19
16-Lead Cavity DIP (J)
NS Package Number J16 A
ap
N f—(10.160) —=
2.337) e T
e Gov  mmm @
NOM\
PIN NO‘IINDENT—\ 0.250:0.005 PIN | 60 | 67
6.350 20.127) -
o ! 1 [ Nnc st
oos QT 2] [ [ 2 | st |D1
N {1.143)
030
0.300-0.320 (g%i') Tve 0.040 3 D1 | NC
7620-8128)  wax 0.065 e 0.130 +0.005 . 4 | Gl |Gt
~ e @302:0121) 5 s2 | g2
‘L— t i 6 | D2 | D2
0.009-0.015 00‘20 7 G2 | NC
{0.220-0.381) —_— 8 NC | G2
125 (0.508)
0.325*0025 0.045 :0.015 N
0018 1130381 ﬂm o0 JM‘l;f’
5.255 ‘003 L) {0457 +0.076)
TvP
Package 20
8-Lead Molded Mini-DIP (60, 67) (N)
NS Package Number NOSA
0.770
0.090 {19.558)
2285 MAX
ooz 228 #
(2330 o] [3] [iz] [n] [io) [o] Je]
DIA NOM \ ] .
i \é 0.250£0.005
PIN NO. 1 INDENT
\ {6.350 +0.127)
e
L T2 Te] Taf TeJ TeT T
(gzgz-:?;:) 0.0 0.040
(u&' 0.065 0.130 +0.005

+0.025
9325 g 015

fzss 351

(1.851)

L

(1.016) Pl
TYP (3.302 :0.127)

= T

7

0.009-0.015
{0.223-0.381)

{2.580)
TYP

Package 21
14-Lead Molded DIP (N)
NS Package Number N14A

s (0508)
0075 :0.015 ’IL oo -00m3 2228 Ty
{1905 :0.381) 0100 0457 z0.076) 1%

B

0.020

7-8




0.870
0.090 (22.098)
MAX

0.002 (ZZBE)’j

3 MEEOEOEN
DIA(ZNOIVI \

PIN NO. 1 INDENT \\®

Ne

DT L1 Ll [al =1 [e1 [ [l

0.250 £0.005
{6.350 :0.127)

0.030
(0.762)
0.300-0320 0,080
{7520-8.128) 0.058 316 0.130 :0.005
) m‘—| "_ {3302 :0.127)
—re A
0.009-0.015
™"75229-0.381) 0020
0.075 +0.015 0018:0003 0125 {0508)
0.325 0025 {1905 :0.381) | “pasoioe  Gam
<% _0.015 0. mn MIN
+0.635 (z 540)-—
(55 7553%)
Package 22
16-Lead Molded DIP (N)
NS Package Number N16A
0.275
[~ 5.985) |
MAX
-~ GLASS
2. oaz) . .
0003-0.006 | | I MAX ' 0.010-0.025 (SQUARE) 0.050 +0.005
{0.102-0.152) | {0.254-0. 635)'1 ’l " (1270 :0.127)
PIN NO. 1 0
IDENT\- 14 sl 0.750-0770
F 7] (19.050-19.558)
N 34 N
INigigl
| | oe20-0040 $l ‘ 0.015-0.019
(0.508-1.016) ™ (0.381-0.483)
Package 23
14-Lead Flat Package (F)
NS Package Number F14A
0.080 0.390
- |~ (2032) [~—{9.906) -906) —»
0.004-0.006 MAX MAX GLASS

(0.102-0.152)

9
PIN NO. 1 0275
IDENT ™ . (©.985)
. MAX
\ 234567178
I

0.007-0018 0.050 :0.005
_ {o7e-0asn) t’ ’1[ {1270 :0.127)

0.020-0.040
{0.508-1.016)

0.880-0.900
(22.352-22.860)

o

(0.381-0.483)
Package 24

16-Lead Flat Package (F)
NS Package Number F16 A
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The Data
Bookshelf:
Tools For
The Design
Engineer

National Semiconductor's Data Bookshelf
is a compendium of information about a
product line unmatched in its breadth in
the industry. The fifteen independent
volumes that comprise the Bookshelf —
over 5000 pages — describe in excess of
6000 solid-state devices; devices that
span the entire spectrum of
semiconductor processes, and that range
from the simplest of discrete transistors
to microprocessors — those
most-sophisticated marvels of modern
integrated-circuit technology.

Active and passive devices and circuits;
hybrid and monolithic structures; discrete
and integrated components . . . Complete
electrical and mechanical specifications;
charts, graphs, and tables; test circuits
and waveforms; design and application
information . . . Whatever you need you'll
find in the designer’s ultimate reference
source — National Semiconductor’s Data
Bookshelf.

Ordering
Information

All orders must be prepaid. Domestic
orders must be accompanied by a check
or a money order made payable to
National Semiconductor Corp.; orders
destined for shipment outside of the U.S.
must be accompanied by U.S. funds.
Orders will be shipped by postage-paid
Third Class mail. Please allow
approximately 6-8 weeks for domestic
delivery, longer for delivery outside of the
uU.s.

. National
Semiconductor




DATA BOOKSHELF ORDER FORM.

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that | have selected
below. | have enclosed a check or money order for the total amount of the order, made payable to
National Semiconductor Corporation. :

Name___
Street Address.
City State/Country Zip
—_copies @ $4.00, Audio Handbook, 4/76 .........ccceccevvevienrrcenuennen. Total $____.
— copies @ $3.00, CMOS Databook, 3/75.......cccceverrerrreerererenrennes Total $___
___ copies @ $4.00, Interface Databook, 10/75.......ccceeceeveecrenuene . Total
— . copies @ $4.00, Linear Applications, Vol. I, 2/73......cccccceeurruenen Total $_____
____copies @ $4.00, Linear Applications, Vol. Il, 7/76............cc......... Total $
ecopies @ $4.00, Linear Databook, 6/76........cccceceeeueiervreereeneinnns Total $____
—_copies @ $3.00, Memory Databook, 1/76.........c.cccceccemvrrrereennne Total $_
__ copies @ $5.00, PACE Designer's Guide, 1977 .......ccccecerueenen. Total $____
—_copies @ $4.00, MOS/LSI Databook, 1977 .........cccceeveerercrnvennnn. Total $_____
—_ copies @ $5.00, 8080A Microprocessor
System Design Manual, 3/77...........occoecnieenee Total $______
___copies @ $5.00, PACE Microprocessor Assembly .
, Language Programming Manual, 1/77 ............ Total $
__ copies @ $5.00, PACE Microprocessor System
Design Manual, 3/77 ......ccccvvrervnenenenesenennns Total $_____
— copies @ $3.00, Power Transistor Databook, 1977 ................... Total $—
_ copies @ $5.00, SC/MP Microprocessor
: Applications Handbook, 1977 ........c.cccceuenen. Total $.___
-~ copies @ $5.00, SC/MP Microprocessor Assembly
Language Programming Manual...................... Total $____
— copies @ $3.00, Special Function Databook, 4/76..................... Total $____
- _copies @ $4.00, TTL Databook, 2/76......c.c.ceeecerecerrscrnrersecrcrenens Total $____
— copies @ $3.00, Voltage Regulator Handbook, 5/75.................. Total ;$___'_
' Subtotal $

(California Residents Add 6% Sales Tax*) $
Grand Total $

MAIL TO:

NATIONAL SEMICONDUCTOR CORP., c/o MIKE SMITH
P. O. BOX 60876, SUNNYVALE, CA. 94088

Postage will be paid by National Semiconducter Corp. Ploase allow 6-8 weeks for delivery.

*(San Francisco Bay Area Residents Add 6'2% Sales Tax)



National Semiconductor Corporation
2900 Semiconductor Drive ;
Santa Clara, California 95051

(408) 737-5000

TWX: 910-339-9240

National Semiconductor GmbH
808 Fuerstenfeldbruck
Industriestrasse 10

West Germany

Telephone: (08141) 1371
Telex: 05-27649 ',

i

NS Electronics (HK) Ltd.

4 Hing Yip Street, 11th Floor
Kwun Tong

Kowloon, Hong Kong \
Telephone: 3-411241-8 /
Telex: 73866 NSE HK HX

NS International Inc.

Miyake Bldg. 6F, 1-9 Yotsuya

Shinjuku-Ku

Tokyo.160, Japan 2
Telephone: 03-355-3711 :
Telex: J28592

. NS Electronics Pty. Ltd.
CNR-Stud Road & Mountain Highway
Bayswater, Victoria 3153, Australia
Telephone: 03-729-6333
Telex: 32096

(© 1977 NATIONAL SEMICONDUCTOR CORP. IM-CPSOMS57/Printed in USA.



