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INTRODUCTION

Micro Linear Corporation, headquartered in San Jose, California, was
founded in 1983 as an Analog USIC (user specified) integrated circuit
manufacturer. The Corporation occupies 100,000 square feet of office and
manufacturing space on six acres of land. The greater part of this space is
used for state of the art engineering, test and wafer metallization facilities.

Micro Linear, a pioneer in analog semi-custom integrated circuits,
continues to expand its catalog with a unique tile array design
methodology. This advanced proprietary tile array approach allows
custom designs, and standard products that can be quickly modified with
minimum expense and risk to the end customer. The analog design skills
and tile array methodology are strengths that separate Micro Linear from
its competitors.

This standard product catalog has grown through the years to include
more than 120 products and 25 arrays serving the following markets

Data Communications
Telecommunications

Hard Disk Drive

Motor Control

Switch Mode Power Supply
Data Acquisition

Bus Products

Mixed Signal USIC

Micro Linear is committed to supplying complex mixed signal integrated
circuit solutions with the highest quality and best service possible.
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SEMI-STANDARD INTEGRATED CIRCUITS

The ability to modify standard integrated circuit products offers a new dimension
and power to users of integrated circuits. By modifying a standard product the
customer gains a level of product optimization that otherwise would not exist. At
the foundation of Micro Linear’s business is this ability, along with the eagerness, to
provide optimized integrated circuits to its customers. This is “Semi-Standard
Integrated Circuits.”

Semi-Standard can mean a change in the functionality of a device, an adjustment
to a performance parameter, or even something as simple as a variation in the
physical marking on the IC. The customer can define a change to one of Micro
Linear’s standard catalog products to gain a performance edge, power savings, or
lower system cost. Micro Linear’s goal is to provide the maximum amount of
flexibility such that the customer can reap these benefits and be able to offer an
improved end product for today’s competitive environment.

Semi-Standard ICs offer a superior alternative over custom, and even semi-custom
solutions. The level of technical risk is significantly reduced because only an
incremental change is made to an already proven product. And faster time-to-
market is enjoyed due to a combination of a shorter development time and the
added benefit of being able to debug many of the system related issues by using the
standard product.

Micro Linear offers this unique capability to enact functional changes to its
standard products because of its Tile Array methodology. Tile Arrays are collections
of uncommitted active and passive components arranged in patterns on an
integrated circuit wafer. Circuits are implemented by designing the metal
interconnect layers which are used in the final step of the wafer manufacturing
process. The effectiveness of the Semi-Standard methodology is demonstrated in
the fact that Micro Linear has been supplying very high volume standard products
in fast moving dynamic markets since its inception.

Semi-Standard is a product. But it is also a way of doing business. The wherewithal
to perform the customer changes is not enough. A successful supplier of Semi-
Standard integrated circuits must also have the design methodology, mind set, and
culture of Semi-Standard. Since Micro Linear was founded and structured as a
supplier of semi-custom analog and analog/digital integrated solutions these traits
are firmly rooted in the company.
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LIFE SUPPORT POLICY

* MICRO LINEAR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR/SYSTEMS'WITHOUT
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, (a) are 2. A critical component is any component of a life support device or
intended for surgical implant into the body, or (b) support or sustain life, system whose failure to perform can be reasonably expected to cause the
and whose failure to perform, when properly used in accordance with . failure of the life support device or, system, or to affect its safety or
instructions for use provided in the labeling, can be reasonably expected effectiveness. o .

to result in a significant injury to the user.

Micro Linear reserves the right to make changes at any time, without notice, to any of its products, specifications, processes, and suppliers. The
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are
therefore provided “AS 1S.” MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS,
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE.
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- General

- . -
Hg-Micro Linear Ordering Information

Part Number and Package Type Explanation

PART NUMBER
ML XXXX X X X

T T T "'
Package Type

Temperature Range
M =-55°C to +125°C
I =-40°C to +85°C

C =0°Cto +70°C

Number of letter indicates electrical grade of part

Three or four digit generic or product part number

Micro Linear Prefix or for second source device is the same as original source

PACKAGE TYPE

Letter Suffix Description

Side Brazed Hermetic DIP

Flat Pack

Ceramic Hermetic DIP (CERDIP)
Ceramic Leadless Chip Carrier (LCC)
Plastic DIP

Plastic Chip Carrier (PCC)

Small Outline (SOIC)

(PQPP) Plastic Quad Flat Pack
Shrink Small Outline Package (SSOP)
Thin Quad Flat Pack (TQFP)

o
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Cross Reference G uid;e

N Alternate Source Part Number

Analog Devices

National Semiconductor

Note 1. 100% pin-for-pin compatible with improved electrical specifications. |
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. !
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis.

Analog Devices Micro Linear NSC Micro Linear
Part Number Direct Replacement! Part Number Direct Replacement!
AD7820BQ ML2261Clj ADC0808C) ADC0808C)
AD7820CQ ML2261Bl) ML2258BM)]
AD7820KN ML2261CCP ADC0808CC]J ADC0808CC)
AD7820KP ML2261CCQ ML2258BIJ
AD7820LN ML2261BCP ADC0808CCV ADC0808CCV
AD7820LP ML2261BCQ ML2258BIQ
AD7820TQ ML2261CM} ADC0809CCN ADC0808CCN
AD7820UQ ML2261BM) ML2258CIP
AD7824BQ ML2264Cl) ADC0809CCV ADC0809CCV
AD7824CQ ML2264Bl) ‘ ML2258CIQ
AD7824KN ML2264CCP ADC0820BC) ML2261Bl)
AD7824LN ML2264BCP ADC0820BCN ML2261BCP
AD7824TQ ML2264CM) ADC0820BCV ML2261BCQ
AD7824UQ ML2264BM) ADC0820CC]J ML2261C1)
ADCO0820CCN ML2261CCP
Exar ADC0820CCV ML2261CCQ
ADC0820C] ML2261CM)
Exar Micro Linear ADCO0831BCJ ADCO0831BCJ
Part Number Direct Replacement! | ML2281BI)
XR117R-2CP ML117R-2CP ADCO0831BCN ADCO0831BCN
XRT17R-4CP MLT17R-4CP M12281BCP
XRT17R-4MD MLT17R-4CS ADC0831CC) ADC0831CC)
XRT17R-6C) ML117R-6CQ ML2281Cl)
XR117R-6CP ML117R-6CP ADCO0831CCN ADCO0831CCN
XRT17R-6MD MLT17R-6CS Muiazs1CCP
XR117-2CN ML117-2C) ADCO0832BC]J ADC0832BC]J
XR117-2CP ML117:2CP ML2282BI)
XR117-2MD ML117-2CS ADC0832BCN ADC0832BCN
XR17-4CN ML117.4C) ML2282BCP
XR117-4CP ML117-4CP ADC0832CC) ADC0832CC)
XR117-4MD MLT17-4CS ML2282Cl)
XR117-6C) ML117-6CQ ADC0832CCN ADC0832CCN
XR117-6CN ML117-6C) ML2282CCP
XR117-6CP MLT17-6CP ADC0833BC) ADC0833BC)
XR117-6MD MLT17-6CS ‘ ML2283Bl)
ADC0833BCN ADC0833BCN
. ML2283BCP
Linear Technology ADC0833CC) ADC0833CC)
LTC Micro Linear ML2283Cl)
Part Number Direct Replacement! ADC0833CCN ADCO0833CCN
- ML2283CCP
LTC1060AC) ML2110BIj2
LTC1060ACN ML2110BCP2 ADCU834BC) ﬁ%ﬁ?q
LTC1060AM) ML2T108Mj2 ADC0834BCN ADCO834BCN
LTC1060C) ML2110CI2 ML2284BCP
LTC1060CN ML2110CCP?
LTC1060M] ML2110CM}2
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Cross Reference Guide

National Semiconductor (Continued)

Silicon Systems, Inc.

Note 1. 100% pin-for-pin compatible with improved electrical specifications.
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source.
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis.

NSC Micro Linear SSI Micro Linear
Part Number Direct Replacement! Part Number Direct Replacement!
ADCO0834CC) ADC0834CC) SSI 32P541-CH ML541CQ
ML2284Cl) SSI 32P541-P ML541CP
ADCO0834CCN ADCO0834CCN SSI 32P541A-CH ML4042CQ
ML2284CCP SSI 32P541A-P ML4042CP
ADCO0838BC]) ADCO0838BC]J SSI 32P541B-CH ML4042CQ
ML2288BI) SSI 32P541B-P ML4042CP
ADCO0838BCN ADCO0838BCN SSI 32R117R-2P ML117R-2CP
ML2288BCP SSI 32R117R-4F ML117R-4CF
ADC0838BCV ADCO0838BCV SSI 32R117R-4P ML117R-4CP
ML2288BCQ SSI 32R117R-6F ML117R-6CF
ADCO0838CCJ ADCO0838CCJ SSI 32R117R-6H ML117R-6CQ
ML2288Cl) SSI 32R117R-6P ML117R-6CP
ADCO0838CCN ADCO0838CCN SSI 32R117-2P ML117-2CP
ML2288CCP SSI 32R117-4F ML117-4CF
ADC0838CCV ADCO0838CCV SSI 32R117-4P ML117-4CP
ML2288CCQ SSI 32R117-6F ML117-6CF
ADC1061Cl) ML2271ClJ SSI 32R117-6H ML117-6CQ
ADC1061CIN ML2271CCP3 SSI 32R117-6P ML117-6CP
ADC1061CIWM ML2271CCS3 SSI 32R501R-6H ML501R-6CQ
ADC1061CM]) ML2271CM] SSI 32R501R-8F ML501R-8CF
DP5016QC ML501-6CQ SSI 32R501R-8H ML501R-8CQ
DP5016RQC ML501R-6CQ SSI 32R501R-8P ML501R-8CP
DP5018QC ML501-8CQ SSI 32R501-6H ML501-6CQ
DP5018RQC ‘ML501R-8CQ SSI 32R501-8F ML501-8CF
HA5016QC ML501-6CQ SSI 32R501-8H ML501-8CQ
LA5016RQC ML501R-6CQ SSI 32R501-8P ML501-8CP
HA5018QC ML501-8CQ SSI 32R511R-4S ML511R-4CS
MAS5018RQC ML501R-8CQ SSI 32R511R-6H ML511R-6CQ
DP8464BN-3 ML8464B-3CP2 SSt 32R511R-6P ML511R-6CP
DP8464BV-3 ML8464B-3CQ2 SSI 32R511R-6S ¢ ML511R-6CS
DP8464BN-2 ML8464B-2CP2 SSI 32R511R-8H ML511R-8CQ
DP8464BV-2 ML8464B-2CQ2 SSI 32R511R-8P ML511R-8CP
DP8464BN-2 ML8464B-2CP2 SSI 32R511R-8S ML511R-8CS
DP8464BN-3 ML8464B-3CP2 SSI 32R511-4S ML511-4CS
DP8464BV-2 ML8464B-2CQ2 SSI 32R511-6H ML511-6CQ
DP8464BV-3 ML8464B-3CQ2 SSI 32R511-6P ML511-6CP
DP8468BTP-3 ML4568-3CQ2 SSI 32R511-6S ML511-6CS
DP8468BTP-2 ML4568-2CQQ? SSI 32R511-8H ML511-8CQ
LMF100CCN ML2111CCP SSI 32R511-8P ML511-8CP
LMF100CCWM ML2111CCS SSI 32R511-8S ML511-8CS
MF10A) ML2110CMJ2
MF10ACN ML2110BCP2
MF10CC]) ML2110Clj2
MF10CCWM ML2110CCS?
MF10CCN ML2110CCP2
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Cross Reference Guide

Note 1. 100% pin-for-pin compatible with improved electrical specifications.
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source.
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis.

Texas Instruments vTC

1 NSC Micro Linear VIC Micro Linear
Part Number Direct Replacement! Part Number Direct Replacement!
ADCOB0BIN ML2258C0 VMI172DK MLT17.20)
ADCO808N ML2258BIP xm];ig:é mm;igi :
ADCO809FN ML2258CCQ
ADCO809N ML2258CIP VMT17-4PK ML117-4CP
TLCO820ACN ML2261CCP- VM117-4DK ML117-4C)
TLCO820ACFN ML2261CCQ VMT117-6PK ML117-6CP
TLC0820BCN "ML2261BCP VM117-6DK ML117-6C)
TLCO820BCFN ML2261BCQ VMT117-6PK ML117-6CP
ADCO831ACP. - ML2281CCP VMT7-6PLK - MLT17-6CQ
ADCO831AIP. . ML2281ClJ3 VM117R-2DK ML117R-2C)
ﬁggggg] gﬁ)l’ mggg: gﬁf VMT17R-2PK ML117R-2CP

VMT17R-4FK ML117R-4CF

ADCO0832ACP ML2282CCP:
ADCO0832AIP ML2282Clj3 xm:;g':gf( mm;ﬁjﬁp
ADC0832BCP ML2282BCP - -4C)
ADCO0832BIP ML2282BIj3 VMT17R-6DK ML117R-6C)
ADCO834ACN ML2284CCP VMT17R-6PK ML17R-6CP
ADCO0834AIN ML2284Clj3 VMT117-6PLK ML117R-6CQ
ADCO0834BCN ML2284BCP VM217-6PK ML501-6CP
ADCO834BIN . ML2284BI)3 VM217-6PLK ML501-6CQ
ADCO838ACN ML2288CCP VM217-8PK ‘ML501-8CP

| ADCO838AIN ML2288ClJ3 VM217-8PLK ML501-8CQ
ADCO0838CCN - ML2288BCP
ADCO0838BIN ML2288BIJ3

Unitrode

| Unitrode Micro Linear
Part Number Direct Replacement!
uC1823) ML4823M]
UC1825) ML4825M)
UC2823N ML4823IP
UC2823Q ML48231Q
UC2825N ML48251P
UC2825Q ML48251Q
UC3823N ML4823IP
UC3823Q ML4823CQ
UC3825N ML48251P
UC3825Q ML4825CQ
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Alpha Numeric Index

PAGE
FB3410 Small General Purpose Tlle Array .. 7-21
FB3420 Medium General Purpose Tile Array . 7-21
FB3430 Large General Purpose Tile Array 7-21
FB3480 Power Supply Controller Array 7-26
FB3490 General Purpose PWM Controller Array . 7-37
FB3491 Resonant Mode Controller Array.......... 7-38
FB3492 Phase Modulation Controller Array 7-39
FB3605 Small High Frequency Tile Array 7-12
FB3610 General Purpose Tile Array 7-13
FB3620 General Purpose Tile Array 7-13
FB3621 Medium High Frequency Tile Array 7-14
FB3622 Medium Power Schottky Tile Array 7-15
FB3623 Medium High Power Tile Array 7-16
FB3630 General Purpose Tile Array .........c.ccceuee. 7-13
FB3631 Large Mixed Analog/Digital Tile Array . 7-17
FB3635 Large Mixed Analog/Digital Tile Array .... 7-18
FB3651 LAN Transceiver Tile Array 7-23
FB3680 Electronic Ballast & Power Factor Tile Array .. 7-25
FC3510 General Purpose BiCMOS Tile Array 7-6
FC3560 Read Channel Tile Array ......cccocue. 7-22
FC3580 Micro Power Controller Tile Array . 7-24
ML117 2, 4, or 6-Channel Read/Write Circuits 5-5
ML117R 2, 4, or 6-Channel Read/Write Circuits ... 5-5
ML501 6, 7, or 8-Channel Read/Write Circuits 5-13
ML501R 6, 7, or 8- Channel Read/Write Circuits .. 5-13
ML502 6, 7, or 8-Channel Read/Write Circuits 5-13
ML502R 6, 7, or 8-Channel Read/Write Circuits ... 5-13
ML502S 6, 7, or 8-Channel Read/Write Circuits ... 5-13
ML511 4,6, 7, or 8-Channel Read /Write Circuits . 5-21
ML5T1R 4, 6, 7, or 8-Channel Read/Write Circuits .. 5-21
ML541 Read Data ProCcessor .........cccoeeervucenunnns 5-29
ML1825 High Frequency Power Supply Controller 6-5
ML2003 Logarithmic Gain/Attenuator ... 3-2
ML2004 Logarithmic Gain/Attenuator ... 3-2
ML2008 puP Compatible Logarithmic Gain/Attenuator 3-13
ML2009 uP Compatible Logarithmic Gain/Attenuator .. 3-13
ML2020 Telephone Line Equalizer .... 3-22
ML2021 Telephone Line Equalizer . 3-33
ML2031 Tone Detector 3-44
ML2032 Tone Detector 3-44
ML2035 Programmable Sinewave Generator .. 3-52
ML2036 Programmable Sinewave Generator .. 3-52
ML2110 Universal Dual Filter .......ccccccoveennne 3-64
ML2111 Universal Hi-Frequency Dual Filter 3-83
ML2200 12-Bit + Sign Data Acquisition Peripheral .. 2-5
ML2208 12-Bit + Sign Data Acquisition Peripheral .. 2-5
ML2221 Serial Peripheral Interface 12-Bit Plus Sign A/D Converter with Sample & Hold 2-33
ML2222 Serial CODEC/DSP Interface 12-Bit Plus Sign A/D Converter with Sample & Hold 2-47
ML2223 Serial Asynchronous Interface 12-Bit Plus Sign A/D Converter with Sample & Hold 2-48
ML2230 uP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold ... 2-56
ML2233 WP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold 2-72

—
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Alpha Numeric Index

ML2252 WP Compatible 8-Bit A/D Converter with 2-Channel Multiplexer 2-88
ML2258 uP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer .. 2-99
ML2259 uP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 2-88
ML2261 uP Compatible High Speed 8-Bit A/D Converter with T/H (S/H) ... 2-110
ML2264 - 4-Channel High Speed 8-Bit A/D.Converter with T/H (S/H)..... 2-125
ML2271 WP Compatible High Speed 10-Bit A/D Converter with S/H. 2-140
ML2280 8-Bit Serial A/D Converter ... 2-153
ML2281 8-Bit Serial A/D.Converter ... 2-171
ML2282 8-Bit Serial A/D Converter with 2-Channel Multiplexer 2-171
ML2283 8-Bit Serial A/D Converter with 4-Channel Multiplexer ... 2-153
ML2284 8-Bit Serial A/D Converter with 4-Channel Multiplexer .... 2-171 -
ML2288 8-Bit Serial A/D Converter with 8-Channel Multiplexer . 2-171
ML2340 Single Supply Programmable 8-Bit D/A Converter 2-191
ML2341 Single Supply Programmable 8-Bit D/A Converter 2-202
ML2350 Single Supply Programmable 8-Bit D/A Converter .. 2-191
ML2351 Single Supply Programmable 8-Bit D/A Converter .. 2-202
ML2375 DSP Analog I/O Peripheral 2-214
ML2377 DSP Analog I/O Peripheral 2-214
ML2652 10 BASE-T Physical Interface Chip ... 4-3
ML4041 Read Data Processor 5-39
ML4042 Read Data Processor 5-39
ML4401 Servo Demodulator 5-50
ML4402 Servo Driver ........ 5-56
ML4403 Servo Controller...... 5-61
ML4404 Trajectory Generator ..... 5-71
ML4406 Disk Voice Coil Servo Driver 5-82
ML4407 Disk Voice Coil Servo Driver 5-82
ML4408 Low Voltage Voice Coil Servo Driver 5-88
ML4410 Sensorless Spindle Motor Controller 5-95
ML4411 Sensorless Spindle Motor Controller 5-106
ML4413 Servo Controller 5-61
ML4415 15-Channel Read/Write Circuit 5-118
ML4415R 15-Channel Read/Write Circuit ..... 5-118
ML4416 14-Channel Read/Write Circuit with CS 5-118
ML4416R 14-Channel Read/Write Circuit with CS .. 5-118
ML4417 Zoned Bit Recording Circuit 5-126
ML4418 Low Saturation Voice Coil Servo Driver 5-136
ML4427 Zoned Bit Recording Circuit 5-126
ML4431 Servo Demodulator 5-143
ML4506 5V Disk Voice Coil Servo Driver 5-151
ML4508 Low Saturation 5V Voice Coil Servo Driver 5-158
ML4510 5V Sensorless Spindle Motor Controller .. 5-159
ML4532 Servo Burst Area Detector with PWM ... 5-168
ML4533 Servo Burst Area Detector without PWM 5-168
ML4534 Area Detector Based Embedded Servo Demodulator 5-179
ML4535 Area Detector Based Hybrid Servo Demodulator ... 5-186
ML4536 Servo Burst Area Detector without PWM DAC ... 5-168
ML4568 Disk Pulse Detector + Embedded Servo Detector 5-197
ML4610R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit .... 5-205
ML4611R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit .... 5-205
ML4621 Fiber Optic Data Quantizer .... 4-21
ML4622 Fiber Optic Data Quantizer 4-27
ML4624 Fiber Optic Data Quantizer 4-27
ML4632 Fiber Optic LED Driver 4-35
ML4642 AUI Multiplexer 4-41
ML4652 TOBASE-T Transceiver 4-55
ML4654 10BASE-T Transceiver for Hubs .......... 4-71
ML4658 TOBASE-T Transceiver with Autopolarity 4-55
1-6 @ Micro Linear
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PAGE
ML4661 FOIRL TIANSCRIVET .. iuitiiiiiieiii ettt sttt h e ettt et ettt st st et e eab et e e e anbeeanbeeenaneeens 4-81
ML4661EVAL FOIRL Evaluation Kit 4-91
ML4662 TOBASE-FL Transceiver .. 4-92
ML4662EVAL 10BASE-FL Evaluation Kit ..... 4-104
ML4663 Single Chip TOBASE-FL Tranceiver. 4-105
ML4663EVAL 10BASE-FL Evaluation Kit 4-119
ML4809 High Frequency Current Mode PWM Controller .. 6-12
ML4810 High Frequency Current Mode PWM Controller .. 6-23
ML4811 High Frequency Current Mode PWM Controller .. 6-23
ML4812 Power Factor Controller Evaluation Kit .......... 6-31
ML4812EVAL Power Factor Controller 6-45
ML4813 Flyback Power Factor Controller 6-46
ML4815 Zero Voltage Switching Resonant Controller 6-58
ML4816 High Frequency Multi-Mode Resonant Controller .... 6-71
ML4817 High Frequency Single Ended PWM Controller ... 6-85
ML4818 Phase Modulation/Soft Switching Controller .. 6-93
ML4818EVAL Phase Modulation Controller Evaluation Kit ... 6-104
ML4819 Power Factor and PWM Controller “Combo” . 6-105
ML4821 Power Factor Controller 6-119
ML4821EVAL Average Current PFC Controller Evaluation Kit .... 6-127
ML4823 High Frequency Current Mode PWM Controller 6-128
ML4825 High Frequency Current Mode PWM Controller .. 6-135
ML4830 Electronic Ballast Controller 6-142
ML4861 Low Voltage Boost Regulator 6-146
ML4861EVAL Low Voltage Boost Regulator Evaluation Kit 6-151
ML4862 Battery Power Controller IC 6-152
ML4862EVAL Battery Power Controller Evaluation Kit ... 6-162
ML600X Read Channel Filter/Equalizer Users Guide 5-233
ML6005 24 Mbps Read Channel Filter/Equalizer ... 5-211
ML6006 36 Mbps Read Channel Filter/Equalizer ... 5-221
ML6007 48 Mbps Read Channel Filter/Equalizer 5-231
ML6010 Integrated Read Channel Processor 5-239
ML6622 High-Speed Data Quantizer 4-120
ML6632 High-Speed Fiber Optic LED Driver 4-125
ML6671 TP-PMD MLT-3 Transceiver ..... 4-129
ML6682 Token Ring Physical Interface Chip 4-130
ML8464B Pulse Detector 5-247
ML8464C Pulse Detector 5-247
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A/D Converters, D/A Converters

Section 2

SEIECHON GUITE 1.viiiiiieiie ittt ettt e e et e eee e e tbeebeeebeeeabaeennaeeasbeanaresnneean 2-1

ML2200
ML2208
ML2221

12-Bit + Sign Data Acquisition Peripheral ..........ccccoccniniiiiniiniiiiiiiee, 2-5
12-Bit + Sign Data Acquisition Peripheral ..........ccccocoviniiiiiniiiiieee e, 2-5
Serial Peripheral Interface 12-Bit Plus Sign A/D Converter

With Sample & HOIA ......oviiiiii ettt 2-33

ML2222

Serial CODEC/DSP Interface 12-Bit Plus Sign A/D Converter

With Sample & HOI ..ottt 2-47

ML2223

Serial Asynchronous Interface 12-Bit Plus Sign A/D Converter

With SAMPIE & HOIG ..ot 2-48

ML2230
ML2233
ML2252
ML2258
ML2259
ML2261
ML2264
ML2271
ML2280
ML2281
ML2282
ML2283
ML2284
ML2288
ML2340
ML2341
ML2350
ML2351
ML2375
ML2377

pP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold ................. 2-56
pP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold ................. 2-72
uP Compatible 8-Bit A/D Converter with 2-Channel Multiplexer
pP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer
pP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer
pP Compatible High Speed 8-Bit A/D Converter with T/H (S/H)

4-Channel High Speed 8-Bit A/D Converter with T/H (S/H) ..c.ccccniiiiiiniciniinne
pP Compatible High Speed 10-Bit A/D Converter with S/H ...,
8-Bit Serial A/D Converter ...
8-Bit Serial A/D CONVEITEL ......oiiiiiiiiie ittt ettt
8-Bit Serial A/D Converter with 2-Channel Multiplexer ..........cccoveveviieaniieneens
8-Bit Serial A/D Converter with 4-Channel Multiplexer ..o
8-Bit Serial A/D Converter with 4-Channel Multiplexer .......cccooovivceiviieiniinieeas
8-Bit Serial A/D Converter with 8-Channel Multiplexer .........ccccovveiriniicrnnnn.
Single Supply Programmable 8-Bit D/A CONVEIter .........ccocveieiriieeinieiiieeenene
Single Supply Programmable 8-Bit D/A CONVEIter ........ccccoevivvieniiiiinieieieeeeen
Single Supply Programmable 8-Bit D/A CONVErter ........cccccovuviimneiceenciieniceeeene
Single Supply Programmable 8-Bit D/A CONVEter ........c.ccooeviieiiieieieecene
DSP Analog I/O Peripheral ......ccoiiiiiiiiiiiiccectceic e
DSP Analog I/O Peripheral
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T Micro Linear A/D Converters

Selection Guide

Non Conversion Power Temperature
Part Resolution | Linearity Dynamic Performance Time Supplies Range'
Number (Bits) (Max LSB) Signal to Noise Ratio (us) [\Y] I M Package Comments
ADC0808 8 +1/2 6.6 5 (£10%) X X X |28-Pin DIP |uP Comp,
28-Pin PCC_|8-CH
ADCO0809 8 +1 6.6 5 (+£10%) X X X |28-Pin DIP,  |uP Comp,
28-Pin PCC [8-CH
ADC0831B 8 +1/2 6.0 5 (+£10%) X X X |8-Pin DIP Serial 1/Q,
' Single CH
ADC0831C 8 +1 6.0 5 (£10%) X X X |8-Pin DIP Serial 1/0,
Single CH-
ADC0832B 8 +1/2 6.0 5 (+10%) X X X |8-Pin DIP Serial /O,
: 2-CH
ADC0832C 8 +1 6.0 5 (+£10%) X X X |8-Pin DIP Serial 1/0,
2-CH '
ADC0833B 8 +172 6.0 5 (+10%) X X X |14-Pin DIP Serial 1/0,
) ‘ 4-CH
ADC0833C 8 +1 6.0 5 (£10%) X X X [14-Pin DIP Serial 1/0,
4-CH
ADC0834B 8 +1/2 6.0 5 (+£10%) X X X | 14-Pin DIP Serial 1/0,
. 4-CH
ADC0834C 8 +1 6.0 5 (+£10%) X X X |14-Pin DIP Serial 1/0,
4-CH
ADC0838B -8 +1/2 6.0 5 (£10%) X X X |20-Pin DIP, Serial 1/0,
20-Pin PCC | 8-CH
ADC0838C 8 +1 6.0 5 (£10%) X X X [20-Pin DIP, Serial 1/0,
20-Pin PCC | 8-CH
ML2200B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 +5 (£5%) | X 40-Pin DIP 4-CH Data Acq
S/N 72dB Peripheral
ML2200C 12 + Sign +1 12kHz, £2.5V SINE, 315 15 (£5%) | X 40-Pin DIP 4-CH Data Acq
S/N 72dB Peripheral
ML2200D 12 + Sign +1 8.5kHz, £2.5V SINE, 44 £5 (£5%) | X 40-Pin DIP  [4-CH Data Acq
S/N 72dB Peripheral
ML2208B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 +5 (£5%) | X 40-Pin DIP 8-CH Data Acq
S/N 72dB . Peripheral
ML2208C - | 12 + Sign +1 12kHz, +2.5V SINE, 35 15 (£5%) | X 40-Pin DIP 8-CH Data Acq
S/IN 72dB Peripheral
ML2208D 12 + Sign +1 8.5kHz, +2.5V SINE, 44 15 (£5%) | X 40-Pin DIP 8-CH Data Acq
SIN 72dB Peripheral
ML2221B* 12 + Sign +3/4 8.5kHz, 5.0V SINE, 44 15 (£5%) | X X 16-Pin DIP, Serial, S.PI.
S/IN 72dB ‘ 20-Pin PCC
ML2221C* | 12 + Sign +1 8.5kHz, £5.0V SINE, 44 +5 (£5%) | X X 16-Pin DIP, Serial, S.PI.
S/IN 72dB 20-Pin PCC
ML2222B* | 12 + Sign +3/4 12kHz, £2.5V SINE, 35 +5 (5%) | X X 16-Pin DIP, Serial, CODEC
S/N 72dB 20-Pin PCC
ML2222C* | 12 + Sign +1 12kHz, £2.5V SINE, 35 15 (£5%) | X X 16-Pin DIP, Serial, CODEC
S/N 72dB 20-Pin PCC

* Future Products
Note 1. Temperature Range:
C =0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C

@ Micro Linear 21



A/D Converters

’ ' : Non ° o Conversion Power Temperature
Part Resolution | - Linearity Dynamic Performance Time Supplies Range'
Number (Bits) (Max LSB) Signal to Noise Ratio (us) (\2] I M Package Comments
ML2223B* | 12 + Sign | +3/4« " 8.5kHz, £5.0V SINE, 44 +5 (£5%) X 16-Pin DIP, Serial, ASYNC
S/N 72dB . 20-Pin PCC
ML2223C* | 12 + Sign +1 8.5kHz, 5.0V SINE, 44 +5 (£5%) X 16-Pin DIP, Serial, ASYNC
S/N 72dB 20-Pin PCC
ML2230B | 12 +Sign | +3/4 12kHz, £2.5V SINE, 315 | £5 (£5%) 24-Pin DIF, | P Comp,
S/N 72dB u i 8-Bit Bus
ML2230C 12 + Sign +1 12kHz, £2.5V SINE, 315 +5 (+5%) 24-Pin DIP* |uP Comp,
B S/N 72dB 8-Bit Bus
ML2230D | 12 + Sign +1 8.5kHz, £2.5V SINE, 44 45 (£5%) 24-Pin DIP, . {uP Comp,
S/N 72dB 8-Bit Bus
ML2233B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 15 (£5%) 28-Pin DIP, | uP Comp,
S/N 72dB 16-Bit Bus
ML2233C 12 + Sign +1 12kHz, £2.5V SINE, 315 +5 (+5%) 28-Pin DIP, | uP.Comp,
S/N 72dB 16-Bit Bus
ML2233D | 12 + Sign +1 8.5kHz, £2.5V SINE, 44 +5 (£5%) 28-Pin DIP, | uP Comp,
S/N 72dB 16-Bit Bus
ML22528 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X X |20-Pin DIP,  |uP Comp,
S/N 47dB . 20-Pin PCC |2-CH
ML2252C 8 +1 . 51kHz, 5V SINE, 6.6 5 (£10%) X X [20-Pin DIP,  |uP Comp,
: S/N 47dB ) 20-Pin PCC  |2-CH
ML2258B 8 +1/2 51kHz, 5V SINE, 6.6 5 (+£10%) X X [20-Pin DIP. |uP Comp,
) S/N 47dB 20-Pin PCC  |8-CH
ML2258C -8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X X |20-Pin DIP  |uP Comp,
S/N 47dB - 20-Pin PCC  |8-CH
ML22598 8. +1/2 51kHz, 5V SINE, 6.6 5 (+10%) X X |28-Pin DIP  |uP Comp,
S/N 47dB 28-Pin PCC  |8-CH
ML2259C 8 +1 51kHz, 5V SINE, 6.6 5 (+10%) X X |28-Pin DIP- |uP Comp,
) S/N 47dB 28-Pin PCC | 8-CH
ML2261B 8 +1/2 250kHz, 5V SINE, .67 5 (£5%) X 20-Pin DIP, | uP Comp,
i S/N 48dB 20-Pin PCC  |RD/WR
ML2261C 8 +1 250kHz, 5V SINE, 67 5 (+5%) X 20-Pin DIR | 4P Comp,
S/N 48dB 20-Pin PCC ' | RD/WR
ML2264B 8 +1/2 250kHz, 5V SINE, 68 5 (+5%) X X [24-Pin DIP |uPComp, RD/WR,
R S/N 48dB . 24-Pin SOIC | 4-CH Mux
ML2264C 8 +1 250kHz, 5V SINE, 68 5 (+5%) X X [24-Pin DIP  |uPComp,RD/WR,
S/N 48dB o : 24-Pin SOIC. |4-CH Mux
ML2271B* 10 +1/2 150kHz, 5V SINE, 15 5 (£5%) X X {20-Pin DIP |uP Comp,
S/N 60dB 20-Pin SOIC |RD/WR
ML2271C* 10 +1 150kHz, 5V SINE, - 15 5 (£5%) X X |20-Pin DIP,  |uP Comp,
: S/N 60dB ) ‘ . 20-Pin SOIC | RD/WR
ML2280B 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X X |8-Pin DIP Serial 1/0,
' S/IN 47dB - o Single CH
ML2280C 8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X .. X |8Pin DIP Serial 1/0,
S/IN 47dB ) Single CH
ML2281B 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X X |8-Pin DIP Serial 1/0,
S/N 47dB " |Single CH
ML2281C 8 +1 51kHz, 5V SINE, 6.6 5 (+10%) X X |8PinDIP . |Serial /O,
: - SIN 47dB ) Single CH
ML2282B 8 +1/2 47.5kHz, 5V SINE, 6.6 5 (£10%) X X |8-Pin DIP Serial 1/0,
: SIN 47dB ‘ 2:CH
ML2282C 8 +1 475kHz, 5V SINE, 6.6 5 (£10%) X X |8-Pin DIP Serial 1/0,
S/N 47dB 2-CH

* Future Products

Note 1. Temperature Range:
C = 0°C to +70°C, |'= -40°C to +85°C, M = -55°C to +125°C
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A/D Converters

Non Conversion | Power Temperature
Part Resolution | Linearity Dynamic Performance Time Supplies Range'
Number (Bits) (Max LSB) Signal to Noise Ratio (us) V) C 1 M Package Comments

ML2283B 8 +1/2 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |14-Pin DIP Serial 1/0,
SN 47dB 4-CH

ML2283C 8 +1 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |14-Pin DIP  |Serial 1/0,
S/N 47dB 4-CH

ML2284B 8 +1/2 39kHz, 5V SINE, 6.6 5 (£10%) X X X |14-Pin DIP  |Serial 1/0,
S/N 47dB 4-CH

ML2284C 8 +1 39kHz, 5V SINE, 6.6 5 (£10%) X X X | 14-Pin DIP Serial 1/0,
SIN 47dB 4-CH

ML2288B 8 +1/2 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |20-Pin DIP, |Serial I/O,
S/N 47dB 20-Pin PCC |8-CH-

ML2288C 8 +1 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |20-Pin DIP, |Serial 1/0,
SIN 47dB 20-Pin PCC  |8-CH

*  Future Products
Note 1. Temperature Range:
C =0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C
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| D/A' Converters

" Selection Guide

. Non Settling Power : Output Temperature
Part Resolution Linearity Time Supplies Reference Voltage Range
Number (Bits) (Max LSB) | (us Max) (\%] ' V) C. 1 M Package Comments
ML2340B |- 8 +% 5 Single 5 or 12, [2.25 or 450 | Rail-to-rail,- |- X X X [18-pin DIP |Flow through,
(11-bits with dual £5° : bipolar, 18-pin SOIC |or single
gain ranging) unipolar- buffered data
ML2340C 8 . +1h 5 Single 5 or-12, |2.25 or 450 Rail-to-rail, | X X X |18-pin DIP |Flow through,
(1-bits with dual £5 bipolar, 18-pin SOIC | or single
gain ranging) unipolar buffered data
ML2341B 8 +% 5 Single 5 or 12, 225 or 450 | Rail-to-rail, | X X X |20-pin DIP  [Double or single
(1-bits with dual +5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2341C 8 *%h 5 Single 5 or 12, {2.25 or 450 | Rail-to-rail, | X X X |20-pin DIP |Double or single
(11-bits with dual #5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2350B 8 + 5 Single 5 or 12, [2.50 or 5.00 | Rail-to-rail, | X X X |18-pin DIP  |Flow through,
(1-bits with dual £5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2350C 8 +% 5 Single 5 or 12, |2.50 or 5.00 | Rail-to-rail, | X X X |18-pin DIP  |Flow through,
(11-bits with dual +5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2351B 8 E17] 5 Single 5 or 12, |2.50 or 5.00 | Rail-to-rail, | X X X |20-pin DIP | Double or single
(1-bits with dual £5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2351C 8 +% 5 Single 5 or 12, {250 or 5.00 | Rail-to-rail, | X X X |20-pin DIP  |Double or single
(11-bits with dual 5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar

*  Future Products

Note 1. Temperature Range:

C = 0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C
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October 1990
PRELIMINARY

ML2200, ML2208

12-Bit Plus Sign Data Acquisition Peripheral

GENERAL DESCRIPTION

The ML2200 and ML2208 Data Acquisition Peripherals (DAP)
are monolithic CMOS data acquisition subsystems. These
data acquisition peripherals feature an input multiplexer, a
programmable gain instrumentation amplifier, a 2.5V
bandgap reference, and a 12-bit plus sign A/D converter with
built-in sample-and-hold. In addition to a general purpose
8-bit microprocessor interface, the M1L2200 and ML2208
include a programmable processor, data buffering, a 16-bit
timer, and limit alarms.

The ML2200B and ML2208B self-calibrating algorithmic
A/D converters have a maximum non-linearity error
over temperature of 0.018% of full-scale, while the
ML2200C, ML2200D, ML2208C, and ML2208D have a
maximum non-linearity error over temperature of
0.024%. :

The ML2200 has a four channel differential input multiplexer
and the ML2208 has an eight channel single ended input
multiplexer.

The digital interface, with software-alterable configurations, is
designed to off-load the microprocessor. Control of the DAP
is autonomously handled through the control sequencer
which receives its instructions from the instruction RAM.

FEATURES

= Resolution 12 bits + sign
= Conversion time

(including S/H acquisition) 31.5us max
» Sample-and-hold acquisition 2.3us max
m Non-linearity error +34LSB and +1LSB max
= Low harmonic distortion 0.01%

= No missing codes

= Self-calibrating — maintains accuracy over time and
temperature

= Inputs withstand |7V| beyond supplies

= Internal voltage reference 2.5V £2%

= Four differential or eight single-ended input channels

» Data buffering (8 word data RAM)

m Programmable limit alarm

= 8-Bit microprocessor interface — interrupt, DMA, or
polling

u 16-Bit timer for programmable conversion rates

m Standard hermetic 40-pin DIP '

ML2208 BLOCK DIAGRAM

VRer  VIEMP

AVce OUT OUT  Vss
€Ho o — VREF o Do
CH1 0 o o
CH2 0 o o
CH3 o )
CHa o—] B-CHANNEL 12-BIT PLUS SIGN A/D DATA D%A Lo b3
MULTIPLEXER WITH RAM M o b
CH5 0— SAMPLE & HOLD FUNCTION
CH6 0 ;. D5
CH7 O D6
COoM O] O D7
A
[ 7 1

ADDRESS & INT/INT
SYNC O€¥ CONTROL INSTI;L/&"TION D8R

SEQUENCER >

1

@ i

16-BIT TIMER

ALARMS

$ (L ‘ 3 & CLOCK

DVcc DGND (2) CLK EXT TIMER

o A1

comgm L o A2

TIMING [-O ALE

Lo M4
O -0 RD
Pon RESET o &
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ML2200, ML2208

ML2200 BLOCK DIAGRAM ST s R

VRer  VIEMP

AvVcc AGND. ¢ OUT . OUT. Vss
+CHO O— — VREF Do
—-CHO 0 -0 D1
+CH1 0— . |0 D2
= CHT O .cHANNEL 12BITPLUSSIGN A/D DATA JF, o Ds
. MULTIP RAM
+CH2 O—JMULTIPLEXER SAMPLE & HOLD FUNCTION /o -0 D4
~CH2 o o D5
+CH3 0 -0 D6
~CH3 0— . O b7
] h S ‘ A
i . l . A K ‘ ; )
ADDRESS & o INT/INT
SYNCO#¥ CONTROL » . YNSTRUCTION o DBR
RAM
SEQUENCER 5
o A0
: w oAl
) : CONTROL
6BITTIMER || LmiT » AND  [©.A2
&CLOCK - ALARMS TIMING |0 ALE
é $ 3 3 é -0 WR
DV, DGND (2) CLK EXT TIMER PoN ’ RESET O kD
cc ; DN o &
16 8x16 DMA TRANSFER
"@I_\_’{ SHADOW RAM ’_‘{  CONTROL
Y 8
1 war (< ‘ 8
y W
oo Rt >e——> DATA DATA 14> DATA
VRer OUT N |__._.____J 46 BUFFER e ¥ 81
Vremp OUT SEQUENTIAL [ ]' LIMIT ALARM A |<—>
N b—»| COMPARATOR »—»_4—» +
TRIGGER LOGIC |4
o 1 + SAMPLE : [T UMITALARMB_ Je—»] ‘ -
- o . [Ric conn] sk Je—| |, | moex AE |7, b
a AN | A
an T ' — rec <_J [+ D, Wk [+ ADDRESS
- anAlOG © A2-AQ LINES
o2 * X T N T
—p - RY - N
—p+ . START —P 'STI}:‘[LS - PUNT/INT— INT
sl sar [ ) ) g
A/D BUSY | MAIN
CONTROL r
—_— I
AVee foc | 10GIC | osc
AGND —————p§ 16 8x16 > LK
ASYNC — INSTRUCTION | SEQUENCE| . - =2
Vg ————————» : v RAM | counTer L
Y Y ) . . ‘> DBR
~F -BITTI . . CONTROL
. . T v v FACE I
Y| e fo— e
: > le—> SYNC
T —
. SECONDARY REGISTERS. - .~ PRIMARY REGISTERS

(ACCESS BY USE OF REG. POINTER) (DIRECTLY ACCESSIBLE)

Figlire 1. Block Schematic Diagram
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ML2200, ML2208

PIN DESCRIPTIONS

PINNO. NAME FUNCTION PINNO. NAME FUNCTION
1 AGND Analog Ground. 28 DBR Data Buffer Ready output active
2 VTEMP Voltage output proportional to the high indicates that a sequence of
die temperature. operations has completed and
3 VREF Internal voltage reference output data is ready to transfer. DBR is not
41 CH Analog Inputs. maskable. It can be used to gener-
ML2200— Positive or negative ate an interrupt in addition to the
input of four differential inputs INT pin when the DBRIE bit in the
ML2208 — Eight single ended in- interrupt mask register has not
puts referenced to common pin. been enabled. DBR is the DMA
Digitally selected by control request pin when DMA mode is
sequencer. enabled. DBR is not active unless
12 NC ML2200—No connection. in run mode and at least one se-
COM ML2208 — Negative common quence of operations has been
input for the eight input channels. completed. DBR remains active in
Tie to analog ground or (Vsg +2.5) the halt mode if not acknowl-
to (AVcc—2.5V) edged; low during reset time and
13 Vss Negative power supply; decouple power-down.
- to AGND. 29 DGND Digital Ground.
14 PoN Power-Down Input. When 30 CLK Clock input. Drive with an external
Ppn =0, device in power-down clock or crystal reference to
mode with register contents DGND. The crystal must be paral-
retained if AVce >2.0V. lel resonant with minimum capaci-
15 NC No Connection. tive loading (i.e., No bypass caps
16-19 D7, D6, D5, D4 Bidirectional data bits. should be used and leads should
20 DGND - Digital Ground. be kept short).
21 DVce Digital power supply. Tie to AV¢c 31 RESET Active low hardware reset with
from same power supply. internal pull up resistor of 200K.
22-25 D3,D2,D1, D0 Bidirectional data bits. Tie to system reset line or to
26 SYNC In the slave mode, SYNC is a grounded capacitor. The capacitor
positive edge triggered input used size (usually >6uF) is based on the
to start a conversion. In master time the power supplies stabilize,
mode, SYNC is an output and to the time reset voltage reaches
indicates a conversion has 1.4V (>400ms).
occurred. 32 Tek External timer, Tc k is used as
27 INT Interrupt output. A maskable inter- : external clock input for the 16-bit
rupt programmable to be active timer when the Tc g bit in the
high or low or will default to active control register is set to one.
high. INT will not clear until ac- 33 ALE Address latch enable, active low
knowledged in halt mode; not latches information on A0, A1, A2
affected by the run or halt state. and CS. Tie to AV to disable use
INT =0 during reset and inactive when separate address and data
during Pp. bus are used.
34 A2 Address 2
35 Al Address 1
36 A0 Address O
37 cs Chip select, active low
38 RD Read, active low enables ML2200
. or ML2208 to drive data bus.
39 WR Write, active low allows writing
into the registers.
40 AVcc Positive analog Power supply. De-

couple to AGND. Tie to DVc
from same power supply
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ML2200, ML2208

PIN CONNECTIONS

- ML2200
402PIN DIP
AGND [} 1 N~ W [ Avee
Viewe [ 2 39 []WR
vrer [] 3 38 ]E
cHo+ 4 [
cHo-[] 5 . 3 %AO
cHi+[]e 35 [ At
cn-T]7 34[] A2
crz+[] 8 33[] A
cH2-] 9 32[] Ta
cH3+ [} 0 31| ] RESET
cH3-[|n © 30[Jaxk
ne[] 2 29[] oo
“vss[} 28] DBR
Pon[] 1 27 [] INT/iNT
Ne[fs 26 [] SYNC
p7 [} 25[] Do
pe[] 17 24[]or
‘ps[]w 23[] b2
D4E 19 2[]os
pGND [] 20 2 al)vcc
TOP VIEW

ML2208
40-PINDIP
et A I
vrewe [ 2 39 [] WR
veer [|3 38 []RD
cHo [] 4 7 []c
cHi]s 36 [] A0
cH2[] 6 5[] ar
cHsf] 7 3] a2
cHa[] 8 33[] Ate
S HIE 32[] Tax
cHe ] 0 31 [[] REseT
cHr [ n 0 sof]axk
com[Jr . 29[ bGND
vss [ 13 28] DBR
Pon [ 27 [] INT/INT
Ne[] s 26 [] SYNC
o7[] 6 25 oo
e [ 17 24[]o1
ps[] @ 23[] b2
D4} 0 2[]os
peND[j20 21[] ovee
TOP VIEW

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltages (AVec and DVee) .vvvee et e 6.0V
Negative Supply Voltage (Vss) . ............c..ooo... -6.0V
Voltage at Analog Inputs .. ............. Vss—7Vto AVce +7V
Voltage at VRep « oo oo Vgs—7Vto AVee +7V
Input Current per Digital Pin. . ..................... +10mA
Input Current at Analog Inputs .. .................. *+20mA
Storage TemperatureRange ................ —65°Cto +150°C
Package Dissipation @25°C .. ........cvviiiiiiiennn 1w
Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Ceramic) ................ 300°C

OPERATING CONDITIONS '

(Note 2)

Temperature Range ....................... Tmin = Ta = Tuax
ML2200BCJ, ML2200CCJ, ML2200DC] .......... 0°C to 70°C
ML2208BCJ, ML2208CCJ, ML2208DC]) .......... 0°C to 70°C

Supply Voltage (AVce and DVee) .......... 4.5Vpc to 6.0Vpc

Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc
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ML2200, ML2208

ELECTRICAL CHARACTERISTICS
The following specifications apply for AVcc = DVce = +5V & 5%, Vsg = -5V £ 5%, AGND = DGND = COM = CHX- =
0V, Ta = TmiN to Tpmax unless otherwise specified. C; = 100pF for D0-D7, C| = 50pF for INT, DBR, and SYNC.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
Converter Characteristics
Linearity Error
ML2200BC]J, ML2208BCJ 4 fcok = 01 < 7MHz +3%4 LSB
ML2200CC), ML2208CC) feck = 01 < 7MHz +1 LSB
ML2200DC), ML2208DC} focik = 01 < 5MHz +1 LSB
Unadjusted Zero Error :
ML2200BC]J, ML2208BC] 4 +34 LSB
ML2200CCJ, ML2208CC) +2 LSB
ML2200DC]J, ML2208DC] +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient External Reference 3 ppm/°C
Common-Mode Rejection 13 80 dB
Analog Input Range 5 All Analog Inputs Vss-0.05 AVect0.05| vV
External Source Resistance 5 Channel = Analog Input 2 kQ -
for Analog Inputs 5 Channel = Voltage Reference 0.5 kQ
Differential Analog Input Range 4 CHX referred to COM -VRer +Vper \
' for ML2208
CHX#+ referred to CHX- for
ML2200
Off Channel Leakage Current 5 6 |On Chan = 2.5V, -100 nA
Off Chan = -2.5V
On Chan = -2.5V +100
Off Chan = 2.5V
On Channel Leakage Current 5 6 |On Chan = -2V, -100 nA
Off Chan = 2.5V
On Chan = 2.5V +100
Off Chan = -2.5V
Gain Error Gain=2,4,0r8 0.03 %
Voltage Reference and Vypmp Characteristics
Vger Absolute Value 4 Referred to AGND 2.45 2.55 \
Vger Output Pin
Output Resistance 5 300 mQ
Minimum Load Resistance 5 1 kQ
Maximum Load Resistance 5 50 pF
Temperature Coefficient 50 ppm/°C
Line Regulation 475 < AVge =525 1 mV
-4.75 > Vgg = -5.25 1 mv
Load Regulation 1WA - 2.5mA 1 mv
Output Noise 100 MVrms
VTEMP Output Pin AVCC_1~5 \Y
Absolute Value @ 25°C .
Volts per °C . 5 mv/°C
29
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ML2200, ML2208

ELECT RICAL CHARACTERISTICS (continued) : 6.2
The following specifications apply for AVce = DVee = +5V &£ 5%, Vsg = -5V & 5%, AGND DGND COM = CHX— =
0V, Tx = Tpin to Tmax unless otherwise specified. Cp = 100pF for D0-D7, C, = 50pF for :INT, DBR, and SYNC..*

: : : TYP ¢
SYMBOL PARAMETER NOTES ** CONDITIONS MIN NOTE 3 MAX UNITS.
DC Characteristics ) ) 3
Power Supply Current . I
Alcc, Analog AVcc 4 R o 30 50 mA
Dlcc, Digital DV 12 |RD =CS =Vy . Cof 10 HA
Iss, Vss 4 : : 1B |30 mA -
Icc Standby Current AVcc + DVe 4,9 |Ppn pin = GND 10 1000 MA
Iss Standby Current i 10 1000 | pA
: Veepp Minimum AVee and DV for _
power-down data retention Ppn pin = GND 2 R \
Vsg = -5.25 to GND
Power Supply Rejection 7
‘AVee/DV e DC 80 | dB
DC to 25kHz, 200mVp_p © 50 dB
VSS DC B 80 : - dB
DC to 25kHz, 200mVp_p - 50 dB
Vi Input Low Voltage (except CLK, tci) 4 ‘ 0.8 \
Vi Input Low Voltage (CLK, tc k) 4 0.8 \
Vin Input High Voltage (except CLK, tc) 4 2.0 \
e Input High Voltage (CLK, tcik) 4 35 . \%
Vou Output Low Voltage 4 lop = 20mA - : 0.45 Y
Vou Output High Voltage 5 lon = -1TmA 4.0 \
I Input Leakage Current (except CLK 4 GND < Viy < Ve +10 HA
and RESET) ' B
Iq Input Leakage Curent (CLK) 4 GND < Viy < Vce +200 HA
Iio Output Leakage Curent (D0-D7) "4 RD =CS = Vjy ’ - £10 UA
IrsT RESET Pin Source Current 4 RESET = OV 15 50 00 | pA
C Input Capacitance (All Digital Inputs) ’ 10 pF
CO Output Capacitance (All Outputs and 20 pF
D0-D7)
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLK Mode = 0 | fcix = Z0MHz 315 s
fok = 5.0MHz | 440 ‘ s
Sample and Hold Acquisition 4,9 |CLK Mode = 0 | fcix = Z0MHz 23 s
' feik = 5.0MHz 3.2 s
SNR Signal-to-Noise Ratio V = 10kHz, 2.5V Sine. 73 . dB
fCLK = 7MHz
(fSAMPUNG = 318kHZ) Noise is
sum of all nonfundamental
components ‘up to % of
fSAMPLING- . .
THD Total Harmonic.Distortion V = 10kHz, 2.5V Sine. - =75 dB
fCLK = 7MHz
(fSAMPLlNG = 31.8kHz). THD is
sum of 2, 3, 4, 5 harmonics
relative to fundamental.
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ML2200, ML2208

ELECTRICAL CHARACTERISTICS (continued)

The following specifications apply for AVee = DVee = +5V & 5%, Vgg = -5V =+ 5% AGND = DGND = COM = CHX- =

0V, T = Tpmn to Tpax unless otherwise specified. C| = 100pF for D0-D7, C = 50pF for INT, DBR, and SYNC.

TYP

SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
AC Electrical Characteristics (Note 8) (Continued)
IMD Intermodulation Distortion Vin = fa + fp. fo = 9kHz, 125V -75 dB

sine. fg = 10kHz, 1.25V sine.

fCLK = 7MHz

(fSAMPUNG = 31.8kHZ).

IMD is (fy + fg),

(fa - fp), (26a — fg), (2fa - fg),

(fa + 2fg), (fo - 2fg) relative

to fundamental.
FR Frequency Response Vin = 0 to 10kHz, 2.5V sine 0.01 dB

relative to 1kHz
ferk CLK Frequency (no crystal) 01 7 MHz
ferkx CLK Frequency (crystal) 3 7 MHz
fewi Internal CLK Frequency 172 fawk or

faikx
fewr CLK Frequency (tc g only) fera MHz
tekw - - | Minimum Clock High/Low Width 5 50 ns
(CLK)
teiwt | Minimum Clock High/Low Width 5 75 ns
| (tewd
tre Maximum Rise/Fall Times, All Inputs 5 25 ns
tgeser | Minimum Reset Active Time 4, 10 10 fu
Periods
tppN Power-Up Time Time After Ppy = Vi 1 ms
Muiltiplexed Data Bus Timing
tAL Address to ALE Setup Time 4 20 ns
tA Address Hold Time After ALE 4 20 ns
tic Latch to RD or WR Control 4 20 ns
tRD Valid Data Delay from Read 4 150 ns
tap Address Stable to Valid Data 5 150 ns
t ALE Width 4 80 ns
toE Data Bus Float After Read 4 10 50 ns
tel Read or Write Control to ALE 4 20 ns
tee Read or Write Control Width 4 150 ns
tow Data Setup Time for Write 4 100 ns
twp Data Hold Time for Write 4 0 ns
Ry Recovery Time Between Two Reads 4 250 ns
or Writes
Non-Multiplexed Data Bus Timing
tAD Address Stable to Valid Data 5 150 ns
tAR Address Stable Before Read 4 0 ns
tra Address Hold Time for Read 4 0 ns
tRR Read Pulse Width 4 150 ns
tRD Data Delay from Read 4 150 ns
tor Read to Data Float 4 10 50 ns
2-11
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ML2200, ML2208
ELECTRICAI. CHARACTE RIST'CS (Continued)-

The following specifications apply for AVge = DV¢ce = +5V £ 5%, Vg = 5Vt 5%, AGND = DGND = COM = CHX”— =
0V, Ta = Tmin to Timax unless otherwise specified. Ci = 100pF for D0-D7, C = 50pF for INT, DBR, and SYNC." '

SYMBOL PARAMETER - NOTES CONDITIONS MIN N(T)}(:\B - MAX UNITS
Non-Multiplexed Data Bus Timing !
try Recovery Time Between Two Reads 4 250 B T : ns
or Writes
taw Address Stable Before Write 4 0 ns
twa Address Hold Time for Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Time for Write 4 100 ns
twb Data Hold Time for Write 4 0 ns
DMA Interrupt and SYNC Timings
tckpsr | Clock to DBR Assert 11, 4 |DMA ) . 120 180 ns
tRoﬁ Read to DBR Negation on Last Byte 4 110 160 ns
tckper | Clock to DBR or tegny, INT Assert 11, 4 |Non-DMA 100 180 | ns
twrpsr | Write to DBR or thNT INT Negation| 11, 4 ' 70 120 ns
tcksyne | Clock to SYNC Delay 1, 4 |Master Mode , 150 200 ns
tsynen | SYNC Input Width 5 3 ek
tsyncek | SYNC to Clock Setup' 4 Slave: Mode 4 Only 50 ns
tsynco - | Minimum SYNC Output Width 4 4 4 e

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwnse
specified are measured with respect to ground.

Note 2:  0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampllng, or
by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4: Parameter guaranteed and 100% production tested.

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 6: Leakage current is measured with the clock not switching.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V.

Note 9: Power-down current is with power-down pin at. GND potential only. Any other level will dissipate more power, Other dlgltal input
pins may float but cannot be above Vpp or below GND.

Note 10: RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V.

Note 11: Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum listed
plus % the input clock period.

Note 12: When RD = CS = V,, the current into the DV¢ pin depends on the load on the data bus pins D0-D7.

Note 13: Common-Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage.
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TIMING DIAGRAMS
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ML2200, ML2208

TlMING DIAGRAMS (Continued)

o=

FIRST BYTE LAST BYTE
THERE ARE 2*n READ OPERATIONS WHERE n IS THE NUMBER
OF WORDS TO BE TRANSFERRED. DBR IS SET AND CLEARED BY
- INTERNAL CIRCUITRY. -
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR
THIS OPERATION.

CLK

DBR

D ORWR

Figure 4. DMA Mode

MASTER MODE

CLK 7 \
tCKSYNC
co

SYNCOUT j

tCKSYNC—| [——tsyn

Figure 6.

CLK / \
=
tckpBR OR teKINT
Y
<
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tWRDBR OR twRINT
—-——_—e
WR
Figure 5. DBR and INT (Non-DMA Mode)
SLAVE MODE
tsyNCCK
52
SYNCIN \
[
I tsyneN
SYNC

1.0 FUNCTIONAL DESCRI PTION

1.1 Algorithmic A/D Converter

Micro Linear’s algorithmic converter uses a successive ap-
proximation technique. Most of today’s successive approxi-
mation converters use a DAC to feed back the approximated
signal, however this technique requires more circuitry than
algorithmic converters. In addition the values of all of the
resistors or capacitors in the DAC must be matched to within
the accuracy of the converter. This is difficult to do in silicon
beyond 10 bits unless trimming is used. An algorithmic con-
verter uses less circuitry and is more easily trimmed. Micro
Linear’s algorithmic converter is implemented using a2 x
amplifier, a sample/hold amp, and a comparator as shown
in Figure 7 :

Vin

K x VRef
+

GAIN OF LOOP = x 2 COMPARATOR

I L
I S/H I‘

Figdre 7. Self Calibrating A/D Converter .

The input sample is first multiplied by two then compared to
the reference voltage. If the 2x input voltage is greater than
the reference, the MSB is a 1 and the reference voltage is
subtracted from the 2 x input voltage. The remainder is
stored in the sample-and-hold. If the 2 x input voltage is less
than the reference, the MSB is a 0 and the 2 input voltage is
stored in the sample-and-hold. This process repeats again,
however now the sample-and-hold voltage is multiplied by 2.

Self-Calibration

-In order to maintain integral and differential linearity to the
1/2LSB level in an algorithmic convetter, two critical parame-
ters need to be controlled, loop offsets and the gain of the
loop. Loop offsets are automatically nulled before each con-
version-using auto-zeroing circuitry on both the sampling
amp and the 2x amp. The gain of the loop is adjusted using
self-calibration. )

Self-calibrating the algorithmic converter, once the offsets
have been nulled, is performed by measuring the 2 x gain of
the loop and adjusting it. The gain can be measured by con-
verting the reference voltage as the input as well as the refer-
ence (Vrer/ VRer), and examining the output code.
Converting Vggr should yield plus full-scale, since Vggr/ Vrer
should equal 1. If the gain of the loop is slightly less than 2,
the resulting LSB of the conversion will be “0”. If the magni-
tude bits of the resulting conversion are all ““1s”’, the gain may
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be too great, therefore the gain is reduced to the pomt where
the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary weighted
trim capacitor arrays connected to each of the 2C input ca-
pacitors. A small value of capacitance is either added to or
subtracted from the 2C input caps until the gain of the loop is
within 13-bit accuracy of 2.

1.2 Multiplexer Input

The input voltage is + 2.5V relative to COM of the ML2208
ora CH - of the ML2200. The input voltages under normal
operation must not exceed supply voltages by 0.05V. Each
channel is selected by the programmable sequencer.

1.3 Internal Voltage Reference and Vygmp

The internal bandgap voltage reference with a temperature
coefficient of 50 ppm/°C has an external use current of
2.5mA.

The voltage reference Vigmp output is directly proportional to
the chip temperature.

14 Conversion Times

The following table lists the conversion times which include
the sample-and-hold acquisition time. For a CALRD and
CALWR no A/D conversion actually takes place.

Number of
Operation Internal Clocks*
8-bitA/D 80
13-bitA/D 10
CALWR - 52
CALRD 80

*Internal clock is the external clock divided by two.

1.5 Sample-and-Hold Timing

Figure 8 shows the internal timing for the sample-and-| hold
circuitry. The relationship between the “‘Start of Conversion”
and the input channel going into sample mode is fixed at 6

internal clocks, regardless of the Start Mode. Six internal
clocks after the Start of Conversion, the Sample-and-Hold is
switched into the sample mode, placing two 9 pF capacitors
in parallel with the input pins; one on CH + and one on CH—
for the ML2200, and CH and COM for the ML2208. The
sample switch is kept in the sample mode for 8 internal
clocks (2.3 us at a 7MHz external clock), then placed in the
hold mode. During the next 2 internal clocks the charge on
the sample-and-hold is transferred into the A/ D, after which
the VRgr pin is sampled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in. Master
Mode during a conversion. SYNC is activated one internal
clock cycle before the Start of Conversion and lasts for four
internal clocks.

1.6 Analog Inputs

Differential Inputs and Common-Mode Rejection

The differential inputs of the ML2200 eliminate the effects of
common-mode input noise (60Hz, for example), as CH +
and CH - are sampled at the same time.

Noise

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

Power Supply Decoupling

Low inductance tantalum capacitors of 1uF or greater and
0.01yF disc ceramic capacitors are recommended for bypass-
ing AVcc as well as Vss to AGND. These capacitors should be
placed close to the AV¢c and Vgg pins.

2.0 uP HARDWARE INTERFACE

The microprocessor interface is a byte-oriented structure
which occupies eight memory or 1/O locations in the
microprocessor’s address space. Each register is readable and
writable via the chip select, read and write pins, three ad-

. dress lines, and 8-bit data bus.

EXTERNAL
CLOCK |

INTERNAL m o1z 13
CLOCK
NOTE1 | |
[ | | o | |
SYNCPIN | i : | ‘
(MASTER MODE) I I | ! |
NOTE 2 | f - } }
| SAMPLING INPUT | |<————5AMPL1NG REFERENCE——»|
START OF CONVERSION :
1. EXTERNAL CLOCK IN PHASE WITH INTERNAL CLOCK USING RESET.
2. IMMEDIATE EXECUTE MODE WHERE START OF CONVERSION AND
START OF OPERATION OCCUR AT THE SAME TIME.
Figure 8. Sample-and-Hold Timing
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Interfaces are shown for multiplexed address data bus in
Figure 9 and Figure 10. When non-multiplexed interfaces are

used, ALE can be tied high. All internal address and Chlp
select latches are transparent

. . ‘
. ) » A2
. o - Al
' A0
A8
AD7 |e » D7 :
w e s Mi2200
S le J 5, mixes
AD1 » D1 '
'ADO |« » Do
ALE » ALE
RD »| RD
WR > WR

Figure 9. 8-Bit Multiplexed Bus Interface

2.1 Interrupts

The ML2200 and ML2208 provide two interrupt pins, one for
control/status interrupts (INT), and one for data interrupts
(DBR). The standard INT pin is maskable via an interrupt.
mask register while the DBR pin is always enabled to signify
that.data is available. DBR can be mapped into the INT pin if
only one interrupt pin is desired.

THe | interrupt pin (INT) can be programmed, via the Interrupt:
Bit Mask register, to be active high, or active low. When pro-
grammed for active high, it is driven in both directions. When
INT is programmed for active low, itis an open drain output,
therefore an external pull-up resistor of 2.5kQ or more
should be used, The DAP’s Status register can be read to
determine whether its interrupt is active or not.

¢ » A1
A8 | A0
w» A7 * 27 mi2200
H Muzos
AD3 |4~ > i
AD2 |« » D2
AD1 |¢ » DI
ADO |+ » Do
ALE » ALE
RD : — |
WR » WR
- Figure 10.  16-Bit Multiplexed Bus Interface
2.2 DMA

The separate DBR-pin can also serve as a DMA request signal
when DMA operation is enabled in the Control register. DBR
goes active high when the data buffer is full and ready to be
read. DBR remains high until the last byte in the data buffer
has been read. This allows back-to-back DMA cycles or sin-
gle cycle transfers depending on how the DMA controller is
programmed. The data for the DMA cycle is transferred over
the 8-bit data bus at address 0 (A0-A2 =0). The ML2200 or
ML2208 automatically places both high and low bytes of the
16-bit wide data buffer at address O or 1 for the DMA control-
ler to read. The LOBYT bit in the Control register specifies
whether the high or low byte is placed on the bus first. Figure
11 shows a block diagram mterfacmg to the 8237 DMA
controller. .

8237 HLDA
DMA CONTROLLER " HoLD
s iOW DREQ
Ao-A7 Do-D7 iOR DACK
15244 15373 15245
AN

HOLD

ML2200
MI12208

cs

RD

WR
DBR

Figure 11.

DATA > Do-Dy

DMA Interface
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3.0 REGISTER DEFINITIONS

These data acquisition peripherals contain six directly ad-
dressable 8-bit registers, and twenty indirectly addressable 16-
bit registers. Figure 12 illustrates the register architecture while
Figures 13, 14 & 15 illustrate the bit maps and addresses. The

first three primary registers (Window Low, Window High, and
Index) are used to access the 20 secondary registers. Window
Low and Window High provide read/write access to the low
and high bytes of the secondary register pointed to by Index.

PRIMARY SECONDARY
INDEX
REGISTER
VALUE
(RS4-RS0) UPPERBYTE  LOWER BYTE
00000 [DT5 D8[D7 5o
ADDRESS BIT7 BIT6 BIT5 BIT4 BIT3 BIT2  BIT1 _ BITO DATA
READ/WRITE[ 000 | D7 | [ o5 T oa [ o3 [ 2 [ ;v [ oo s”M“‘/D“'D‘ATA(READ)
WINDOW LOW REGISTER 16-BIT CAL (WRITE)
READ/WRITE[ 001 | D15 | D4 | D3 [ D2 | pn | pwo | D9 [ D8 |
WINDOW HIGH REGISTER
READ/WRITE[ 010 JAUTOI] s« [ «» [ Rsa | Rs3 | Rs2 | RSt | Rso | | 01000
INDEX REGISTER
READ/WRITE [ on_ | AL [ Reser [ sLFTST [ Ttk | DMA | LOBYT [ MSTR [ RUN | Qﬁfggﬂwgﬂnlfc“.s'hks
CONTROL REGISTER
READONLY [ 100 | INT ] CLCP [ RNER | 15Q | OVRN | ALRM | OVRG | DEBR |
STATUS REGISTER
10000 | T ] 16-BIT TIMER VALUE
WRITEONLY- [ 100 | = ICLCPAK[RNERAKI 15QAK JOVRNAKJALRMAK[OVRGAK] DBRAK ] | 1901 | T 1 16-BIT ALARM A VALUE
INTERRUPT ACKNOWLEDGE REGISTER 10010 [ 1 ] 16-BIT ALARM B VALUE
UPPER BYTE
READONLY[ 1ot | <t [ 1 [ 1 [ 1 [ 1 [ sk2 | st | sro || wom] 1 ] 8-BIT INTERRUPT ENABLE
A2, A1, AQ SEQUENCE REGISTER LOWER BYTE
. 8-BIT ALARM CRITERIA
ﬂ *Writing this bit has no effect @
**Write a zero to these bits
ADDRESS read back ones DATA
Figure 12. Register Architecture
5 " 13 2 1 10 9 8 7 6 5 4 3 2 1 0

I LAST IALRMENI MDE2 | MDE1 lMDEOJ CHZJ CH1J CHO ” SC2 j sCt I sco l GN1 I GNO | REF2 | REF1 | REFO I

/

MODE SELECT

000 = IMEDIATE EXECUTE

001=INTRA SEQUENCE PAUSE

010 = START ON NEXT TIMEOUT

011= PRESET TIMER/START ON
TIMEOUT

100= EXTERNAL SYNC/TIMER
PRESET/TIMEOUT

110=ILLEGAL

M= ILLEGAL

-~

—_—

INPUT CHANNEL SELECT ~ CYCLE SELECT

000 = CHANNEL 0

001=CHANNEL1
010 = CHANNEL 2
011=CHANNEL 3
100 =ILLEGAL
101 = ILLEGAL
110 = ILLEGAL
1M1= ILLEGAL

000 =16 BITS

001=13 BITS

010 =8 BITS
011=READ CAL CODE

111=WRITE CAL CODE

Figure 13.  ML2200 Bit Map of Instruction RAM

15 -1 13 12 n

10 9

8 7 6 5

4

~—— —— ——
GAIN SELECT REFERENCE SELECT
00=1 000 = CHANNEL 0
01=2 001= CHANNEL 1
10=4 010 = CHANNEL 2
1=8 011= CHANNEL 3

100 = ILLEGAL
101= ILLEGAL
110 = INTERNAL VRer
111= ILLEGAL
3 2 1 0

| LAST [ALRMENI MDE2 | MDE1 |MDEO| CH2 I CH1 | CHoO “ sC2 I sCt —l SCo —I GN1 1 GNO | REF2 [ REF1 I REF()J

———N——
Vv

MODE SELECT INPUT CHANNEL SELECT ~ CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 = IMEDIATE EXECUTE 000 =CHANNEL 0 000 =16 BITS 00=1 000 =CHANNELO"
001=INTRA SEQUENCE PAUSE  001=CHANNEL1 001=13 BITS 01=2 001=CHANNEL1
010 = START ON NEXT TIMEOUT 010 = CHANNEL 2 010=8 BITS 10=4 010 = CHANNEL 2

011 = PRESET TIMER/STARTON  011=CHANNEL 3 011=READ CAL CODE 1=8 011=CHANNEL 3

TIMEOUT
100 = EXTERNAL SYNC/TIMER
PRESET/TIMEOUT
110=ILLEGAL .
T1=ILLEGAL

100 = CHANNEL 4
101= CHANNEL 5
110 = CHANNEL 6
111=CHANNEL 7

111= WRITE CAL CODE

Figure 14. ML2208 Bit Map of Instruction RAM

100 = CHANNEL 4
101= CHANNEL 5

110 = INTERNAL VRgf
1M1= ILLEGAL

-

N

&Mlcro Linear
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SECONDARY REGISTER 19 RS4-RS0 = 10011

15 “ 13 12 n 10 9 8

7 6 5 4 3 2. 1 0

I INTL |CI.CPIE|RNERIEI ISQIE ’0VRNIE|ALRMIE|O’VRGIE] DBRIE ”

, ENB I ENA 'IAND/OR] >B/<B|>A/<A]

J

D
INTERRUPT ENABLE REGISTER

Figure 15.

3.1 Primary Registers

- ~"
ALARM CRITERIA REGISTER

Interrupt Enable and Alarm Criteria Registers

/ Control ister — Register 3 READ/
, , WRITE Register — Res! » WRITE
| D7 [ D6 ‘ D5 ‘ D4 | D3 I D2 I D1 I Do I l CAL I RESET , SLFTST | tax ’ DMA l LOBYT l MSTR l RUN I
Window Low Register READ/ Control Register
WRITE .
L . l . l o l o | on | o0 ] o l 0o | RUN (Bit 0): Setting this bit to a one will cause the chip to
o5 ou s 2 : start executing the operations defined in the Instruction
Window High Register RAM, beginning with location 0. This is referred to as the Run

Window Registers — Registers 0 and 1 .

These registers form a two-byte window into the secondary
registers. Window. Low is the low byte of the secondary 16-
bit word, and Window High is the high byte. Any one of the
20 words in the secondary register set can be accessed by first

setting a 5-bit address in the Index register, then reading from

or writing to the Window registers. Sequential access of the
secondary registers is also available without writing to the
Index register via the AUTOI bit in the Index register.

Index Register — Register 2 READ/
WRITE
[ AUTOl | | ‘ r RS4 I RS3 [ RS2 | RS1 | RSO }
Index Register

RSX = Secondary Register Address (Bits 0 to 4): The lower five
bits of this register (RSO-RS4) define the location within the
secondary register set that the window registers are posi-
tioned at.

Bits 5 and 6: Undefined. Writing to these bits have no effect,
however a zero should be written; always read as ones.

AUTOI = autoincrement (Bit 7): Setting AUTO! signifies that
the lower five addressing bits in the Index register are auto-
matically incremented after either the Window Low or Win-
dow High register is accessed. Whether the auto-increment
occurs when accessing Window Low or Window High regis-
ter, is based on the LOBYT bit in the Control register.

Interrupt Operation Caution!!! - Using the auto-increment
feature with interrupt driven software deserves special atten-
tion. A problem can arise when an interrupt service routine
accessing the secondary registers, interrupts another routine
accessing secondary registers. This problem can be avoided
one of two ways: disable the interrupt in the main routine
while accessing secondary registers, or reload the index regis-
ter to its entry value when exiting the interrupt routine.

Note: The Index register is automatically cleared only under
two conditions, one is a RESET, the other is when DMA mode
is used. This register is reset to 0 in DMA mode just prior to
the DMA request (DBR going active). DMA mode uses the
index register for operation, so the index register should
never be written to when RUN and DMA are set.

mode. Clearing this bit will place the ML2200 in the Halt
mode. The run bit is initially cleared on power up or after a
hardware or software reset. In order to properly start the chip
operation, the RUN bit should be set after setting all other
applicable bits in the control register. The act of halting the
chip will always reset the sequence pointer to operation 0.
Thus, the next time RUN is asserted, the chip starts from
operation 0.again. Placing the chip in the Run or Halt mode
has no effect on the Interrupt pins (INT and DBR), nor the
status bits in the status register. It is recommended that sec-
ondary registers only be written to in the Halt mode. Writing
to secondary registers in the Run mode will cause the RNER
status bit to be set, indicating a run error. All of the status bits
in the Status register should be acknowledged (cleared) be-
fore entering the Run mode.

MSTR = master (Bit 1): Indicates whether the SYNC pin will

‘be an input or an output. If set the chip will enter the master

mode of operation and the SYNC pin will become an output
pin which puts out a sync pulse at the beginning of each
operation. This serves as a signal for other slave chips that are
used in a synchronous operating method. While in master
mode, any operation requiring a sync input will not proceed,
and the chip will “hang”’, waiting for a sync that will never
come. The chip default is slave mode with the SYNC pin as
an input.

LOBYT = low byte first (Bit 2): This bit is used to indicate
which byte is accessed first in AUTOI or DMA operation.
When this bit is set, the index register is incremented on the
read or write of the Window High register. When this bit is
clear, the index register is incremented on the read or write of
the Window Low register. If DMA operation is specified, then
setting this bit will make the low byte beoutput first, then the
high byte, after which the index register is incremented. Con-
versely, clearing this bit will output the high byte first, then

the low byte, then increment the index register. The default is
low.

DMA = DMA Mode (Bit 3): When set enables DMA opera-
tion. DMA operation proceeds as follows:

1) The DMA bit must be set after defining all other registers
(Instruction RAM, Alarm etc.) but prior to setting the RUN -
bit. The RUN bit is then set.
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2) The sequence of operations in the Instruction RAM is
executed.

3) Atthe end of the sequence, the DBR pin goes true, re-
questing DMA service, and the Index register is automati-
cally cleared, pointing to the first location of the data
buffer.

Each read of either Window Low or Window High register
outputs a byte from the data registers. The DMA controller
can read Window Low register, or Window High register,
or alternate between Window Low and Window High.
The same data is placed in both Window Low and Win-
dow High registers, and updated in both of them when
either one is read. The data is placed in the Window regis-
ters beginning with data word 0 and incrementing on up.
The placement of the low byte/high byte order is based on
the LOBYT bit in the Control register. The number of bytes
transmitted equals twice the number of operations de-
fined, since the words are 16 bits going over an 8-bit bus.
DBR remains asserted until all of the bytes have been
transmitted. It is negated on the leading edge of the last
byte read pulse. DBR acknowledge (setting the DBRAK bit
in the Status register) is not required when transferring
bytes via DMA. -

The AUTOI bit does not have to be set when in the DMA
mode. Setting the DMA bit forces the Index register to be
auto-incremented in the Run mode. However if AUTOI is not
set, then when in Halt mode auto-increment will not be
enabled. If the AUTOI bit and DMA bit are both set, the auto-
increment will occur in both the Run mode and the Halt
mode.

tcLk = enable external timer clock (Bit 4): When set, will
divert the clock input for the internal sixteen bit timer to the

tcrk pin. When reset to 0, the timer runs at the internal chip
clock frequency, which is 1/2 of that generated at the CLK

pin.

SLFTST = self test (Bit 5): When set, the function of the input
multiplexer is modified to enable self test operations. This bit

4

ol

15 14 3 2 1 10 9 8

also redefines the Instruction Word, specifically the CHAN
field of the instruction word (See Figure 16 for the redefinition
of the Instruction Word when SLFTST =1). With SLFTST set
the CHAN bits now specify which of four self tests is to be
performed as shown below.

Instruction
Word
CHAN Field Function Description
000 System Offset | Inputs shorted together
and shorted to ground
001 Internal Convert internal Vgep
Reference plus side tied to Vrgrp
minus side tied to
AGND
010 Minus Internal Convert internal Vg
Reference minus side tied to Vgep
plus side tied to AGND
on - Common Mode | Both inputs of the
converter are tied to
VRer
100-111 lllegal

These self-test results are useful for user confidence at power-
on. The default on reset is 0, normal mode of operation.

RESET = soft reset (Bit 6): Is a software reset of the chip. This
bit does not have to be cleared once set. The microprocessor
should read this bit back to determine if the reset operation
has completed, especially if a slow clock rate is being used. It
takes at least 4 internal clocks for the reset bit to clear.
Microprocessor communication with the chip should be held
off until this bit is read back as cleared. When issuing a hard-
ware reset, communication with the chip should be held off
until the RESET pin goes inactive. The chip will be in the Halt
mode (RUN bit cleared) after a reset. See RESET/Power-On
Conditions (Section 4.2) for chip register conditions after a
reset.

7 6 5 4 3 2 1 0

| LAST |ALRMEN| MDE2 l MDE1 IMDEO[ CH2 ‘ CH1 \LCHO H SC2 | sC1 ‘ sSCo LGNT ] GND] REF2 [ REF1 ’ REFO l

MODE SELECT
000 = IMMEDIATE EXECUTE 000 = SYSTEM OFFSET
001=INTRA SEQUENCE PAUSE 001=INTERNAL REF

010 = START ON NEXT TIMEOUT 010 = INVERT INTRN REF
011 = PRESET TIMER/START 011= COMMON MODE

ON TIMEOUT 100 = ILLEGAL
100= EXTERNAL SYNC START 101= ILLEGAL
101= EXTERNAL SYNC/TIMER 110 = ILLEGAL

PRESET/TIMEOUT M =ILLEGAL
110=ILLEGAL
M =ILLEGAL

INPUT CHANNEL SELECT

A N —
CYCLE SELECT GAINSELECT  REFERENCE SELECT
000 =16 BITS 00=1 ~ 000—110
001=13BITS - 01=2 INTERNAL REFERENCE
010=8 BITS 10=4 ONLY
011= ILLEGAL n=8
1= ILLEGAL

Figure 16.  Bit Map of Instruction Word When SLFTST =1

@ Micro Linear
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CAL = calibration start (Bit 7): When set, a self-calibration of
the A/ D converter will begin. Reading the CAL bit indicates
whether the chip has been calibrated since the last reset or
power-on condition. If CALisa 1, then a calibration of the
A/D converter has been performed since the last reset or
power-up. When setting CAL, the user should not writea 0
back to clear it. Writing a 0 to the CAL bit has no effect; this
will not clear it if it was previously set. Attempting to set the
RUN bit without this bit being set will result in a run error
condition, in which the RNER status bit will be set, and an
interrupt being generated if it was enabled in the mask regis-
ter. The amount of time required for calibration is 8,260 inter-
nal clocks, or 16,520 external clocks. To determine when a
calibration is complete, the microprocessor should enable
the calibration complete interrupt (CLCPIE) in the interrupt
mask register, and wait for the:interrupt to occur. Interrupt
servicing of the calibration complete interrupt is done in a
normal manner, in which the interrupt is acknowledged by
setting the CLCPAK bit in the interrupt acknowledge register.
All1/O to the ML2200 should be avoided during calibration
(i.e., 16,520 external clocks after the CAL bit is set), because
accessing the chip during calibration could adversely affect
the calibration. If an interrupt is not desired, the
microprocessor can read the Status register to verify
completion 16,520 external clocks after the CAL bit is set.
When the CAL bit is set, all other bits in the Control register
should be cleared. DO NOT set the CAL and RUN bits simul-
taneously. ;- ) : :

Status Register — Register 4 . READ

ONLY

l INT | ctcr}l RNER" 15Q { OVRN l ALRM | OVRG | DBR ,
Status Register

Register 4 serves as the status register of the various condi-
tions that can occur, The bits in the Status register will be
updated regardless of the Mask register. The status bits are
updated any time within or at the end of a sequence of oper-
ations. The bits in the Status register are cleared by setting the
corresponding bits in the Interrupt Acknowledge register. The
status register can be polled at any time without fear of clear-
ing the status bits. This register is not cleared at HALT time.
When entering the Run mode, all of the old status bits should
be cleared (acknowledged).

DBR = Data Buffer Ready (Bit 0): Is set when the chip has
gone through one complete sequence of operations and has
filled the data registers with the converted results. This bit
signifies that the microprocessor should read all locations in
the data registers that have relevant data. Reading all loaded
data locations will clear DBR. If all loaded data locations are
not read, DBRAK in the Interrupt Acknowledge register
should be set to clear DBR, else OVRN will be set. The DBR
pin is logically the same as the DBR status bit. The DBR pin is
ALWAYS enabled and cannot be masked out. The DBR status
bit is the only condition that can cause the DBR pin to be
asserted. The DBR status bit can be enabled to assert the INT
pin through the Interrupt Mask register.

OVRG = overrange interrupt (Bit1): [s set at the end of an
operation when an underflow or overflow of the A/D con-
verter has occurred (underflow and overflow are the most
negative and most positive number, respectively, that is repre-
sentable in the chip according to the specified cycle length).
The overflow and underflow conditions apply to ALL incom-
ing A/D converted data.

ALRM = limit alarm (Bit 2): Is the limit alarm status bit. It is set
whenever the alarm criteria specified in the alarm registers

is satisfied by a conversion from an-operation where the
ALRMEN bit is enabled. The limit alarm test only applies to
an operation in which the ALRMEN bit is set.

Note that OVRG and ALRM can be eénabled without ena-
bling the DBR interrupt so that the microprocessor can be left
alone until an overflow/underflow or limit alarm occurs. This
is done to search for a limit condition first without taking any
data into the microprocessor. Doing this, however, will set
the OVRN (overrun error) bit in the status register, indicating
that the microprocessor has not read any data from previous
sequences. ) :

OVRN = overrun error (Bit 3): The OVRN bit indicates that
the microprocessor has missed from one byte to several
blocks of data. Even if an overrun error occurs, the ML2200
or ML2208 continues converting the inputs and updating the
data registers with the new conversions.

This bit may intentionally become set as a result.of searching
for the overflow/underflow or limit alarm criteria without
reading the data.

The setting of the OVRN bit also occurs in DMA mode if all
data has not been read by the completion of the next se-
quence. (Note: DBRAK should not be setin DMA mode,
since DBR is automatically cleared by the chip.) If OVRN
occurs in DMA mode, DBR will not be reactivated once all of
the data from the sequence which was overrun is read;
OVRN automatically disables DBR re-activation. Acknowl-
edging OVRN (setting OVRNAK in the Interrupt Acknowl-
edge register) will re-enable the DBR pin, however the OVRN
bit may immediately be set again before the DMA controller
can read the entire buffer. Therefore, it is recommended that
in DMA mode if OVRN gets set, put the ML2200 or ML2208
in the Halt state, acknowledge the overrun and the DBR,
then place the chip back in the Run mode.

1SQ = intra-sequence pause (Bit 4): Indicates that the chip has
halted operation within a sequence as a result of choosing
the 1SQ op code in the mode field of the Instruction word.
Setting the ISQAK bit in the interrupt acknowledge register
will then re-start the operation within the sequence. This lets
the microprocessor achieve timing control of individual oper-
ations within a sequence.
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RNER = run error (Bit 5): Indicates that an error occurred
either entering or operating in the Run state. The following
" operational errors cause the RNER bit to get set

1. Entering the Run state without having performed a self-
calibration after the most recent Reset or power-up. The
status of whether a calibration was executed or not is indi-
cated by the CAL bit in the control register. If the CAL bit in
the Control register is a one, the chip has already been
calibrated.

2. Writing to any secondary registers other than the data
registers during Run mode. All secondary register loca-
tions are readable during Run time.

CLCP = calibration complete (Bit 6): s set at the end of a
calibration sequence. The purpose of this bit is to notify the
microprocessor that a self-calibration has completed.

INT =interrupt (Bit 7): Is identical to the state of the INT pin.
The INT status bit and pin is an OR of the status bits enabled
in the Interrupt Mask register. While the polarity of the INT
pin can be defined in the interrupt mask register, this bit is
positive true only.

Interrupt Acknowledge Register — Register 4 WRITE

ONLY

} l CLCPAK |RNERAK| ISQAK |OVRNAKIAI.RWAKJ9VRCAK| DBRAK l

Interrupt Acknowledge Register

The status bits in the status register can only be cleared by
setting the appropriate bit in this register; writing a zero has
no effect. The relative bit positions in the Interrupt Acknowl-
edge register are identical to the Status register except for bit
7, which is valid for reads (see explanation in Status Register)
and undefined for writes (user must write a zero to this bit to
be software-compatible for possible future redefinitions).

Sequence Register — Register 5

READ
ONLY

[ [ [ [ [ [ [ [ ]
Sequence Register

During the RUN mode, this register can be read back to

indicate the current operation in progress. This is especially

useful for examining interrupts when multiple intra-sequence

pauses are specified. Bits 3-7 always reads 1s.

Registers 6 and 7 — these registers are reserved for future use.

3.2 Secondary Registers

There are twenty 16-bit wide secondary registers containing
the Data RAM, Instruction RAM, Timer, Alarms, Alarm
Criteria Register, and Interrupt Mask. Except for the Data
RAM, the secondary registers should only be accessed on
initialization, or when the chip is placed in the Halt mode.

Secondary Registers 0 to 7
Data RAM (read only)
Calibration Holding Register (write only)
UPPER BYTE LOWER BYTE
D15 D8[D7 Dojo
' 1
2
8x16A/D DATA
3\ REGISTERS
4 { 16-BIT CAL
REGISTER
5
6
7

The Data RAM consists of eight 16-bit wide registers that hold
the output results from the latest conversion sequence. Each
word in the Data RAM has a one-for-one correspondence
with a word in the Instruction RAM. The Data RAM is also
referred to as the data output registers.

The data output registers are double buffered and readable
by the microprocessor at any time. The A/D converter fills a
“‘shadow’’ bank of registers during conversions, while the
microprocessor is free to read the output registers. When the
sequence is done, the “shadow’” bank information is trans- .
ferred to the output registers for the microprocessor to read,
after which time DBR is asserted. Therefore, the
microprocessor has essentially one sequence time to drain
the data buffer. This time varies according to the number of
operations defined, the system clock frequency, the mode
field for each operation, and the cycle length (number of bits
to be converted). Refer to Conversion Times for more
information.

Data Format

All data is returned from the converter in 16-bit two’s comple-
ment format, right hand justified, with the sign bit extended
across the most significant unused bits.

Cycle +Max - Max Mid-Range
16 7FFF 8000 0000
13 OFFF. FO0O0 0000
8 007F FF80 0000

Calibration Holding Register —

This register is for diagnostic purposes only. It is one 16-bit
wide register mapped into the write only secondary address
space Oto 7 (i.e., a write to any of the secondary addresses
0-7 will load the Calibration Holding register). This register is
write only and cannot be read back directly. It is used when
the mode field in the Instruction Word is set to CAL Write,
and the Instruction is executed. This command takes the
contents of the Calibration Holding register and loads it into
the Calibration register of the A/ D converter. Note that this
will change the calibration of the A/D converter, and a cali-
bration of the A/ D converter should be done after a CAL
Write command is issued.

-
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Instruction RAM — Secondary Registers 8 to 15 (Read/ Write)

orP
orp
op
oP
or
OP
“OP
oP

8 x 16 OPERATION
REGISTERS

N{ofulsl{w[wl=To
=y
~

The Instruction RAM, sometimes referred to as the Operation
registers, consists of eight 16-bit wide registers broken up into
seven different fields (see Figures 10 and 10A). Each Instruc-
tion or Operation defines a single conversion, where the
converted data result is stored in the corresponding data
output register. Note that when the SLFTST bit in the Control
register is set, the Instruction Word is redefined for diagnostic
mode. Figure 12 illustrates the redefinition when SLFTST is
set. The following section defines the seven different fields
making up the Instruction word when SLFTST =0.

D15 D4 DB-1l © DI-8 . D7-5 D43 . D2-0

LLAST TALRMENJ MODE ] CHAN ICYCLE [ .GAIN I REF 1

REF (Bits 2, 1, 0 — Voltage Reference Selection) REF specifies
the source of the voltage reference used for the A/D-
conversion.

GAIN (Bits 4 and 3— Gain Settings) GAIN defines the gain of
the precision instrumentation amplifier. The gain can be
either 1, 2, 4, or 8. Each gain factor of 2 adds an additional 4
internal clock cycles (1/fc k) to the conversion time. There-
fore a gain of 8-adds an additional 12 internal clock cycles to
the conversion time.

CYCLE (Bits 7, 6, 5— Cycle Select) CYCLE defines one of five
different cycles: 8-, 13-, or 16-bit conversions, and READ or
WRITE CAL CODE. Choosing 8 , 13- or 16-bit cycles deter-
mines how many bits the A/D converter will convert. How-
ever, even though the converter has a 16-bit cycle, it may not
have 16 bits of useful resolution. The useful resolution of the
‘converter can be determined from the linearity specs.

Since the algorithmic converter is a successive approximation
type of converter, an 8-bit cycle requires the least amount of
time to convert, and the 16-bit-cycle requires the most. Refer

to Sampling Rates and Conversion Times for the exact num-- -
ber of clocks each cycle takes. : -

READ CAL CODE and WRITE CAL CODE cycles are for diag-
nostic purposes.only. READ CAL CODE reads the Calibration
register in the A/ D converter and loads it into the corres-
ponding data output register. WRITE CAL CODE transfers the
contents of the Calibration: Holding register into the A/D
converter’s Calibration register. The transfer is complete after
the operation is executed. Refer to Diagnostics for more infor-
mation on READ and WRITE CAL CODE.

CHAN (Bits 10, 9, 8 — Input Channel Number) definesthe -
input channel to be converted.

ALRMEN (Bit 14— Alarm Enable) When th|s bit is set the
alarm criteria for the operation is enabled, otherwise the
alarm is disabled for this operation. If ALRMEN is set and the
alarm condition is met, the ALRM bit in the Status register will
be set at the end of the operation.

LAST (Bit 15— Last Operation) signifies that this operation is
the last operation of the sequence. The chip will return to
and begin the first operation of the sequence after execution
of the current operation. If all eight operations are specified,
the last one MUST have this bit set.

MODE (Bits 13, 12, 11—Mode Selection) defines the condi-
tion that must be met for.the operation to proceed. The
mode field also has an effect on the Operation Execution
Time.

000 Immediate Execute

001 Intra-Sequence Pause

010 Start on Next Time out

011 , Preset Timer/Start on Time out’

100 ~ | External Sync Start

101 External Sync/Timer Preset/Time out
1o ILLEGAL

m ILLEGAL

Events That Occur Within an Operation

To better understand six modes of the ML2200 or ML2208
one must first understand the events that occur during an
operation. This can be aided by referring to Figure 17.

1 OPERATION EXECUTION TIME

2 " CONVERSION EXECUTION TIME

3 4 5 6
INPUT CHANNEL REF. CHANNEL
ACQ. TIME | ACQ. TIME |

| ' | TIME—>
MASTER . SAMPLE HOLD SAMPLE HOLD
|——L . MODE MODE . MODE MODE J———l
STARTOF  START OF START OF
OPERATION CONVERSION OPERATION
Figure 17.

Events Within an Operation
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The first event that occurs in the Operation is the Start of
Operation. This may or may not be the beginning of the
conversion, depending on the mode selected. The time be-
tween the Start of Operation and Start of Conversion is varia-
ble. When the conditions of the mode have been met, the
Start of Conversion occurs.

The Conversion Execution time includes the input and refer-
ence acquisition times, the gain time, and the successive
approximation conversion time. Shortly after the Start of
Conversion the S/H goes into sample mode acquiring the
input channel for eight internal clocks. After the input has
been acquired the S/H goes into hold mode, disconnecting
the S/H from the input channel, and transferring the charge
into the A/D converter. A couple of clocks later the same
S/H goes into sample mode on the reference voltage, either
the internal Vggr or one of the input channels. The reference
acquisition time for all six modes is the same; eight internal
clocks. After the S/H goes into hold mode the successive
approximation A/ D conversion begins. When the conver-
sion is complete the next operation begins.

Immediate Execute (000) — The Start of Conversion begins at
the Start of Operation. In other words, the conversion begins
the instant the operation begins. There is no gating item de-
laying the conversion. This-mode allows the chip to convert
at its maximum rate with no unnecessary delays. As an
example of calculating the sequence time, if all eight opera-
tions used Immediate Execute with a gain of 1and a 13-bit
conversion, the time to execute one sequence (all eight oper-
ations) would be 8 * 110 = 880 internal clocks.

Intra-Sequence Pause (001) — This mode provides a way for
the microprocessor to initiate conversions, rather than the
other modes which either initiate conversions from internal
timings or an external pulse. At the Start of Operation the ISQ
status bit is set. The microprocessor will recognize the setting
of the ISQ status bit either by polling the Status register, or
having enabled the 1SQ interrupt. The Start of Conversion is
delayed until the ISQAK bit in the Interrupt Acknowledge
register is set.

Start on Next Time out (010) — After the Start of Operation
occurs the Start of Conversion is delayed until the internal
timer decrements from 1to 0. When using this mode the
timer will be free-running. This means that the timer is initial-
ized in the Halt mode and left alone to decrement and reload
automatically when in the Run mode. This mode can be
used to establish a specific sampling rate. Note that the timer
value must be greater than the conversion time, therefore this
mode can only slow the sampling rate down from its maxi-
mum rate. In the case where several operations are used, and
only one of them uses this mode, the timer value must be
greater than all the other Operation Execution times plus the
current operation conversion time.

Preset Timer/ Start on Time out (011) — At the Start of Opera-
tion the timer is loaded with its pre-programmed count. The
delay between the Start of Operation and the Start of Conver-
“ sion'is the pre-programmed count. Execution time of the
operation is the pre-programmed timer count plus the con-
version time. As opposed to mode 2, the timer can be any
value between 2 and 216; i.e., there is no restriction on the
timer value being greater than the conversion time. One

application of this mode would be when an external analog
event is triggered by the SYNC pulse, and the conversion
needs to be delayed by a programmable amount of time.

Using the External SYNC Input— The following description
applies to modes 4 and 5, since these two modes use the
external SYNC input. These modes should only be used
when the SYNC pin is programmed as an input (MSTR bit in
Control register is 0). If the external SYNC signal arrives be-
fore the Start of Operation, it may be latched depending
upon the arrival time. If it arrives 22 clocks after the previous
operation’s Start of Conversion, external SYNC will be
latched; any time before will miss the pulse. Therefore the
external SYNC pulse rate should not be any faster than the
frequency of the operations which use this mode, otherwise
there will be more external SYNC pulses than conversions.

External SYNC Start (100) — After the Start of Operation, the
Start of Conversion is delayed until the rising edge of the
SYNC pulse and the next rising edge of the internal clock.
Unless the rising edge of the external SYNC is synchronized
with the internal clock (See tsyncck Spec), the aperture
uncertainty is one internal clock.

External SYNC/Timer Preset/Time out (101) — For this mode,
the external SYNC pulse presets the timer, and when the
timer times out the Start of Conversion begins. The timer is
preset after the rising edge of the external SYNC and the next
rising edge of the internal clock. When the timer transitions
from 1to 0, the Start of Conversion begins. As in the previous
mode, unless the rising edge of the external SYNC is synchro-
nized with the internal clock, the aperture uncertainty is one
internal clock.

Timer Functions of the Different Modes — The on-chip timer
is started when RUN is asserted. It then free-runs, pre-loads
and restarts itself at the pre-programmed count unless one of
the modes in an operation word specifies a timer preset. If

“‘Start on Next Timeout”” mode is selected for all operations,
the timer free-runs and subsequently starts conversions on
regular intervals, without the inclusion of any variable over-
head timing requirements of any specific operation. The
“‘preset timer’’ function that can be specified in any opera-
tion, functions as a ““‘one-shot’’ time out feature; however it
can upset the regularity of conversions. The use of the exter-
nal SYNC start allows flexibility with asynchronous conditions
outside the chip. In addition, the use of time out with exter-
nal SYNC allows synchronous operation of multiple Micro
Linear chips with interleaved operation. If a different rate is
desired other than increments of one master clock cycle (/2
the CLK pin frequency) or if external events need to be
counted before starting an operation, then setting the tc g bit
in the control register will divert the timer to the tc  pin for
all operations.

Timer Holding Register — Secondary Register 16— This regis-
ter holds the pre-programmed value of the timer. The value is
in Tinternal clock increments, or the period of tc if this
input is used. The timer is a countdown timer, therefore the
realized delay will be the number loaded into the Timer
Holding register multiplied by the clock period. The value is
written as a 16-bit binary word, and either high or low bytes
can be written first. These registers are both writable and

v
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readable, with register writes executed only when the chip is
in the Halt mode (RUN bit cleared in the control register).
Reading the Timer Holding register will return the pre-
programmed value for the timer, it will not provide the actual
timer value. Timer Holdmg register values of 1or 0 are illegal
and will “hang up”’ the timer when placed in Run mode.
Therefore the minimum value that can be loaded into the
Timer holding register is 2. The timer is decrementing when
in Run mode and idle when in Halt mode. When the chip is

placed in Run mode, the timer is automatically loaded with

the value in the Timer Holdlng Register, and begins to count
down.

Alarm Registers— Secohdary Registers 17, 18 (Read /Write) —
These registers specify the alarm criteria against which the
converted data of a current operation is compared. The com-
parison occurs only when the ALRMEN bit is set within the
operation. Secondary register 17 is Alarm A and secondary
register 18 is Alarm B. These values are written in two’s com-
plement format, right justified and sign extended (refer to
Data Format for more information).

Alarm Criteria Register — Secondary Register 19 lower byte
(Read/Write) — Specifies the compare criteria to be used
with alarm registers A and B. Bit O specifies whether the com-
parison of alarm word A is to be greater than (setting the bit)
or less than equal to (clearing the bit). Similarly, bit 1 specifies
the same criteria for alarm word B. The criteria of the two
groups can be “ANDed" or “ORed” together by clearing
(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm
comparison for words A and B, respectively. Bits 5, 6, and 7
are unused and be can be any value when written, always
read as ones. The following table illustrates all of the possible
combinations, X signifies don’t care.

) Bit Number
4 3 2 1

Test Done:.

ENB ENA AND GB

0 X No Test

<A

>A

<B

>B

<Bor <A

<Bor>A

>Bor <A

>Bor >A

<Band <A

<Band >A

>Band <A

alalalalalala|lwlmls|lojo]o

alalalalslalalm]lolol=l=
S = =200 |OC|O|X|X|X{X

H=l=lole|=|=|olo|=]o]x|x]|x
_.oio-—\o--OXXﬂOXQQ

>Band >A

Using the various criteria, the Chlp can discern.whether a
certain channel is inside or outside a band or greatér than or
less than a value. Notifying the microprocessor can be done
throughan interrupt or by polling the status register.

sample rate is: 10ms/286ns =

Interrupt Mask — Secondary Register 19 Upper Byte
(Read/Write)

D15 D14 D13 D12 D11 D10 - D8
l INTL ICLCPI£ IRNERIE | ISQIE lCNRNIEJ ALRMIE IOVRGIE| DBRIE |

This register is used to define which interrupt conditions are
capable of setting the hardware interrupt pin and the INT bit
of the Status register. The bits in the Interrupt Mask register
are interrupt enable bits, meaning when the bits are set they
enable the corresponding status bit to activate the hardware
interrupt pin as well as the INT bit in the Status register. The
INTL bit determines the polarity of the INT pin. If set, the INT
pin becomes active low, with an open drain output. If clear,
the INT pin becomes active high, with driving capability in
both dlrectlons

Secondary Registers 20 to 31— Undefined :
These registers are undefined and will cause unprednctab!e
results if read or written to.

4.0 SAMPLING RATES AND
CONVERSION TIMES

To determine the sampling rate, one must first determine the
sequence execution time. A sequence is defined as the num-
ber of operations or instructions used. Therefore the se-
quence execution time equals the sum of the individual
operation execution times. The simplest case for detérmining
the sampling rate is when only one operation is used in the.
sequence. Then the sampling period is the operation execu-
tion time. If all eight instructions are used in the sequence,
the sampling rate would be the sequence rate multiplied by
the number of times the channel was sampled in the
sequence.

Itis possible to sample one channel more frequently than
another. For example, if every other operation sampled chan-
nel 0, while the remaining operations sampled channels 1, 2,
and 3, the sampling rate for channel 0 would be four times
the sampling rate of the other channels. If periodic sampling
is important, one must be careful when sampling a channel
multiple times in a sequence since different operations can-
have different execution times.

Example: Sampling Four Channels in a Burst Every 10ms

Using Mode 2 “‘Start on Next Time out” for Instruction 0 will
establish the 10ms sampling rate, once the clock is initialized
properly. Instructions 1, 2, and 3 can-each use Mode 0 */Im-*
mediate Exécution”. For the ML2200, each instruction can
sample a different channel, thus covering all four channels in
a burst. For the ML2208, the same holds true except all eight
channels can be sampled in a burst, periodically.

Assuming the external clock is 7MHz and each conversion is
13 bits with a gain of 1, the conversion time for each opera-
tion will be 110 *. 286ns = 31.4pus. Therefore four instruc-
tions will require 4 * 31.4us = 125.7ps. The execution
time is much less than the sampling rate, thus the timer can.
be used to set the sampling rate. The timervalue for a 10ms
35,000 decimal or 88B8H.
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Operation or Instruction Execution Time

Figure 17 illustrates the Operation Execution Time. The time
between the Start of Operation and Start of Conversion is
variable and depends on the Mode chosen. For more infor-
mation on how to determine the time between Start of Oper-
ation and Start of Conversion refer to the Secondary registers
Mode field description in the Instruction RAM.

The Conversion Execution time depends on the Cycle, the
Gain, and the Mode chosen in the instruction word. Modes
0-5 all behave the same way when it comes to Conversion
Execution Time. To help determine the Conversion Execution
Time the following table gives the number of internal clocks
used for Modes 0-5 based on the Cycle chosen.

Number of Internal System
Clocks Needed
Cydle M/ fek)
16-Bit 128
13-Bit 110
8-Bit 80
Read CAL 80
Write CAL 52

Add 4 extra clocks to the Cycle time for each gain of 2 (in-
cluding Read CAL and Write CAL). For a gain of 2 add 4 extra
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12
extra clocks. Example: Modes 0-5, Cycle =13-bit conversion
with a gain of 8. Conversion Execution time is 122 internal
clocks.

5.0 MICROPROCESSOR
INITIALIZATION PROCEDURE

The following sequence of steps is recommended when

initializing the ML2200 from the microprocessor:

1) Keep reset active for at least 10 internal clock cycles after
power supplies have stabilized. If a software reset is issued,
hold off microprocessor communications with the chip
until the RESET bit in the control register is read back as
cleared, which takes 4 internal clock cycles.

2) If desired, check the data register path by performing a
write and read of the calibration register for all 8 opera-
tions. (This step is optional, but does provide user
assurance of the integrity of the on-chip data paths.) The
calibration register is a full 16-bit data path.

3) Performa calibration by first enabling the CLCP interrupt
in the Interrupt Mask register, then start the calibration by
asserting the CAL bit in the Control register. Alternately, if
an interrupt driven system is not desired, the interrupt
status register can be polled 8260 internal clocks after the
CAL bit has been set. The chip should not be polled dur-
ing calibration.

4) Upon receiving the CLCP interrupt, acknowledge it. If
desired, read back the calibration code to verify a success-
ful calibration. Other diagnostics may be run at this time,
however diagnostics are optional and not required.

5) Load the Instruction RAM, alarm criteria, interrupt condi-
tions, and timer. Set the proper data transfer mode up
(DMA, interrupt driven or polled mode.) Clear all status
bits before setting the RUN bit.

6) Start the chip running by setting the RUN bit in the Con-
trol register. This may be done by ORing the RUN bit with
the other bits already configured in the Control register;
however do not set the CAL bit again or another calibra-
tion will take place. Writing a 0 to the CAL bit has no ef-
fect; it will still read 1.

5.1 Reset/Power-On Conditions
When applying power to the ML2200, DV and AVcc
should never be powered-on at different times.

Itis OK to assert both RD and WR during RESET time, but not
legal to do so otherwise; this may damage the chip internally.

The following list specifies the affected registers on the chip
after a reset is performed. Note that both hardware and soft-
ware reset of the chip have identical effects.

All registers shown below are cleared (all bits 0):

Primary Registers:
Index register (register 2)
Control register (register 3)
Status register (register 4)
Sequence status (register 5)
Secondary Registers:
Interrupt bit mask (upper half, register 19)
Alarm criteria register (lower half, register 19)

All other registers will have random data in them after power-
on. If a-hardware or software reset is performed later, registers
which are not listed above will be unchanged.

Re-calibration after a hardware or software reset is not neces-
sary, since the calibration register remains the same after a
reset. Only after a power-up is a calibration necessary. How-
ever the CAL bit in the Control Register will be cleared after a
reset. Setting the RUN bit while the CAL bit is clear will cause
the RNER bit to be set. But, if a calibration had been done
before the reset, the RNER may be ignored.

5.2 Timer

If any of the operations require a timer function, (either a
one-shot or regular conversion interval) then the timer value
must be written. This is done by writing the index register
value to 10 hexadecimal and writing the proper 16-bit time
value to the window registers. The timer value must be
greater than 1. If using mode 2 ““Start on Next Time out”’ the
timer value must be greater than the conversion time.

5.3 Limit Alarm Operation

The chip may be set up to watch for certain data conditions
by enabling the proper interrupt bits in the Interrupt Mask
register. These conditions include A/D overrange/
underrange and user-defined alarm criteria. In order to use
the alarms, the A and B alarm values must be defined. Note
that since alarm registers A and B are 16 bits wide, 13-bit two's
complement sign extended values must be loaded. (Refer to
Data Format for more information). In order to further qualify
alarm registers A and B, the Alarm Criteria register must be
initialized.
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5.4 Defining Interrupt Conditions °

If the chip is used in polled situations, the interrupt mask bits
need not be set unless the “OR"’ of the mterrupt conditions,
bit 7 in the Status register is used.

If the chip is used in interrupt mode rather than polled mode,
the desired interrupt conditions should be considered. In
addition to the interrupts specified for data comparison oper-
ations, several other interrupts can be-defined in the Interrupt
Mask register. The DBR bit can be set if the DBR pin is not
used. This enables interrupts at the end of sequences for data
transfer via the INT pin. The intra-sequence interrupt bit
should be enabled if intra-sequence pauses are desired in any
of the operations. Overrun error and run-time error bits
should be enabled if trapping of these errors is desired.

Note that alarm A and B and overrange interrupts occur at
any time within the sequence of operations. Due to the inter-
rupt latency time of the microprocessor, multiple interrupts of
this type within a sequence may be indistinguishable from
each other. The A and B alarms should generally be used on
only one operation so that its source can be determined with
no ambiguity. Overrange interrupts can be handled by exam-
ining the data in the chip at the end of the sequence.

The INT pin polarity can be defined to be active high (bit 15
cleared in the Interrupt Mask register) or active low (bit 15
set). When active low is chosen, the INT pin is open drain
without a pull-up. When active high, the INT pin is driven
actively in both directions. The default condition is active
high, and the INT pin is actively driven low during reset time.

6.0 METHODS OF DATA TRANSFER
TO THE MICROPROCESSOR

There are several ways to handle the data output; polling,
interrupt, or DMA. If interrupts are the method chosen,
method 5) may be preferable. Method 5) DMA/Interrupt
mode, does not require a DMA controller. It simply uses the
DMA mode of the ML2200 or ML2208 which can be inter- .
faced to an interrupt controller.

1) Intra-Sequence pause instruction is used when the
microprocessor is not going to periodically/continuously
read the data, but it will read the data at arbitrary times,
The Table 1 below shows the op codes to sample all elght
channels.

Table 1. Channels in an ML2208 at Arbitrary Times

Using these instructions the program begins when the RUN
bit is set in the control register. Immediately after RUN is set,
before the first conversion takes place, the 1SQ bit in the:
status register is set. This indicates that the sequencer has
paused. When the microprocessor wants to read a value on
one or more of the channels it sets the ISQAK bit in the Inter-
rupt Acknowledge register. The ML2208 then performs eight
conversions back-to-back, jumps back to sequence 0, and
sets the ISQ and DBR bits in the status register. The data from
all eight channels is now available in the Data RAM. The next
time a conversion is desired, once again the microprocessor
sets ISQAK in the interrupt acknowledge register.

2) Polled mode transfer is done simply by polling the status
register and examining the DBR bit to see if a sequence
has been compieted. The DBRIE interrupt mask bit need
not be set, but an acknowledge should be done by setting
DBRAK in the Interrupt Acknowledge register, otherwise
an overrun error will occur. The CPU can just poll the INT
bit in the Status register. Only the bits which are -
enabled in the Interrupt Mask register will set the
INT status bit. When the INT bit is set, the CPU can
examine the other status bits to determine which
requests are active.

Interrupt mode can be implemented using the INT pin
and enabling the desired interrupt conditions in the Inter-
rupt Mask register. The polarity of the INT pin can be
selected at the same time. If desired, DBR can be used as
a second interrupt pin to signify the transfer of data only.
This may be useful in systems with multiple and
prioritized interrupt structures. If DBR is used, the DBR
mask bit in the interrupt mask register should be-disabled
or cleared.

4) DMA mode can be implemented by setting the DMA.
enable bit in the control register and selecting high byte or
low byte first by setting or clearing the LOBYT bit. The
DBR pin is utilized as the DMA request, and will remain
asserted until all data from the sequence is read.

DMA/ Interrupt mode. DMA mode can also be used in
non-DMA applications. Although this appears to be un-
conventional, it may actually be preferred over the inter-
rupt mode because of its convenience and speed. One
way to do this would be to use the DBR pin as an interrupt
request but enable DMA mode inthe DAP. When data is
ready DBR interrupts the microprocessor. The

&

o

: Last ALRMEN Mode CHAN Cycle Gain REF

SEQO 0 0 Intra Sequence CHO 13 1 Internal
Pause e
SEQI1 0 0 Immed Execute CH1 ' 13 1 Internal
SEQ2 0 0 dmmed Execute CH2 ) 13 1 Internal
SEQ3 0 0 Immed Execute CH3 - 13 1 Internal
SEQ4 0 0 Immed Execute CH4 13 1 Internal
SEQ5 0 0 Immed Execute CH5 13 K Internal
SEQ6 0 0 Immed Execute CH6 13 1 Internal
SEQ7 1 0 Immed Execute CH7 13 1 Internal
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microprocessor then reads either window register the
required number of times to drain the Data RAM. Using
the DMA mode interrupt method over non-DMA mode
interrupt method saves a lot of overhead. For example in
non-DMA mode interrupt method (assuming AUTOI is
set), the index register would have to be set on entry, and
the DBRAK bit would have to be set each service routine.
In DMA interrupt mode, neither the Index register nor the
DBRAK bit would have to be set. These are handled auto-
matically in DMA mode.

7.0 POWER-DOWN MODE

The chip can be powered-down by asserting the Ppy pin. It is
advisable to place the chip in HALT mode first by clearing the
RUN bit in the control register, however the chip will auto-
matically go into Halt mode when powered-down. All analog
circuits are powered-off; digital circuits are left in an idle state.
All registers within the chip will retain their values down to a
level of 2V between V¢ and GND.

Powering-up the chip is done by bringing Ppy high. The chip
will be in Halt mode upon power-up. Note, however, that the

first 10ms of chip operation after a power-up will not be valid
due to the settling of quiescent bias conditions within the on-
chip’s analog circuits. Any data that is returned for this period
after power-up should be considered invalid. The user has
the choice of either throwing away the first 10ms of data or
waiting for 10ms and then setting the chip in RUN mode. The
on-chip timer can be used for this purpose, if desired, by
defining a sequence of dummy operations that last for the
required delay, then re-writing the required operations for
normal use.

Acknowledge register. Dgrak should also be set sometime
before the next sequence to prevent the OVRN bit from
being set, however this is not necessary.

Note that the microprocessor cannot let the ML2200 se-
quencer run continuously, i.e., SEQ 0 would be changed to
Immediate Execute and asynchronously read the Data RAM.
The problem in this case would be that the microprocessor
may read the data at the same time that the chip is updating
it. That is why either polling, interrupt, or DMA transfer is
required in a continuous run mode of operation.

APPENDIX A

Diagnostics

The ML2200 and ML2208 may be run through a diagnostic
routine after power-up. The DAP provides software
programmable diagnostics so that no external hardware is
necessary. Diagnostics are not necessary. They are provided
as an option to the user.

Self-Test Mode

Setting the SLFTST bit in the Control register redefines the

CHAN field in the Instruction Word. This in effect changes

the input to the Sample-and-Hold from the multiplexer input

channels to internal points within the chip; such as Vggr and

AGND. Conversions in the Self-Test Mode allow the user to

determine how the Sample-and-Hold and A/D converter

behave with known input signals. This.can be useful as a

diagnostic routine for a product in the field, or as a debugging

feature during product development. Figure 16 illustrates the
re-definition of the instruction word when SLFTST=1.

1. System Offset - The positive and negative inputs to the
Sample-and-Hold are tied to analog ground. With this
setting, converted data will give the offset of the A/D
converter and Sample-and-Hold combination.

2. Internal Reference - Connects the positive input of the
Sample-and-Hold to Vggr and the negative input of the
Sample-and-Hold to analog ground. The result of convert-
ing in this test mode is a value near positive full scale.

3. Invert Internal Reference - Connects the negative input of
the Sample-and-Hold to Vggr and the positive input of the
Sample-and-Hold to analog ground. The result of convert-
ing in this test mode is a value near negative full scale.

4. Common Mode - Both the positive and negative inputs of
the Sample-and-Hold are tied to the internal Vggr. The
result of a conversion in this test mode indicates how well
the converter is rejecting a common mode signal.

Since setting the SLFTST bit merely changes the input to the
Sample-and-Hold, conversions must be executed in order to
read the results. This means placing the chip in the RUN
mode and reading the results from the Data RAM. It is possi-
ble to run one sequence then halt the sequencer and read
the results. The sequencer can be put in a “’pause’’ via the
Intra Sequence Pause Mode instruction. The following
instructions accomplish this:

LAST ALRMEN MODE CHAN CYCLE GAIN REF
SEQO 0 0 INTRA SEQ PAUSE SYSTEM OFFSET 13 1 0
SEQ1 0 0 IMMED EXECUTE INT REF 13 1 0
SEQ2 0 0 IMMED EXECUTE MINUS INT REF 13 1 0
SEQ3 1 0 IMMED EXECUTE COMMON MODE 13 1 0

After the RUN bit is set, the 1SQ bit in the status register is
immediately set. Setting the ISQAK bit in the Interrupt Ac-
knowledge register will allow the sequencer to continue. The
next time the ISQ bit is set, the results may be read from the
Data RAM.

Reading and Writing to the Calibration Register

The ML2200 and ML2208 architecture provides a way for the
microprocessor to indirectly read and write to the A/D con-
verter; specifically the Calibration register and the A/D’s Data

mMicro:Line;ar
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register. Figure 18 illustrates this architecture.

The instructions that cause these transfers are READ.CAL

- CODE and WRITE CAL CODE; selected in the Cycle field of
the instruction word when SLFTST=0. WRITE CAL CODE
transfers the contents of the Calibration Holding register into
the A/D convertet’s Calibration register. READ CAL'CODE
transfers the contents of the Calibration Holding register
through the A/D’s Data register, into the Data Output register
with the same location as the operation.

SECONDARY REGISTERS
0-7

As a result of providing READ and WRITE CAL; it is possible
to execute digital loopbacks through the Calibration register,
A/D registers, and all 8 Data Output registers. These loop-
backs provides user assurance that all of the paths are clear
and there are no stuck bits.

Writing to the Calibration register changes the calibration of
the A/D converter. Therefore a self calibration should be -
performed after executing a WRITE CAL CODE to ensure the
A/D is properly calibrated.

15 0 - B n
‘(',VSRE | CALIBRATION HOLDING REGISTER  |—#—1»] CALIBRATION REGISTER 1
15 L 0 . 15 0
g‘,ﬂg DATA OUTPUT REGISTERS 7—— DATA REGISTER ]
1
2
3
2 A/D CONVERTER
5
6
7

Figure 18. Digital Loopback Architecture

DIGITAL LOOPBACK ARCHITECTURE

Reading the calibration register provides a way for the
microprocessor to determine that the self calibration was

_successful. The microprocessor configures the DAP to exe-
cute a READ CAL CODE after a self calibration has been
performed. If the lower byte of data from the READ CAL
CODE is anything other than all Ts, then the calibration was
successful.

Even though the calibration register itself is a 16-bit register,
and is capable of holding a 16-bit result, only the lower 9 bits
are'significant in determining the calibration code. These 9
bits have a sign magnitude format; in other words the 9th bit
(MSB of the 9-bit word) is the sign bit, and the other eight bits
are magnitude bits. An easy way to determine whether the
calibration has passed or failed is to read the lower data byte
after a READ CAL is executed. If it’s not all 1s then the calibra-
tion was a success.

2-28
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APPLICATIONS

Utilizing instruction RAM bits 0, T, and 2, any of the differen-
tial input channels of the ML2200 can be programmed to
sense the external reference (See Figure 13.) Only single
ended channels 0 thru 5 can be used on the ML2208

(See Figure 14.)

ML2200 ML2208
(r AVce T Avce
VREF +CHO VREF CHo
-CHO COM
AGND AGND

Figure 19. Using a 2.5V External Reference

The system gain errors can be nulled by applying 2.4991V
(the full-scale voltage minus 1.5LSB) to one of the input chan-
nels and adjusting R1 until the digital output toggles between
01111 11111110 and 0 1111 1111 1111, If offset is not adjusted the
full-scale voltage will be shifted by the amount of this
unadjusted offset voltage.

ML2200 ML2208
T AvVcc Avcc T AvVcc Avce

VREF + VREF +
+CHO CHO

-CHO oM
Oo— r AGND e I AGND

Figure 20. Adjusting Full-Scale Error
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APPLICATIONS (Coninued

ML2200

+CHO
— —cHo
INPUTS +CH1 INPUTS
REFERENCED +— -c REFERENCED
TO AGND LCH2 TO AGND
T
+CH3
_cH3

L]

AGND

Figure 21. Adjusting Zero Error

An op amp with an offset adjustment with a range of at least
+1.3mV is required, like an OP—-27. The Zero Error can be
nulled by first applying 305uV to one of the input channels
(referenced to AGND.) 305V is equivalent to 1/2LSB which
is the ideal input voltage which should cause the digital
output to toggle from 0 0000 0000 0000 to 0 0000 0000 0001.
Adjust R3 until this occurs.

If an external reference is also being used, it should be refer-
enced to AGND, while the COM or negative inputs are tied
to the offset op amp as shown above. In this configuration,
the offset adjustment will effect the gain setting and so should
be set first. ’

The Channel to Channel Zero Error and Full-Scale Error are
very low and do not need to be adjusted seperately. If, how-
ever, the input signal sources have their own different offsets,
a separate op amp, with an offset adjustment, can be placed
at each channel input.

ML2208

CHO
CH1
CH2
CH3
CH4
CH5
CH6
CH7
CcoM

AGND
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APPLICATIONS (Continued)

6800 ML2200
T +5V
VMA ADDR. — PDN
Aoa7 A2 DECODE = Avee D— +5V
+5V ——f ALE DVce
AB-AT5 |—+- 8 + 3 AO-A2
. Vss j——— -5V
RIW i )o———————» RD
Viemp f——>
= >0 o VREF |——> +2.5V
$2 | >0——> WR
D0-D7 vi Do-D7 CHO+ |&—n
+5
(unused) «——— DBR CHO -
3k CH1+ [e—
iRQ INT CH1- }&——— | 4 DIFFERENTIAL
RESET an RESET ANALOG INPUT
Iwur tax CH2 + [e———— | CHANNELS
=3 = (not used) CH2 - |e—
K CH3+ |e——
] 7MHz CH3 - |e—nr
T
= DGND AGND
Figure 22. Interfacing ML2200 to 6800 Type Microprocessors
Ri
VREF VR
(From M12208 ZERO RO
or ML2200) uF ADJUST
I FULL SCALE
AGND p = ADJUST
AGND R3
=== AAA A
I I YVV \AAS
RS RG
I ! —
RT
0-15 PSID < 2 R3 R3
W VWA~
] SENSYM SCXI5DNC | |
R3 100kQ | p | TO
RLRO  10kQ AR - R3 ML2200
RS 1.25kQ A3 A - ML2208
RG 500Q + A4 >
+
Output voltage 0-2.5V when J1=AGND ]'“
+2.5V when J1=-5V 1
= AGND I
i = AGND
-5V
Figure 23.  Pressure Sensor Application

@ Micro Linear



ML2200, ML2208

ORDERING INFORMATION

TEMPERATURE

LINEARITY MINIMUM
PART NUMBER ERROR CONVERSION PACKAGE RANGE

Four Differential Analog Inputs

ML2200BC] +3% LSB 31.5us

ML2200CC]J +1 LSB 31.5us . Hermetic DIP (J40) 0°C to +70°C

ML2200DC] +1 LSB 44.0us .
Eight Single Ended Analog Inputs ) }

ML2208BC] 134 LSB 31.5us

ML2208CC]) +1 LSB 31.5us Hermetic DIP (J40) 0°C to +70°C

ML2208DCJ +1 LSB 44.0us

2-32
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PRELIMINARY

ML2221

Serial Peripheral Interface (SPI)
12-Bit Plus Sign A/D Converter with S/H

GENERAL DESCRIPTION FEATURES

The ML2221 is a member of Micro Linear’s 12-bit plus m Nonlinearity error +% LSB and £1 LSB max

TEL Micro Linear

sign CMOS A/D converter family utilizing a self a Conversion time !

calibrating algorithmic SAR technique. All errors of the (including S/H acquisition) - 44us max
sample-and-hold are accounted for in the analog-to- a Harmonic distortion 0.01%
digital converter’s accuracy specification. a No missing codes

These A/D converters have a maximum nonlinearity m Inputs withstand |7V| beyond supplies

error over temperature of 0.009% or +0.012% of m Bipolar -5V to +5V analog input range

minus full scale to plus full scale. a Controlled or free run operation

The serial interface is compatible with industry = Direct 4-wire interface to uP (MPU) with

standard serial interfaces. The ML2221 has 4 modes of synchronous serial formats

operation: gated serial data clock, gated chip select, m 0°C to +70°C, -40°C to +85°C temperature range E
chip select to initiate conversion with serial out data m 16-pin DIP

controlled by ML2221, and free run mode.

The serial interface allows either MSB or LSB first data
with 2’s complement output coding. For easy interface
to microprocessors and shift registers the output data
word is 16 bits.

BLOCK DIAGRAM PIN CONNECTION

VREF Vss CCLK+ CCLK  Vee
T ? 7 T ) 16-PIN DIP

- MUXI vin+ ] 1 16 [] AGND

° ‘ vin- [} 2 15 [] Vec

>0 SCLKin/ouT- veer [|3 ][] cax
| vss [ 4 13[] cok+

Vint o : - CONTROL [——>0 sCik sckinour []5 .- 12[] REsET

f;_ﬁf%%‘i?:‘x‘/% . e [—° %’“ DGND [] 6 n[] mss

SAMPLE AND HOLD FUNCTION SCLK I; 7. . 10[]C
ViN- O——— . O MSB
: po [|s 9[7] Busy
SHIFT DO .
*| REGISTER TOP VIEW

AGND RESET DGND

—— — .
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PIN DESCRIPTION

. PIN
FUNCTION NO. NAME FUNCTION
VN Positive Differential Analog Input; n MSB Most Significant Bit is transmitted
e range = Vss = Vijn+ < Veg, e first if MSB is tied to V¢ Least
co e J(Vint) = (Vin-)| = Vier. Significant Bit transmitted first if
"2 " Vi-  Negative Differential Analog Input; : MSB is tied to DGND.
- range = Vss < ViN- = Ve, 12 RESET - Active Low Reset. The RESET B
[(Vin®) = (ViN)| = Vier period is set by the time constant
. f the internal 50K pull up resistor
3 VRer Voltage Reference Input; o h
. and an external capacitor. After
. referenced to analog ground., the RESET period the converter
4 - Vss Negative Supply -5V + 5%/ will be ready for accepting
decouple to AGND. requests or will automatically start
-5 SCLKjnjout SCLK mode select” conversions/transmissions based
SCLK)n/ouT = 5V; SCLK is an input upon the mode.
serial CLK. 13 CCLK+  Sets CCLK equal to internal clock
SCLKivjout = OV; SCLK is an if tied to 5V. If tied to OV the
output serial CLK. internal clock equals CCLK/2.
6 DGND * - Digital Ground. With CCLK equal to the internal
7 SCLK Bi-Directional Serial Data Clock. CLK the user can synchronize to
- ‘Serial data is transmitted by-the all internal timing events, although
clock present at SCLK. CCLK duty cycle must be
8 DO Data Out. Digital output which c;)ntlzorlllieﬁ to cTIe(\f/ tt?e mlsmmtixfri: d
contains result of A/D conversion. clock high and fow times specinied.
The serial data is clocked out on 14 CCLK Clock Input. Internal clock can be
falling edges of SCLK. generated by tying a crystal from
9 BUSY  Three-state active high BUSY this pir. to DGND or applying a
status output. Normally low. Goes clock directly fo the pin.
high to indicate that-a conversion=- 15 Vce Positive Supply. +5V & 5%
is in_progress; de-asserted when decouplg to AGND.
conversion is complete and data is 16 AGND  Analog Ground 0 Volts. Common
available from the conversion just mode reference point of the
completed. A pulldown resistor is internal differential circuitry.
recommended on this pin.
10 - Cs Active Low Chip Select, starts a

conversion and brings the BUSY
and DO out of the three-state
mode. CS is used.in modes where
~conversion .or transmission timing
is controlled; held low in gated
SCLK and FREERUN modes.

ABSOLUTE MAXIMUM RATINGS

OPERATING CONDITIONS

(Note 1) (Note 2)
Supply Voltage (Vo) vvevvvniviivenein... e 6.0V Temperature Range ..., . Tmin = Ta = Tviax
Negative Supply Voltage (Vss) ......................... -6.0V ML2221BlJ, ML2221Cl) ....... e -40°C to +85°C
Voltage at Analog ML2221BCP, ML2221CCP  ..........ocovvvnnenn 0°C to +70°C
Inputs ... e Vgs - 7V to Ve + 7V Supply Voltage (Vo) vuovvveveeivvannnn... . 4.5Vpc to 6.0Vpc
Voltage at VRgg ..o ... Vgg =7V to Ve + 7V Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc
Input Current per Digital Pin ...............c...0 +10mA Reference Voltage (VRgp) ...oovvvivnniiii i lan Vee
Input Current at Analog Inputs ...................... +20mA .
Storage Temperature Range ................. -65°C to +150°C
Package Dissipation at 25°C (Board Mount) .......... 875mwW
Lead Temperature (soldering 10 seconds)
Dual-In-Line Package (Molded) .............. P 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
2-34
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ELECTRICAL CHARACTERISTICS
The following specifications apply for Vcc = +5V £ 5%, Vss = -5V £ 5%, Vger = +4.75V, V|- = AGND,
ViNt = -4.75V to +4.75V, Tp = Tpn to Tpmax unless otherwise specified.

ML2221BI1j, ML2221Cl) | ML2221BCP, ML2221CCP
TYpP TYP
PARAMETER NOTES CONDITIONS MIN |(Note 3)| MAX | MIN |(Note 3)| MAX | UNITS
Converter Characteristics
Linearity Error
ML2221BXX 4 |fcck = 01 to 5MHz 3% +34 LSB
ML2221CXX +1 . +1 LSB
Unadjusted Zero Error )
ML2221BXX 4 3% +3% LSB
ML2221CXX +2 +2 LSB
Unadjusted Positive and Negative 4 +5 ’ +4 LSB
Full-Scale Error
Zero Error Temperature Coefficient 0.5 0.5 ppmFS/
L
C
Gain Temperature Coefficient 10 10 ) ppmFS/
°C
Common Mode Rejection 5 6 80 80. dB
Analog Input Source Resistance 4 2 . 2
Analog Input Range 4 |V|Nt Referred to Vin—- | -Vgrer +Veer | -Vrer "’VREF \
Analog Input Leakage Current 4 100 100 nA
Voltage Reference Input Source 4 0.5 0.5 kQ
Impedance
Reference Input Leakage Current 4 100 100 nA
Digital and DC Characteristics
Power Supply Current
|Cc, VCC 4 30 50 30 50 mA
Iss Vss 18 30 18 30 mA
Power Supply Rejection 7 ‘
Vee DC 80 80 dB
DC to 25kHz 50 50 dB
Vss DC 80 80 dB
DC to 25kHz 50 50 dB
Vicwk Clock Input Low Voltage 4 0.8 0.8 \
Vincwe Clock Input High Voltage 4 35 Vee 35 Vee v
114, Input Leakage Current (CCLK) 4 |AGND = V|y = Ve +200 +200 MA
V|, Input Low Voltage 4 0.8 0.8 \
Vi, Input High Voltage 4 2.0 Vee 2.0 Vee \
Voo, Output Low Voltage 4 |loL = 2.0mA 0.45 0.45 \
Vou, Output High Voltage 4 |lon = -400pA 24 24 \
Iy, Input Leakage Current 4 |DGND = Viy = Vee +10 +10 HA
(except CCLK)
Iz, Output Leakage Current 4 [CS=vy +10 +10 HA
C,;, Input Capacitance 5 10 10 pF
(all digital inputs)
Co, Output Capacitance 5 10 10 pF
(all digital outputs)
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ELECT RICAL CHARA(,T ERISTICS (Continued)

U@L Micro Linear

. o TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN [(Note 3)| MAX | UNITS
‘AC Electrical Characteristics (Note 8) :
tc Conversion Time 4,9 |fcok = SMHz (CCLK+ = “0”) 44 /.lSv.
Sample and Hold Acquisition 4,9 fécLK = 5MHz (CCLK+ =“0") 32 us
feciko Clock Frequency 5,9 - |Crystal (CCLK+ =-“0") 3 5 | MHz
Driven (CCLK+ = “0") 0.1 5 - MHz
fcoik | Clock Duty Cycle 59 |Driven 40 60 | % ‘
feerko Clock Width 5 9 |Driven (CCLK+ = “0”)| High 50 ns
Low 50 ns
feek Clock Frequency 59 |Driven (CCLK+ = “1") 0.05 25 MHz
fecik Clock Width 5 Driven (CCLK=+ = “1”)| High 150 ns
Low 150 ns
tcss CS Low to BUSY Driven 4 85 ns
tessHZ | CS High to BUSY, Hi-Z 4 85 ns
tsciksA SCLK High to BUSY 5 Gated SCLK 270 ns
tcciksD | CCLK Low to BUSY, Deassert 5 160 . ns
tscik, po. | Serial Clock Low to DO Valid/Hold 4 190 ns
tcs, po 'CS Low to DO Driven ' 4 85 ns
tcs, poHZ | CS High to DO Hi-Z 4 85 ns
tcs, ek CS Low Setup Time to CCLK 4 Immediate Conversion Start 0 ns
tes, scLk CS Low Setup to SCLK Low for 5 75 ns
No-Delay Data Transmit
teaik, sck | CCLK to SCLK Output Delay 5 |SCLKout = “0” 225" ns
Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
: specified are measured with respect to-ground.
Note 2:  0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.
Note 3: Typicals are parametric norm at 25°C.
Note 4: Parameter guaranteed and 100% production tested.
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.
Note 6: Common mode rejection is the ratio of the change in zero error to the change in.common mode input voltage.
Note 7:  Power supply rejection is the ratio of the change in zero érror to the change in power supply voltage.
Note 8: All parameters measured from 0.8V to 2.0V, C; = 50pF. .
Note 9:  Maximum frequency is 1/tc yq (high) + tc iy (low) + rise + fall times, which must be < 2.5 MHz.
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DATA

ouTPUT
) L 10k

10k
DATA
OUTPUT

G

T

Vcc

OUTPUT
ENABLE

VOH-100mV
OouTPUT

OUTPUT
ENABLE

OouTPUT

Vor +100mV

VoL

Figure 1. High Impedance Test Circuits and Waveforms

CCLK(CCLK+ = “1”)
INTERNAL CLK

|
s \
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\NCVAVE
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[ tcsBA >
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FIRST DATA BIT

SECOND LAST
DATA BIT _DATA BIT

X/

BUSY -1 -

|—1tcsB

CCLK(CCLK+ = “0”)

-

—>| |<—tcaksD

*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 2. CS, SCLK Sourced Mode
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CCLK(CCLK+ = “17)
INTERNAL CLK 120 21 123 124 125
—
= 124 INTERNAL CLKS $s 55—
.\ s
(ST N /
— tcs, scLk
SCLK / J
tscLk, Do
bo { -—-=- PREVIOUS * FIRST DATA BIT PREVIOUS * LAST DATA BIT — - =
y —| |<—tcs, pO Hz
BUSY — tcsg Hz
—|- 65— -
t 1y D —>
1 S8 *DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE CCLKE
Figure 3. CS, SCLK External Mode
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CCLK(CCLK=- = “1")
INTERNAL CLK

r
DO /ZL PREVIOUS * FIRST DATA BIT X

. PREVIOUS * SECOND ~ PREVIOUS * 16TH
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE. DATA BIT DATA BIT
SCLKiN/OUT = “0”, CS = “0”, BUSY REMAINS “1” :

- Figure 4. FREERUN Mode

=

CCLK(CCLK+ = “1”)
INTERNAL CLK m 112 13 114 123 1 2 3 4

—> CONVERSION STARTS

BUSY . l/
tcaiks D | | tcciksA
1

s 7\‘ ) VR AN N
DO ;< *FIRST DATA BIT *SECOND DATA BITX *THIRD DATABIT X
|

—t

SCLKiNn/ouT = 1, CS = 0 —>|  |[<— tsCIK, DO

*DATA WILL BE. MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 5. Gated SCLK Mode

2-38 T Micro Linear



ML2221

1.0 FUNCTIONAL DESCRIPTION

11 ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition
the values of all of the resistors or capacitors in the
DAC must be matched to within the accuracy of the
converter. This is difficult beyond 10 bits unless
trimming is used. An algorithmic converter uses less
circuitry and is more easily trimmed. Micro Linear’s
algorithmic converter is implemented using a 2x
amplifier, a sample/hold amplifier and a comparator as
shown in Figure 6.

The input sample is first multiplied by two then
compared to the reference voltage. If the 2x input
voltage is greater than the reference, the MSB is a 1
and the reference voltage is subtracted from the 2x
input voltage. The remainder is stored in the sample
and hold. If the 2x input voltage is less than the
reference, the MSB is a 0 and the 2x input voltage is
stored in the sample and hold. This process repeats
again, however now the sample and hold voltage is
multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
algorithm for the circuit can be described as follows:

Step1 I (2x Vi) - Vrer =0

then MSB = 1

(2 x VIN) = VRer—S/H
else MSB =0

(2 x V|N)—’S/H

Step 2 If (2 x S/H) = Vpgr = 0
then next bit = 1
(2 x S/H) - VREF—’S/H
else next bit = 0
(2 x S/H)—S/H

Step 3 Repeat Step 2 until conversion complete.

VIN

GAIN OF LOOP =X2

Since the A/D converter handles bipolar inputs,
negative inputs are handled slightly differently using the
same principle.

111 Self Calibration

In order to maintain integral and differential linearity in
an algorithmic converter, two critical parameters need
to be controlled, loop offsets and the gain of the loop.
Loop offsets are automatically nulled before each
conversion using auto-zeroing circuitry on both the
sampling amplifier and the 2x amplifier. The gain of the
loop is adjusted using self calibration.

Self calibrating the algorithmic converter, once the
offsets have been nulled, is performed by measuring
the 2x gain of the loop and adjusting it. The gain can
be measured by converting the reference voltage at the
input as well as the reference (Vrgr/Vger), and
examining the output code. Converting Vgge should
yield plus full scale, since Vggr/Vger should equal 1. If
the gain of the loop is slightly less than 2, the resulting
LSB of the conversion will be “0". If the magnitude bits
of the resulting conversion are all “1s”, the gain may be
too great, therefore the gain is reduced to the point
where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of
the 2C input capacitors. A small value of capacitance is
either added to or subtracted from the 2C input caps
until the gain of the loop is within 13-bit accuracy.

Self calibration is done at the factory. The calibration
process is not available at the finished product level.

K x VREF
> VREF

K=1,0,-1

> >0?

COMPARATOR

S/H <

Figure 6. Self Calibrating A/D Converter
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11.2 Conversion Times

The following table lists the conversion times which
include the sample and hold acquisition time.

OPERATION MODE INTERNAL CLOCKS*
E SCLK External 124
E, SCLK Sourced 124
FREERUN 170 « -
Gated SCLK 124

113 Sample and Hold Timing

Figure 7 shows the internal timing for the sample and
hold circuitry. The relationship between the start of
conversion and-the input channel going .into sample
mode is fixed at 6 internal clocks*, regardless of the
start mode. Six internal clocks after the start of
conversion the sample and hold is switched into the
sample mode, placing two 9pF capacitors in parallel-
with the input pins; one on Vin+ and one on Vin-. The
sample switch is kept in the sample mode for 8 internal
clocks (3.2us at a 5MHz external clock, if CLK+ = 0),
then placed in the hold mode. During the next 2
internal clocks the charge on the sample and hold is
transferred into the A/D; after which the Vg pin is
sampled for 8 internal clocks.

1.2 ANALOG INPUTS

1.21 Differential Inputs and Common Mode Rejection

The differential inputs of the ML2221 eliminate the
effects of common mode input noise (60Hz fof
example), as Vin+ and Viy- are sampled at the same
time.

* For a description of internal clocks see Clock section.

EXTERNAL CLOCK

122 Noise

The leads to the analog inputs should be kept as short. .
as possible to minimize input noise. Noise as well as
digital clocks can couple-into the inputs and cause
errors. Input filters can be used to reduce the effects of
these sources: -

1.2.3  Power Supply Decoupling *

Low inductance tantalum capacitors of 1uF or greater
and 0.01uF disc ceramic capacitors are recommended

-for bypassing Vcc as well as Vss to AGND. These

capacntors should be placed close to the Vcc and Vsg
pins. .

1.3 CONVERTER CLOCK

The CCLK input can be driven with-an external clock
or a crystal referenced to DGND. The crystal must be .
parallel resonant with minimum capacitive loading. (i.e.,
no bypass caps should be used and leads should be
kept short)

If driven with external clock and if the CCLK=+ pin is
tied to V¢, the frequency must be between 50KHz to
2.5MHz with the requirement that clock LOW (tccik)
and clock HIGH (tccikn) durations must be more than
150ns. If the CCLK+ pin is tied to ground then the
frequency can be from 100KHz to 5.0MHz.

For crystal operation with the divide by two flip flop
bypassed, and there is a 30 to 70% variation in duty
cycle of the oscillator, the maximum crystal frequency is
2.0MHz to insure that the minimum clock high and low
times are greater than 150 nsec.

28129 32033 4849

| . .
RMAL CLOCK LU LA UL UL AU AL AL AL UL AL AL LU UL

INTERNAL CLOCK
OR EXTERNAL CLOCK
LK< = “1" .

| |

| |

START OF CONVERSION

9

| | I
10 11 12 13 14115 16117 18 19 20 21 22 23 24 !25 26

| | |
8 | |

}e———SAMPLING INPUT —»| |«—— SAMPLING REFERENCE—»|

Figure 7. Sample and Hold Tlmiﬁg
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14 RESET

The RESET pin has an internal 100K pullup resistor.
Power supplies must be stable to within a +5%
tolerance before the reset condition is removed.

The active low hardware reset can be performed by a
capacitor value (usually >6uF) tied to the RESET pin or
by driving it with the system reset signal.

1.5 DIGITAL INTERFACE

All four synchronous interface modes of operation are
determined by CS during reset period as follows:

SCLK
__Logic Level of Mode Select
CS During Reset |  (SCLKjn,0ur) Serial Interfacle Mode
0 FREERUN
0 1 Gated SCLK
1 0 'CS, SCLK Sourced
1 1 'CS, SCLK External

After the reset time, the SCLK|n/ouT pin can be
changed to switch between either (FREERUN and Gated
SCLK) or (CS SCLK Sourced and CS, SCLK External).

The logic level of CS will not change the mode of
operation of the ML2221 once the mode of operation is
programmed during the RESET period.

a. Serial Transmission < Conversion Time

CONVERSION TIME—>
s J \

151 CS, SCLK External Mode

CS starts a conversion. The SCLK is continuously driven

into the ML2221 and data from the previous conversion
is shifted out at the SCLK rate starting at the first SCLK
falling edge from the CS assertion. CS is normally kept
low for all 16 bits of data, but can be brought back
high_after the desired number of bits have been shifted
out. CS should be held low for a minimum of 124
internal clocks (see Figure 8) for the conversion

to complete.

It takes 110 internal clocks to convert an analog signal
into 13 bits of data plus 13 more clock periods to make
data available. At a 5.0MHz clock and CCLK+ = 0V, the
maximum conversion rate is 49.6 microseconds or 124
internal converter clocks.

When CS is asserted (LOW) a conversion begins and
the DO output becomes active. The ML2221 is ready to
shift out the data serially.

The BUSY output is in the high impedance state when
the ML2221 is not selected. When CS input goes low,
the BUSY output is driven high or low depending on if
a conversion is in progress. Once a conversion begins,
BUSY is held active for 123 internal converter clocks.

The DO output is high impedance when the ML2221 is
not selected. When CS input goes low, it is driven with
the first bit of data initially, and then begins to put out
all subsequent data bits on each FALLING edges of the
serial clock (SCLK). Data is always output in 16 bit
format: if the LSB is output first, the data is sign
extended after 13 bits; if the MSB is output first, the
data is zero-filled after 13 bits. DO remains driven as
long as CS remains low.

CONVERSION 1

P

BUSY

CONVERSION 2

| CONVERSION 3 |

sa [ FEEHEECEEEREEEECEERER PR E R R PR e e e

XMITDATAT | | XMIT DATA 2 |

| XMIT PREVIOUS DATA |
T 1

NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK+ = “1”

Notes:
1. Use 10k pulldown resistor on BUSY pin to get “true” convert busy.

2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output shifter.

Figure 8. CS, SCLK External Mode
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1.5.2 CS, SCLK Sourced Mode

Conversion is initiated by CS. In this mode; SCLK is
sourced by the ML2221. At the end of the.conversion,
the device will provide a packet of 16 SCLKs to transmit
the 16 bits data stream (see Figure '9). The data rate at
which the data is being transmitted is (internal clock)/4.
For example, when CCLK+ = 1,"CCLK = 256kHz, the .
data rate-is 64Kbps. : »

'CS should be held low during the entire conversion
and the transmission sequence. The time required to
convert an analog signal is 110 clocks, with-additional

b. Serial Transmission > Conversion Time

. = 124 INTERNAL CLKS: . ‘
G

13 clocks to shift out the data. The total conversion
time is therefore 123 clocks plus one bit delay. Data
transmission will need 64 (16-bit x 4) internal clocks.
Hence, the total clock cycles to complete one *
operation in this mode is 188 clocks. CS therefore
should be held low for a minimum of 188 clocks.

Example: If CCLK = 5 Mhz, CCLK= =0, the maximum
conversion time will be 75.2us. Therefore, the maximum
frequency for CS is 13.3kHz.

In this mode, the data transmitted is always the
current data.

____ CONVERSION 1
r

CONVERSION 2

CONVERSION 3

1 } i ! ] [
s/ \__/ \__/ —
Sak |||||||||”|”|”||”||“|||||||||||||||||||H|||||||||||||||||||H|||||!|||||||||||||||||||||||||1H|||||||l||l|l|||l|||||||||||H||||~|H||||

XMIT
PREVIOUS
DATA ' XMIT DATA 1

Notes: .

XMIT DATA 2 XMIT DATA 3
P

P

1. Use 10K pulldown resistor on BUSY pin to get “TRUE” convert BUSY status.
2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output

Figure 8. CS, SCLK External Mode

shifter.
le g |
6 \ ; \
CONV ! *110 ® P13, ves

@ 1 i{

i

BUSY __J . [ v
[

—— — . —— it St et b i St

DATA BIT 1 OF XMIT DATA 1

N 11

" DATA BIT.1 OF XMIT DATA 2

JUNK
| E—— |
XMIT DATA 1

DO2
XMIT DATA 2

*NUMBER OF INTERNAL CONVERTER CLOCKS OR C CLKS WITH C CLK+ = “1”

Notes:

1. Use 10K pulldown resistor on BUSY pin to get “TRUE” convert BUSY status.
2. If CS is brought HIGH. in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output

shifter.

Figure 9. CS, SCLK Sourced Mode
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1.5.3 FREERUN Mode

The FREERUN mode executes continuous back-to-back
conversions at the rate of 110 internal converter clocks
per conversion, and outputs 16 bits of data and 16
corresponding SCLKS at the rate of 4 internal converter
clocks per bit (see Figure 10). The ML2221 immediately
begins converting after reset and starts outputting data
after the first conversion. A conversion rate of 44
microseconds can be achieved by using the maximum
CCLK frequency.

In the FREERUN mode, SCLK can not be sourced
externally. The SCLK provided internally by the device
is equal to (internal clock)/4. Since the converter is
performing continuous conversion, BUSY is therefore
always asserted.

1.5.4 Gated SCLK Mode

In this mode of operation, an external SCLK source
must be used. This external SCLK should be a 16 clock

packet which will be used by the converter to send out
the data and initiate the conversion simultaneously (see
Figure 11).

The data transmitted by ML2221 is the data from the
previous conversion (see Figure 11). Therefore, in order
to ensure integrity of the first data byte, the first SCLK
signal should be initiated after a minimum of 124
internal clocks after reset. After the reception of the
first SCLK signal, the converter will start the conversion
process which is 124 clock as mentioned. Therefore the
minimum time required between initiation of
conversion by the SCLK should be no less than 124
clocks. In the case of maximum CCLK at 5MHz, the
miniumum time interval between two packets of SCLK
should be 49.6us.

The BUSY output never floats and is asserted at the first
SCLK and deasserted after 123 internal converter clocks.
DO is always driven.

RESET /

U ONN @ .

CONVERSION r

BUSY __l

SCLK(OUT)

*13

LD

(A

011 1

=]
e]

T //AM@W/AMW@MM@MM@WM@M

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ = “1”

Note: DO is always driven.

Figure 10. FREERUN Mode

a. Serial Data Transmission < Conversion Time

RESET /
u

*110 ® |

CONVERSION t —t L

l_l

15 16 15 16

D1D2

o LTI | I o mﬂ.ﬂMﬂFM

DATA (1)

DATA (2)

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK=+ = “1”
Note: Time from first SCLK! to seventeenth SCLK! must be greater than 124 internal converter clocks.

Figure 11. Gated SCLK Mode
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1.6 DATA FORMAT

The MSB pin determines if the MSB or LSB data is
transmitted first and in the following format. lf more
than 13 SCLK's occur.

FIRST
MSB =1 II"POHIIHIHIHH
ZERO FILL
FIRST LAST
MSB - 0 ||||H|H|J“’I“H|||
SIGN
EXTEND

b. Serial Data Transmission > Conversion Time

- — @ @

CONVERSION . +— I +— i t O]
i ‘ 12 13 14 15 16 12 3 4 5
' DO DI D2 D12 D13 D14 D15 DI D2 D3 D4
A/ N I T L |

l XMIT [MTA@V XMIT DATA (2)

Note: Time from first SCLK! to seventeenth SCLK! must be greater than 124 internal converter clocks.

Figure 11. Gated SCLK Mode
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APPLICATIONS

START MNEMONIC INSTRUCTION
START | BCLRn Bit 0 Port C goes low (CS goes low)
LDA Load contents of SPI data register into
Acc. (Doyt MSBs)
Gl co STA Start next SPI cycle
SCK scK AND Clear 3 MSBs of first Doyt word
STA Store in memory location A (MSBs)
mL2221 68HCO5C4 TST Test status of SPIF
_?/ BPL Loop to previous instruction if not
MsB done with transfer
DO MISO BSETn Set BO of Port C (CS goes high)
LDA Load contents of SPI data register into
Acc. (Doyt LSBs)
STA Store in memory location A + 1 (LSBs)

DO . _ B12{B11 [Bto| BY | BB B7|B6 | B5S [ Ba | B3| B2|B1| BO - - =
[sul mzlmzlmzlmilmolss 13?' [87] BsTss I B4 I B3 I B2 | B1 I Bo]
WORD | BYTE 1 , . BYTE 2 ,
RECEIVED f TRANSFER 1 f TRANSFER 1
RAM LOCATION A LOCATION A + 1
STORE .

Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port

MODE 0
-5V TO +5V INPUT
REFERENCED Vint cax 8051
TO AGND Vin- Emr—— 45V
ML2221
:-E-'_ SCLKiN/ouT j
mL2221 -
Vint 00— DO RXD/P3.0
SCLK [ TXD/P31
s TXD/P3.2
AGND
Figure 13. Adjusting Zero Error Figure 14. 1 Mbps 8051 Interface
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+5V
1/2
% DS8830
22K S )
< - ~9[] o
L2221 4_— et | | [ nano +5V ,
_sv 10 45y OVt . [ /}‘
Ab:ﬁllgcr o IN " AND 2601 ©
YN sax v ouTf] } A
MsB st C :>
saxmouf - | S8 S
= | Dsss30 Y 2.2K F
T G
88 | b
Nout ] 4 el
+5V
2 so G T
T ST RDje—{ |
T Lok 4
L s sk S -_J‘>
CE
F
HC299 G
8088
pam K
RD
ADDRESS
V| DECODER
Figure 15. Optical Isolated 8088 Interface
ORDERING INFORMATION :
LINEARITY TOTAL TEMPERATURE
PART NUMBER - ERROR UNADJUSTED ERROR RANGE PACKAGE
ML2221BCP +3 LSB +114 0°C to +70°C MOLDED DIP (P16)
ML2221Bl) ) -40°C to +85°C HERMETIC DIP (J16)
ML2221CCP . +1 LSB 121 0°C to +70°C MOLDED DIP (P16)
ML2221Cl) ' -40°C to +85°C HERMETIC DIP (J16)
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December 1989
PRELIMINARY

ML2222

Serial, CODEC/DSP Interface

12-Bit Plus Sign A/D Converter with S/H

FEATURES

GENERAL DESCRIPTION

The ML2222 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D converter family utilizing a self
calibrating algorithmic SAR technique. All errors of the

sample-and-hold are accounted for in the analog-to-digital

converter’s accuracy specification.

These A/D converters have a maximum nonlinearity
error over temperature of £0.012% or +0.024% of full
scale.

The CODEC serial interface is compatible with the
communication industry standard protocol of PCM
(Pulse Code Modulation). The ML2222 upon receiving.
the transmit frame synchronization pulse (FSX), shifts 16
bits of data. )

The transmit clock may vary from 64 KHz to 2.048 MHz.

The serial interface allows either MSB or LSB first data
with 2’s complement output coding. For easy interface
to microprocessors and shift registers the output data
word is 16 bits.

Standard communication industry protocol for
timing and frame sync

m Transmit clock from 64 KHz to 2.048 MHz

® Nonlinearity error

+1/2 LSB and =1 LSB max

Conversion time
(including S/H acquisition) 31.5ps max
Harmonic distortion 0.01%

No missing codes

Self calibrating — maintains accuracy over time
and temperature

Inputs withstand 17V| beyond supplies

Bipolar -2.5V to +2.5V analog input range

0°C to +70°C, —40°C to +85°C temperature range
16-pin DIP

BLOCK DIAGRAM

VREF Vss BYPASS CCLK
O

y

Vee Vee

[

——O BCKL

Vint O—— L =
SELF-CALIBRATING o’

AND |——0 TSX

12-BIT + SIGN A/D TIMING O FSX

AND
SAMPLE AND HOLD FUNCTION

l l

AGND RESET

VIN-O

PIN CONNECTION

16-Pin DIP
Vin+ [’1_UT:| AGND
ViIN- []2 15[] Vec
Vrer [|3 14[] CCLK
Vss [1a 13[ ] BYPASS
vee s 12| ] RESET
pano [Je 1[] msB
Bk []7 10| ] FSX
ox [|s o] ] TSX
TOP VIEW
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May 1992
. PRELIMINARY

ML2223

Asynchronous Serial Interface
12-B|t Plus Slgn A/D Converter with S/H

GENERAL DESCRIPTION

The ML2223 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D converter family utilizing a self
calibrating algorithmic SAR technique. All errors of the
sample-and-hold are accounted for in the analog-to-
digital converter’s accuracy specification.

These A/D converters have a maximum nonlinearity
error over temperature of +0.009% or 10.012% of full
scale.

For easy interface to microprocessors, the ML2223 is
designed to transmit data into RS-232 type ports.

The ML2223 operates in an asynchronous mode of
operation. In this mode, the A/D continuously’
transmits 2 bytes in"a 24-bit stream, inserting 8 idle bits
between transmissions. When CURR input pin is tied
high, transmission of the previous data begins
immediately upon receiving a conversion start request.
When CURR is low, transmission is started after a new
conversion is completed.

The serial data clock can be generated by the ML2223
or it can be provided by an external source.

The serial interface provides LSB first data with 2's
complement output coding.

FEATURES

m RS-232 compatible asynchronous interface
u One-wire data transmission
m Continuous conversions

= Nonlinearity error +3% LSB and %1 LSB max
m Conversion time
(including S/H acquisition) 45.6us max

m Bipolar -5V to +5V analog input range with £5V
power supplies

m Harmonic distortion B - 0.01%

m No missing codes o

m Self calibrating — maintains accuracy over time
and temperature

m Inputs withstand |7V| beyond supplies

m 0°C to +70°C, -40°C to +85°C temperature range

m Standard .3" 16-pin DIP

BLOCK DIAGRAM

PIN CONNECTION

16-Pin DIP
VREF Vss CLKMODE CCLK  Vcc
? 0O
1 + (11 AGND
T ] omux T ViN ][]
0 vin- [ 2 5[] Vee
O INSCLK : veer []3 1 [] cax
. il . vss []4 " 13[] CLKMODE
X —
scu INSCLK [] 5 12[] RESET
VINt O——

SELF-CALIBRATING UNIVERSAL [—OBUSY DGND []6 11[] CURR

12-BIT + SIGN A/D [4— ASYNCHRONOUS .

AND TRANSMIT  |—o scLk []7 10 [] RESERVED
SAMPLE AND HOLD FUNCTION CONTROL
VIN- 0—— AND 8 9[] Busy
TIMING [0 CURR Pour [
) TOP VIEW
Dour
AGND RESET DGND
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PIN DESCRIPTION

PIN PIN
NO. NAME FUNCTION NO. NAME FUNCTION
1 VIN* Positive Differential Analog Input; 9 BUSY Three-state active high BUSY
range = Vsg < Vi + < V¢, status output. Normally low. Goes
[(VIN®) = (Vino)| = VRer high to indicate that a conversion
2 VIN- Negative Differential Analog Input; IS In progress; de-asserted when
range = Vss < Vin - < Ve conversion is complete and data is
[(Vine®) — (\?fo)l <NVRE_F o available from the conversion just
- ) completed. A pulldown resistor is
3 VRer Vofltage szerencel Input; q reco’r)nmendedpon this pin.
. v Se’etf'ces to T“a;’\f f";‘j“ : 10 RESERVED This pin should be tied to ground.
55 CEAIVE SUPPYY IV = 7 " CURR Current or Previous Data Mode
decouple to AGND. in. When this pin is tied high
5 INSCLK  SCLK Mode Select ?he. data will beptransmitted §t the
This pin is used to select SCLK pin start of a conversion (previous
as an input or an output. When data mode). When CURR is tied
INSCLK is high, SCLK is an input. low, the data will then be
When INSCLK is low, SCLK transmitted at the completion of
becomes an output pin. SCLK will the conversion.
then provide a clock at 1/128 or e .
1/256 depending on how the 12 RESET Ac“'wfj Low Reset.h Thg RESET
CLKMODE pin is set-up. period is set by the time constant
6 DGND Digital G p of the internal 100K pull up resistor
igital Lrounda. and an external capacitor. After
7 SCLK Serial Data Transmit Clock. th.e RESET period the converter
The serial data will always be will be ready for accepting
transmitted at the frequency of requests or will automatically start
the clock present at this pin. The conversions/transmissions based
SCLK pin can be programmed as upon the mode.
an input or an output by using 13 CCLKMODE Clock mode pin. When
the INSCLK pin (pin 5). When the CLKMODE pin = 1, the internal
SCLK is used as an output pin. The converter clock = CCLK. When
data rate will be the internal CLKMODE pin is tied low, the
c\/\c/)lrlwertcellil(cl\l/?(c)lé)gwu‘jle%gZK128. internal converter clock = CCLK/2.
en =1, =
CCLK/128. When CLKMODE = 0, 14 CCLK Clock Input. Intgrnal clock can be
g by tine o ol o
8 DO Data Out. Digital output which clocl'(a directly to the p,},)F ving
contains result of A/D conversion. . o
The serial data is clocked out on 5 Vee Positive Supply. +5V £ 5%
falling. edges of SCLK. decouple to AGND.
16 AGND Analog Ground 0 Volts. Common

mode reference point of the
internal differential circuitry.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage (Vo) oovvviiniii i 6.0V
Negative Supply Voltage (Vsg) ...t -6.0V
Voltage at Analog

Inputs ...l Vgs = 7V to Ve + 7V
Voltage at VREF - .ovevevevinniiiianianns Vgs = 7V to Ve + 7V
Input Current per Digital Pin ........................ +10mA
Input Current at Analog Inputs +20mA

Storage Temperature Range .................

Package Dissipation at 25°C (Board Mount) .......... 875mW
Lead Temperature (soldering 10 seconds)
Dual-In-Line Package (Molded) ...................... 260°C

Dual-In-Line Package (Ceramic)

OPE

(Note 2

Temperature Range
ML2223BI), ML2223Cl)
ML2223BCP ML2223CCP

R)ATING CONDITIONS

Supply Voltage (Vcc)

Negative Supply Voltage (Vss)

.................... T < Ta < Tuax

e -40°C to +85°C
..................... 0°C to +70°C

4.5Vpe to 6.0Vpc
-4.5Vpc to -6.0Vpc

Reference Voltage (VRgp) «.vvvvvvvviiiiiiiiiiiiiiiiniian. Vee

- T@L Micro Linear
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ELECTRICAL CHARACTERISTICS

The following specifications apply for Vcc = +5V £ 5%, Vsg = -5V +

Vint = -4.75V to +4.75V, Ta = Tmin to Tmax uniless otherwise specified.

5%, VRer = +4.75V, Vin- = AGND,

ML2223Blj, ML2223Cl)

ML2223BCP, ML2223CCP

TYP TYpP .
PARAMETER NOTES CONDITIONS MIN [(Note 3)| MAX MIN |(Note 3)| MAX | UNITS
Converter Characteristics
Linearity Error
"ML2223BXX 4 |fcak = 01 < 5MHz +% +% | LSB
ML2223CXX +1 +1 LSB
Unadjusted Zero Error
ML2223BXX 4 34 134 LSB
ML2223CXX +2° +2 LSB
Unadjusted Positive and Negative 4 +5 +4 LSB
Full-Scale Error
Zero Error Temperature Coefficient 0.5 0.5 ppmFS/
. °C
Gain Temperature Coefficient © 10 10 ppmFS/
) o
C
Common Mode Rejection 56 80 80 dB
Analog Input Source Resistance 4 2 2 kQ
Analog Input Range 4 | V|N* Referred to V- | —Vger +VRer | ~VRer +VRer \%
Analog Input Leakage Current 4 100 100 nA
Voltage Reference Input Source 4 0.5 0.5 kQ
Impedance
Reference Input Leakage Current 4 100 100 nA
Digital and DC Characteristics
Power Supply Current
Iss, Vss ‘ 18 30 18 30 mA
Power Supply Rejection 7
Vee DC 80 80 dB
DC to 25kHz 50 - 50 dB
Vss DC. 80 80 dB
DC to 25kHz 50 50 dB
Vitcwe Clock Input Low Voltage 4 0.8 0.8 \
Vinewe Clock Input High Voltage 4 35 Vee 35 Vee %
111, Input Leakage Current (CCLK) 4 |DCGND = Vi < Ve +200 1200 LA
V|, Input Low Voltage 4 - 08 0.8 \%
Vi, Input High Voltage 4 2.0 Vee 2.0 Vee
Vo, Output Low Voltage 4 |loL = 2.0mA 0.45 0.45
Vo, Output High Voltage 4 |loy =—-400uA 24 2.4
Iy, Input Leakage Current 4 |DGND = V)y = V¢ £10 +10 uA
(except CLK) : : : . o
Iz Output Leakage Current 4 |[CS=vVy +10 +10 pA
Cy, Input Capacitance 10 10 pF
(all digital inputs)
Co, Output Capacitance 5 10 10 pF
(all digital outputs) i )
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER NOTES CONDITIONS MIN (NH: 3)| MAX | UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |fccik = 5MHz (CCLKMODE = “0”) | 456 us
fceiko Clock Frequency 5,9 |Crystal (CCLKMODE = “0") 3 5 MHz
Driven (CCLKMODE = “0") A 5 MHz
feciko Clock Width 5,9 |Driven (CCLKMODE = “0”) | High 50 ns
Low 50 ns
fecua Clock Frequency 5  Driven (CCLKMODE = “1") .05 25 MHz
fecua Clock Width 5  PDriven (CCLKMODE = “1") | High | 150 ns
Low 150 ns
tscik, po | Serial Clock Low to DO Valid/Hold 4 190 ns

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

Note 2:  0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4 Parameter guaranteed and 100% production tested.

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V, C_ = 50pF.

Note 9:  Maximum frequency is 1/tcixq (high) + tciq (low) + rise + fall times, which must be < 2.5 MHz.

SCLK _/—\ / \

DO

PW
<

tsck,bo

Serial Clock to Data Out Delay
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DATA

OuTPUT
CL 10k :

OUTPUT
ENABLE

OuUTPUT

Vce
\%
10k ouTPUT «
ENABLE
DATA .
ouTPUT
(e Vce
j__ OUTPUT

VoL

—» tH) |[*—
50%

Figure 1. High Impedance Test Circuits and Waveforms

1.0 FUNCTIONAL DESCRIPTION

1.1 ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition
the values of all of the resistors or capacitors in the
DAC must be matched to within the accuracy of the
converter. This is difficult beyond 10 bits unless
trimming is used. An algorithmic converter uses less
circuitry and is more easily trimmed. Micro Linear’s
algorithmic converter is implemented using a 2x
amplifier, a sample/hold amplifier and a comparator as
shown in Figure 2.

The input sample is first multiplied by two then
compared to the reference voltage. If the 2x input
voltage is greater than the reference, the MSB is a 1
and the reference voltage is subtracted from the 2x
input voltage. The remainder is stored in the sample
and hold. If the 2x input voltage is less than the

reference, the MSB is a 0 and the 2x input-voltage is
stored in the sample and hold. This process repeats
again, however now the sample and hold voltage is
multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 2, the
algorithm for the circuit can be described as follows:

Step 1 If (2% Vi) - VRee=0
then MSB = 1
(2 x V|\) = VRgr—S/H
else MSB =0
(2 x V|N)—’S/H
Step 2 If (2% S/H) - VR = 0
then next bit = 1
(2 x S/H) - VRegr—~S/H
else next bit = 0
(2 x S/H)—~S/H
Step 3 Repeat Step 2 until conversion complete.

VIN

K=1,0,-1

>0?

GAIN OF LOOP =X2

COMPARATOR

S/H

<
<

Figure 2. Self Calibrating A/D Converter
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Since the A/D converter handles bipolar inputs,
negative inputs are handled slightly differently using the
same principle.

111 Self Calibration

In order to maintain integral and differential linearity in
an algorithmic converter, two critical parameters need
to be controlled, loop offsets and the gain of the loop.
Loop offsets are automatically nulled before each
conversion using auto-zeroing circuitry on both the
sampling amplifier and the 2x amplifier. The gain of the
loop is adjusted using self calibration.

Self calibrating the algorithmic converter, once the
offsets have been nulled, is performed by measuring
the 2x gain of the loop and adjusting it. The gain can
be measured by converting the reference voltage at the
input as well as the reference (Vggr/Vger), and
examining the output code. Converting Vggr should
yield plus full scale, since Vger/Vger should equal 1. If
the gain of the loop is slightly less than 2, the resulting
LSB of the conversion will be “0”. If the magnitude bits
of the resulting conversion are all “1s”, the gain may be
too great, therefore the gain is reduced to the point
where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of
the 2C input capacitors. A small value of capacitance is
either added to or subtracted from the 2C input caps
until the gain of the loop is within 13-bit accuracy.

The self calibration and trimming is performed in the
factory at wafer sort. This procedure is not available as
a finished product.

1.1.2 Conversion Times

The following table lists the conversion times which
include the sample and hold acquisition time.

OPERATION MODE INTERNAL CLOCKS*

FREERUN 113

11.3 Sample and Hold Timing

Figure 3 shows the internal timing for the sample and
hold circuitry. The relationship between the start of
conversion and the input channel going into sample
mode is fixed at 6 internal clocks* Six internal clocks
after the start of conversion the sample and hold is
switched into the sample mode, placing two 9pF
capacitors in parallel with the input pins; one on Vi\+

I 12113
EXTERNAL CLOCK
CLKMODE = “0” | !

INTERNAL CLOCK 617 8

OR EXTERNAL CLOCK .
CLKMODE = “1” | |

START OF CONVERSION

9

|
|«————SAMPLING INPUT ———]

and one on Vin-. The sample switch is kept in the
sample mode for 8 internal clocks (3.2us at a 5MHz
external clock), then placed in the hold mode. During
the next 2 internal clocks the charge on the sample and
hold is transferred into the A/D, after which the Vger pin
is sampled for 8 internal clocks.

* For a description of internal clocks see Clock section.

1.2 ANALOG INPUTS

1.21 Differential Inputs and Common Mode Rejection

The differential inputs of the ML2223 eliminate the
effects of common mode input noise (60Hz for
example), as V|t and VN~ are sampled at the same
time.

1.2.2 Noise

The leads to the analog inputs should be kept as short
as possible to minimize output noise. Noise as well as
digital clocks can couple into the inputs and cause
errors. Input filters can be used to reduce the effects of
these sources.

1.2.3 Power Supply Decoupling

Low inductance tantalum capacitors of 1uF or greater
and 0.01uF disc ceramic capacitors are recommended
for bypassing Vcc as well as Vsg to AGND. These
capacitors should be placed close to the Vcc and Vg
pins.

1.3 CONVERTER CLOCK

The CCLK input can be driven with an external clock
or a crystal referenced to DGND. The crystal must be
parallel resonant with minimum capacitive loading. (i.e.,
no bypass caps should be used and leads should be
kept short)

If driven with external clock and if the CLKMODE pin

is tied to V¢, the frequency must be between 50KHz
to 2.5MHz with the requirement that clock LOW (tcciky)
and clock HIGH (tccikn) durations must be more than
150ns. If the CCLKMODE pin is tied to ground then the
frequency can be from 100KHz to 5.0MHz.

For crystal operation with the divide by two flip flop
bypassed, and there is a 40 to 60% variation in duty
cycle of the oscillator, the maximum crystal frequency is
2.5MHz to insure that the minimum clock high and low
times are greater than 150 nsec.

28129 32133 48la9
| | |
10 11 12 13 14 l15 16117 18 19 20 21 22 23 24 /25 2

| 1 |
| | |
|«——— SAMPLING REFERENCE —|

Figure 3. Sample and Hold Timing
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14 RESET

The RESET pin has an internal 100K pullup resistor. ~
Power supplies must be stable to within a 5%
tolerance before the reset condition is removed.

The active low hardware reset can be performed by a
capacitor value: (usually >6uF) tied to the RESET pin or
by driving it with the system reset signal.

1.5 SCLK

The SCLK is used to clock out the data to the
transmission line via the Doyt pin. The SCLK can be
supplied either externally or internally through the use
‘of the INSCLK pin. Maximum SCLK frequency is 625kHz.

In applications where the internal SCLK is used, the
SCLK is generated by dividing the internal clock by 128.
For example, when 2.4576MHz crystal is used to
generate CCLK, this will result in a 19.2Kbps data
transmission rate (CLKMODE = 1). In the case where
CLKMODE = 0, then the transmission rate WI|| be
9.6Kbps. .

1.6 CONVERTER OPERATION

There are two basic types of operation. By programming
the CURR pin to “1,” the device will be operating in the

“Previous Data Mode” and when CURR pin = “0,” the

~ device.is in the “Current Data Mode.”

- The ML2223 performs continuous conversion. The -~

conversion takes 110 clock periods and an additional 13
clock periods are required for the device to shift out
the data. In the Current Data Mode, the data are
transmitted after the conversion is completed. 24-bit -
time of the SCLK (transmit clock) is required to transmit
the full data frame and an additional 8-bit time of idle
is needed before the next conversion begins. A total of
32-bit time delay of the SCLK is therefore needed
between conversions (see Figure 4).

In the Previous Data Mode, the data is transmitted at the
start of the conversion (see Figure 5).

1.7 DATA FORMAT

The converter data is output in two data byte frame.
Each frame has one start bit and two stop bits and each
data byte consists of 8 bits of data and one parity, bit.
The data is transmitted LSB first (see Figure 6).

The first data byte transmitted is the least significant
byte with even parity bit and the second byte is the
most significant byte with odd parity. Thus, the UART -
can identify the lower byte or the upper byte by
observing the parity error flag in accordance to the
parity check it has set-up.

ﬁsﬁ_/

|€-123BT—>

RIS RRES )
CONVERSIONI

CONVERSION ——Simiie— 9N

‘ DATA2 - - x

; DATA 1
Dout
‘ ) ! 24 BIT ‘

L— 8 BIT IDLE

Figure 4. Current Data Mode.

wr — /|

j€-123BT—»

[J
co~vensndr~:4' GONVERSION

CONVERSION e J 11T TN 1Y

K DATA O x

bout
|<—24 Bl‘r—~—>|<—>l

8 BIT
IDLE

Figure 5. Previous Data Mode.
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FIRST LAST
START START
BIT 158 BIT SIGN EXTENDED
DL 1 lo1 2345 6 7]p] | [s 9 w0n]s s s sfe]
sTOP sTOP
BIT BIT
EVEN PARITY ODD PARITY
LOWER BYTE UPPER BYTE

Figure 6. Data Format.

APPLICATIONS

INSCLK
CLKMODE

9600 BAUDS
DOUT 55 UART

2.4576 -[

MHz ; ML2223

Figure 7. Remote Monitor System.

ORDERING INFORMATION

LINEARITY TOTAL TEMPERATURE
PART NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE
ML2223BCP +3% LSB 1 0°C to +70°C MOLDED DIP (P16)
ML2223Blj -40°C to +85°C HERMETIC DIP (J16)
- ML2223CCP *1 LSB 12V 0°C to +70°C MOLDED DIP (P16)
ML2223Cl) -40°C to +85°C HERMETIC DIP (}16)
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8L Micro Linear

October 1990
PRELIMINARY

ML2230

uP Compatible 12-Bit Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2230 is a member of Micro Linear’s 12-bit plus sign
CMOS A/D converter family utilizing a self calibrating
algorithmic technique. The sample-and-hold, incorpo-
rated on the ML2230, has a differential input for noise
immunity and power supply rejection. All errors of the
sample-and-hold are accounted for in the analog-to-digital
converter’s accuracy specification.

The ML2230B has a maximum non-linearity error over
temperature of 0.018% of full-scale, and the ML2230C
and ML2230D have a maximum non-linearity error over
temperature of 0.024% of full scale.

Designed to interface to an 8-bit microprocessor bus with-
out additional components, the ML2230 outputs the 13-bit
data result in two 8-bit bytes. Data format is 2’'s comple-
ment. All digital signals are fully TTL and CMOS
compatible.

For interfacing to a 16-bit microprocessor bus the ML2233
provides a 13-bit data result.

FEATURES

® Resolution 12-bits +sign

® Conversion time
(including S/H acquisition) 31.5us max
Sample and hold acquisition 2.3us max
Non-linearity error +34LSB and +1LSB max
Low harmonic distortion 0.01%

No missing codes

Self calibrating—maintains accuracy over time and
temperature

Inputs withstand |7V/| beyond supplies

Data transfer options—interrupt, DMA, or polling
Outputs data in two 8-bit bytes

Standard 24-pin DIP

BLOCK DIAGRAM

VREF DVcc DGND

I i

—O DO
—o D1

—o D2
ViN+ 0—] 12-BIT + SIGN A/D DATA b3
AND 110 ° D

ViN~ O—] SAMPLE AND HOLD FUNCTION wrcH o

o b5
o D6
leo A0

WP leo A1

CONTROL |0 G5

D le-owr

—o D7
AN
TIMING RD
m DAV

L—-O CiK
SYNC

1L

AVcc © Vss AGND

PIN CONNECTIONS

ML2230
' 24-PIN DIP
AGND [] 1 ~ 24 [] Avee
vin+ [] 2 23 [] cLk
VIN- D 3 2 [] WR
VREF |: 4 21 ]ﬁ
vss [] 5 20 [] G5
bAv [} e 19 [ Ao
syNc [] 7 18 [] A1
Do [|s 17 [] o7
pi1flo | 16 [] D6
D2 [] 10 15 [] DGND
b3 [|n 14 []os
pvce [] 12 13 [] D4
TOP VIEW
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PIN DESCRIPTION

NAME

DIP _ PCC FUNCTION DIP_ PCC  NAME FUNCTION
1 1 AGND  Analog ground. 13 16 D4 Bidirectional data bit.
2 2 Vin+  Positive differential analog input; 14 17 D5 Bidirectional data bit.

range=Vss<V|N+ <AV(c,
[(Vin+) = (ViN=)] = Viger.
Negative differential analog input;
range=Vgs<V|y— <AV(cc,
[(Vin+) = (Vin—=)| = Ve

3 3 Vin -

4 4 Vger  Voltage reference input; refer-
enced to analog ground.

5 5 Vsg Negative power supply; decouple
to AGND.

6 8 DAV  Data available; indicates a con-
version has completed and data is
available or calibration complet-
ed.

7 9 SYNC In the slave mode, SYNC is a posi-
tive edge triggered input used to
start a conversion. In master
mode, SYNC is an output and
indicates a conversion has oc-
curred.

8 10 Do Bidirectional data bit.

9 1N D1 Bidirectional data bit.

10 13 D2 Bidirectional data bit.

11 14 D3 Bidirectional data bit.

12 15 DVcc  Digital power supply. Tie to AVee

from same power supply.

15 18,19 DGND
16 20 D6

Digital ground.
Bidirectional data bit.

17 21 D7 Bidirectional data bit.

18 22 Al Address for the microprocessor
interface to access any one of the
four registers.

19 23 A0 Address for the microprocessor
interface to access any one of the
four registers.

20 24 CS Chip select; enables writing to or
reading from.

21 25 RD Read; enables ML2230 to drive
data bus.

22 26 WR  Write; allows writing into the reg-
isters.

23 27 CLK  Clock input. Drive with an ex-
ternal clock or crystal referenced
to DGND. The crystal must be
parallel resonant with minimum
capacitive loading. (i.e., no
bypass caps should be used and
leads should be kept short.)
Positive analog power supply. De-
couple to AGND. Tie to DV¢c
from same power supply.

24 28 AVce

ABSOLUTE MAXIMUM RATINGS
(Note 1)

Supply Voltages (AVecand DVee) «vvovveoniiin i, 6.0V
Negative Supply Voltage (Vge) .. ..o oo -6.0V
Voltage at Analog

Inputs. ... Vgs—7Vto AV +7V
Voltage at VRgr <« v ovvvee e Vss—7Vto AV +7V
Input Current per Digital Pin . ...................... +10mA
Input Currentat Analog Inputs. ..................... +20mA
Storage Temperature Range........... ... =65°Cto +150°C
Package Dissipation @25°C ... ... 875mW
Lead Temperature soldering,

Dual-In-Line Package (Ceramic) ..................... 300°C

OPERATING CONDITIONS (Note 2)

Temperature Range ........................ ... 0°C to 70°C
Supply Voltage (AV¢c and DV ......... 4.5Vpc to 6.0Vpc
Negative Supply Voltage (Vss) ... =4.5Vpc to -6.0Vpc

Reference Voltage (VRep) «ovvviiviieiiiiiiiiiiiii 2.60V

I@L. Micro Linear
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ELECTRICAL CHARACT ERISTICS

The following specifications apply for Ve = +5V £ 5%, Vsg = -5V =+ 5%, VRer = +4.75V, Vin- = AGND

VNt = -4.75V to +4.75V, Ta = TMIN to Tmax unless otherwise specnfled

TYP

PARAMETER ‘NOTES CONDITIONS MIN (Note 3) MAX UNITS
Converter Characteristics
Linearity Error )
ML2230BXX 4 fcck = 01 < 7MHz +% LSB
ML2230CXX fCCLK =01 < 7MHz +1 LSB
ML2230DXX fecik = 01 < 5MHz +1 LSB
Unadjusted Zero Error
ML2230BXX 4 +34 LSB
ML2230CXX +2 LSB
ML2230DXX +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient 10 ppm/°C
Common-Mode Rejection 56 80, dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range 4 VNt Refer to V- ~Vger +VRee \Y
Analog Input Leakage Current 4 100 nA
Voltage Reference Input 5 0.5 kQ
Source Impedance - )
Reference Input Leakage Current 4 100 nA -
Digital and DC Characteristics
Power Supply Current
Alcc, Analog Ve 4 30 50 mA
Dlcc, Digital Ve 10 HA
lss, VSS 18 30 mA
Power Supply Rejection 7 )
AVee DC 80 dB
DC to 25kHz 50 dB
Vss DC 80 dB
‘ . DC to 25kHz 50 dB
Vitewe Clock Input Low Voltage 4 038 \
Ve Clock Input High Voltage 4 35 AVce \'a
11, Input Leakage Current (CLK) 4 AGND =|V|y < AVcc +200 | WA
Vi, Input Low Voltage 4 08 \"
Vi, Input High Voltage 4 2.0 DVce A
VoL, Output Low Voltage 4 |lgL = 20mA 0.45 v
Vou, Output High Voltage 4 lon = -400uA 24 \
I, Input Leakage Current (except CLK) 4 AGND = V| =< AVc +10 HA
lni.z Output Leakage Current (D0-D7) 4 |RD=CS=Vy +10 uA
C,, Input Capacitance (all digital inputs) 10 pF
Co, Output Capacitance 10 pF

(outputs DO to D7, and DAV)
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER CONDITIONS MIN (Ngep 3) | MAX | UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time i 4,9 |CLK Mode =0 fek = Z0MHz 315 us
fcik = 5.0MHz 44.0 us
Sample and Hold Acquisition 4,9 |CLK Mode =0 fok = 7Z0MHz 23 s
fok = 5.0MHz 32 us
feiko Clock Frequency 5,9 |Crystal (CLK Mode = 0) 3 7 MHz
Driven (CLK = Mode 0) 1 7 MHz
tciko Clock Width 5 9 |Driven High 50 ns
(CLK Mode = 0) Low 50 ns
fou Clock Frequency 5, 10 |Driven (CLK Mode = 1) 0.5 (Note 11) | MHz
teik Clock Width 5, 10 |Driven High 125 ns
(CLK Mode = 1) Low 125 ns
taD Address Stable to Valid Data 4 150 ns
taR Address Stable Before Read 4 0 ns
tRA Address Hold After Read 4 0 ns
tRR Read Pulse Width 5 150 ns
tRD Read Access 4 150 ns
t1z toz |Data Read to Hi-Z 4 0 50 ns
try Recovery Between Two Reads 5 250 ns
or Writes
troCK Read to Clock Setup Time 5 12 40 ns
taw Address Stable Before Write 4 1} ns
twa Address Hold After Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge| 4 100 ns
twp Data Hold After Write Trailing Edge 4 0 ns
twrck | Write to Clock Setup Time 5 12 40 ns
tekpav | Clock to DAV Assert 4,13 |C, = 50pF 120 220 ns
tsyncek | SYNC Input to Clock Setup 5 12 o 40 ns
tsynen | SYNC Input Width 5 |(CLK Mode = 0) 6 Vfeiko
(CLK Mode = 1) 3 Vfcik
teksyne | External Clock to SYNC Output Delay| 5, 13 |Cp = 50pF 150 200 ns
tsynco | SYNC Output Pulse Width 5, 13 |(CLK Mode = 0) 8 ko
(CLK Mode = 1) 4 1cike
twroav | Write Reg2 to DAV Rising Edge 4, 14 |Cp = 50pF 170 ns
tropav | Read Reg0 to DAV Rising Edge 4,15 |C_ = 50pF 170 ns
t, t Rise and Fall All Inputs 25 ns

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4: Parameter guaranteed and 100% production tested.

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgomﬁ quality level calculation.

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. °

Note 8:  All parameters measured from 0.8V to 2.0V, C; = 100pF.

Note 9:  CK1X bit in control register = 0.

Note 10: CK1X bit in control register = 1.

Note 11: Maximum frequency is 1/tcix; (high) + tciiq (low) + rise + fall times and < 3.5MHz.

Note 12: Setup time required for synchronous start of conversion.

Note 13: In CLK mode = 0 (CK1X bit in control register = 0) start of conversion W|II occur at specmed time; or time plus one fc ko period (see
Figure 5).

Note 14: Wgrmng a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output.

Note 15: In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output.
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TIMING DIAGRAMS

A0, A1,CS

DATA BUS

A0, A1,CS

DATA BUS

CLK, MODE = 1

CLK, MODE = 0

DAV

WR

CLK, MODE =1

CLK, MODE = 0

tAD —»| tRA |-
s \
X X
-tAR IRR | '
s :S
_/
tRv tRD—> —>|  |-—tiz, toz
s R
HIGHZ X VALID 7K HIGH Z
Figure 1. Read Cycle
—> <—twa
Y
X
taw —> |<—twD
s s
INVALID kt VALID X INVALID
- tow »
p e
N\ /
tRv tww

tckpav
'<—IWRDAv—>
] tckpav
tRDD
FIRST BYTE SECOND BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

akmope-1 T\ /TN
CLK, MODE =0 . k q‘———\— —/

SYNCOUT

-/

S

|— tcksyNe

tCKSYNC

L

tsYNCO!

R

Figure 4. SYNC Output

2-60

@ Micro Linear



ML2230

TIMING DIAGRAMS (Continued)

START OF CONVERSION START OF CONVERSION
(NOTE 2) (NOTE 3)
CLK !
(NOTE 1) P | -
—»| e tsyncck .
SYNCIN r +
(START MODE 3) / |
(M/S =0) |
tSYNCN T —
twRCK: |
WR I
(START MODE 0) :
I tRDCK |
}
(START MODE 1) T0 T||
NOTES:

1. CLK 1S THE CLOCK DRIVEN AT THE CLOCK PIN.
2. IN CLKMODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET.
3. IN CLOCK MODE 0, WILL OCCUR EITHERAT TO OR T1 IF SETUP TIMES ARE MET.

Figure 5. Start of Conversion (Start Mode 0,1,3)

BLOCK DIAGRAM

CLK ———> osc
DATA CLK DATA CLOCK
] j GENERATOR
+2 >
TEMPORARY
l _»|  REGISTER
SYNC
: X LoGIC  [&> SYNC
MUX S fe— 16 <>
CLK l l DATA BUFFER
DATA REGISTER
DAV )
START o -
ViN+ ———] \ N f
BUSY START
VIN = ———] - > LOGIC N
VRegf ———»  12-BIT oc » DATA
+ SIGN BUS
A/D, 2 f SMDE
SAMPLEAND | CKIX
AGND————»|  HOLD 8 8
v . DOCAL <I> DATA D0-D7
R —
CONTROL BUFFERS
AVee — REGISTER
ADRDY R
| sC
2 8
16, CALCODE <8i
HOLDING «—
REGISTER ALAo
P le——— CS
CONTROL INTERFACE WR
BUS _
¢————RD
g

Figure 6. Block Schematic Diagram
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FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the ap-
proximated signal, however this technique requires more
circuitry than algorithmic converters. In addition the val-
ues of all of the resistors or capacitors in the DAC must be
matched to within the accuracy of the converter. This is
difficult to do in silicon beyond 10 bits unless trimming is
used. An algorithmic converter uses less circuitry and is
more easily trimmed. Micro Linear’s algorithmic converter
is implemented using a 2x amplifier, a sample/hold amp,
and a comparator as shown in Figure 7.

The input sample is first multiplied by two then compared
to the reference voltage. If the 2x input voltage is greater
than the reference, the MSB is a 1 and the reference volt-
age is subtracted from the 2x input voltage. The remainder
is stored in the sample and hold. If the 2x input voltage is
less than the reference, the MSB is a 0 and the 2x input
voltage is stored in the sample and hold. This process re-
peats again, however now the sample and hold voltage is
multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
algorithm for the circuit can be described as follows:

Step 1 If (2 x V) = VR =0
then MSB = 1
. (2 x VIN) = VReg—S/H
else MSB =0
(2 x VjNy)—S/H
Step2 (2 x S/H) - Vggr =0
then next bit = 1
(2 x S/H) = Vgge—S/H
else next bit = 0
(2 x S/H)—S/H
Step 3 Repeat Step 2 until conversion complete.

Since the A/D converter handles bipolar inputs,
negative inputs are handled slightly differently using the
same principle.

VIN TRIM C
l CAPS ,__H_._
EN s IR0,
TRIM L'H"

CAPS c » >0

GAIN OF LOOP =X2

COMPARATOR

S/H

'S

Figure 7. Self Calibrating A/D Converter

SELF CALIBRATION

In order to maintain integral and differential linearity to
the 1/2 LSB level in an algorithmic convertef, two critical
parameters need to be controlled, loop offsets and the
gain of the loop. Loop offsets are automatically nulled be-
fore each conversion using auto-zeroing circuitry on both
the sampling amp and the 2x amp. The gain of the loop is
adjusted using self calibration.

Self calibrating the algorithmic converter, once the offsets
have been nulled, is performed by measuring the 2x gain
of the loop and adjusting it. The gain can be measured by
converting the reference voltage as the input as well as the
reference (Vree/Vgep), and examining the output code.
Converting Vger should yield plus full scale, since Vgge/
Vger should equal 1. If the gain of the loop is slightly less
than 2, the resulting LSB of the conversion will be /0", If
the magnitude bits of the resulting conversion are all “1s”, .
the gain may be too great, therefore the gain is reduced to
the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of the
2C input capacitors. A small value of capacitance is either

- added to or subtracted from the 2C input caps until the

gain of the loop is within 13 bitaccuracy of 2.
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FUNCTIONAL DESCRIPTION (cContinued)

CONVERSION TIMES

The following table lists the conversion times which in-
clude the sample and hold acquisition time. For a CALRD
and CALWR no A/D conversion actually takes place.

OPERATION # OF INTERNAL CLOCKS*
8 bit A/D 80
13 bit A/ID 110
CALWR 52
CALRD 80
SAMPLE AND HOLD TIMING

Figure 8 shows the internal timing for the sample and hold
circuitry. The relationship between the *‘Start of Conver-
sion’”” and the input channel going into sample mode is
fixed at 6 internal clocks*, regardless of the Start Mode. Six
internal clocks after the Start of Conversion the Sample
and Hold is switched into the sample mode, placing two
9pF capacitors in parallel with the inputs pins; one on
Vin+ and one on VN —. The sample switch is kept in the
sample mode for 8 internal clocks (2.3us at a 7ZMHz ex-
ternal clock), then placed in the hold mode. During the
next 2 internal clocks the charge on the sample and hold is
transferred into the A/D, after which the Vggg pin is sam-
pled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in Mas-
ter Mode during a conversion (M/S=1 Control High Byte
register) and Start Mode 0, 1, or 2. SYNC is activated one
internal clock cycle after the Start of Conversion and lasts
for four internal clocks.

*For a description of internal clocks see Clock section.

ANALOG INPUTS

DIFFERENTIAL INPUTS AND COMMON MODE
REJECTION

The differential inputs of the ML2230 eliminate the effects
of common mode input noise (60Hz for example), as
Vin+ and Vi — are sampled at the same time.

NOISE

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

POWER SUPPLY DECOUPLING

Low inductance tantalum capacitors of 1uF or greater
and 0.01uF disc ceramic capacitors are recommended for
bypassing AVcc as well as Vgs to AGND. These capacitors
should be placed close to the AV¢c and Vg pins.

MICROPROCESSOR INTERFACE

There are four 8 bit directly addressable registers; two
Data Buffer registers, and two Control registers. The data
buffer registers provide the conversion results. The data
registers are double buffered, allowing one result to be
read while the next sample is being converted. The data
registers also allow access to the algorithmic converter’s
calibration code. Normally the ML2230 is operated with-
out ever accessing these registers. (Refer to Diagnositcs for
more information). The two Control registers provide com-
plete control and status information. The four registers are
addressed by pins A0 and A1.

EXTERNAL .
cock LML UL UL LU LA UU LU UL
(CLK MODE 0)
INTERNAL
CLOCK
OR (CLK MODE 1)

| |

| |

SYNC PIN | |
(MASTER MODE) !
1

|
|
|
I

[1————————-SAMPIJNG INPUT

START OF CONVERSION

SAMPLING REFERENCE ——»]

Figure 8. Sample and Hold Timing

T&L. Micro Linear
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FUNCTIONAL DESCRIPTION (continued) -

All data is returned from the converter in sixteen bit two’s
complement format, right hand justified, with the sign bit -
extended across the most significant bits.

Cycle +Max —Min i Zero
13 OFFF Fooo - 0000
8 007F FF80 0000
REGISTER DESCRIPTION

Register 0—Data Buffer Low Byte:

Reglster 0 contains the low byte result ofthe latest conver-
sion when read. Depending on the Start Mode selected,
reading or writing to this register may start the next
conversion.

Register 1—Data Buffer High Byte:
Register 1 contains the high byte result of the-latest conver-
sion when read. -

Register 2—CONTROL Reglster Low Byte

Bit 0 (DAV status when READ/DAVACK acknowledge
when a ONE is written):

Reading DAV = I-indicates that new data is availableor a
calibration is complete. If both data bytes have been read,
DAV will be cleared automatically. This bit can be explic-
itly acknowledged by writing a ONE to it; writing a zero
has no effect. The DAV output pin always reflects the
DAV status blt

Bit 1 (BUSY status when READ/RESET when a ONE is-
written):

Readmg BUSY =1 indicates that a conversion or calibra-
tion is in progress. Writing a ONE will force a chip reset.
Writing a zero has no effect.

RESET Default Conditions:

Both Control registers will automatically be cleared. Both
Data Buffer registers will be unchanged. The Calibration
register is not cleared after a reset, however the ADRDY
bit is cleared. Since the DAV status bit is cleared, the DAVB
output is inactivated (high). The SYNC pin is forced to be
an input as a result of clearing the M/S bit in the Control
High Byte register.

Bit 2 (ADRDY status when READ/DOCAL request when a
ONE is written):

Reading ADRDY = Q’indicates that the converter has not
been calibrated since the last reset, and ADRDY =1 in-
dicates that it has been calibrated since the last reset. Writ-
mg a ONE will force the converter to do a cahbratlon writ-
ing a zero has no effect.

Bit 3 (SC: Short cycle select):
Selects 8 or 13 bit conversions.

SC=0: 13-bit conversion (default)
SC = 1: 8-bit conversion (short cycle)

READ ADDRESS : WRITE
: ¥ v A1 A0
7 .6 5 4 3 2 1 7 6 5 4 3 2 1 0
DATABUFFERLOWBYTE[ D7 D6 D5 D4 D3 D2 DI Do | [ CALCODE HOLDING LOWBYTE REGISTER . | Samnetara o
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
DATABUFFERHIGHBYTE [ D15 D14 D13 D12 D11 D10 D9 D8 | | CALCODE HOLDING HIGHBYTE REGISTER |
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
conTroLLowsyTe | 0 - o | swpe | sc [aprov[susy|pav] [ o o] smoe | sc [oocafreserR2Y
00: START IF REGO IS WRITTEN ‘ WRITING 1

01: START IF REGO/1 IS READ

10: CONTINUOUS CONVERSIONS
“ AFTER REG 0 IS WRITTEN

11: START IF SYNC GOES HIGH —

SHORTCYCLE 0= 13-BIT, 1=8-BIT

ACKNOWLEDGE DAV
WRITING 1 RESETS THE CHIP

WRITING 1 REQUEST A CALIBRATION

SHORT CYCLE
CHIP CALIBRATED STATUS START MODES
CONV BUSY STATUS
DAV STATUS
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
controL HIGHBYTE | X [oma] um Jaax] mis | TMDE | [ o JomalvnJekx[msT o 0 0]
UNUSED ~ L7EST MODE ) T NORMAL A/D CONVERSION
BIT l:o: SLAVE MODE, SYNC IS AN INPUT (DEFAULT)
1: MASTER MODE, SYNC IS AN OUTPUT

0: fck = 0 DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz
1: fcLk = 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz

0: HIGH BYTE IS READ FIRST THEN LOW BYTE
1: LOW BYTE IS READ FIRST THEN HIGH BYTE

0: NON DMA MODE. REG00 HAS LOW BYTE, REGO1 HAS HIGH BYTE (DEFAULT)
1: DMA MODE. READ REG00 TWICE TO GET BOTH BYTES

Figure 9. Register Description
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FUNCTIONAL DESCRIPTION (Continued)

Note: For 8-bit conversions in non-DMA mode, only one
byte needs to be read. This can be accomplished by set-
ting L/H =0, DMA =0 and reading the Data Low Byte
register. In DMA mode both bytes need to be read.

Bits 4,5 (SMDE: Start Mode):
Defines Start Conversion mode.

Bits 5,4

00 Start Conversion upon writing to register O
(default)

01 Start Conversion upon reading register O if
L/H =0, or Start Conversion upon reading reg-
ister 1if L/H=1. In DMA mode both bytes
need to be read. The second byte read will
Start Conversion. )

10 Start Continuous Conversions upon writing to
register 0.

1 Start on external SYNC input going high (Re-
quires Slave mode: M/S=0)

Bits 7,6 (reserved):

These bits are reserved by Micro Linear and must be writ-
ten as zero.

Register 3 (Control Register.High Byte):
Bits 2,1,0 (TMDE: test mode select bits)

These bits are used for diagnostic purposes only and nor-

mally not accessed during operation. The default value of
TMDE is 000 which selects a normal A/D conversion. See
Diagnostics for more information.

TMDE Description
000 Normal A/D Conversion
001 Reserved by Micro Linear (Do Not Use)
010 CALWR Operation
011 CALRD Operation
100 System Offset
101 Common-mode
110 Plus Full Scale
111 Minus Full Scale

Bit 3 (M/S: Master/Slave bit):

Dictates whether the SYNC pin is an input or an output.
Upon RESET, this bit is cleared.

M/S =0: Slave Mode SYNC is an input which is used
to trigger a conversion if
SMDE=11.

SYNC is an output. At the begin-
ning of every conversion, SYNC
is high for 4 internal clocks.

Bit 4 (CK1X: clock select bit):

Selects whether the external clock will be divided by two
or used directly as the internal clock. See Clock section for
a detailed explanation.

CK1X=0:

M/S = 1: Master Mode

the external clock is divided by
two and used as the internal
clock. This is referred to as CLK
Mode=0.

CK1X=1:" the external clock input is used
directly as the internal clock.
This is referred to as CLK

Mode=1.
Bit 5 (L/H: Low Byte/High Byte):
In non-DMA mode the L/H bit defines whether DAVB is
deactivated by reading the Data Low Byte or Data High
Byte. In DMA mode, the L/H bit defines the order in which
the Low/High Data Bytes are presented to the data bus.

DMA mode automatically deactivates DAVB after both
bytes are read. .

*non-DMA mode: DMA=0

L/H=0: reading register O (Low Byte)
will de-assert DAVB
LIH=1: reading register 1 (High Byte)

will de-assert DAVB
*DMA mode: DMA=1

L/H=0: the first read is the Data High
Byte, and the second read is the
Data Low Byte, then DAVB out-
put is de-asserted

L/H=1: the first read is the Data Low

Byte, and the second read is the
Data High Byte, then DAVB out-
put is de-asserted

Bit 6 (DMA: DMA mode bit):

This bit allows both high and low bytes from the 13 bit
conversion to be read from one address; either Data Buffer
Low Byte or Data Buffer High Byte registers.

DMA=0: The high byte of the conversion
will always be read from the
Data Buffer High Byte register
and the low byte of the conver-
sion will always be read from
the Data Buffer Low Byte

Register.

Both high and low bytes of the
conversion can be read from ei-
ther the Data Buffer High or
Low Byte Registers. A DMA
controller, microprocessor, or
other 1/O device can use a sin-
gle 1/0O address to read both the
low and high bytes of the con-
version. The order in which the
high and low data bytes are pre-
sented is defined by the L/H
control bit.

DMA=1:

Note: This feature is not restricted to DMA controllers. It is
an /O option which may be used by a DMA controller,
microprocessor, or any other type of 1/O device.

Bit 7 (Reserved by Micro Linear)
This bit is not used. When written use zero.

N - -
NgL. Micro Linear
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FUNCTIONAL DESCRIPTION (Continued)

GENERAL OPERATING INFORMATION

CONVERSION-START PROTOCOL

There are four different ways to start a conversion. They
are defined by SMDE bits 4 and 5 in the Control Low Byte
Register.

SMDE
Bits 5,4

00: A write to register O will start a conversion. During
a conversion, if another write is issued to register
0, the “‘Start Conversion’” command will be
latched and another conversion will immediately
follow the current one. To insure that the second
write will be latched, it must occur at least 3 in-
ternal clocks after the first write. Only one addi-
tional write will be latched; multiple writes within
a conversion will only yield one more conversion.

01: Reading the data from the previous conversion
starts the next conversion. Start Conversion upon
reading register 0 if L/H=0, or Start Conversion
upon reading register 1 if L/H=1. In DMA mode
both bytes need to be read. The second byte read
will Start the Conversion.

10: -~ This mode causes continuous conversions; the
next conversion begins immediately after the
previous conversion ends. Writing to register 0
will start the first conversion; thereafter the con-
verter runs continuously. This mode yields the
maximum conversion rate.

11:  The Sync input triggers the start of a conversion.
. The M/S bit in the Control High Byte Register must
be cleared, placing the chip in the slave mode.

Note: The external activation signals for Start Modes 0, 1,
and 3 are synchromzed internally to the system clock. If
periodic sampling is required using these Start Modes, the
SYNC, RD, or WR pulses must be synchronized to'the sys-
tem clock. Start Mode 2 guarantees periodic sampling.

DOUBLE-BUFFERED DATA REGISTER

The A/D conversion result is double-buffered using the
Data Buffer registers and the A/D Data register. The actual
End-Of-Conversion (EOC) does not correspond with the
DAVB output going low. The DAVB output goes low 16 in-
ternal clocks aftet the EOC. From the time DAVB output
goes LOW), the user has one full conversion time (80 or
110 internal clocks) minus 16 internal clocks to read two
data bytes as shown in Figure 10.

SELF CALIBRATION

Setting the DOCAL bit issues a calibration request to the
chip. When calibration is done, the DAV status bit is set
and the DAVB output goes low.

A calibration requires 8,260 internal clocks. Using a 7MHz
clock (CLK Mode =0), this is approximately 2 ms. Power
supplies and external voltage reference must be

stable before issuing a request for calibration.

The ML2230 should be calibrated before any conversions
are attempted. Calibrations must not be performed si-
multaneously with conversions. Before requesting a cali-
bration, the user may want to read the Busy status bit to
make sure that the converter is idle. Polling the chip while
the calibration is in progress is not recommended.

START OF CONVERSION 2 START OF CONVERSION 3

START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2

[<«— CONVERSION 1—>| CONVERSION 2 —»|<—— CONVERSION 3 —»

N DATA 1 AVAILABLE l‘DATA 2 AVAILABLE

F r

Figure 10
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FUNCTIONAL DESCRIPTION (Continued)

CLOCK

The ML2230 has the option of dividing the clock at the
CLK pin by 2, or using it directly to drive the internal logic.
This option is selected through the CK1X bit in the Control
register. When CK1X =0 the clock is divided by 2. This is
referred to as CLK Mode =0. The clock at the CLK pin is re-
ferred to as the External clock, and the Internal Clock is
the External clock divided by 2. When CK1X =1, the clock
at the CLK pin drives the internal logic directly, therefore
this clock is referred to as the Internal clock. This is also
known as CLK Mode = 1. All internally clocked logic is
positive edge triggered.

CLK Mode = 0:

There are two advantages to CLK Mode 0. This is the only
Mode that allows an external crystal to be used. CLK Mode
1 cannot operate with an external crystal, the CLK pin
must be driven. The second advantage of CLK Mode 0 is
that the duty cycle for a driven clock is less stringent than
in CLK Mode 1. (Refer to tc kg and tcy kg in AC Electrical
Characteristics for CLK Mode 0 and 1 timing requirements,
respectively.)

On power up the state of the divide by two flip-flop is in-
determinate. Therefore the relationship between the in-
ternal clock and the external clock at the CLK pin can have
one of two possibilities as shown in Figure 11. As a result
the following should be considered.

<

twreks trRocks and tsyncck specs, (RD, WR, and SYNC set-
up times to Start of Conversion), will be as shown in the
data sheet, or the data sheet specs plus one external clock
period. Since these specifications are with respect to the
rising edge of the external clock, it is not known whether
this rising edge corresponds to the rising edge or falling
edge of the internal clock. Therefore there is an uncer-
tainty of one external clock period.

If periodic sampling is necessary and Start Mode 0,1, or 3
is used, the external start pulse (either RD, WR, or SYNC)
must be synchronous to the external clock, meet the setup
time, and be an even number of external clock periods. If
the start pulse were an odd number of external clock peri-
ods, half the pulses would correspond with the rising edge
of the internal clock, and the other half would correspond
with the falling edge of the internal clock. Therefore the
sampling period would change by one external clock
period every sample. Start Mode 2 guarantees periodic
sampling regardless of the CLK mode.

CLKMode =1: :

This mode eliminates the requirement that external start
pulses must be an even number of external clock periods.
However periodic sampling still requires that the start
pulse be synchronous to the external clock, and the setup
time must be met. CLK Mode 1 also eliminates the un-
certainty of the twrck, trock, and tsyncck requirements.

EXTERNAL
CLOCK
(CLKMODE =0)

INTERNAL
CLOCK*

1
L

N
L LI

*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE =0

Figure 11

T Micro Linear
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FUNCTIONAL DESCRIPTION (cContinued)

DIAGNOSTICS

Diagnostic routines may be run after power up or any
other time to ensure proper operation. The diagnostic fea-
tures, which are software selectable,-don’t require ex-
ternal hardware. Both the analog and digital sections can
be tested. :

The ML2230 is placed in the diagnostic mode via the
TMDE field in the Control High Byte Register. Once the
ML2230 is placed in one of the diagnhostic modes, a con-
version must be executed before the results can be read.
As with all conversions, DAVB will be activated upon
completion.

ANALOG CONVERSION DIAGNOSTICS
TMDE = 000: Normal Operation

Selects normal A/D conversion. Default condition after a
software reset.

TMDE=001: Reserved by Micro Linear.

TMDE =010: CALWR operation

The data in Write register 0 and 1 (CALCODE Holding
Register), are transferred into the converter’s Calibration
register when a ‘‘Start Conversion”’ is issued. A dummy
conversion occurs and the DAVB output goes LOW to in-
dicate that the operation is complete.

TMDE=011: CALRD operation

The contents of the Calibration register are transferred
through the A/D Data register and loaded into the Data
Buffer registers. A dummy 8-bit conversion occurs and
DAVB output goes LOW to indicate that the CALRD
operation is complete.

TMDE = 100: System Offset

The positive and negative inputs to the Sample and Hold
are tied to analog ground. With this:setting, converted
data will give the offset of the A/D converter and Sample/
Hold combination. The V|n+ and Vi = pins will remain
in a high impedance state while in this mode.

TMDE=101: Common-mode

Both the positive and negative inputs of the Sample and

Hold are tied to Vggg. The results of a conversion in this

test mode indicates how well the converter is rejecting a
common mode signal.

TMDE =110: Positive Full Scale

This test mode connects the positive input of the Sample
and Hold to Vggr and the negative input of the Sample and
Hold to analog ground. The result of converting in this test
mode is a value near positive full scale.

TMDE=111: Negative Full Scale

This test mode connects the positive input of the Sample
and Hold to analog ground and the negative input to Vggg.
The result-of converting in this test mode is a value near
negative full scale.

DIGITAL LOOPBACK |

The ML2230’s architecture provides a way for the micro-
processor to indirectly read and write to the A/D
converter’s calibration register and data register via.a.
CALRD and CALWR. Figure 12 illustrates this architecture. -
This in effect allows a digital loopback.

rr T T 0T - - - - T il
| REGISTERS ‘ A/D CONVERTER I
| A1 A0 WR RD TS 7 0 | |
| o o o 1 o [cacoperowinGowsvte | | |
| = | |
1
l , , I |
{ 0 1 0 1 o [CALCODEHOLDING HIGH BYTE | ! i
|
| | i |
| | y o]
I I | CALIBRATION | REGISTER | I
15 ~ > 0
i [ vemporary | REGISTER j«r——[ A/D DATA | REGISTER | I
|A1 A0 WR RD CS 7 {} l I
[0 1 1 00 | DATABUFFER HIGH BYTE ] | |
| | | |
| 7 i; 0 | |
[ o o 1 o o[ pamsurreriowsvie | | |
- e e a

Figure 12. Digital Loopback
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FUNCTIONAL DESCRIPTION (Continued)

When the TMDE bits are set to 010 CAL WRITE (CALWR),
and a Start Conversion is issued in any one of the four
modes, the contents of the CALCODE Holding Low Byte
and High Byte registers are transferred into the A/D con-
verter’s Calibration register. When the TMDE bits are set to
011 CAL READ (CALRD), and a Start Conversion is issued,
the contents of the Calibration register are transferred
through the A/D’s Data register into the Data Buffer Low
Byte and Data Buffer High Byte registers. The result of
these two operations is a complete loopback from the
CALCODE Holding registers through the A/D converter
and back into the Data buffer registers. This loopback pro-
vides user assurance that all the paths are clear and there
are no stuck bits.

Note: When a CALWR is done, the previous calibration
value is lost. The correct calibration value must be re-
stored before the converter is used to convert data.

CALIBRATION PASS/FAIL TEST

The CALRD can be used as a way to verify a successful
calibration. After a calibration is completed, the CALRD
may be issued in order to read the contents of the Calibra-
tion register. If the Low Byte of the data buffer register is all-
ones after executing a CALRD, the calibration failed;
otherwise the calibration is successful.
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FUNCTIONAL DESCRIPTION (Continued)

.45V
] AVce o
D0-D7 | <
LATCH |,
) ‘ DV.
ALE > :t? AT,A0 —
__ _ | Vss
RD »| R le—— -5V
= —— VREF +
WR »| WR Je=EEL 4 2.5V EXTERNAL
8048 v ML2230 | AGND REFERENCE
ADDRESS — N :
| DECODE I —>Cs L2CND, .
=
INT |+ DAV X
VIN+ "—_‘] ANALOG
Vin— |« INPUT
P12 —»[SYNC  CLK __l_
==
Figure 13. Interfacing to 8048 Microcontroller
2 I\
5V
A1,A0 ] Y A1,A0 AVee
7 1 4 <
A 8 N DVce
D0-D7 |{ §i ) po-p7 <
T
W \ 4 RD 4————VSS 5V
RW ' -
[_D . VRef + 2.5V
02 O:D°—> WR |[«—— EXTERNAL
REFERENCE
VMA _
+5V A3-A15 s )
% (OPTIONAL) AGND
3K
_ DGND
iRQ |¢—o DAV
: =
6800 ML2230 -
VIN +|¢———
FROM SYSTEM ] ;\r:JFAUL?c
HARDWARE .
CLocksor { T PISYNC  ViN-je—
TIMERS CLK

-IHEr—J

Figure 14, lnteifacing to 6800 Microprocessor
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ML2230
ORDERING INFORMATION ‘

LINEARITY MINIMUM TEMPERATURE
PART NUMBER ERROR CONVERSION RANGE PACKAGE
ML2230BC) ‘ +3 LSB 31.5us 0°C to +70°C Hermetic DIP (J24)
ML2230CC] +1 LSB 31.5us 0°C to +70°C Hermetic DIP ()24)
ML2230DC) ’ +1 LSB 44.0us 0°C to +70°C Hermetic DIP ()24)
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October "‘1\990

ML2233

uP Compatlble 12-B|t Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2233 is a member of Micro Linear’s 12-bit plus sign
CMOS A/D converter family utilizing a self calibrating
algorithmic technique. The sample-and-hold, incorpo-
rated on the ML2233, has a differential input for noise
immunity and power supply rejection. All errors of the
sample-and-hold are accounted for in the analog-to-digital
converter’s accuracy specification.

The ML2233B has a maximum non-linearity error over
temperature of 0.018% of full-scale, and the ML2233C
and ML2233D have a maximum non-linearity error over
temperature of 0.024% of full scale.

Designed to interface to a 16-bit microprocessor bus with-
out additional components, the ML2233 outputs the 13-bit
data result in one word. Data format is 2’s complement.
All digital signals are fully TTL and CMOS compatible.

For interfacing to an 8-bit microprocessor bus the ML2230
provides a 13-bit data result in two 8-bit bytes.

FEATURES

= Resolution 12-bits +sign
= Conversion time
(including S/H acquisition) 31.5us max
Sample and hold acquisition 2.3pus max
Non-linearity error +%LSB and +1LSB max
Low harmonic distortion 0.01%

No missing codes

Self calibrating—maintains accuracy over time and
temperature

Inputs withstand |7V/| beyond supplies

Data transfer options—interrupt, DMA, or polling
13-bit result for 16-bit bus interface

Standard 28-pin DIP

BLOCK DIAGRAM

VREF DVcc DGND

| [

Lo n2
Vin + 0— 12-BIT + SIGN A/D

IN+ AND o D3
Vin— O—] SAMPLE AND HOLD FUNCTION —-_,-]> o D4

pAlA [~© DS

LATCH |—O D7

uP
CONTROL
TIMING

Ll

AvVce Vss AGND

PIN CONNECTIONS

ML2233
28-PIN DIP
AcND [] 1 ~ 28 [] Avee
vin+ [ 2 27 [] cik
vin- [} 3 26 {] WR
veer [ 4 25 [] %0
vss [ 5 u[] T
oav [ 6 23 [] A0
sywe [ 7 2 {] p12
oo[]s 21 [] ont
piffo 20 [] bGND
p2 [] 10 19 [] 10
p3 [} 11 18 [] D9
D4 [| 12 17 [] o8
ps [] 13 16 [] D7
D6 [ 14 15 [] DVee
TOP VIEW
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PIN DESCRIPTION

PIN NO. NAME

PIN NO. NAME FUNCTION FUNCTION
1 AGND  Analog ground. 16 D7 Bidirectional data bit.
2 Vin+  Positive differential analog input; 17 D8 Bidirectional data bit.
range=Vss<V|N+ SAV(c, 18 ‘D9 - Bidirectional data bit.
(ViN+) = (Vi) = VRer. 19 D10 Bidirectional data bit.
3 Vin— Negatgls/dlfie\r/entlaLalAr\\slog input; 20 DGND Digital ground.
T?\Z‘xie-'-_) _S(SvTN —”;'I;?/REFCCI 21 D11 Bidirectional data bit.
4 Vgrer  Voltage reference input; referenced 22 D12 Bidirectional datéb't‘ .
to analog ground. 23 A0 Address for the microprocessor inter-
5 Vss Negative power supply; decouple to — face to access registers.
AGND. 24 - €S Chip select; enables writing to or
6 DAV Data available; indicates a conver- __ readingfrom.
sion has completed and data is avail- 25 RD  Read; enables ML2233 to dnve data
able or calibration completed. . ,bus‘ o
7 .. SYNC Intheslave mode, SYNC is a positive 26 WR Write; allows writing into the
edge triggered input used to start . registers. )
aconversion. In master mode, SYNC 27 CLK  Clockinput. Driven with an exter-
is an output and indicates conversion nal clock or crystal referenced to
start. DGND. The crystal must be.parallel .
8 DO Bidirectional data bit. resonant with minimum capacitive
S . loading. (i.e., no bypass caps should
1% g; g:g:::z::g:z: 322 E:: be used and-leads should be kept
Rt o short.)
11 D3 B!d!rect!onal data bft. 28 AVcc  Positive analog power supply.
12 D4 Bidirectional data bit. Decouple to AGND. Tie to
13 D5 Bidirectional data bit. DVc¢c from same
14 D6 Bidirectional data bit. power supply.
15 DVcce  Digital power supply.

ABSOLUTE MAXIMUM RATINGS
(Note 1)

Supply Voltages (AVccand DVee) vvvvvvvoivveann . 6.0V
Negative Supply Voltage (Vss) .. ... oo iont -6.0V
Voltage at Analog

Inputs........o . Vss—7V to AVee+ 7V
Voltage at VREF « v v Vgs—7Vto AVce+7V
Input Current per Digital Pin ....................... +10mA
Input Current at Analog Inputs. . ............. PP +20mA
Storage TemperatureRange............... -65°Cto +150°C
Package Dissipation @ 25°C . ...........covvvennn. 875mwW
Lead Temperature (soldering, 10 seconds) )

Dual-In-Line Package (Ceramic) .................. 300°C

OPERATING CONDITIONS (Note 2)

Temperature Range ...................... T 0°C to 70°C
Supply Voltage (AV¢ee and DVee) .o.eeet 4.5Vpc to 6.0Vpc
Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc
Reference Voltage (VRgp) «.ovvvvvniiiiiiiiiiiiiiiiainn, 2.60V

licro Linear
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ML2233

ELECTRICAL CHARACI' ERISTICS

The following specifications apply for AVcg = DVee = 5V + 5%, Vss = -5V * 5%, VREF = 2 500V V.N- = AGND

ViNt = =25V to- +2 5V TA TmIN to Tmax unless otherwise specified.

~TYP

(outputs DO to D12, SYNC and DAV)

PARAMETER NOTES CONDITIONS CMIN | (Nete3) | MAX | UNITS
Converter Characteristics Ve
Linearity Error . 4 o : ‘
ML2233BC) ' 4 |fcak = 01 < 7MHz +% LSB
ML2233CCJ fccik = 01 < 7MHz +1 LSB
ML2233DC) feak = 01 < 5MHz +1 LSB
Unadijusted Zero Error :
ML2233BC]) 4 +3% LSB
ML2233CCJ i +2 LSB
ML2233DC) +2 LSB.
Unadjusted Positive and Negative' 5" +4 LSB
Full Scale Error
Zero Error Temperature Coefficient’ 0.5 ppm/°C
Gain Temperature Coefﬁcnent : 10 ~ppm/°C
Common-Mode Re]ectnon o ‘56 80 ‘ dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range ' 4" |Vin+ Referred to Vin- “Vier +Veer \%
Analog Input Leakage Current 4 . 100 nA
Voltage Reference Input = 5 0.5 kQ .
Source Impedance - - -
Reference Input 'iLeakage Current 4 100 - nA
Digital and DC Characteristics
Power Supply Current - L e
Alcc, Analog Ve 4 30 50 mA
Dl¢c, Digital Ve 10 HA
fss Vss : 18 ~30 mA. =
Power Supply Rejection 7 :
AVee . DC . 80 . dB.
DC to 25kHz 50 . dB .
Veg DC 80 dB
B DC to 25kHz 50 dB
Vitcik Clock Input Low Voltage 4" o ‘ 08’ Vv
Vincwk Clock: Input High Voltage 4 o 35 AVce \%
111, Input Leakage. Current (CLK) 4 |AGND = VINSAVce ' +200 A
Vi, Input Low Voltage 4 ' 0.8 \
V), Input High Voltage 4 2.0 DVcc Vo
Vou, Output Low Voltage 4. |loL = 20mA 0.45 \
Vor, Output High Voltage 4 |loy = -400uA 24 S v
I, Input Leakage Current (except CLK) 4 AGND < V)y = AVcc ©+10 HA
I,z Output Leakage Current (D0-D12) 4 RD =CS = Vjy iy [1] HA
C,, Input Capacitance (all digital inputs) 10 . pF
" Co, Output Capacitance 10 pF
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ELECTRICAL CHARACTERISTICS (continued)

SYMBOL PARAMETER CONDITIONS MIN (NH: 3) MAX UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLK Mode =0 fck = 70MHz 315 us
' fak = 5.0MHz | 440 us
Sample and Hold Acquisition 4,9 [CLK Mode =0 fok = 7Z0MHz 23 us
fok = 5.0MHz 32 us
foiko Clock Frequency 5,9 |CLK Mode =0 Crystal - 3 7 MHz
L ’ Driven 1 7 MHz
tciko Clock Width - : 5,9 |Driven High 50 ns
: (CLK Mode = 0) Low 500 ns
feukr Clock Frequency 5,10 |Driven (CLK Mode = 1) 0.5 (Note 11) | MHz
tewk Clock Width | 5,10 | Driven High 125 ns
) - (CLK Mode = 1) Low 125 ns
taD Address Stable to Valid Data 4 150 ns
taR Address Stable Before Read 4 0 ns
tRA Address Hold After Read 4 0 ns
tRR Read Pulse Width 4 150 ns
D Read Access 4 150 ns
t1z, toz | Data Read to Hi-Z 4 0 50 ns
- tRy Recovery Between Two Reads 5 250 ns
or Writes
tRDCK Read to Clock Setup Time 5 12 ns
taw Address Stable Before Write 4 0 ns
twa Address Hold After Write 4 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge| 4 100 ns
twp Data Hold After Write Trailing Edge 4 0 ns
twrek | Write to Clock Setup Time 5 12 40 ns
tckpav | Clock to DAV Assert 4,13 |C = 50pF 120 220 ns
tsyncek | SYNC Input to Clock Setup 5 12 : 40 ‘ ns
tsynen | SYNC Input Width 5 |(CLK Mode = 0) 6- Vo
(CLK Mode = 1) 3 e
tcksyne | External Clock to SYNC Output Delay| 5, 13 |C, = 50pF 150 200 ns
tsynco | SYNC Output Pulse Width 5,13 |(CLK Mode = 0) 8 Vfciko
. _ (CLK Mode = 1) v . 4 Vicia
twroav | Write Reg2 to DAV Rising Edge 4,14 |C, = 50pF ‘ 170 ns
tropav | Read Reg0d to DAV Rising Edge 4, 15 |C_ = 50pF 170 ns
t, & Rise and Fall . Al Inputs ' 25 ns

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground. ‘

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4:  Parameter guaranteed and 100% production tested.

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V, C; = 100pF. -

Note 9:  CK1X bit in control register = 0. .

Note 10: CK1X bit in control register = 1. .

Note 11: Maximum frequency is 1/tc 4 (high) + teixq (low) + rise + fall times and < 3.5MHz.

Note 12: Setup time required for synchronous start of conversion. :

Note 13: In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fc o period (see
Figure 5). - _

Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output.

Note 15: In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output.
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TIMING DIAGRAMS

A0,

t t
TAR N IRR

]
L
al

gy — tRo——>|" ’ —| |e=tiz, toz
. - N ' A |
DATA BUS HIGHZ < VALID 72( HIGHZ
Figure 1. Read Cycle .
ot o PRI — |l«—twa
_ Y
A0,CS
N
taw — . : . — |[-—twD
T "a §
DATA BUS INVALID X VALID )g INVALID
tow .
s \ e
WR
i /) .
trv tww

Figure 2. Write Cycle

CLK, MODE = 1 __\L / o . \ ’ o :
CLK, MODE = 0 7"——'\ ’ : | /——\—

tCKDAV

k

CLK, MODE = 1

CLK, MODE = 0

FIRST BYTE SECOND BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

CLK, MODE = 1 \ / \ o
" CLK, MODE=0. . 7‘ 0\ ‘ 7
— e—tCKSYNC =

'

SYNCOUT

1
SYNCO

Figure 4. SYNC Output
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TIMING DIAGRAMS (Continued)

START OF CONVERSION START OF CONVERSION
(NOTE 2) (NOITE 3)
CLK
. (NOTE 1) . 4 / .
—»|  l=—tsynCCcK |
SYNC IN s +
(START MODE 3) | '
(M/S =0) |
tsYNCN T | ’
tWRCK—| M
WR 1
(START MODE 0) I
I tRDCK [
- t
(START MODE 1) To TII
NOTES:

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN.
2. IN CLKMODE 1, WILL ALWAYS OCCUR AT T0 IF SETUP TIMES ARE MET. '
3. IN CLKMODE 0, WILL OCCUR.EITHER AT T0 OR T1IF SETUP TIMES ARE MET. :

Figure 5. Synchronous Start of Conversion (Start Mode 0,1,3)

BLOCK DIAGRAM

ClLK ———»] osc 2
: DATA CLK DATA CLOCK
1 GENERATOR
o | TEMPORARY
o REGISTER
i ) syNC |
1 ’ Logic &> SYNC
MUX S fe— . . N —~
: L . X~
- L v DATA BUFFER
1 . | DATA REGISTER
DAV
’ Locic [——®DAV
RT
VIN+ ————p ” STA ) ‘ .
— BUSY START T
" > LOGIC «— :
— EOC :
VREF 12-BIT > o
+ SIGN ‘ » o
o, 2% smpe
SAMPLE AND KX
AGND ———»]  HOLD B i
E— DOCAL DATA D0-D12
« > - /0
REGISTER BUFFERS
Mee REGISTER
ADRDY R
sC
) 13
13/ CALCODE 13
HOLDING [ t
REGISTER A0
uP {¢e——Cs
CONTROL <: INTERFACE -
BUS l«———
j¢—RD
~

Figure 6. Block Schematic Diagram
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'FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the ap-
proximated signal, however this technique requires more
circuitry than algorithmic converters. In addition the val-

ues of all of the resistors or capacitors in the DAC must be

matched to within the accuracy of thé converter. This is
difficult to do in silicon beyond 10 bits unless trimming is
used. An algorithmic converter uses less circuitry and is
more easily trimmed. Micro Linear’s algorithmic converter
is implemented using a 2x amplifier, a sample/hold amp,
and a comparator as shown in Figure 7.

The input sample is first multiplied by two then compared
to the reference voltage. If the 2x input voltage is greater
than the reference, the MSB is a 1 and the reference volt-
age is subtracted from the 2x input voltage. The remainder
is stored in the sample and hold. If the 2x input voltage is
less than the reference, the MSB is a 0 and the 2x input
voltage is stored in the sample and hold. This process re-
peats again, however now the sample and hold voltage is
multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
- algorithm for the circuit can be described as follows:

Step 1 If (2% Vin) = Vger =0
then MSB =1
(2 x VIN) = VRer—S/H
else MSB =0
s (2 x Ving)—S/H
Step 2 If 2 x S/H) - VREF =0
then next bit = 1
(2 x S/H) - VRgg—~S/H
else - next bit = 0
(2 x S/H)—S/H
Step 3 Repeat Step 2 until conversion complete.

Since the A/D converter handles bipolar inputs,
negative inputs are handled slightly differently using the
same principle.

Kx VRer

GAIN OF LOOP=X2

COMPARATOR

SH  |e—

Figure 7. Self Calibrating A/D Converter

SELF CALIBRATION

In order to maintain integral and differential linearity to
the 1/2 LSB level in an algorithmic converter, two critical
parameters need to be controlled, loop-offsets and the
gain of the loop. Loop offsets are automatically nulled be-
fore each conversion using auto-zeroing circuitry on both
the sampling'amp and the 2x amp. The gain of the loop is
adjusted using self calibration.

Self calibrating the algorithmic converter, once the offsets
have been nulled, is performed by measuring the 2x gain

" of the loop and adjusting it. The gain can be measured by

converting the reference voltage as the input as well as the
reference (Vger/VRer), and examining the output code..
Converting Vgee should yield plus full scale, since Vggg/
Vger should equal 1. If the gain of the loop is slightly. less
than 2, the resulting LSB of the conversion will be /0"’ If
the magnitude bits of the resulting conversion are all ““1s”,
the gain may be too great, therefore the gain is reduced to
the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of the
2C input capacitors. A small value of capacitance is either
added to or subtracted from the 2C input caps until the
gain of the loop is within 13 bit accuracy of 2.
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FUNCTIONAL DESCRIPTION (Continued)

CONVERSION TIMES

The following table lists the conversion times which in- .
clude the sample and hold acquisition time. For a CALRD
and CALWR no A/D conversion actually takes place.

OPERATION # OF INTERNAL CLOCKS*
8 bit A/D 80
13 bit A/D 110
CALWR 52
CALRD 80
SAMPLE AND HOLD TIMING

Figure 8 shows the internal timing for the sample and hold
circuitry. The relationship between the ‘‘Start of Conver-
sion’” and the input channel going into sample mode is
fixed at 6 internal clocks*, regardless of the Start Mode. Six
internal clocks after the Start of Conversion the Sample
and Hold is switched into the sample mode, placing two
9pF capacitors in parallel with the inputs.pins; one on
Vin+ and one on V|N - . The sample switch is kept in the
sample mode for 8 internal clocks (2.3ps ata 7MHz ex-
ternal clock), then placed in the hold mode. During the
next 2 internal clocks the charge on the sample and hold is
transferred into the A/D, after which the Vggg pin is sam-
pled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in Mas-
ter Mode during a conversion (M/S=1 Control register)
and Start Mode 0, 1, or 2. SYNC is activated one internal
clock cycle after the Start of Conversion and lasts for four
internal clocks.

*For a description of internal clocks see Clock section.

ANALOG INPUTS

DIFFERENTIAL INPUTS AND COMMON MODE
REJECTION

The differential inputs of the ML2233 eliminate the effects
of common mode input noise (60Hz for example), as
Vin+ and VN — are sampled at the same time.

NOISE

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

POWER SUPPLY DECOUPLING

Low inductance tantalum capacitors of 1uF or greater
and 0.01uF disc ceramic capacitors are recommended for
bypassing AV as well as Vs to AGND. These capacitors
should be placed close to the AVce and Vsg pins.

MICROPROCESSOR INTERFACE

There are two 13-bit difectly addressable registers; a Data
Buffer register and a Control register. The data buffer regis-
ter provides the conversion results. The data register is
double buffered, allowing one result to be read while the
next sample is being converted. The data register also al-
lows access to the algorithmic converter’s calibration
code. Normally the ML2233 is operated without ever ac-
cessing these registers. (Refer to Diagnostics for more
information). The Control register provides complete con-
trol and status information. The two registers are ad-
dressed by pin AO.

EXTERNAL
(CLKMODE 0)
INTERNAL
CLOCK

OR (CLK MODE 1)

| |

| |

SYNC PIN | |
(MASTER MODE) I
T

|—————— SAMPLING INPUT

START OF CONVERSION

SAMPLING REFERENCE —b‘

Figure 8. Sample and Hold Timing
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FUNCTIONAL DESCRIPTION (Contin

All data is returned from the converter in two’s comple-
ment format. .

Cycle +Max ~Min Zero
13 - OFFF 1000 - 0000
8 OQ7F 1F80 0000
REGISTER DESCRIPTION

Register 0—Data Buffer:

Register 0 contains the results of the latest conversion
when read. Depending orfthe Start Mode selected, read-
ing or writing to this reglster may start the next
conversion.

Register 1—CONTROL Register:

Bit 0 (DAV status when READ/DAVACK acknowledge
when a ONE is written):

Reading DAV =1 indicates that new data is available or a
calibration is complete. DAV will be ¢leared automatically
when the data is read. This bjt gan be explicitly.acknowl-
edged by writing a ONE to it; wrmng a zero has no effect.
The DAV output pln always reflects the DAV status bit.

ued) . ¥

Bit 1 (BUSY status when READ/RESET when a ONE is
written): g
Reading BUSY =1 indicates that a conversion or. cahbra-
tion is in progress. Writing a ONE will force a chip reset.
Writing a zero has no effect.

RESET Default Conditions:

The Control register will automatically be cleared. The
Data Buffer register will be unchanged. The Calibration
register is not cleared after a reset, however the ADRDY _
bit is cleared. Since the DAV status bit is cleared, the DAV
output is inactivated (high). The SYNC pin.is forced to be
an input as a result of clearing the M/S bit in the Control .
register.

Bit 2 (ADRDY status when READ/DOCAL request when a
ONE is written):

Reading ADRDY =0 indicates that the converter has not
been calibrated since the last reset, and ADRDY =1 indi-
cates that it has been calibrated since the last reset. - ’
Writing a ONE will force the converter to do a calibration;
writing a zero has no effect. .

i

ADDRESS
READ A0 WRITE :
2 1. 1 9 8 7 6.5 4 3 2 1 0 2 11 1 9 8 7 6 5 4 3-2 1 0
DATA BUFFERREG | 13-BIT CONVERTED DATA 1 o | CALCODE HOLDING REGISTER 's:gxtrnc!(:r;v;gord
2. 11 10 9 8..7.6 5 4 3 2.1 0 2 11 10 9 8 7 6 5 4 3
controureG fokidmis] moe | oo | smoe [osc [ARJsusfoa] 1 foxodmis] tmoe T oo T smoe [ sc |8 IRSTlEéXI
[ wriminG 1
DAV STATUS ACKNOWLEDGES DAV
CONV BUSY STATUS WRITING 1 RESETS CHIP
CHIP CALIBRATED STATUS WRITING 1 REQUESTS A CALIBRATION
SHORT CYCLE SHORT CYCLE 0= 13-BIT, 1= 8-BIT

00: START IF REGO IS WRITTEN START MODES

01: START IF REGO IS READ

10: CONTINUOUS CONVERSIONS 000: NORMAL A/D CONVERSION

1 é:;ﬂ,ﬁ%'cs gg;?,m;" 0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT)” -

1: MASTER MODE, SYNC IS AN OUTPUT
TEST MODE
L MASTER/SLAVE
[— 0: fck =0, CLK DIVIDED BY 2 INTERNALLY (DEFAULT)
MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz. -
L— 1: fcik = 1, CLK DRIVES INTERNAL LOGIC DIRECTLY

MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz.

Figufe 9. Register Déscription
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FUNCTIONAL DESCRIPTION (Continued)

Bit 3 (SC: Short cycle select):
Selects 8 or 13 bit conversions.

SC =0: 13-bit conversion (default)
SC=1: 8-bit conversion (short cycle)

Bits 4,5 (SMDE: Start Mode):
Defines Start Conversion mode.

Bits 5,4
00 Start Conversion upon writing to register 0
(default)
01 Start Conversion upon reading register O
10 Start Continuous Conversions upon writing to
register 0.
11 Start on external SYNC input going high
(Requires Slave mode: M/S=0)
Bits 7,6 (reserved):

These bits are reserved by Micro Linear and must be writ-
ten as zero.

Bits 10,9,8 (TMDE: test mode select bits)

These bits are used for diagnostic purposes only and nor-
mally not accessed during operation. The default value of
TMDE is 000 which selects a normal A/D conversion. See
Diagnostics for more information.

TMDE Description
000 Normal A/D Conversion

001 Reserved by Micro Linear (Do Not Use)
010 CALWR Operation
- oM CALRD Operation
100 System Offset
101 Common-mode '
110 Plus Full Scale
111 Minus Full Scale

Bit 11 (M/S: Master/Slave bit):

Dictates whether the SYNC pin is an input or an output.
Upon RESET, this bit is cleared.

M/S=0: Slave Mode SYNC is an input which is used
to trigger a conversion if

SMDE=11.

SYNC is an output. At the begin-
ning of every conversion, SYNC
is high for 4 internal clocks.

Bit 12 (CKIX: clock select bit):

Selects whether the external clock will be divided by two
or used directly as the internal clock. See Clock section for
a detailed explanation.

M/S = 1: Master Mode

CK1X=0: the external clock is divided by
two and used as the internal
clock. This is referred to as CLK
Mode=0.

CK1X=1: the external clock input is used

directly as the internal clock.
This is referred to as CLK
Mode=1.
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'FUNCTIONAL DESCRIPTION (Continued)

GENERAL OPERATING INFORMATION
CONVERSION-START PROTOCOL

There are four different ways to start a-conversion. They
are defined by SMDE bits 4 and 5:in the Control Register.

“SMDE
Bits 5,4

00: A write to register O will start a conversion. During
a conversion, if another write is issued to register
0, the “‘Start Conversion”” command will be

latched and another conversion will immediately -

follow the current one. To insure that the second -
write will be latched, it must occur at least 3 in-
ternal clocks after the first write. Only one addi-
tional write will be latched; multiple writes within
a conversion will only yield one more conversion.

01: Reading the data from the previous conversion
starts the next conversion.

10:  This mode causes continuous conversions; the
next conversion begins immediately after the
previous conversion ends. Writing to register O
will start the first conversion; thereafter the con-
verter runs continuously. This mode yields the
maximum conversion rate.

11:  The SYNC input triggers the start of a conversion.
The M/S bit in the Control Register must be
cleared, placing the chip in the slave mode.

Note: The external activation signals for Start Modes 0, 1,
and 3 are synchronized internally to the system clock. If

periodic sampling is required using these Start Modes, the-.
SYNC, RD, or WR pulses must be synchronized to the sys-
tem clock. Start Mode 2 guarantees periodic sampling.

DOUBLE-BUFFERED DATA REGISTER

The A/D conversion result is double-buffered using the
Data Buffer register and the A/D Data register. The actual
m;oﬁConversion (EOC) does not correspond with the
DAV output going low. The DAV output goes low 16 in-

- ternal clocks after the EOC. From the time DAV output

goes LOW, the user has one full conversion time (80 or
110 internal clocks) minus 16 internal clocks to read the
data as shown in Figure 10.

SELF CALIBRATION

Setting the DOCAL bit issues a calibration request to the
chip. When calibration is done, the DAV status bit is set
and the DAV output goes low.

A calibration requires 8,260 internal clocks. Using a 7MHz
clock (CLK Mode =0), this is approximately 2 ms. Power
supplies and external voltage reference must be stable be-
fore issuing a request for calibration.

The ML2233 should be calibrated before any conversions
are attempted. Calibrations must not be performed si-
multaneously with conversions. Before requesting a cali-
bration, the user may want to read the Busy status bit to
make sure that the converter is idle. Polling the chip while
the calibration is in progress is not recommended.

START OF CONVERSION 2 START OF CONVERSION 3

START OF CONVERSION 1

CONVERSION 1

END OF CONVERSION 1

. DATA 1 AVAILABLE

END OF CONVERSION 2

<¢——CONVERSION 2 —»<¢——CONVERSION 3—>

| DATA 2 AVAILABLE

=

Figure 10
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FUNCTIONAL DESCRIPTION (Continued)

CLOCK

The ML2233 has the option of dividing the clock at the”
CLK pin by 2, or using it directly to drive the internal logic.
This option is selected through the CK1X bit in the Control
register. When CK1X =0 the clock is divided by 2. This is
referred to as CLK Mode =0. The clock at the CLK pin is re-
ferred to as the External clock, and the Internal Clock is
the External clock divided by 2. When CK1X =1, the clock
at the CLK pin drives the internal logic directly, therefore
this clock is referred to as the Internal clock. This is also
known as CLK Mode = 1. All internally clocked logic is
positive edge triggered.

CLK Mode =0:

There are two advantages to CLK Mode 0. This is the only
Mode that allows an external crystal to be used. CLK Mode
1 cannot operate with an external crystal, the CLK pin
must be driven. The second advantage of CLK Mode 0 is
that the duty cycle for a driven clock is less stringent than
in CLK Mode 1. (Refer to tc kg and tc k1 in AC Electrical
Characteristics for CLK Mode 0 and 1 timing requirements,
respectively.)

On power up the state of the divide by two fllp-flop isin-
determinate. Therefore the relationship between the in-
ternal clock and the external clock at the CLK pin can have
one of two possibilities as shown in Figure 11. Asa result -
the following should be considered.

twrek, trock, and tsyncck specs, (E—D, \7\/—R, and SYNC set-
up times to Start of Conversion), will be as shown in the
data sheet, or the data sheet specs plus one external clock
period. Since these specifications are with respect to the
rising edge of the external clock, it is not known whether
this rising edge corresponds to the rising edge or falling
edge of the internal clock. Therefore there is an uncer-
tainty of one external clock period.

If periodic sampling is necessary and Start Mode 0,1, or 3
is used, the external start pulse (either RD, WR or SYNC)
must be synchronous to the external clock, meet the setup
time, and be an even number of external clock periods. If
the start pulse were an odd number of external clock peri-
ods, half the pulses would correspond with the rising edge
of the internal clock, and the other half would correspond
with the falling edge of the internal clock. Therefore the
sampling period would change by one external clock
period every sample. Start Mode 2 guarantees periodic
sampling regardless of the CLK mode.

CLK Mode =1:

This mode eliminates the requirement that external start
pulses must be an even number of external clock periods.
However periodic sampling still requires that the start
pulse be synchronous to the external clock, and the setup
time must be met. CLK Mode 1 also eliminates the un-
certainty of the twrck, tRock, @nd tsyncek requirements.

EXTERNAL
CLOCK
(CLKMODE =0)

I

-

INTERNAL

CLOCK*

L]

L LI

*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE =0

Figure 11

L Micro Linear
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FUNCTIONAL DESCRIPTION (Continued)

DIAGNOSTICS

Diagnostic routines may be run after power up orany .
other time to ensure proper operation. The diagnostic fea-
tures, which are software selectable, don’t require ex-
ternal hardware. Both the analog and digital sections can
be tested.

The ML2233 is placed in the diagnostic mode via the
TMDE field in the Control Register. Once the ML2233 is
placed in one of the diagnostic modes, a conversion must
be executed before the results can be read. As with all
conversions, DAV will be activated upon completion.

ANALOG CONVERSION DIAGNOSTICS
TMDE=000: Normal Operation

Selects normal A/D conversion. Default condmon aftera
software reset.

TMDE=001: Reserved by Micro Linear.

TMDE=010: CALWR operation

The data in Write register 0 (CALCODE Holding Register),
is transferred into the converter’s Calibration register
when a “’Start Conversion” is issued. A dummy conver-
sion occurs and the DAV output goes LOW to indicate that
the operation is complete.

TMDE=011: CALRD operation ,

The contents of the Calibration register are transferred
through the A/D Data register and loaded into the Data___
Buffer register. A dummy 8-bit conversion occurs and DAV
output goes LOW to indicate that the CALRD operation is
complete.

TMDE = 100: System Offset

The positive and negative inputs to the Sample and Hold
are tied to analog ground. With this setting, converted.
data will give the offset of the A/D converter and Sample/
Hold combination. The Viy+ and VN — pins will remain.
in a high impedance state while in this mode. .

TMDE=101: Common-mode

Both the positive and negative inputs of the Sample and
Hold are tied to Vggr. The results of a conversion in this

test mode indicates how well the converter isrejecting a
common mode signal.

TMDE=110: Positive Full Scale

This test mode connects the positive input of the Sample
and Hold to Vggr and the negative input of the Sample and
Hold to analog ground. The result of converting in this test
mode is a value near positive full scale.

TMDE=111: Negative Full Scale

This test mode connects the positive input of the Sample
and Hold to analog ground and the negative input to Vggr.
The result of converting in this test mode is a value near
negative full scale.

DIGITAL LOOPBACK

The ML2233's architecture provides a way for the micro- -
processor to indirectly read and write to the A/D
converter’s calibration register and data register via a
CALRD and CALWR. Figure 12 illustrates this architecture.
This in effect allows a digital loopback.

A/D CONVERTER

J|

-
)
Ledeo LJo

{- ________ REGISTERS

| A0 WR RD @ 2 9

| 0 0 1 0 | CALCODEHOLDINGREGISTER |
|

|

|

|

| 12 . 0

l | TEMPORARY REGISTER

| a0 we 0 & 2 . 0

[ o1 0 o [ oamsurrerREGISTER B

o

Figure 12. Digital Loopback
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FUNCTIONAL DESCRIPTION (Continued)

When the TMDE bits are set to 010 CAL WRITE (CALWR),
and a Start Conversion is issued in any one of the four
modes, the contents of the CALCODE Holding register is
transferred into the A/D converter’s Calibration register.
When the TMDE bits are set to 011 CAL READ (CALRD),
and a Start Conversion is issued, the contents of the
Calibration register are transferred through the A/D’s
Data register into the Data Buffer register. The result of
these two operations is a complete loopback from the
CALCODE Holding register through the A/D converter
and back into the Data buffer register. This loopback pro-
vides user assurance that all the paths are clear and there
are no stuck bits. .

Note: When a CALWR is done, the previous calibration
value is lost. The correct calibration value must be re-
stored before the converter is used to convert data.

CALIBRATION PASS/FAIL TEST

The CALRD can be used as a way to verify a successful
calibration. After a calibration is completed, the CALRD
may be issued in order to read the contents of the Calibra-
tion register. If the Low Byte (lower 8 bits) of the data
buffer register are ones after executing.a CALRD, the cali-
bration failed; otherwise the calibration is successful.
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45V
A:: K ADDRESS BUS T e
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ADDRESS R Ved:
VMA »| DECODER » A0 —2— _5v
_ 3 VREE_ +2.5V EXTERNAL
VP [ REFERENCE

3
3
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%

ML2233 |, AGND

RW i Yo——» Toeno
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i VIN+

‘—] ANALOG

8l

=
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Lo |« BAV IN-_ | INPUT
A

D15 K DATA BUS D12 g

D0 IN SYNC
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Figure 13. Interfacing to 68000 Microprocessor

+5V
AVce INT =>c »| BIO
> o5 |A N p1s
Dvcc | po K DATA BUS M bo
" N ) V] —
= G_—10<= RW
Ves RD
-5V > f— 9—| STRB
+2,5V EXTERNAL VREF WR
REFERENCE TMS320C25
AGND |  ML2233
> le— A15
DGND,, — ADDRESS |
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Figure 14. Interfacing to TM$320C25 Digital Signal Processor
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ML2233

ORDERING INFORMATION

. MAXIMUM MAXIMUM TOTAL MINIMUM
PART NUMBER LINEARITY ERROR UNADJUSTED ERROR CONVERSION PACKAGE
© ML2233BC}- +34 LSB - 1% LSB ) 31.5us Hermetic DIP (J28)
ML2233CCj +1 LSB +2% LSB 31.5us Hermetic DIP (J28)
ML2233DC]) +1 LSB - 122 LSB 44.0us Hermetic DIP (J28)
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iL Micro Lmear

ML2252 ML2259

yP Compatlble 8-Bit A/D Converters
~ with 2- or 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2252 and ML2259 combine an 8-bit A/ D converter,

2- or 8-channel analog multiplexer, and a microprocessor
compatible 8-bit parallel interface and control logic in a sin-
gle monolithic CMOS device.

Easy interface to microprocessors is provided by the latched
and decoded multiplexer address inputs and a double buf-
fered three-state data bus. These analog-to-digital converters
allow the microprocessor to operate completely asynchron-
ous to the converter clock.

The builtin sample and hold function provides the ability to
digitize a 5V, 50kHz sine wave to 8-bit accuracy. The differ-
ential comparator design provides low power supply sensitiv-
ity to DC and AC variations. The voltage reference can be
externally set to any value between ground and V¢, thus
allowing a full conversion over a relatively small span if de-
sired. All parameters are guaranteed over temperature with a
power supply voltage of 5V +10%.

The device is suitable for a wide range of applications from
process and machine control to consumer, automotive, and
telecommunication applications.

FEATURES

= Conversion time (fc k =1.46 MHz) 6.6us

» Total unadjusted error +1/2LSB or £1LSB

w No missing codes

= Sample and hold 390ns acquisition

w Capable of digitizing a 5V, 50kHz sine wave

u 2- or 8-channel input multiplexer

= OV to 5V analog input range with single 5V power
supply

u Operates ratiometrically or with up to 5V voltage
reference

u No zero or full scale adjust required

= Analog input protection 25mA (min) per input

= Continuous conversion mode

= Low power dissipation 15mW MAX

= TTL and CMOS compatible digital inputs and outputs

m Standard 20-pin or 28-pin DIP or PCC

= Temperature range 0°Cto +70°C,

or —40°Cto +85°C,

or —55°C to +125°C

ML2252
Vcc CLOCK
9 T — START
CONTROL [ OfOC
CHO 0— &TIMING
2-CHANNEL
MULTIPLEXER | - i I
CH1 0— —T’ SUCCESSIVE
APPROXIMATION | —o DBo
REGISTER o DB
I = | — Y
e |—o pB3
j[.:spp OUTPUT |—o DB4 -
ADDRESS BUFFER |
LATCH | = o
AND D/A © DB6
DECODER CONVERTER —o DB?

A/DWITH

s o

ADDRESS: AO GND
LATCH
ENABLE

LSAMPLE -AND-HOLD FUNCTION  \- _l_ _l_J ¢L

ouTPUT
+VREF —VRer ENABLE
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ML2252, ML2259

BLOCK DIAGRAMS (Continued)

ML2259
CHO 0—] Ve CLOCK
CH10— T T — START
CH2 0— L o €oC
CH36—] 8-CHANNEL Pt
CHa o] MULTIPLEXER
CH5 0— — — 1
CH6 0— succ‘Essws g
CH7 0— APPROXIMATION | [—o DB0
- REGISTER L—0 DB
@' : | THeee |0 Do
l : STATE [—o DB3
oer SUFFER |0 oo
ADDRESS
LATCH | l I [0 DEs
AND DA —o DB6
DECODER ) | AIDWITH _ CONVERTER | —o DB?
SAMPLE-AND-HOLD FUNCTION . _ 1 $
ADDREéS A$ :}i }2 ND \;-l_ i— OUTPUT
oo 0 G *VRer. - Veer ENABLE
ENABLE
MIL2259
PIN CONNECTIONS 28-Pin DIP
cu3 1 ~ [] ch2
ML2252 cHa[] 2 27 [] cm
20-Pin DIP s [] 3 26 [] cHo
a1 ~ »[] cvo cHe [ 4 25 [ ADDRo
sTarT [} 2 19 [] AppRo cHr [ s 24 [ ApDR1
foc [] 3 1 [] ALe sTART [ 6 23 [] ADDR2
o83 [} 4 v [] os7 eoc [} 7 2 ] ae
oe[]s 16 [] oBs o83 []s 2 [ oe7
ak []e 15 [] oBs ok []o 20 [] pBe
vee [} 7 1 [] pBa ck [] o 9 :]DBS
+Veer [ 8 B[] oo Vee [ 18 [] pea
ano [l 2 [] -Veer +vaee [ 2 17 [] oso
a1 [] 10 1[] ps2 ano [ 8 16 [ -Veer
TOP VIEW oen [] 5[] os2
TOP VIEW
ML2252 ML2259
20-Pin PCC 28-Pin PCC
START  CHO . CH5 CH3 CHi
£oc | cHi | ADDRo cHe | cHa | cn2 | crHo
, o e B e B e B e T
B3 ALE 74 3 2 1 28 27 2%

i cH7 [} s 25 [] ADDRO
oF 1 o7 sTarT [] 6 24 [] ADDRI
ax 1 o8 goc [} 7 5[] ADDR?
Vec ] oss o83 [] s 2 [] ALe

+VRer s m e 1 o oe[]o 2 [] os7
axk [ o 20 [] oBe
GND'| DB2 | DBO ! I
DBl —Veer Vcc|; 1 19 ;] DB5
2B WB T B
TOP VIEW

| S SR [ N S S S M-
'GND,DBZ | DBOI

+VREF

DB1 ~VREF
TOP VIEW

DB4
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ML2252, ML2259

PIN DESCRIPTION
PIN #
ML2252  ML2259 NAME -~ FUNCTION
1 CH3 Analog input 3.
2 CH4 Analog input 4.
3 CH5 Analog input 5.
4 CHé . Analoginput 6.
5 CH7 Analog input 7.

2 6 START | Start of conversion. Actlve hlgh dlgltal input pulse i mltlates conversion.

3 7. EOC End of conversion. This output goes low aftera START pulse occurs, stays low for
the entire A/ D conversion, and goes high after conversion is completed. Data
on DB0-DB?7 is valid on rising edge of EOC and stays valid until next EOC rising

“edge.

4 8 ) DB3 Data output 3.

5 9 OE Output enable input. When OE=0, DBO-DB? are in high impedance state;
OE =1, DB0-DB?7 are active outputs.

6 10 CLK Clock. Clock input provides timing for A/D converter, S/H, and digital interface.

7 n Vce Positive supply. 5V +10%.

8 12 +VRer Positive reference voltage.

-9 13 GND Ground. 0V, all analog and digital inputs or outputs are referenced to this point.

10 14 - . DB1 Data output 1.

n 15 DB2 Data output 2.

12 16 © =VRer Negative reference voltage.

13 17 : DBO ~ Data output 0.

14 18 DB4 Data output 4.

15 19 DB5 Data output 5.

16 20 DB6 Data output 6.

17 21 DB7 Data output 7.

18 22 ALE Address latch enable. Input to latch in'the dlgltal address (ADDRZ-O) on the

: rising edge of the multiplexer.
23 ADDR2 Address input 2 to multiplexer. Digital input for selecting analog input.
24 ADDRI Address input 1to multiplexer. Digital input for selecting analog input.
19 25 ADDRO Address input 0 to multiplexer. Dlgltal input for selectmg analog input.
20 26 CHO Analog input 0.
1 27 i CH1 Analog input 1.
28 CH2 Analog input 2.
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1)
Supply Voltage, Vee  « v v v e 6.5V Supply Voltage, Ve ovvvi i 4.5Vpc106.3Vpc
Voltage : Temperature Range (Note3) ................ TMINS TAS Tpax
Logiclnputs ........iiiiiiiiiin -0.3Vto Ve +0.3V ML2252BM]J, ML2252CM) . ... oo -55°Cto +125°C
“Analoglnputs ........ 0. ... ‘. —=0.3VtoVcc +0.3V ML2259BM], ML2259CM) )
Input Current per Pin (Note 2) ...... Lol PR +25mA 'ML2252Blj, ML2252CIJ . .......... PR —40°Cto +85°C
Storage Temperature .:......:... Funanain - ~65°Cto +150°C "ML2259Bl), ML2259ClJ i )
Package Dissipation ML2252BCP, ML2259BCP . ... ..... e 0°Cto +70°C
atTy=25°C(BoardMount) ..................... 875mW ML2252BCQ, ML2259BCQ ’
Lead Temperature (Soldering 10 sec.) ML2252CCP, ML2259CCP
Dual-In-Line Package (Plastic) ..................... 260°C ML2252CCQ, ML2259CCQ
Dual-In-Line Package (Ceramic) ................... 300°C .
Molded Chip Carrier Package
Vapor Phase (60SeC.) .........ccovviiiiiinrenn 215°C
Infrared (15s€C) .o 220°C
2-90
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ML2252, ML2259

ELECTRICAL CHARACTERISTICS

Unless otherwise specified To = Tpn 10 Twax, Ve =+VRer=5V£10%, — VREF =GND and fc g =1.46 MHz.

ML2252B, ML2259B ML2252C, ML2259C
' 4 TYP e |
PARAMETER NOTES CONDITIONS MIN NOTE4 | MAX MIN | NOTE4 MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS o
Total Unadjusted Error 5,7 | Vrer=Vcc ) +12 +1 LSB
+VREF Voltage Range 6 —VRer B Vcc +0.1 - VREF VCC +0.1 \%
—Vger Voltage Range 6 GND-0.1 +Vgee  |GND-0.1 +VRer \
Reference Input 5 4 . 20 28 ‘14 20 . 28 kQ
Resistance - : :
Analog Input Range 58 GND-0.1 Vee+0.1 |GND-0.1 Vcc+0.1 \%
Power Supply 6 DC +1/32 Y . +1/32 +1/a LSB
Sensitivity Vee=5V£10% ’ ‘
100 mVpp +1e +1/16 LSB
100kHz Sine on V¢, ‘
VIN =0 N
log, Off Channel 5,9 | OnChannel=V¢c -1 -1 HA
Leakage Current Off Channel =0V : ]
(Note 9) On Channel =0V 1 1 WA
Off Channel =Vcc )
lon, On Channel 5,9 | OnChannel=0V -1 ' ) -1 pA
Leakage Current Off Channel =Vc Co i
(Note 9) On Channel =V¢ . -1 1 . A
Off Channel =0V X
- TP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
ViNg) Logical “1”” Input Voltage 5 20 ‘ N
ViNo) Logical “0” Input Voltage 5 ) . 0.8 Vv
Iingy Logical “1”” Input Current 5 Vin=Vcc 1 HA
no) - Logical “0” Inpuit Current 5 Vin=0V ) ' | o= WA
Vouta Logical “1” Output Voltage 5 | lgur=-2mA 40 _ _ v
VouTo) Logical ‘0" Output Voltage 5 lour=2mA 0.4 \%
lout Three-State Output 5 Vour=0V . -1 A
Current Vour=Vee - 1 TuA
Icc Supply Current 5 R 15 T3 mA
AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) ) : .
tacq "| Sample & Hold Acquistion ) o ik 1ok
faik Clock Frequency . ) 5 | .10 _ | 1460 kHz
tc Conversion Time . : ) ’ 8.5 8.54250ns | 1/fcik
SNR Signal to Noise Ratio Vin=51kHz, 5V Sine. . : 47 - dB
fCLK=1.46MHZ . oo . .
(fsampLInG=150kH2). Noise is Sum of
All Nonfundamental Components up |
to 12 of fsampLING
THD - - Total Harmonic Distortion - |+ - Vin=>51kHz, 5V Sine. N ‘ *—60 i dB
fCLK=].46MHZ ) R : ! - .
(fSAMpl.lNGg]SO kHZ) THD is Sum Of
2, 3, 4, 5 Harmonics Relative to
Fundamental
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ML2252, ML2259

ELECTRICAL CHARACTERISTICS Continued)

Unless otherW|se specnf ed TA TMIN to Tmax, Vec= +VREF 5V+ 10%, ~VREF= GND and fCLK 1.46 MHz

: TYP '
SYMBOL PARAMETER NOTES : CONDITIONS : MIN NOTE 4 MAX UNITS
AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued) o ]
IMD Intermodulation Distortion Vin=fa+g. fa=49kHz, 2.5V Sine. . | : —60. dB
T ‘ ’ fg=47.8kHz, 2.5V Sine, ) ,
fCLK =146 MHz E
| X (fSAMPLlNG 150 kHZ) IMDis (fA +fB),
(fA - fB) (2 fA +fB) (2 fA o fB) (fA +2 fB)
) . (fa— 2f) Relative'to Fundamental -
FR Frequency Response | ViN=0to 50kHz. 5V Sine Relative to ‘ 0.1 dB
- ) - | 1kHz . : :

toe .- Clock Duty Cycle 6,11 | o ) 40 60 %
teoc End of Conversion Delay 5 I : 1k 124250ns | 1/fcix
tws | StartPulse Width. 5 ' 50 ns
tss Start Pulse Setup Time 6,12 | Synchronous Only 40 . ns
twALE Address Latch Enable Pulse 5 . - 50 E ns

Width | i
tg Address Setup 5 0 Cons
th Address Hold 5 .50 ns
th1, tho Output Enable for DBO-DB7 6 Figure 1, C, =50pF ' ) 100 ns

' , 6 | Figure1, C =10pF L 50 . ns
ti, tom - Output Disable for DB0-DB7| 6 Figure 1, C_ =50pF : . o 100 ns

. 6 Figure 1, C, = 10pF . e 50 ns

CiNn - | Capacitance of Logic Input - 5 pF
Cour: Capacitance of Logic Outputs| L C 10 : pF

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be |mpa|red All voltages unless otherwise

specified are measured with respect to ground.

Note 2: When the input voltage (V|y) at any pin exceeds the power supply rails (Vjy<GND -0.1V or Ve +0.1V) the absolute value of current

at that pin should be limited to 25mA or less.

Note 3: —55°C to +125°C opeérating temperature range devices are 100% tested at temperature extremes with worst-case test condltlons

—40°Cto +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by

correlation with worst-case test conditions. . .

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgomg quallty level calculation.

Note 7:_Total unadijusted error includes offset, full-scale, linearity, multiplexer and sample and hold errors.

Note 8: For — Vggr >V n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward

conduct for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at low
. Vce levels 4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors

for analog inputs near full-scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog V;y or Vggr does not

exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to 5Vpc input voltage range will"

therefore require a minimum supply voltage of 4.900Vp ¢ over temperature vanatlons, initial tolerance and Ioadlng .

Note 9: Leakage current is measured with the clock not switching.

Note 10: C, =50pF, timing measured at 50% point.

Note 11: A 40% to 60% clock duty cycle range insures proper operatlon at all clock frequencies. In the case that an available clock has a duty

cycle outside of these limits, the minimum time the clock is high or the- minimum time the clock is low must be at least 40 ns. The maximum

time the clock can be high or low is 60ps.

Note 12: The conversion start setup time requnrement only needs to be satlst" ed if a conversion must be synchronized to a given clock rising -

edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse.
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ML2252, ML2259

DATA OUTPUT

OuUTPUT ENABLE - )
CL 10k
1_ Von VOH-100mV
= = OUTPUT 50%
GND

Voi

Vcc
Vee
1o outrput ¢ 50%
- ENABLE o “jo%
—| . —| | —
OUTPUT ton Ho
a Vee
0T OUTPUT 50%
— VoL +100mV

Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES

" 1]
Vcc=5V
- VREF=5V
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&
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3
]
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E 25°C
o
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L N L
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25°C | | ] P
0 y
.01 1 1
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Figure 2. Linearity Error vs fc
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'ML2252, ML2259

TYPICAL PERFORMANCE CURVES (Continued)

Vec=5V .
fcik =1.46MHz

=)
N
a

0.5

125°C

LINEARITY ERROR (LSB)

=3

25°C
-25 & ‘

0 1 2 3 4
VREF (VDC)

Figure 3. Linearity Error vs Vggr Voltage

Vce=5V
ViN=0V
. fcLk = 10.4MHz
1.5 Ta=25°C —
o
]
o
o
g 1 \\
')
=
w
£
o
s}
0.5 AN —t
o
0 1 2" 3 4 5

VREF (VDO

Figure 4. Unadjusted Offset Error vs Vggr Voltage

1.0 FUNCTIONAL DESCRIPTION

1.1 Multiplexer Addressing

The ML2252 and ML2259 contain a single ended analog
multiplexer. A particular input channel is selected by using
the address decoder. The relationship between the address
inputs, ADDRO-ADDR2, and the analog input selected is
shown in Table 1. The address inputs are latched into the
decoder on the rising edge of the address latch signal ALE.

Table 1. Multiplexer Address Decoding

ML2252
Selected Address
Analog Channel i Input
CHO 0
CH1 . 1
ML2259
Selected Address Input
Analog Channel ADDR2 ADDR1 ADDRO
CHO 0 0 0
CH1 0 0 1
CH2 0 1 0
CH3 0 1 1
CH4 1 0 0
CH5 1 0 1
CHe 1 1 0
CH7 1 1 1

1.2 A/D Converter .
The A/D converter uses successive approximation to per-
form the conversion. The converter is composed of the suc-
cessive approximation register, the DAC and the comparator.

. The DAC generates the precise levels that determine the

linearity and accuracy of the conversion. The DAC is com-
posed of a capacitor upper array and a resistor lower array.
The capacitor upper array generates the 4 MSB decision
levels while the series resistor lower array generates the 4 LSB
decision levels. A switch decoder tree is used to decode the
proper level from both arrays.

The capacitor/resistor array offers fast conversion, superior
linearity and accuracy since matching is only required be-

" tween 24=16 elements (as opposed to 28=256 elements in

conventional designs).. And since the levels are based on the
ratio of capacitors to capacitors and resistors to resistors, the
accuracy and long term stability of the converter is improved.
This also guarantees monotonicity and no missing codes, as
well as eliminating any linearity temperature or power supply
dependence. i

- The successive approximation register is a digital block used

to store the bit decisions from the conversion.

The comparator design is unique in that it is fully differential
and auto zeroed. The fully differential architecture provides
excellent noise immunity, excellent power supply rejection,
and wide common mode range. The comparator is auto
zeroed at the start of each conversion in order to remove any
DC offset and full-scale gain error, thus improving accuracy

" and linearity.

Another advantage of the capacitor array approach used in
the ML2252 and ML2259 is the inherent sample-and-hold
function. This true S/H allows an accurate conversion to be
done on the input even if the analog signal is not stable.

2-94
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ML2252, ML2259

1.0 FUNCTIONAL DESCRIPTION (Continued)

Linearity and accuracy are maintained for analog signals up
to 1/2 the sampling frequency. As a result, input signals up to
50kHz can be converted without degradation in linearity or
accuracy.

The sequence of events during a conversion is shown in
Figure 5. The rising edge of a START pulse resets the internal
registers and initiates a conversion on the next rising edge of
CLK providing that (tss) start pulse setup time is satisfied. If
this setup time is not met, start conversion will have an un-
certainty of one clock pulse. The input is then sampled for
the next half CLK period until EOC goes low. EOC goes low
on the falling edge of the next CLK pulse indicating that the
conversion is now beginning. The actual conversion now
takes place for the next eight CLK pulses, one bit for each
CLK pulse. After the conversion is done, the data is updated
on DB0-DB7 and EOC goes high on the rising edge of the 9th
CLK pulse, indicating that the conversion has been com-
pleted and data is valid on DB0-DB7. The data will stay valid
on DBO-DB?7 until the next conversion updates the data word
on the next rising edge of EOC.

\«—»l—mm

A conversion can be interrupted and restarted at any time by
a new START pulse.

1.3 Analog Inputs and Sample/Hold

The ML2252 and ML2259 have a true sample-and-hold
circuit which samples both the selected input and ground
simultaneously. These analog to digital converters can reject
AC common mode signals from DC-50kHz as well as
maintain linearity for signals from DC-50kHz.

The plot below (Figure 6) shows a 2048 point FFT of the
ML2259 converting a 50kHz, 0to 5V, low distortion sine
wave input. The ML2252 and ML2259 sample and digitize at
their specified accuracy, dynamic input signals with fre-
quency components up to the Nyquist frequency (one-half
the sampling rate). The output spectra yields precise mea-
surements of input signal level, harmonic components, and
signal to noise ratio up to the 8-bit level. The near ideal signal
to noise ratio is maintained independent of increasing analog
input frequencies to 50kHz.

CLK I 1 2 3 5 6 7 8 9
s — =
START
[ tws —!
ALE
twaLe
ADDRO-ADDR2 )K
s [T t teoc
EOC
|
DB0-DB7 PREVIOUS DATA * DATA >____._.<:
| [ﬁ'“"’l [~
tiH, toH - I
OE \ /
Figure 5. Timing Diagram
0
-10
-20
-30
3 -40
w
2 -50
2
=
Z -60
2
s -7
-80
-90 T I , | i L LI |
-100
-110

37.5 75

FREQUENCY (kHz)

Figure 6. Output Spectrum
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ML2252, ML2259

1.0 FUNCTIONAL DESCRIPTION (Continued)

The signal at the analog input is sampled during the interval
when the sampling switch is open prior to conversion start.
The sampling window (S/H acquisition time) is one half CLK
Fenod long and occurs one half CLK period after START goes
low. When the sampling switch closes at the start of the S/H
acquisition time, 8 pF of capacitance is thrown onto the ana-
log input. One half CLK period later, the sampling switch
opens, the signal present at analog input is stored and con-
version starts. Since any error on t %‘ne analog input at the end
of the S/H acquisition time will cause additional conversion
error, care should be taken to insure adequate settling and
charging time from the source. If more charging or settling
time is needed.to reduce these analog input errors, a Ionger
CLK period can be used.

Each analog input has dual diodes to the supply ralls, and a

minimum of £25mA (£100mA typically) can be injected
into each analog input without causing latchup.

1.4 Reference

The voltage applied to the +Vggr and VREF inputs defines
the voltage span of the analog input (the difference between
Vinmax and Vinmin) over which the 256 possible output
codes apply. The devices can be used in either ratiometric
applications or in systems requiring absolute accuracy. The
reference pins must be connected to a voltage source capa-
ble of driving the reference input resistance, typically 20k.

“In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/ D reference. This voltage
is typically the system power supply, so the +Vggr pin can be
tied to Vcc and — Ve tied to GND. This technique relaxes
the stability requirements of the system reference as the ana-
log input and A/D reference move together maintaining the
same output code for a given input condition.

For absolute accuracy, where the analog input varies be-

tween specific voltage limits, the reference pins can be biased

with a time and temperature stable voltage source.

+VRer and —Vggr can be at any voltage between V¢ and
GND. In addition, the difference between +Vggr and —Vger
can be set to small values for conversions over smaller
voltage ranges. Particular care must be taken with regard to
noise pickup, circuit layout and system error voltage sources
when operating with a reduced span due to the increased
sensitivity of the converter.

1.5 Power Supply and Reference Decoupling

A 10uF electrolytic capacitor is recommended to bypass Ve
to GND, using as short a lead length as possible. In addition,
with clock frequencies above 1TMHz, a 0.1uF ceramic disc
capacitor should be used to bypass Ve to GND.

If REF+ and REF - inputs are driven by long lines, they should
be bypassed by 0.1uF ceramic disc capacitors at the reference
input pins (pins 12, 16).

1.6 Dynamic Performance

Signal-to-Noise Ratio )
Signal-to-noise ratio (SNR) is the measured signal to noise at
the output of the converter. The signal is the rms magnitude
of the fundamental. Noise is the rms sum of all the nonfunda-

mental signals up to half the sampling frequency. SNR is
dependent on the number of quantization levels used in the
digitization process; the more the levels, the smaller the
quantization noise. The theoretical SNR for a sme wave is

given by
SNR = (6.02N + 1.76)dB

where N is the number of bits. Thus for ideal 8-bit converter,
SNR-= 49.92dB. .

Harmonic Distortion

Harmonic distortion is the ratio of the rms sum of harmonics
to the fundamental. Total harmonic distortion (THD) of the
ML2252 or ML2259 are defined as

(V22 + V32 + V42 + Vg2)'k
Vi

where Vy is the rms amplitude of the fundamental and V5,
V3, V4, Vs are the rms amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa
and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and difference
frequencies of mfa + nfg, wherem, n=0, 1,2, 3 ... Inter-
modulation terms are those for which m or n is not equal to
zero. The (IMD) intermodulation distortion specification
includes the second order terms (f5 + fg) and (f — fg) and
the third order terms (2fs + fg), (2fs — fp), (fa + 2fg), and
(fa — 2fg) only.

1.7 Digital Interface

The analog inputs are selected by the digital addresses,
ADDRO-ADDR?2, and latched on the rising edge of ALE. This
is described in the Multiplexer Addressing section.

A conversion is initiated by the rising edge of a START pulse.

20log =

. As long as this pulse is high, the internal logic is reset.

The sampling interval starts with the following CLK rising
edge after a START falling edge and ends on the falling edge
of CLK. The conversion starts and EOC goes low. The sam-
pling clock is at least one half CLK period wide. Each bit
conversion in the successive approximation process takes 1
CLK period. On the rising edge of the ninth CLK pulse, the
digital output of the conversion is updated on the outputs
DBO0-DB7 and EOC goes high indicating the conversion is
done and data on DB0-DB?7 is valid.

One feature of the ML2252 and ML2259 is that the data is
double buffered. This means that the outputs DBO-DB7 will
stay valid until updated at the end of the next conversion and
will not become invalid when the next conversion starts. This
facilitates interfacing with external logic of uP.

The signal OE drives the data bus, DB0-DB7, into the
high impedance state when held low. This allows the
ML2252 and ML2259 to be tied directly to a uP system
bus without any latches or buffers.
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ML2252, ML2259

1.0 FUNCTIONAL DESCRIPTION (Continued)

1.7.1 Restart During Conversion 1.7.2  Continuous Conversions

Ifthe A/D is restarted (start goes low and returns high) during In the free-running, continuous conversion mode, the start
a conversion, the converter is reset and a new conversion is input is tied to the (Figure 7) EOC output. An initialization
started. The output data latch is not updated if the conversion pulse, following power-up, of momentarily forcing a logic
in process is not allowed to be completed. EOC will remain high level is required to guarantee operation.

low and the output data latch is not updated.

ML2252
ML2259

Vee START

T START
EOC

Figure 7. Continuous Conversion Mode

2.0 TYPICAL APPLICATIONS

Vce (5Vpo)
15Vpc ak :L
3 A
Vce Vi
1 +VRer CC
6000 I3 + = 104F
mmoc Vee < FSADIL~"0.85Vcc s
- k l ML2252
24k 2 =
’-]': 104F b3 ML2239
L
-15Vpc =
XDR CH
ML2252
ML2259
_l_ 20k
= <
= VREF
133
GND 'L 0.15Vcc
<
l 3k ::
Figure 8. Protecting the Input Figure 9. Operating with Ratiometric Transducers 15%

of Ve < Vxpr<85% of V¢
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ML2252, ML2259

m, Micro Linear

ORDERING INFORMATION
“TOTAL TEMPERATURE o v
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
TWO ANALOG INPUTS, 20-PIN PACKAGE ; L .
ML2252BM). ' . +1,1SB -55°Cto +125°C HERMETIC DIP (j20)
ML2252B) ~40°Cto +85°C HERMETIC DIP (120)
ML2252BCP 0°Cto +70°C MOLDED DIP (P20)
ML2252BCQ 0°Cto +70°C MOLDED PCC (Q20)
ML2252Cl) +1LSB —40°Cto +85°C HERMETIC DIP ()20)
ML2252CCP 0°Cto +70°C MOLDED DIP (P20)
ML2252CCQ 0°Cto +70°C MOLDED PCC (Q20)
EIGHT ANALOG INPUTS, 28-PIN PACKAGE
ML2259BM) +1,1SB ~55°Cto +125°C HERMETIC DIP (128)
ML2259B) ~40°Cto +85°C HERMETIC DIP. (128)
ML2259BCP 0°Cto +70°C MOLDED DIP (P28)
ML2259BCQ 0°Cto +70°C MOLDED PCC (Q28)
ML2259C]) +1LSB -40°Cto +85°C HERMETIC DIP (128)
ML2259CCP 0°Cto +70°C MOLDED DIP (P28)
ML2259CCQ 0°Cto +70°C MOLDED PCC (Q28)
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ML2258

pP Compatible 8-Bit A/D Converter
with 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2258 combines an 8-bit A/D converter, 8-channel
analog multiplexer, and a microprocessor compatible 8-bit
parallel interface and control logic in a single monolithic
CMOS device.

Easy interface to microprocessors is provided by the
latched and decoded multiplexer address inputs and
latched three-state outputs.

The device is suitable for a wide range of applications from
process and machine control to consumer, automotive ,
and telecommunication applications.

The ML2258 is an enhanced pin compatible second
source for the industry standard ADC0808/ADC0809. The
ML2258 enhancements are faster conversion time, true
sample and hold function, superior power supply rejec-
tion, wider reference range, and a double buffered data
bus as well as faster digital timing. All parameters are
guaranteed over temperature with a power supply voltage
of 5V 10%.

FEATURES

® Conversion time 6.6ps
= Total unadjusted error '+ 1/2LSB or £ 1LSB
= No missing codes .

® Sample and hold 390ns acquisition
® Capable of digitizing a 5V, 50kHz sine wave

® 8-input multiplexer

® 0V to 5V analog input range with single 5V

power supply

Operates ratiometrically or with up to 5V

voltage reference

No zero or full scale adjust required

Analog input protection 25mA per input min
Low power dissipation 3mA max
TTL and CMOS compatible digital inputs and
outputs

Standard 28-pin DIP or surface mount PCC
Superior pin compatible replacement for ADC0808
and ADC0809

BLOCK DIAGRAM

START  CLOCK
T ——— "
INO 0—] | |
| A/DWITH —Q——————o END OF CONVERSION
Nt | SAMPLEMHOLD |\ oo o 1iMING | (INTERRUPT)
. I
IN2 0— | |
IN3 0— I Y '
8:CHANNEL ) A
N4 o] MULTIPLEXER 1 SAR. | v
) : + —oDBo
IN5 0—| | | DB1
: COMPARATOR THREE DB2
1N6 O— I oggtin - [opss
I \ATCH  [ODB4
IN7 O— l BUFFER |——O DB5
| * }—ooBe
| | |—o DB7
t SWITCH TREE |
ADDRO O— ) | ‘ |
ADDR1 O— * AppRESS
ADDR2 0—  [ATCH L—-—— -| |
ADDRESS oner | |
o— DECODER" | CAPACITOR/
LATCH ENABLE . RESISTOR
ARRAY

Vcc GND + VRer

L[

~ VRer OUTPUT
ENABLE

Tl Micro Linear
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PIN CONNECTIONS

~ ML2258 ¢
28-PIN DIP
1 ~as]iNe RS
2 I
3 2% [Jino
4 25 []ADDRO
N7 [] 5 24 [] ADDRT
START[| 6 23 ]ADDRz
‘eoc] 7 zzf]ALEZ"

. .oB3[]s 21 ]Dsg_
OE[] 9 20 ] pBe
ck[] 10 - 19 []oss
Vec[j1r i 18 [Joea

+Vree [ 12 17 [] o8B0
R | RENE © 46 [] - veer
oBi[] 14 s [los2
TOP VIEW -

s

IN6!IN4+IN2+INO
T 3 2 7 8%

“UML2258
28-PIN PCC

IN5 IN3 IN1

N7 []5 25| ] ADDRO
START [ 6 o 24 []ADDR1
eoc []7- ¢ * 23] ADDR2
- pB3[]s.  22[]ALE ;¢
- oke[]9 21[]og7 i
akJo -+ - " 20[]DBe
vee[] RS 13 14 15 16 17 1% ]D,BS )
L g 2 | e
ITGND{ mszk}_lmoL}_I
+VREF DB1 - Vger. . DB4 . L
: TOR VIEW

o

PIN DESCRIPTION =~ . -

FUNCTION

FUNCTION

PINNO. NAME PIN NO. NAME ‘
1 IN3  Analog input 3. 13 GND  Ground. 0V, all analog and digital in-
2 IN4 Analoginput4. . S puts.or outputsare reference to this
3 IN5 * Analoginput 5. point. e L
4 IN6  Analoginput6.’ 14 DB1  Dataoutputd. - .. . é
5 IN7 Analog input 7. 15 DB2 Data output 2.
6 START  Start of conversion. Active high 16 —Vrer  Negative reference voltage.
digital input pulse initiates _ 17 DBO  Data output 0.
: conversion. o 18 DB4 Qata output4. . .
7 EOC  End of conversion. This output goes 19 DB5  Dataoutput 5.
low after a START pulse occurs, stays 20 DB6  Dataoutput6.
low for the.entire AID convgrsign} 21 DB7 Data output 7.
and goes high after conversion is
completed. Data on DBO-DB7 is 22 ~’ ALE ) Address latch enable. Input tolatch
valid on rising edge of EOC and stays in the d|g|ta| address (ADDR2-0) on
valid until next EOC rising edge. -+« therising edge of the multiplexer.
8 DB3 Data output 3. ' 23 .. ADDRO Address input 0 to multiplexer.
9 OF Output enable input. When OE 0, ¢ Digital input for selecting analog
DB0-DB?7 are in high impedance input. . .
state; OE=1, DBO- DB7 are acttve 24 ADDR1 Aeres§ input 1 to mu!tlplexer.
outputs. - Digital input for selecting analog
. input. .
10 CLK  Clock. Clock input provudes timing - - .
for AID converter, S/H and dlgltal 25 ADDR2 Address mput 2 to multiplexer.
interface. Digital input for selectlng analog
input. ‘ :
£10%.
L e Tty R
REF ‘ e 127 IN1 Analoginput 1.
: 28 IN2  Analoginput2.
23 : ’
2"1 00 . RAR® - ) L
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| ML2258
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS

(Note 1) Supply Voltage, Ve . ovovvveeiaiann 4.5Vpct0 6.3Vpc
Supply Voltage, Vec. - oo v oot 6.5V Temperature Range (Note 3)................ TMinSTa=Tmax
Voltage ML2258BM]J, ML2258CM) .............. -55°Cto +125°C
Logiclnputs. ........................ —-0.3Vto Ve +0.3V ML2258Bl), ML2258BIP
Analoglnputs ........... ... ... -0.3VtoVcc+0.3V ML2258BIQ, ML2258Cl) . )
Input CurrentperPin(Note 2) ..................... +25mA ML2258CIP, ML2258CIQ . ............... —40°Cto +85°C
Storage Temperature .................... —65°Cto +150°C
Package Dissipation
atTa=25°C (BoardMount) ............ovevinnn. 875mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Plastic). . . ................... 260°C
Dual-In-Line Package (Ceramic) . ................... 300°C
Molded Chip Carrier Package
Vapor Phase (60 S€C.) . .. oot 215°C
Infrared (15s€C.). .. ..o 220°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta=Tmin to Tmax, Vec= +VRer=5V £10%, —Vrer=GND and fc g =10.24MHz

ML2258B ML2258C
TYP TYP

PARAMETER NOTES| CONDITIONS MIN (NOTE 4) | MAX MIN [(NOTE4)| MAX |UNITS
Converter and Multiplexer :
Total Unadjusted Error 5,7 |Vrer=Vcc +1/2 +1 LSB
+ Vger Voltage Range 6 —VRer Vee+0.1 | —Veer Vece+0.1 \
—Vger Voltage Range 6 GND-0.1 +Vger |GND-0.1 + VREF \
Reference Input Resistance 5 14 20 35 14 20 28 kQ
Analog Input Range 58 GND-0.1 Vcc+0.1|GND-0.1 Vee+0.1 Vv
Power Supply Sensitivity 6 DC +1/32 +1/4 +1/32 +1/4 LSB

Vee=5VE10%

100mVp-p ~ £1/16 |- £1/16 LSB

100kHz Sine on V¢,

VIN =0
lorr, Off Channel Leakage 59 |OnChannel=Vee | -1 : -1 A
Current (Note 9) Off Channel =0V

On Channel =0V 1 1 A

Off Channel=V¢c )
lon, On Channel Leakage 59 |OnChannel=0V -1 -1 A
Current (Note 9) Off Channel=Vc

On Channel =V¢c ) 1 : 1 BA

Off Channel =0V
Digital and DC :
VN, Logical /1 Input 5 2.0 2.0 \Y
Voltage
ViNo) Logical “0"”" Input 5 ) 0.8 0.8 \
Voltage ) )
IlN(l)/ Logical “1"" Input 5 Vin=Vcc 1 1 HA
Current ) ) |
IIN(O)/ Logical 0" Inpu 5 V|N=0V -1 -1 [AA
Current . .
VOUT(U/ Logical 1 5 lOUT= -2mA 4.0 4.0 » \
Output Voltage i :
VOUT(O)r Logical 0 5 lout=2mA 0.4 0.4 \%
Output Voltage :
lout, Three-State Output. | 5 Vour=0V -1 -1 A
Current . Vour=Vee 1 1 4A
lcc, Supply Current 5 1.5 3 1.5 3 mA
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ML2258

ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL ‘ '

PARAMETER

’ NOTES ,

CONDITIONS

AC and Dynamic Performance Characteristics (Note 10)°

TYP
‘MIN’(NOTE4)‘ MAX ’UNITS

tacQ Sample and Hold Acquisition 4 ek
feik Clock Frequency 5. 100 10240 kHz
tc- Conversion Time 5 67 67+250ns | fck
SNR Signal to Noise Ratio Viy=>51kHz, 5V Sine. 47 dB
. fork=10.24MHz

| (fsampLnG = 150kH2). Noise is Sum of

All Nonfundamental Components up

to 1/2 of fsampuing
THD Total Harmonic Distortion Vin=51kHz, 5V Sine. -60 dB

~ feik=10.24MHz
(fsampLinG = 150kHZ). THD is Sum of
2,3, 4, 5 Harmonics Relative to-

Fundamental
IMD Intermodulation Distortion Vin="a+fp. fa=49kHz, 2.5V Sine. -60 dB

fg=47.8kHz, 2.5V Sine, '

fCLK =10.24MHz

(fSAMPLlNC =1 SOkHZ) IMD is (fA + fB)/

(fo—Tg), Q2fp+Tg), (2fp—Tp), (f+21p),

(fa - 2fg) Relative to Fundamental
FR Frequency Response Vin=0to 50kHz. 5V Sine Relative to 0.1 dB

1kHz
tpc Clock Duty Cycle 6,11 40 60 %
teoc End of Conversion Delay 5 8 8+250ns 1oLk
tws Start Pulse Width 5 50 ns
tss Start Pulse Setup Time 6,12 |Synchronous Only 40 . ns
tWALE Address Latch Enable Pulse Width 5 50 ns
tg Address Setup 5 0 ns
ty Address Hold- 5 | 50 . ns
ti1, o | Output Enable for DBO-DB7 6 Figure 1, C| =50pF 100 ns
I 6 Figure 1, C, = 10pF 50 ns
t1H, oH Output Disable for DB0-DB7 6 Figure 1, C; =50pF 200 ns

R . 6 Figure 1, C, = 10pF 100 ns

Cin Capacitance of Logic Input ; 5 pF
Cout Capacitance of Logic Outputs 10 pF

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated C|rcu1t may be impaired. All voltages unless
otherwise specified are measured with respect to ground.

Note 2: When the input voltage (V)\) at any pin exceeds the power supply rails (V[N <V7orViy>V¥)the absolute value of current at '
that pin should be limited to 25mA or less.

Note 3: -55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test
conditions. —40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%

testing, sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.
Note 7: Total unadjusted etror includes offset, full scale, linearity, multiplexer and sample and hold errors.
Note 8: For — Vg = Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will

forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the. V¢ supply. Be careful,
during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct—especially at elevated
temperatures, and cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as
long as the analog V) or Vggr does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an
absolute OVpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations,
initial tolerance and loadmg
Note 9: Leakage current is measured with the clock not switching.
Note 10: C, = 50pF, timing measured at 50% point.
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequenc:es In the case that an available clock has a
duty cycle outside of these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 40ns. The
maximum time the clock can be high or low is 60us.
Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock
rising edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse.

2-102
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tiH, the tin, CL = 10pF th1, Cp = 50pF

DATA OUTPUT
OUTPUT ENABLE 0%
CL 10k
I VoH 90% ’
= = OUTPUT 50%
GND
ton, tHo ton, Cp=10pF
Vcc :
OUTPUF
10k : ENABLE
DATA
OUTPUT
CL
T OUTPUT 50%

Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES

1.0 T T TTTT
. Vee=5V
VREF =5V
0.75
[
2
-3
=]
4
w 0.5
£ MNazsec
3
3 AN
z - 55°C N
- [~~~ \‘B'm. 1
0.25
250 o 1
0 .
0.01 . 0.1 1.0 10
CLOCK FREQUENCY (MH2z)

_Figure 2. Linearity Error vs fc
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TYPICAL PERFORMANCE CURVES (Continued)

"Vee=5V
fcLk =10.4 MHz

e
3
a

LINEARITY ERROR (LSB)
o
2

0.25
0
0 1 2 "3 4 5
VRer (VDC)
Figure 3. Linearity Error vs Vggr Voltage
2 R
Vce=5V
VREF =5V
VIN=0V
Vos=3mV .
. fak=104MHz
15 |- Ta=25°C —
2
3
o
2 \
g 1 \
.
jr
£
<]
0.5 | - \
o - ) . -
0 1 2 3 4 5

" VRef (VDO

Figure 4. Unadjusted Offset Error vs Vggp Voltage
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ML2258

1.0 FUNCTIONAL DESCRIPTION

1.1 MULTIPLEXER ADDRESSING

The ML2258 contains an 8-channel single ended analog
multiplexer. A particular input channel is selected by using
the address decoder. The relationship between the ad-
dress inputs, ADDRO-ADDR2, and the analog input se-
lected is shown in Table 1. The address inputs are latched
into the decoder on the rising edge of the address latch
signal ALE.

Table 1. Multiplexer Address Decoding

SELECTED ADDRESS INPUT
ANALOG CHANNEL ADDR2 ADDR1 ADDRO
INO 0 0 0
IN1 0 0 1
IN2 0 1 0
IN3 0 1 1
IN4 1 0 0
IN5 1 0 1
IN6 1 1 0
IN7 1 1 1

1.2 A/D CONVERTER

The A/D converter uses successive approximation to per-
form the conversion. The converter is composed of the
successive approximation register, the DAC and the
comparator.

The DAC generates the precise levels that determine the
linearity and accuracy of the conversion. The DAC is com-
posed of a capacitor upper array and a resistor lower
array. The capacitor upper array generates the 4 MSB deci-
sion levels while the series resistor lower array generates
the 4 LSB decision levels. A switch decoder tree is used to
decode the proper level from both arrays.

The capacitor/resistor array offers fast conversion, superior
linearity and accuracy since matching is only required be-
tween 2*=16 elements (as opposed to 28 = 256 elements in
conventional designs). And since the levels are based on
the ratio of capacitors to capacitors and resistors to resis-
tors, the accuracy and long term stability of the converter

[4—»}4”&.(

is improved. This also guarantees monotonicity and no
missing codes, as well as eliminating any linearity tem-
perature or power supply dependence.

The successive approximation register is a digital block
used to store the bit decisions from the conversion.

The comparator design is unique in that it is fully differen-
tial and auto zeroed. The fully differential architecture pro-
vides excellent noise immunity, excellent power supply
rejection, and wide common mode range. The compara-
tor is auto zeroed at the start of each conversion in order
to remove any DC offset and full scale gain error, thus im-
proving accuracy and linearity.

Another advantage of the capacitor array approach used
in the ML2258 over conventional designs is the inherent
sample and hold function. This true S/H allows an accu-
rate conversion to be done on the input even if the analog
signal is not stable. Linearity and accuracy are maintained
for analog signals up to 1/2 the sampling frequency. As a
result, input signals up to 75kHz can be converted without
degradation in linearity or accuracy.

The sequence of events during a conversion is shown in
Figure 5. The rising edge of a START pulse resets the in-
ternal registers and the falling edge initiates a conversion
on the next rising edge of CLK. Four CLK pulses later, sam-
pling of the analog input begins. The input is then sampled
for the next four CLK periods until EOC goes low. EOC
goes low on the rising edge of the 8th CLK pulse indicating
that the conversion is now beginning. The actual conver-
sion now takes place for the next 56 CLK pulses, one bit
for each 7 CLK pulses. After the conversion is done, the
data is updated on DBO-DB7 and EOC goes high on the
rising edge of the 67th CLK pulse, indicating that the
conversion has been completed and data is valid on
DB0-DB?7. The data will stay valid on DBO-DB7 until the
next conversion updates the data word on the next rising
edge of EOC.

A conversion can be interrupted and restarted at any time
by a new START pulse.

CLK | | I l ||| |2| |3| |4| |5| IGI 7| 8 |66| l67 |68 |69 |70|

tss—»| I<—

START

ALE

tWALE

ADDRO-ADDR? )K
ts 1 ‘EOC

EOC

DB0-DB7 PREVIOUS DATA

OE

DATA
| ten -
—>| tpis l-—

Figure 5. Timing Diagram
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1.0 FUNCTIONAL DESCRIPTION (Continued)

1.3 ANALOG INPUTS AND SAMPLE/HOLD

The ML2258 has a true sample and hold circuit which
samples both the selected input and ground simultane-
ously. This simultaneous sampling with a true S/H will give
common mode rejection and AC linearity performance
that is superior to devices where the two input terminals
are not sampled-at the same instant and where true sample
and hold capability does not exist. Thus, the ML2258 can
reject AC common mode signals from DC-50kHz as well
as maintain linearity for signals from DC-50kHz.

The plot below (Figure 6) shows a 2048 point FFT of the
ML2258 converting a 50kHz, 0 to 5V, low distortion sine
wave input. The ML2258 samples and digitizes, at its
specified accuracy, dynamic input signals with frequency
components up to the Nyquist frequency (one-half the
sampling rate). The output spectra yields precise measure-
ments of input signal level, harmonic components, and
signal to noise ratio up to the 8-bit level. The near ideal
signal to noise ratio is maintained independent of increas-
ing analog input frequencies to 50kHz.

The signal at the analog input is sampled during the inter-
val when the sampling switch is open prior to conversion
start. The sampling window (S/H acquisition time) is 4 CLK
periods long and occurs 4 CLK periods after START goes
low. When the sampling switch closes at the start of the
S/H acquisition time, 8pF of capacitance is thrown onto
the analog input. 4 CLK periods later, the sampling switch
opens, the signal present at analog input is stored and con-
version starts. Since any error on the analog input at the
end of the S/H acquisition time will cause additional con-
version error, care should be taken to insure adequate set-
tling and charging time from the source. If more charging
or settling time is needed to reduce these analog input er-
rors, a longer CLK period can be used.

The ML2258 has improved latchup immunity. Each analog
input has dual diodes to the supply rails, and a minimum
of £25mA (£ 100mA typically) can be injected into each
analog input without causing latchup.

1.4 REFERENCE .
The voltage applied to the +Viggr and —VRer inputs de-*
fines the voltage span of the analog input (the difference
between Vinmax and Vinmin) over which the 256 possible
output codes apply. The devices can be used in either ra-
tiometric applications or in systems requiring absolute ac-
curacy. The reference pins must be connected to a voltage
source capable of driving the reference input resistance,
typically 20k.

In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/D reference. This volt-
age is typically the system power supply, so the + Vggr pin
can be tied to Ve and — Vggr tied to GND. This technique
relaxes the stability requirements of the system reference
as the analog input and A/D reference move together
maintaining the same output code for a given input
condition.

For absolute accuracy, where the analog input varies be-
tween specific voltage limits, the reference pins can be
biased with a time and temperature stable voltage source.

In contrast to the ADC0808 and ADC0809, the ML2258
—VRrer and +Vger reference values do not have to be sym-
metric around one half of the supply. +Vggr and — Ve,
can be at any voltage between Vcc and GND. In addition,
the difference between + Vggr and —VRger can be setto
small values for conversions over smaller voltage ranges.
Particular care must be taken with regard to noise pickup,
circuit layout and system error voltage sources when
operating with a reduced span due to the |ncreased
sensitivity of the converter.

1
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Figure 6. Output Spectrum
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1.0 FUNCTIONAL DESCRIPTION (Continued)

1.5 POWER SUPPLY AND REFERENCE DECOUPLING
A 10uF electrolytic capacitor is recommended to bypass
Ve to GND, using as short a lead length as possible. In
addition, with clock frequencies above TMHz, a 0.1uF
ceramic disc capacitor should be used to bypass V¢ to
GND.

If REF + and REF - inputs are driven by long lines, they
should be bypassed by 0.1uF ceramic disc capacitors at
the reference input pins (pins 12, 16).

1.6 DYNAMIC PERFORMANCE

Signal-to-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms magni-
tude of the fundamental. Noise is the rms sum of all the

nonfundamental signals up to half the sampling frequency.

SNR is dependent on the number of quantization levels
used in the digitization process; the more levels, the
smaller the quantization noise. The theoretical SNR for a
sine wave is given by

SNR=(6.02N+1.76)dB

where N is the number of bits. Thus for ideal 8-bit con-
verter, SNR=49.92dB.

Harmonic Distortion

Harmonic distortion is the ratio of the rms sum of harmon-
ics to the fundamental. Total harmonic distortion (THD) of
the ML2258 is defined as

(sz + V32 + V42 + V_r,z)”2
g
Vi

20 lo

where Vj is the rms amplitude of the fundamental and V»,
V3, V4, Vs are the rms amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa
and fg, any active device with nonlinearities will create
distortion products, of order (m +n), at sum and difference
frequencies of mfa +nfg, where m,n=0, 1, 2, 3,... . Inter-
modulation terms are those for which m or n is not equal
to zero. The ML2258 (IMD) intermodulation distortion
specification includes the second order terms (f +fg) and
(fa —fp) and the third order terms (2fs +fg), (2fo —fg),
(fa+2fg) and (fa — 2fg) only.

1.7 DIGITAL INTERFACE

The analog inputs are selected by the digital addresses,
ADDRO-ADDR?2, and latched on the rising edge of ALE.
This is described in the Multiplexer Addressing section.

A conversion is initiated by the rising edge of a START
pulse. As long as this pulse is high, the internal logic is
reset.

The sampling interval starts with the 4th CLK rising edge
after a START falling edge and ends on the 8th rising edge
of CLK, 4 CLK periods later. On the rising edge of the 8th
CLK pulse, the conversion starts and EOC goes low.

Each bit conversion in the successive approximation proc-
ess takes 7 CLK periods. On the rising edge of the 64 CLK
pulse, the digital output of the conversion is updated on
the outputs DBO-DB7. On the rising edge of the 65th CLK
pulse, EOC goes high indicating the conversion is done
and data on DBO-DB7 is valid.

One feature of the ML2258 over conventional devices is
that the data is double buffered. This means that the out-
puts DBO-DB?7 will stay valid until updated at the end of
the next conversion and will not become invalid when the
next conversion starts. This facilitates interfacing with ex-
ternal logic of uP.

The signal OE drives the data bus, DBO-DB?7, into the high
impedance state when held low. This allows the ML2258
to be tied directly to a uP system bus without any latches
or buffers.

@ Micro Linear
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ML2258
2.0 TYPICAL APPLICATIONS

Vce (5Vpe)

' 15Vpc T
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6000 v
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—~15Vpc = = P o
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ML2258 L ML2258
4k
GND + VREF
0.85Vcc 1k
> FS ADJ

24k

Figure 7. Protecting the Input Figure 8. Operating with Ratiometric Transducers 15%
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1/274HC221
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B
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Figure 9. Continuous Conversion Mode

2-108 &L Micro Linear



ML2258

ORDERING INFORMATION ,
. ALTERNATE TOTAL TEMPERATURE '

PART NUMBER PART NUMBER UNADJUSTED ERROR _ RANGE | . PACKAGE
ML2258BM]) ADC0808C] —-55°Cto +125°C Hermetic DIP (j20)
ML2258Blj ADC0808CC) —40°Cto +85°C Hermetic DIP (j20)
ML2258BIP ADCO0808CCN —40°Cto +85°C Molded DIP (P20)
ML2258BIQ ADCO0808CCV —40°Cto +85°C Molded PCC (Q20)
ML2258ClJ o —40°Cto +85°C Hermetic DIP (J20)
ML2258CIP ADCO0809CCN —40°Cto +85°C Molded DIP (P20)
ML2258CIQ ADC0809CCV —40°Cto +85°C Molded PCC (Q20)
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’ ‘PRELIMINARY

ML2261 |

.iL Mlcro Lmear

,uP Compatlble Hig h- Speed 8-Bit
A/D Converter W|th T/H (S/H)

' GENERAL DESCRIPTION

The ML2261 is a high-speed, uP compatible 8-bit A/D
converter with a conversion time of 670ns over the
operating temperature range and supply voltage
tolerance. The ML2261 operates from a single 5V
supply and has an analog input range from GND to
Vce-

The ML2261 has two different pin selectable modes.
The T/H mode has an internal track and hold. The S/H
mode has a true internal sample and hold and can
digitize 0 to 5V sinusoidal signals as high as 500kHz.
Timing is compatible with the AD7821. )

The ML2261 digital interface has been‘designed so that
the device appears as a memory location or I/O port
to a uP.

The ML2261 is an enhanced, pin compatible second
source for the industry standard ADC0820 and AD7820.
The ML2261 enhancements are faster conversion time,
parameters guaranteed over the supply tolerance and
temperature range, improved digital interface timing,
superior power supply rejection, and better latchup
immunity on analog inputs.

FEATURES

u Conversion time, WR-RD mode over temperature

and supply voltage tolerance
Track & Hold Mode .................... 850ns max
Sample & Hold Mode 700ns max

= Total unadjusted error ......... +1/2 LSB or £1 LSB

m Digitizes a 5V, 250kHz sine wave to 8-bit accuracy

m No missing codes

m 0V to 5V analog input range with single 5V power
supply

= No zero or full scale adjust required

= Analog input protection 25mA min

= Operates ratiometrically or with up to 5V voltage
reference

= No external clock.required

m Easy interface to uP, or operates stand alone

m Power-on reset circuitry

m Low power

m Standard 20-pin DIP or surface mount PCC

m Superior pin compatible replacement for ADC0820
and AD7820

BLOCK DIAGRAM

DECODE
LOGIC, :g De7
LATCH DB6
-0 DBS
-0 DB4
o pB3
OUTPUT
BUFFER [—O DB2
O DBY'
-0 DBO

v

v 47

TIMING
&
CONTROL

Lod

CS WR/RDY RD

SH/TH MODE

PIN CONNECTIONS

20-Pin DIP 20-Pin PCC
v [ N [] vee DB0 Vo
peo []2 9 % SH/TH DBl | vin | SH/THR
pe1 [} 3 8 [] oft
ez [ 4 7 [] os7 DB2 w[] of
DB3 E 5 16 ] pss . DB3 J D87
wr/kDy [ 6 []oss VROV ] o8
mooE [ 7 1 [] pB4 MODE [] oes
w[]s sllw U 0 n 134r:lDB4
inT [] 9 2 ] +VREF = —
ano [ 0 1] Vier INTGNI;VRE:VLEFCS
TOP VIEW " TOPVIEW
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PIN DESCRIPTION

PINNO.  NAME FUNCTION PIN NO. ~ NAME FUNCTION
1 ViN Analog input. ‘ 10 GND Ground.
2 DBO Data output — bit 0 (LSB). n -VRer Negative reference voltage for
"3 DB1  Data output — bit 1. A/D converter.
4 DB2 Data output — bit 2 12 +VRer Positive reference voltage for
s DB3 b bit 3’ A/D converter.
— at.a ().utput — e 13 cs -Chip select input. This pin must
6 WR/RDY wgteml)nputdor tr}e;fady,oqt%ln be held low for the device to
-RU mode, this pin is erform a conversion.
input. In RD mode, this pin is P bit 4
RDY open drain output. See 1 DB4  Data output — bit 4.
Digital Interface section. 15 DB5 Data output — bit 5.
7 MODE  Mode select input. 16 DB6 Data output — bit 6.
MODE - GND: RD mode 17 DB7  Data output — bit 7 (MSB).
= Vccr WR- =~ .
Pin has internal current source 18 OFL Overflow output. This output
pulldown to GND. goes low at end of conversion
== . . if Vi is greater than
8 RD Rgaq [qput. In RD mode, this +Vger — V4LSB.
pin initiates a conversion. In J—
WR-RD mode, this pin latches 19 SH/TH S/H, T/H mode select. When
data into output latches. See SH/TH = V¢, the device is in
Digital Interface section. ;L"/‘iﬂ_’%’ a"gN‘:;"?hmgde; When
- ) } = e device is in
9 INT Interrupt output. This output track and hold mode. Pin has
signals the end of a conversion internal pulldown current
and indicates that data is valid
e source to GND.
on the data outputs. See Digital .
Interface section. Positive supply. +5 volts £ 5%.

20 Vee

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage, Ve ovvvveeiiiiiiii i 6.5V
Voltage

Logic Inputs ........................... 0.3V to Vcc + 0.3V

Analog Inputs ...l -0.3V to Ve + 0.3V
Input Current per Pin (Note 2) ...............coo.e +25mA
Storage Temperature ....................... -65°C to +150°C
Package Dissipation

at Tp = 25°C (Board Mount) ....................... 875mW
Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Plastic) ........................ 260°C

Dual-In-Line Package (Ceramic) ..................... 300°C

Molded Chip Carrier Package
Vapor Phase (60 sec.)
Infrared (15 s€C.) ...t

OPERATING CONDITIONS

Supply Voltage, Vec vooovvvvviiei e 4.5Vpc to 6.0Vpc

Temperature Range (Note 3) .............. Tmin = Ta < Tmax
ML2261Bl), ML2261Cl) ..................... —40°C to +85°C
ML2261BCQ, ML2261CCQ )
ML2261BCP, ML2261CCP  .................ee 0°C to +70°C
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ML2261

ELECTRICAL CHARACTERISTICS

Unless othen,vi§e specified, Tpo = Tmin t0 Tmax, Ve = +Vrer = 5V £ 5%, and -Vrgr = GND

ML2261XIX

ML2261XCX
Ca e |- : Sl TYP

PARAMETER NOTES CONDITIONS MIN. | (Note 4).| MAX MIN | (Note 4| MAX |UNITS

Converter .

Total Unadjusted Error hE :
ML2261BXX 5,7 | Vier = Ve +1/2 S| 12 | 1sB
ML2261CXX : ) +1 == LSB

+Vger Voltage Range 6 ~Vier Vee+01 | Vg Vect01 |V

-Vrer Voltage Range 6 GND-01 +Veer  |GND-0:1 +VRer \%

Reference Input 5 1 2 3 1 2 3 kQ

Resistance E

Analog Input Range 58"’ GND-01 Vcc+01 |GND-01 Vee+01 |V

Power Supply Sensitivity 5 |DC ©£1/32 +1/4 +1/32 +1/4 LSB

1Vee = 5V £ 5%, Ve = 475V .
100mVp-p +1/16 £116 LSB
100kHz sine on V¢,

Vi =0

Analog Input Leakage 5,9 |Converter Idle -1 +1 -1 +1 HA

Current . t

Analog Input Capacitance | During Acquisition Period 45 45 pF

Digital and DC '

Vingy Logical “17 Input -+ | |WR, RD, CS 2.0 20 \

Voltage MODE, SH/TH Vee-05 V05 v

Vinoy Logical “0” Input | |WR RD, CS 08 08 |V

Voltage . |MODE, SH/TH 05 05 |V

lingy Logical “1” X ’ —W—Rr Er Cs 1 1 uA

Input Current 5 |V =Vee ‘SHTH
p MODE, SH/TH | 15 50 150 15 50 150 | wA

ical “0” , WR, RD, CS -1 -1 A

lin)y Logical “0 5 |V, = GND > M

Input Current MODE, SH/TH | -20 -20 uA

VOUT(1)I Logical “1” 5 IOUT = -2mA 4.0 4.0 A%

Output Voltage )

VOUT(O)' Logical “0” 5 lOUT =2mA 0.4 04 - \%

Output Voltage R

lour, Three-State Output | . |Vour = OV -1 -1 A

Current Vour = Vee K 1: LA

Cour, Logic Output 5 5 pF

Capacitance

Cin Logic Input 5 5 pF

Capacitance

. lcc, Supply Current 5 |CS=WR=RD="1" 8 14 8 15.5 mA
No Output Load
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ML2261

ELECTRICAL CHARACTERISTICS (continued)

Unless. otherwise specified, Ta = Tmin t0 Tmax, Vec = #VRrer = 5V £ 5%, ~Vger = GND, and tlmmg measured at 14V
Cy = 100pF.

ML2261XCX ML2261XIX
TYP TYpP

PARAMETER NOTES CONDITIONS : MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
AC and Dynamic Performance (Note 9)
tcgro, Conversion Time, 5 |RD to INT, MODE = 0V 1060 1100 ns
Read Mode
tcwrrp, Conversion Time,| 5,9 |WR Falling - T :
Write-Read Mode Edge to INT, SH/TH=Vcc 650 700 690 740 s

tro < N, __ —

MODE = V. | SH/TH=GND 850 920 | ns
SNR, Signal to Noise Ratio ViN = 5V, 250kHz 48 48 dB

Noise is sum of all -

nonfundamental

components

from 0-500kHz.
SH/TH = Vo, MODE = Ve
fsampunG = 1 MHz

HD, Harmonic Distortion - VN = 5V, 250kHz -63 ) -63 dB
: "| THD is sum of 2-5th

harmonics relative to .
fundamental.

SH/TH = VCC/ MODE = VCC
fsampunG = 1 MHz

IMD, Intermodulation fa = 2.5V, 250kHz ' -60 -60 dB
Distortion fb = 2.5V, 248kHz

. IMB is (fa + fb), (fa - fb),
(2fa + fb), (2fa - fb),
(fa + 2fb), or (fa - 2fb)
relative to fundamental.
SH/TH = VCO MODE = VCC
fsampung = 1 MHz

FR, Frequency Response Vi = 5V, 0-250kHz +01 ) +01 dB
Relative to 1kHz

SH/TH = Ve, MODE = Ve
fsampuing = 1 MHz ) ,
SH/TH = Ve 40 40.° | Vips

SR, Slew Rate Tracking 6 — -

. SH/TH = GND . 25 25 | Vius
AC Performance Read Mode (Pin 7 = 0V), Figure 2 - : )
troy, CS to RDY Delay | 5 : : 0 65 0 70 | s
trony RD Low to 5,10 |Figure 1 1060 1100 | ns
RDY Delay
tcssy CS to iﬁ, WR 5 0 ‘ ' 0 - ns
Setup Time ! )
tesHy E_S_ to TQ—B, W 5 0 . 0 ' ns
Hold Time : ‘ .
tcrp, Conversion Time — | 5, 10 i 1060 | - 1100 ns

‘RD Low to INT Low
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ML2261

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specnﬁed Ta = TmiNn to Tmax Ve = VRer = 5V + 5%, "VREF

B
v

GND, wa‘nd timing>measured at "I;4V,

& Micro Linear

Cp =100pF
ML2261XCX ML2261XIX
: TYP - TYP:
PARAMETER NOTES CONDITIONS . MIN | (Note 4) - MAX MIN [ (Note 4) | MAX | UNITS :
AC Performance Read Mode (Pin 7 = 0V), Figure 2 (Continued)
taccor Data Access Time 5 tcrRD tcrp*30 |0 ttRD tcrpt30 | ns
RD to Data Valid - )
tropws RD Pulse Width 5 tcrp+30 tcrp*30 ns
tvrr, RD to INT Delay | 5, 10 0 65 0 70 ns
tpy, Data Hold Time — 6,10 |Figure 1 0 50; | ...0 60 ns
RD Rising Edge to Data ) :
High Impedance State
tp, Delay Time Between | 5, 10 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = Ve ) ;
to RD Low Track & Hold Mode, 240 260 ns
SH/TH = GND '

AC Performance Write-Read Mode (Pin 7 ='5V), Figures 3 and 4 :

" tess, CS to RD, WR 5 ‘ 0 0 ns
Setup Time
tesHr CS to E, ‘WR 5 0 0 ns
Hold Time B

e ‘ 5 |SH/TH = Ve 170 50K 180 50K ns
twr, WR Pulse Width — - pon
i 6 |SH/TH = GND 320 - 50K . 360 50K ns
trD, Reaﬂime —WR 5 tro < tiNTL 275 290 ns
High to RD Low Delay ‘
tg, RD to INT Delay 510 |trp < tinmy 255 270 ns
tacci, Data Access Time 5 |trp < tNTL 0 260 .- 280 ns
— RD Low to Data Valid :
tewrgp: Conversion Time | 5910 |tgp < tpyr, SH/TH = Ve 650 |- 700 690 740 ns .
— WR Falling Edge to —
INT Low 69,10 |tgp < tiy, SH/TH = GND 850 920 ns
tin Internal Comparison -5, 10 |tgp > tintL 650 670 ns-
Time — WR Rising Edge :
to INT Low .
taccy Data Access Time | 5 |tgpy > timy 0 50 0 C 60 | ns
— RD to Data Valid o . :
tDH, Data Hold Tlme — 6, 10 |Figure 1 -0 50 0 60 ns
RD Rising Edge to. Data’
High Impedance State } ) .
tintie RD? to INT! Delay | 5, 10 . 0 65 0 70 ns
tp, Delay Time Between - | 5, 10 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = Ve '
to WR LOW'~ Track & Hold Mode, 240 260 ns
SH/TH = GND ) :

tinwrWR! to INT! Delay | 5, 10 |Standalone Mode 0 100 110 ns
tip, INTI to Data 5, 10 |Standalone Mode 0 20 30 ns’
Valid Delay.
2-114



ML2261

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:

Note 8:

Note 9:
Note 10:

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

When the voltage at any pin exceeds the power supply rails (V;y < GND or V| > V() the absolute value of current at that pin
should be limited to 25mA or less.

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.

Typicals are parametric norm at 25°C.

Parameter guaranteed and 100% production tested.

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested at the
minimum specified times for WR, RD, tg,, and tp. For example, for the ML2261XCX in the sample and hold mode, WR/RD mode: tyg =
170ns, tgp = 275ns with a frequency of 1.00MHz (cycle time of 1000ns).

For -Vggr = V) the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at
low V¢ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog
Viy or Vger does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to
5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and
loading.

Conversion time, write-read mode = tyg + tgp + tr).

Defined from the time an output crosses 0.8V or 2.4V.

V
DATA outeut '€
ouTPUT ENABLE )
-~ GND —10%
10pF 5k - o

— - Von VOH-100mV

= = ouTPUT
GND —

OUTPUT
ENABLE

T OUTPUT

VoL +100mV

Figure 1. High Impedance Test Circuits and Waveforms
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E§ \‘
Mramen [fr—
R—[—) : . .
e —— - N ,:
RDY / o/
EXTERNAL PULL-UP - <—th B
- Fhmﬂ ) R 7( )
INT . . . tr
- ) T p {
4 R \_ :
DBO-DB7: — e 'g \SAA:II'!A) ----- - ' —] tINTH
=— tacco——»} —> ol DB0-DB7 m e o _f—----
* IN SAMPLE & HOLD MODE A PULL UP RESISTOR ]
ON RDY SHOULD NOT BE USED UNLESS taccr> e tDH e—
CS! IS = 20ns BEFORE RDI.
Figure 2. RD Mode Timing Figure 4. WR-RD Mode Timing (tgp < tint1)
[ _ 7 N ./"-
wR twr V
<—-t|r~m——>|
tcss > |[=tcsH le—tp.
® tRD' \& - /]
—> - tiINTH
~ X
| ——tiNTL —>] —»| |etip )
DB0-DB7 — -——- \3,&1',": -‘E— DE0-DEB7 :—'—‘d: \ng'»l\) >
tacc»| |-— : )
toH I
Figure 3. WR-RD Mode Timing (tgp > ting) Figure 5. WR-RD Mode Stand-Alone. Timing CS = RD = 0
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ML2261

1.0 FUNCTIONAL DESCRIPTION

The ML2261 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on Viy to determine the 4 MSB'’s. These

4 MSB'’s are then cycled through an internal DAC to
recreate the analog input. This reconstructed analog
input signal from the DAC is then subtracted from the
input, and the difference voltage is converted by a
second 4 bit flash conversion, providing the 4 LSB's of
the output data word. An additional overrange function
detects if V|\ is greater than +Vggr — %2LSB.

1.1 ANALOG INPUT

The analog input on the ML2261 behaves differently
than inputs on conventional converters. The analog
input current requirements change while the
conversion is in progress, and the amount of input
current depends on what cycle the converter is in.

The equivalent input circuit for the converter is shown
in Figure 6. When the conversion starts in the T/H
mode (WR! in the WR-RD mode or RD! in the RD
mode) S1, $4 and S6 close and S3 opens. This period. is
known as the acquisition period where the MSB flash
converter tracks the input signal and the LSB flash
converter samples it. During this period, V| is
connected to the 16 MSB and 15 LSB comparators.
Thus 38 pF of input capacitance must be charged up
through the combined Roy resistance of the internal
analog switches plus any external source resistance, Rs.
In addition, there is a stray capacitance of approximately
11 pF that needs to be charged through the external
source resistance Rs. This period ends in the WR-RD
mode when WRt or by an internal timer in the RD
mode. At this point ST and S4 open and the analog
input at Vi is no longer being sampled; thus during
this time the analog voltage on V|y does not affect
converter performance.

= =11pF
St
Rs RON TpF
V'N"VVV—‘_M 1.2K
4 o 1PF RON
TO MS 'g .
LADDER — O, o L i $3

16 MSB COMPARATORS

RoN N2
3.6K
6.4K o 1PF Ron
L]

015 — X c I s6
LADDER S5 I'eSPF =

15 LSB COMPARATORS

Figure 6. Converter Equivalent Input Circuit

As shown above, the critical period for charging up the
analog input occurs when the MSB and LSB
comparators are sampling the input, known as the
acquisition period. The source of the external signal on
V|N must adequately charge up the analog voltage
during the acquisition period. To do this, the input
must settle within the required analog accuracy
tolerance at least 50ns before the end of the acquisition
period so that the MSB comparators have adequate
time to make the correct decision. If more time is
needed due to finite_charging or settling time of the
external source, the WR low period can be extended in
WR-RD mode. in RD mode, since the acquisition time
is fixed by internal delays, the burden is on the external
source to charge up and settle the input adequately.

When the ML2261 operates in the S/H mode (pin 19 =
Vce) both the MSB and the LSB flash converter perform
a true sample and hold operation during the
acquisition or sampling period. This period starts after
the falling edge of INT and ends with the falling edge
of WR in the WR-RD mode or the falling edge of RD in
the RD mode. The duration of this period is user
controlled and must satisfy a minimum of tp.

During this period S1, S3, S4 and S6 close, therefore 46
pF of input capacitance must be charged up in addition
to the 11 pF of stray capacitance.

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD

The MSB Flash Converter of the ML2261 in T/H mode
has a track and hold mechanism for sampling the input.

. The input is attached to the MSB comparators directly

in the MSB compare cycle, or acquisition period. When
the MSB compare cycle ends, the state of the MSB
comparators is latched. The LSB Flash Converter always
performs a S/H operation. Thus, the analog input signal
can be changing during the MSB compare cycle, or
acquisition period, and the MSB comparators will be
tracking it as long as the slew rate of the analog input
is slow enough so that the MSB comparators can
respond. The ML2261 can track and hold signals with
slew rates as high as .25V/us (16kHz @ 5 volts) without
sacrificing conversion accuracy.

The ML2261 in S/H mode does not have the slew rate
limitation of the T/H mode since an internal sample and
hold acquires the analog signal, holds it internally, and
then performs a conversion. Since this is a true sample
and hold function, the S/H mode can theoretically
digitize signals of frequencies much higher than the
T/H mode. The ML2261 in S/H mode can digitize
signals of frequencies as high as 250kHz @ 5V (slew
rates as high as 4V/us) without sacrificing conversion
accuracy. In most applications, the S/H mode is more
desirable than T/H mode because of the better dynamic
performance.

ﬁ,&, M’icr?}inkear |
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1.2.1 CONVERTER — T/H MODE

The operating sequence for the WR-RD mode is
illustrated in Figure 7a, Inltlally, the internal comparators
are auto-zeroed while WR is high. A conversion is
initiated by the falling edge of WR. While WR is low,
the MSB comparators are tracking the analog input and
comparing this voltage against voltages from the
internal resistor ladder. At the same time, the input is
being acquired or sampled by LSB comparators. On the
rising edge of WR, the MSB comparator results are
latched, and the LSB acquisition time is ended by
closing_the sampling switch to the LSB comparators.
While WR is high, the LSB comparators then compare
the residual input voltage against internal voltages from
the resistor ladder to determine the 4 LSB’s. When the
LSB comparison or conversion is complete, INT goes
low and latches the conversion result into the output
latches. Then, the comparators are auto-zeroed while
WR is high before another conversion can start.

The operating sequence for RD mode, -is similar to that
described above for the WR-RD mode, except the
conversion is initiated by the falling edge of RD, and
the MSB and LSB conversions are generated by internal
clock edges that are generated while RD is low.

1.2.2 CONVERTER — S/H MODE

The operating sequence for S/H mode is illustrated in
Figure 7b. Notice that it is similar to /H mode
described above except this mode has a true sample
and hold._function. The falling edge of INT closes the
sampling switch and starts the.acquisition period where
the analog input is sampled at the same time all
comparators are auto-zeroed. The falling ‘edge of WR
opens the internal sampling switch, ends the acquisition
period, and starts the conversion on the internally
sample and held signal. The MSB comparators make
their decisions while WR is low. On the rising edge of
WR, the MSB comparator results are latched. The LSB
comparators make their decision when WR is high.

When the LSB comparison or conversion is complete,

INT goes low and latches the conversion result into the
output buffers. Then, the acquisition period begins
again and the converter is ready for the next
conversion.

The operating sequence for the RD mode is the same
as the WR-RD mode, except the conversion is initiated
by the fa||ing edge of RD, and the MSB and LSB
conversions are generated by internal clock edges that
are generated while RD is low.

a). T/H Mode
" _\__/ : A
e I ~
ALL COMPARATORS ~ ACQUISITION LsB
AUTOZEROED. PERIOD. MSB  COMPARATORS
COMPARATORS  DEGIDING.
ARE TRACKING
VIN. LSB
COMPARATORS
ARE. SAMPLING
VIN 1
CONVERSION ~ Viy SAMPLING ~ RD BROUGHT LOW
STARTS. ENDS. MSB LATCHES LSB
‘ COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW.
b). S/H Mode
- ) ol i
T 1 1
ACQUISITION 3 LSB
OR SAMPLING ‘COMPARATORS COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS »
AUTOZEROED.
CONVERSION MSB RD BROUGHT LOW
STARTS. COMPARATOR ~ LATCHES LSB
ViN SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. : BRINGS INT LOW.
Figure 7. Operating Sequence (WR-RD Mode)
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1.3 REFERENCE

The +Vggr and -Vggr inputs are the reference voltages
that determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and
-Vger defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 8.

+Vrer and -Vggr can be set to any voltage between GND
and-Vcc. This means that the reference voltages can be
offset from GND and the difference between +Vgget+ and
-Vger~ can be made small to increase the resolution of
the conversion. Note that the total unadjusted error
increases when [+Vjgr - (-Vger)] decreases.

OouTPUT
CODE FULL SCALE
TRANSITION
11111111
11111110
11111101
]
|
| s
1 4
’
! ,
O ,
,
00000011
00000010
00000001
00000000 4+ __ o
0 1LSB2LSB'S 3LSB'S X fs

Fs
AN, INPUT VOLTAGE (IN TERMS OF LSB'S)
Figure 8. A/D Transfer Characteristic

1.4 POWER SUPPLY AND REFERENCE DECOUPLING

A 0.1uF ceramic disc capacitor is recommended to
bypass Vcc to GND, using as short a lead length as
possible.

If REF+ and REF- inputs are driven by long lines, they
should be bypassed by 0.1uF ceramic disc capacitors at
the reference input pins.

1.5 DYNAMIC PERFORMANCE

1.51 SINUSOIDAL INPUTS

Since the ML2261 has an internal sample and hold, the
device can digitize high frequency sinusoids with little
or no signal degradations. Using the Nyquist criteria,
the highest frequency input to the converter could
theoretically be 1/2 the sampling rate (fg). Any frequency
components above fy/2 will be aliased below fy/2. In
most applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to fs/2, then
the requirements on the anti-alias filter become difficult

to impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fix
in order to relax the filtering requirements enough to
make a realizable anti-alias filter. )

The maximum sampling rate (fr,a) for the ML2261 in
the WR-RD mode, (tgp < tyn1L) can be calculated as
follows:

1
twr + trp * tr) + tp.
fimax = 1
max "~ 170ns + 275ns + 255ns + 300ns

frax = 1.00 MHz

twr = Write Pulse Width

tgp = Delay Time between 'WR and RD Pulses
tg; = RD to INT Delay

tp = Delay Time between Conversions

max =

This permits a maximum sampling rate of 1MHz for the
ML2261. The dynamic performance specifications (SNR,
HD, IMD, and FR) for the ML2261 are all specified at
250kHz, which is approximately 1/4 of the sampling
rate, fs.

In applications where aliased frequency components
are acceptable and filtering of the input signal is not
needed or where a filter with a steep amplitude
response is available, the user can apply an input
sinusoid higher than 250kHz to the device. Note,
however, that as the input frequency increases above
500kHz, dynamic performance degradation will occur
due to the finite bandwidth of the internal sample and
hold. )

The Figure 9 plots are 4096 point FFT's of the ML2261
converting a 257kHz and a 491kHz, 0 to 4.5V, low
distortion sine wave input. The ML2261 samples and
digitizes at its specified accuracy, dynamic input signals
with frequency components up to the Nyquist
frequency (one-half the sampling rate). The output
spectra yields precise measurements of the input signal
level, harmonic components, and signal to noise ratio
up to the 8-bit level. The near ideal signal to noise ratio
is maintained independent of increasing analog input
frequencies to 500kHz.

1.5.2 SIGNAL-TO-NOISE RATIO

Signal-to-noise ratio (SNR) is the measured signal to
noise at the output of the converter. The signal is the
rms magnitude of the fundamental. Noise is the rms
sum of all the nonfundamental signals up to half the
sampling frequency. SNR is dependent on the number
of quantization levels used in the digitization process;
the more the levels, the smaller the quantization noise.
The theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92 dB.

T8 Micro Linear
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Figure 9. Dynamic Performance, Sample and Hold Mode

1.5.3 HARMONIC DISTORTION
Harmonic distortion is the ratio of the rms sum of
harmonics to. the fundamental. Total harmonic
distortion (THD) of the ML2261 is defined as
(VZZ + V32 + V42 + V52)1/z

Vi
where V; is the rms amplitude of the fundamental and

Vy, V3, V4, Vs are the rms amplitudes of the individual
harmonics.

20 log =

1.5.4 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfs + nfg, where m, n' =0, 1,
2, 3 ... Intermodulation terms are those for which m
or n is not equal to zero. The (IMD) intermodulation
distortion specification includes the second order terms
(fa + fg) and (fa - fg) and the third order terms

(2fa + fp), (2fa - fp), (fa + 2fp), and (fa — 2fg) only.

1.6 DIGITAL INTERFACE

The ML2261 has two basic interface modes, RD and
WR-RD, which are selected by the MODE input pin.

1.6.1 RD MODE

In the RD mode, the WR/RDY pin is configured as the
RDY output. The read mode performs a conversion ~
with a single RD pulse. This allows the uP to start a
conversion, wait, and then read data with a single read
instruction,

The timing for the RD mode is shown in Figure 2. To
do a conversion, CS must be low to select the device.
After CS goes low, the RDY output goes low indicating
that the device is ready to do a conversion. The _
conversion starts on the falling edge of RD. While RD is
low, the MSB and LSB decisions are made with
internally generated clock edges. When the conversion
is complete, RDY goes high and INT goes low signaling
the end of the conversion. After INT goes low, the data
outputs go from high impedance to active state with
valid output data. Data stays valid until either RD or CS
goes high. When either signal goes high, the output
data lines return to the high impedance state and INT
returns high. A pull up resistor on RDY in the sample
and hold mode will cause clock injection, degrading
the total unadjusted error, unless CS! is = 20ns before
RDI. i i

1.6.2° WR-RD MODE

In the WR-RD mode, the WR/RDY pin is configured as
the WR input. In_this mode, WR initiates the ;
conversion and RD controls reading the output data.
This can be done in several ways, described below.

1.6.3 WR-RD MODE — USING INTERNAL DELAY

{tro > tint))

The timing is shown in Figure 3. To do a conversion,
CS must be low to select the device. Then, WR falling
edge triggers the conversion. While WR is low, the MSB
comparison is made. When WR returns high the LSB .
decision is made. After some internal.delay, INT goes
low indicating end of conversion. Valid -data will appear
on DBO0-7 when RD is pulled low. INT is then reset by .
the rising - edge of either CS or RD.
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1.6.4 WR-RD MODE — READING BEFORE DELAY

(trp < tinTt)

The internally generated delay for the LSB decision
when tgp > tinTL is longer than necessary due to
circuit design tolerances of tinr delay. If desired, a
faster conversion will result without loss of accuracy by
bringing RD low within the minimum time specified for
trp. The timing diagram for this. mode is shown in
Figure 4. WR is the same as when tgp > tiy1i. But in
this case, RD is brought low tgp ns after WR rising
edge and before INT. INT goes low indicating an end
of conversion after the falling edge of RD and is reset
on the rising edge of RD or CS. When RD is brought
low before INT goes low the data_bus always remains
in the high-impedance state until INTI.

1.6.5 WR-RD MODE — STAND ALONE OPERATION

Stand alone operation can be implemented by tying CS
and RD low as shown in Figure 5. WR initiates a
conversion as before. When WR is low, the MSB
comparison is made. When, WR goes high, the LSB
comparison is made. Since RD is already low, the
output data will appear automatically at end of
conversion. Since RD is always low, INT is reset on
rising edge of WR and goes low at end of conversion.

1.6.6 POWER-ON RESET

When power is first applied, an internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2261 from starting in
an unknown state. During this period of approximately
3us, INT remains high and the data bus is in the high-
impedance state. :
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2.0 TYPICAL APPLICATIONS
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ML2261

Figure 10. Protecting the Input Figure 11. Using Vcc as Reference for Ratiometric

Operation
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Figure 12. Using External Reference of D/A Figure 13. 68000 Type Interface to ML2261
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Figure 14. 9-Bit Resolution
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2.0 TYPICAL APPLICATIONS (Continued)
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Figure 15. £2.5V Analog Input Range
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Figure 16. Simultaneous Sampling of Two Variables
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Figure 17. TMS320 Interface with D/A Output
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Figure 18. 8051 Interface to ML2261
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TYPICAL APPLICATIONS (Continued)
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Figure 19. Opefafing with a Ratiometric Analog Signal of 15% of V¢ to 85% of Vcc

ORDERING INFORMATION

TOTAL TEMPERATURE

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2261Bl) +% LSB -40°C to +85°C HERMETIC DIP (J20)
ML2261BCP 0°C to +70°C MOLDED DIP (P20)
ML2261BCQ 0°C to +70°C MOLDED PCC (Q20)
ML2261ClJ ~*1LSB -40°C to +85°C HERMETIC DIP (J20)
ML2261CCP 0°C to +70°C MOLDED DIP (P20)
ML2261CCQ

0°C to +70°C

MOLDED PCC (Q20)
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ML2264

4-Channel High-Speed 8-Bit
A/D Converter with T/H (S/H)

GENERAL DESCRIPTION

The ML2264 is a high-speed, uP compatible, 4-channel
8-bit A/D converter with a conversion time of 680ns
over the operating temperature range and supply
voltage tolerance. The ML2264 operates from a single
5V supply and has an analog input range from GND to
Vce. .

The ML2264 has two different pin selectable modes.
The T/H mode has an internal track and hold. The S/H
mode has a true internal sample and hold and can
digitize 0 to 5V sinusoidal signals as high as 500kHz.

The ML2264 digital interface has been designed so that
the device appears as a memory location or I/O port
to a uP. Analog input channels are selected by the
latched and decoded multiplexer address inputs.

The ML2264 is an enhanced, pin compatible second
source for the industry standard AD7824. The ML2264
enhancements are faster conversion time, parameters
guaranteed over the supply tolerance and temperature
range, improved digital interface timing, superior
power supply rejection, and better latchup immunity
on analog inputs.

FEATURES

= Conversion time, WR-RD mode over temperature
and supply voltage tolerance

Track & Hold Mode .................... 830ns max
Sample & Hold Mode ................. 700ns max
m Total unadjusted error ......... +1/2 LSB or 1 LSB

m Capable of digitizing a 5V, 250kHz sine wave
= 4-analog input channels
= No missing codes
m 0V to 5V analog input range with single 5V power

supply
= No zero or full scale adjust required

= Analog input protection

m Operates ratiometrically or with up to 5V voltage

reference »
= No external clock required
m Power-on reset circuitry

= Low power

m Narrow 24-pin DIP or surface mount SOIC
m Superior pin compatible replacement for AD7824

BLOCK DIAGRAM

Vcc  +VRer -VREF GND
T T SH/TH T T
+VReEF—{ 4-BIT
FLASH
AN 10 A/D >
AIN 2 0 eer—] M -
I/ a2 te o
AIN3 o] MK LATCH [© DB6
SAMPLE - & |o DB
|| THREE
AN 4 O HOLD smre [© DBf'
[ ouTpUT [© DB3
BUFFER [-O DB2
> Lo DB1
> -0 DBO
ADDRESS
LATCH TIMING
DECODE &
l (L CONTROL —J)
A Al INT CS WR/RDY RD SH/TH MODE

PIN CONNECTIONS

24-Pin DIP
AINa[]1 o vee
AIN3[]2 23[] sH/TH
AiN2[]3 22[] A0
ANI[]e a[]ar
moDE[] 5 20[] oe7
oBo[] 6 19[] oBe
osi[] 7 18[] p8s
DszH 8 17[] o8a
D83 [] 9 16]] G
/B[] 0 15 [] WR/RDY
INT[] 14 [] +veer
GND[] 12 13[] -veer
TOP VIEW

24-Pin SOIC
AINaLCT] 1 24 1 Vee
AIN3[CT] 2 23 |17 SH/TH
AIN2[T]3 22 |17 A0
AINTLT]4 21 A
MODE [T 5 20 11 DB7
DB0 [T 6 19 11 DB6
D81 [T 7 18 [FT1 DBS
DB2 [T 8 17 -1 DB4
DB3 [T} 9 6 [ CS
RD [ 10 15 [CI0 WR/RDY
INTC n 14 [ +Veer
GND [T 2 13 [ -Vrer
TOP VIEW

2-125




ML2264

PIN DESCRIPTION

NAME

PIN NO. NAME FUNCTION PIN NO. FUNCTION
1 AIN 4  Analog inbut 4. 15 'WR/RDY  Write input or ready output. In
; WR-RD mode, this pin is WR
| . » tis p
2 AIN3  Analog !nput 3 input. In RD mode, this pin is
3 AIN2  Analog input 2. RDY open drain output. See
4 AIN1  Analog input 1. Digital Interface section.
5 MODE  Mode select input. 16 cs Chip select input. This pin must
MODE = GND: RD mode be held low for the device to
MODE = V¢c: WR-RD mode perform a conversion. -
Pin has internal current source 17 DB4 Data output — bit 4.
! GND. .
6 DBD gutdow: t(t) GN& 0 (LSB) 18 DB5 Data output — bit 5.
5 DB1 Data outpu - b!t 1 (L5B. 19 DB6 Data output — bit 6.
. o5 Data °"tp”: - bft , 20 DB7  Data output — bit 7 (MSB).
ata output — " 21 Al Digital address input 1 that
9 DB3 Data output — bit 3. selects analog input channel.
10 RD Read input. In RD mode, this See multiplexer addressing
pin initiates a conversion. In section.
WR-RD mode, this pin latches 22 A0 Digital address input 0 that
data into output latches. See selects analog input channel.
L Digital Interface section. ~See multiplexer addressing
1 INT Interrupt output. This output section.
signals the end of a conversion 23 SH/TH  S/H, TH mode select. When
and indicates that data is valid SH/TH = V¢, the device is in
on the data outputs. See Digital sample and hold mode. When
Interface section. SH/TH = GND, the device is in
12 GND Ground. track and hold mode. Pin has .
. internal pulldown current
13 ~VREF Negative reference voltage for -m s
A/D converter. source to GND.
- o
14 +VRer Positive reference voltage for 24 Vee Positive supply. +5 volts & 5%.

A/D converter.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage, Ve «vvvvvrniieiiiiii e 6.5V
Voltage
Logic Inputs ............... [ -0.3V to Vcc + 0.3V
Analog Inputs ...........cuveineiaa.. -0.3V to Vcc + 0.3V

............. +25mA
-65°C to +150°C

Input Current per Pin (Note 2)
Storage Temperature .......................
Package Dissipation

at Tp = 25°C (Board Mount) ............oovvvnnn.. 875mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Plastic) .................... .. 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
SOIC
Vapor Phase (60 seC.) ............ccoiiiiiiiiiiin. 215°C
Infrared. (15 SEC.) «.vvvvirniiin i ie e 220°C

OPERATING CONDITIONS

Supply Voltage, Ve vvvoeviiviinnniin 4.5Vpc to 6.0Vpc

Temperature Range (Note 3) .............. TmiN = Ta = Tmax
ML2264BMJ, ML2264CM} ................. -55°C to +125°C
ML2264BlJ, ML2264Cl} ..................... -40°C to +85°C
ML2264BCS, ML2264CCS

ML2264BCP, ML2264CCP ................c...e. 0°C to +70°C
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tapun t0 Tmax, Ve = +Vrer = 5V £ 5%, and -Vgge = GND

ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
Converter
Total Unadjusted Error
ML2264BXX 5,7 | Ve = Vec +1/2 +1/2 | LSB
ML2264CXX +1 +1 LSB
Integral Linearity Error
ML2264BXX 5,7 |Veer = Ve +1/2 +1/2 | LSB
ML2264CXX +1 +1 LSB
Differential Linearity Error
ML2264BXX 5 | Vger = Ve +12 +1/2 | LSB
ML2264CXX +1 +1 LSB
Full Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Zero Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Channel to Channel 5 +1/4 +1/4 LSB
Mismatch
+Vper Voltage Range 6 ~VRer Veet0d | —Veer V01 | Vv
-Vger Voltage Range 6 GND-01 +Vrer  |GND-01 +VRer \%
Reference Input 5 1 2.5 4 1 25 4 kQ
Resistance
Analog Input Range 58 GND-0.1 Vce+01 |{GND-01 Vee+01 \
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB
' Vee=5V+5%, Vger=4.50V
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢,
Vin=0
Analog Input Leakage 5 | ON Channel = V¢ A 4 A
Current, OFF Channel OFF Channel = 0V H
ON Channel = 0V
OFF Channel = V¢ 1 1 HA
Analog Input Leakage 5 |ON Channel = 0V 4 4 A
Current, ON Channel OFF Channel = V¢ s
ON Channel = V¢c
OFF Channel = 0V 1 1 HA
Analog Input Capacitance During Acquisition Period 45 45 pF
Digital and DC
Vingy Logical “1” Input s 'WR, RD, CS, A, A1 20 20 \%
Voltage MODE, SH/TH Vee-0.5 Vee-05 Y
Viny Logical “0” Input s 'WR, RD, CS, A0, A1 08 0.8 \Y
Voltage MODE, SH/TH 0.5 0.5 \Y

I@L Micro Linear
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Ta = Ty t0 Tmax Vee = +Vrer = 5V £ 5%, ~Vger = GND, ‘and tlmmg measured at 14V

Cy = 100pF.
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP S
PARAMETER NOTES CONDITIONS MIN (Note 4) MAX ~MIN (Note 4) | MAX |UNITS
Digital and DC (Continued) )
Ity Logical “1” _\N_R, E, E, 1 1 UA
Input Current 5 |[Vin=Vcc | AG, Al
© | MODE, SH/TH 15 50 150 15 50 150 A
Iy Logical “0” 5 {V,=GND | WR, RD, CS . 4 vA
Input Current MODE, SH/TH | -20 20 A
VOUT(1)/ Logical “1” 5 IOUT = -2mA 4.0 4.0 \%
Output Voltage
Vou‘r(o), Logical “” 5 IOUT =2mA 0.4 0.4 \%
Output Voltage
lout, Three-State Output 5 Vour = 0V -1 -1 HA
Current Vour = Vee 1 1 A
Cout, Logic Output 5 5 - pF
Capacitance
Cin Logic Input 5 5 pF
Capacitance
lcc, Supply Current 5 |CS=WR=RD="1" 18 20 mA
' No Output Load
AC and Dynamic Performance (Note 9)
tcrp, Conversion Time, 5 |RD to INT, MODE = 0V 1020 1100 | ns
Read Mode
tcwr.rn, Conversion Time,| 5,9 |WR Falling Ty
Write-Read Mode Edge to INT, SHITH=Vcc 700 75 ns
trp < tNT) —_
MODE TTVcc SH/TH=GND 830 930 | ns
SNR, Signal to Noise Ratio VN = 5V, 250kHz 48 48 dB
Noise is sum of all
nonfundamental -
components
from 0-500kHz.
SH/TH = VCC/ MODE = VCC
fsampung = 1.0 MHz
HD, Harmonic Distortion ViN = 5V, 250kHz -63 -63 dB
THD is sum of 2-5th
harmonics relative to
fundamental.
SH/TH = VCC/ MODE = Vcc
fsampiing = 10 MHz
IMD, Intermodulation © |fa =25V, 250kHz -60 -60 - dB
Distortion fb = 2.5V, 248kHz
IMB is (fa + fb), (fa - fb),
(2fa + fb), (2fa - fb),
(fa + 2fb), or (fa - 2fb)
relative to fundamental.
SH/TH = VCO MODE = VCC
fsampuing = 10 MHz
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ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Ta = Tyin t0 Tmax, Vec = #Vrer = 5V £ 5%, -Vrer = GND, and timing measured at 1.4V,

CL = 100pF
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX |UNITS
AC and Dynamic Performance (Note 9) (Continued)
FR, Frequency Response ViN = 5V, 0-250kHz +01 +01 dB

Relative to 1kHz

SH/TH = Ve, MODE = V¢

fsampuing = 10 MHz

SH/TH = Ve 40 40 | Vius
SR, Slew Rate Tracking 6 ——

SH/TH = GND 25 25 Vius
tas, Multiplexer Address 5 |SH/TH = GND, Figure 1 0 0 ns
Setup Time (Track & Hold Operation)
tan, Multiplexer Address 5 |SH/TH = GND, Figure 1 60 70 ns
Hold Time (Track & Hold Operation)
tas, Multiplexer Address 5 |SH/TH = V¢, Figure 2 225 245 ns
Setup Time (Sample & Hold Operation)
tap, Multiplexer Address 5 |SH/TH = V¢, Figure 2 60 70 ns
Hold Time (Sample & Hold Operation)

AC Performance Read Mode (Pin 5 = 0V), Figure 4

troy, CS to RDY Delay 5 0 60 0 65 ns
trop, RD Low to 5,10 |Figure 3 1020 1100 ns
RDY Delay

tcss CS to RD, WR 5 0 0 ns
Setup Time

tesn, CS to RD, WR 5 0 0 ns
Hold Time

tcrp, Conversion Time — | 5, 10 1020 1100 ns
RD Low to INT Low

tacco Data Access Time 5 tcrp tcrpt30 | terp tcrp+30 | ns
RD to Data Valid

troPW/ RD Pulse Width 5 tcrp*30 tcrpt30 ns
tietre RD to INT Delay 5,10 0 65 0 75 ns
tpy, Data Hold Time — 6, 10 |Figure 3 0 50 0 60 ns
RD Rising Edge to Data

High Impedance State

tp, Delay Time Between 5,10 |Sample & Hold Mode, -300 325 ns
Conversions — INT Low SH/TH = Ve )

to RD Low Track & Hold Mode, 240 260 ns

SH/TH = GND
AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6
tcss CS to E, ‘WR 5 0 0 ns
Setup Time
tesH CS to T(B, WR 5 0 0 ns
Hold Time

_ 5 |SH/TH = V¢ 190 50K 205 50K ns
twr, WR Pulse Width —
6 |SH/TH = GND 320 50K 360 50K ns

L Micro Linear
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Ta = Tpin t0 Tmax, Ve = +VRer = 5V £ 5%, -Vger = GND and timing measured at 1.4V,

C. = 100pF
ML2264XCX ML2264XIX, ML2264XMX
TYP TP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN |-(Note 4) | MAX |UNITS
AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued)
trD, Read_Time —WR . 5 tro < tNTL 275 300 ns
High to RD Low Delay
tgiy RD to INT Delay 5,10 |trp < tinTe 0 235 0 270 ns
tAch Data Access Time 5 trRD < HNTL 0 240 0 300 ns
— RD Low to Data Valid
towr-kp: Conversion Time | 5910 | tgp < tyy, SH/TH = Ve 700 775 ns
— WR Falling Edge to —
INT Low 6,9,10 | tgp < tii, SH/TH = GND 830 930 ns
tinTL Internal Comparison | 5, 10 |tgp > tinme 620 670 ns
Time — 'WR Rising Edge
to INT Low
taccy Data Access Time 5 |trp > tNTL 0 : 50 0 60 ns
— RD to Data Valid ) .
tpy, Data Hold Time — 6, 10 |Figure 3 0 50 0 60 ns
RD Rising Edge to Data
High Impedance State
tyyrh, RD! to INT! Delay | 5, 10 0 65 0 75 ns
tp, Delay Time Between 5, 10 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = V¢
to WR Low Track & Hold Mode, 240 260 “ns
SH/TH = GND
tiywi, WR! to INTt Delay | 5, 10 |Standalone Mode 0 90 0 100 ns
to, INT! to Data 5, 10 |Standalone Mode 0 20 0 30 ns
Valid Delay
Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise

Note 2:

Note 3:

Note 4:
Note 5:
Note 6:
Note 7:

Note 8:

Note 9:

Note 10:

specified are measured with respect to ground.

When the voltage at any pin exceeds the power supply rails (Viy < GND or Vi > V) the absolute value of current at that pin
should be limited to 25mA or less.

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions.

10°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%

testing, sampling, or by correlation with worst-case test conditions.

Typicals are parametric norm at 25°C.

Parameter guaranteed and 100% production tested.

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.
Total unadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at
the minimum specified times for WR, RD, tg;, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode:
twr = 190ns, tgp = 275ns with a frequency of 1.000MHz (cycle time of 1000ns).

For —Vggr = V) the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, dunng testing at
low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog
VN or Vgge does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to
5Vpc input voltage range will therefore require a minimum supply voltage of 4900V over temperature variations, initial tolerance and
loading. '

Conversion time, write-read mode = tyg + tgp *+ tg:

Defined from the time an output crosses 0.8V or 2.4V,

+
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Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND)
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1.0 FUNCTIONAL DESCRIPTION

The ML2264 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on V| to determine the 4 MSB'’s. These

4 MSB’s are then cycled through an internal DAC to
recreate the analog input. This reconstructed analog
input signal from the DAC is then subtracted from the
input, and the difference voltage is converted by a
second 4 bit flash conversion, providing the 4 LSB’s of
the output data word.

11  MUILTIPLEXER ADDRESSING

The ML2264 contains a 4-channel single ended analog
multiplexer. A particular input channel is selected by
using the address inputs A0 and A1l. The relationship
between the address inputs, A0 and A1, and the analog
input selected is shown in Table 1.

Selected Address Input
Analog Channel A0 Al
AIN1 0 0
AIN 2 1 0
AIN3 0 1
A IN 4 1 1

Table 1. Multiplexer Address Decoding

The address inputs_are latched into the ML2264 on the
falling edge of the RD, WR, or CS depending on the
state of pins SH/TH and mode as shown in Table 2.

Address Latching
Signal Mode Operation Mode
" RD! GND GND
'WRI Vee GND
CS! GND Vee
Cs! Vee Vee

Table 2.

In the Sample & Hold mode of operation CS is used as
the address latch enable, allowing for continuous
conversions without addressing a given analog input for
each conversion.

The Track & Hold mode of operation requires an
analog input to be addressed and latched for each
conversion that the ML2264 performs.

1.2 ANALOG INPUTS

The analog input on the ML2264 behaves differently
than inputs on conventional converters. The analog
input current requirements change while the
conversion is in progress, and the amount of input
current depends on what cycle the converter is in.

The equivalent input circuit for the converter is shown
in Figure 8. When the conversion starts in the T/H
mode (WR! in the WR-RD mode or RD! in the RD
mode) S1, S4 and S6 close and S3 opens. This period is
known as the acquisition period where the MSB flash
converter tracks the input signal and the LSB flash
converter samples it. During this period, V|y is
connected to the 16 MSB and 15 LSB comparators.
Thus 38 pF of input capacitance must be charged up
through the combined Roy resistance of the internal
analog switches plus any external source resistance, Rs.
In addition, there is a stray capacitance of
approximately 11 pF that needs to be charged through
the external source resistance Rs. This period ends in
the WR-RD mode when WRt or by an internal timer in
the RD mode. At this point S1 and S4 open and the
analog input at V)y is no longer being sampled; thus
during this time the analog voltage on VN does not
affect converter performance.

As shown above, the critical period for charging up the
analog input occurs when the MSB and LSB
comparators are sampling the input, known as the
acquisition period. The source of the external signal on
VN must adequately charge up the analog voltage
during the acquisition period. To do this, the input
must settle within the required analog accuracy
tolerance at least 50ns before the end of the acquisition
period so that the MSB comparators have adequate
time to make the correct decision. If more time is
needed due to finite charging or settling time of the
external source, the WR low period can be extended in
WR-RD mode. In RD mode, since the acquisition time
is fixed by internal delays, the burden is on the external
source to charge up and settle the input adequately.

When the -ML2264 operates in the S/H mode (pin 23 =
Vce) both the MSB and the LSB flash converter perform
a true sample and hold operation during the
acquisition or sampling period. This period starts after
the falling edge of INT and ends with the falling edge’
of WR in the WR-RD mode or the falling edge of RD in
the RD mode. The duration of this period is user
controlled and must satisfy a minimum of tp.

During this period S1, S3, S4 and S6 close, therefore
46 pF of input capacitance must be charged up in
addition to the 11 pF of stray capacitance.

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD

The MSB Flash Converter of the ML2264 in T/H mode
has a track and hold mechanism for sampling the input.
The input is attached to the MSB comparators directly
in the MSB compare cycle, or acquisition period. When
the MSB compare cycle ends, the state of the MSB
comparators is latched. The LSB Flash Converter always
performs a S/H operation. Thus, the analog input signal
can be changing during the MSB compare cycle, or
acquisition period, and the MSB comparators will be

N - - g
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tracking it as long as the slew rate of the analog input
is slow enough so that the MSB comparators ‘can
respond. The ML2264 can track and hold signals with
slew rates as high as .25V/us (16kHz @ 5 volts) without
sacrificing conversion accuracy.

- The ML2264 in S/H .mode does not have the slew rate

limitation of the T/H mode since an internal sample and
hold acquires the analog signal, holds it internally, and
then performs a conversion. Since this is a true sample
and hold function, the S/H mode. can theoretically
digitize signals of frequencies much higher than the
T/H mode. The ML2264 in S/H mode can digitize
signals of frequencies as high as 250kHz @ 5V (slew
rates as high as 4V/us) without sacrificing conversion
accuracy. In most applications, the S/H mode is more
desirable than T/H mode because of the better dynamic
performance.

1.3.1 CONVERTER — T/H MODE

The operating sequence for the WR-RD mode is
illustrated in Figure 9a. Initially, the internal comparators
are auto-zeroed while WR is high. A conversion is
initiated by the falling edge of WR. While WR is low,
the MSB comparators are tracking the analog input and
comparing this voltage against voltages from the
internal resistor ladder. At the same time, the input is
being acquired or sampled by LSB comparators. On the
rising edge of WR, the MSB comparator results are
latched, and the LSB acquisition time is ended by
closing the sampling switch to the LSB comparators.
While WR is high, the LSB comparators then compare
the residual input voltage against internal voltages from
the resistor ladder to determine the 4 LSB’s. When the
LSB comparison or conversion is complete, INT goes
low and latches the conversion result into the output
latches. Then, the comparators are auto-zeroed while
WR is high before another conversion can start.

The operating sequence for RD mode, is similar to that
described above for the WR-RD mode, except the
conversion is initiated by the falling edge of RD, and
the MSB and LSB conversions are generated by internal
clock edges that are generated while RD is low.

= 11pF

RoON

Rs
ViIN —'VVV— 12K
4
Ron
| ToMs >

lADDER

16 MSB COMPARATORS

RoN -
L aA—oX 36K
6.4K . lpF RON
10 1§
LADDER S5 = i

15 LSB COMPARATORS

Figure 8. Converter Equivalent Input Circuit

1.3.2 CONVERTER — S/H MODE

The operating sequence for S/H mode is illustrated in
Figure 9b. Notice that it is similar to T/H mode
described above except this mode has_a true sample
and hold function. The falling edge of INT closes the
sampling switch and starts the acquisition period where
the analog input is sampled at the same time all
comparators are auto-zeroed. The falling edge of WR
opens the internal sampling switch, ends the acquisition
period, and starts the conversion on the internally
sample and held signal. The MSB comparators make
their decisions while WR is low. On the rising edge of
WR, the MSB comparator results are latched. The LSB
comparators make their decision when WR is high.

When the LSB comparison or conversion is complete,

INT goes low and latches the conversion result into the
output buffers. Then, the acquisition period begins
again and the converter is ready for the next
conversion.

The operating sequence for the RD mode is the same
as the WR-RD mode, except the conversion is initiated
by the falhng edge of RD, and the MSB and LSB
conversions are generated by internal clock edges that
are generated while RD is low.
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a). T/H Mode
= N/ \
- | | |
T 1 1
ACQUISITION MSB LSB
OR SAMPLING COMPARATORS COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS
AUTOZEROED.
CONVERSION MSB RD BROUGHT LOW
STARTS. COMPARATOR LATCHES LSB
Vin SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. BRINGS INT LOW.
b). S/H Mode
WR —\_/ ) \
< = e -
ALL COMPARATORS ~ ACQUISITION LSB
AUTOZEROED. PERIOD. MSB COMPARATORS
COMPARATORS DECIDING.
ARE TRACKING
VIN. LSB
COMPARATORS
ARE SAMPLING
VIN.

CONVERSION VIN SAMPLING RD BROUGHT LOW

STARTS. ENDS. MSB LATCHES LSB
‘COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW.

Figure 9. Operating Sequence (WR-RD Mode)

1.4 REFERENCE

The +Vggr and -Vggr inputs are the reference voltages

that determine the full scale and zero input voltages, OUTPUT

respectively, for the A/D converter. Thus, +Vggr defines CODE ;&vﬁsﬁ%ﬁ
the analog input which produces a full scale output and

-Vggr defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 10. 1111110
1111101

1

+VRer and -Vggr can be set to any voltage between GND !
and Vce. This means that the reference voltages can be !
offset from GND and the difference between +Vgget and : ,
~VRer- can be made small to increase the resolution of |
the conversion. Note that the total unadjusted error ! ,
increases when [+Vger — (Vrep)] decreases. 00000011

. 00000010,
1.5 POWER SUPPLY AND REFERENCE DECOUPLING 00000001

A 01uF ceramic disc capacitor is recommended to 00000000 - _;_____.._._»
bypass Vcc to GND, using as short a lead length as 0 1LSB2ASB'S 3LSB'S X _Fs
possible. AN, INPUT VOLTAGE (IN TERMS OF LSB'S) f
If REF+ and REF- inputs are driven by long lines, they

should be bypassed by 0.1uF ceramic disc capacitors at . Figure 10. A/D Transfer Characteristic
the reference input pins.
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1.6 DYNAMIC PERFORMANCE

1.61 SINUSOIDAL INPUTS

Since the ML2264 has an internal sample and hold, the
device can digitize high frequency sinusoids with little
or no signal degradations. Using the Nyquist criteria,
the highest frequency input to the converter could
theoretically be 1/2 the sampling rate (fy). Any frequency
components above fy/2 will be aliased below fy/2. In
most applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to /2, then
the requirements on the anti-alias filter become difficult
to impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fpax
in order to relax the filtering requirements enough to
make a realizable anti-alias filter.

The maximum sampling rate (fay) for the ML2264 in
the WR-RD mode, (tgp < tiyt) can be calculated as
follows:

_ 1
Ttwr +tRD + tRi + tp
1
190ns + 275ns + 235ns + 300ns

fmax = 1.000 MHz

twr = Write Pulse Width

tgp = Delay Time between WR and RD Pulses
tr = RD to INT Delay '

tp = Delay Time between Conversions

fmax

fmax =

This permits a maximum sampling rate of 1MHz for the
ML2264. The dynamic performance specifications (SNR,
HD, IMD, and FR) for the ML2264 are all specified at
250kHz, which is approximately 1/4 of the sampling
rate, f,.

In applications where aliased frequency components
are acceptable and filtering of the input signal is not
needed, or where a filter with a steep amplitude
response is available, the user can apply an input
sinusoid higher than 250kHz to the device. Note,
however, that as the input frequency increases above
500kHz, dynamic performance degradation will occur
due to the finite bandwidth of the internal sample and
hold. '

The Figure 11 plots are 4096 point FFT’s of the ML2264
converting a 257kHz and a 491kHz, 0 to 4.5V, low
distortion sine wave input. The ML2264 samples and
digitizes at its specified accuracy, dynamic input signals
with frequency components up to the Nyquist
frequency (one-half the sampling rate). The output
spectra yields precise measurements of the input signal
level, harmonic components, and signal to noise ratio
up to the 8-bit level. The near ideal signal to noise ratio
is maintained independent of increasing analog input
frequencies to 500kHz.

1.6.2 SIGNAL-TO-NOISE RATIO

Signal-to-noise ratio (SNR) is the measured signal to
noise at the output of the converter. The signal is the
rms magnitude of the fundamental. Noise is the rms
sum of all the nonfundamental signals up to half the
sampling frequency. SNR is dependent on the number
of quantization levels used in the digitization process;
the more the levels, the smaller the quantization noise.
The theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92 dB.

1.6.3 HARMONIC DISTORTION
Harmonic distortion is the ratio of the rms sum of

harmonics to the fundamental. Total harmonic
distortion (THD) of the ML2264 is defined as

0
10 S0
SNR 48.4dB SNR 49.1dB
30 |_HD -62.87d8 a0 | HD -58.33dB
Vee = ‘{,REF = 5.0V Vce = VRer = 5.0V
_30 | _Ta=25°C 30 |—Ta = 25°C
-40 -40
2 .
2 50 g 0
w w
2 -60 S -60
Z 70 | E 70
£ g
-80 s -80
-90 -90
-100 [—H— HH | 'l -wo.rr||||lllr —
-110 t -110 - -
120 120
200 400 200 400
FREQUENCY (kHz) FREQUENCY (kHz2) i
a) Output Spectrum with fiy = 257kHz, fg = 1MHz b) Output Spectrum with fiy = 491kHz, fg = TMHz
" Figure 11, Dynamic Performance, Sample and Hold Mode
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(V22 + V32 + V42 + VSZ)‘/z
\4

where V; is the rms amplitude of the fundamental and
Vy, V3, V4, V5 are the rms amplitudes of the individual
harmonics.

20 log =

1.6.2 SIGNAL-TO-NOISE RATIO

Signal-to-noise ratio (SNR) is the measured signal to
noise at the output of the converter. The signal is the
rms magnitude of the fundamental. Noise is the rms
surn of all the nonfundamental signals up to half the
sampling frequency. SNR is dependent on the number
of quantization levels used in the digitization process;
the more the levels, the smaller the quantization noise.
The theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92 dB.

1.6.3 HARMONIC DISTORTION
Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic
distortion (THD) of the ML2264 is: defined as
(V22 + V32 + V42 + VSZ)‘/z

Vi
where V; is the rms amplitude of the fundamental and

Vy, V3, V4, Vs are the rms amplitudes of the individual
harmonics.

20 log =

1.6.4 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, where m, n = 0, 1,
2, 3 ... Intermodulation- terms are those for which m
or n is not equal to zero. The (IMD) intermodulation
distortion specification includes the second order terms
(fa + fg) and (fo - fg) and the third order terms

(2fA + fB), (2fA - fB), (fA + 2fB), and (fA - 2fB) only.

1.7 DIGITAL INTERFACE

The ML2264 has two basic interface modes, RD and
WR-RD, which are selected by the MODE input pin.

1.7.1 RD MODE

In the RD mode, the WR/RDY pin is configured as the
RDY output. The read mode performs a conversion
with a single RD pulse. This allows the uP to start a
conversion, wait, and then read data with a single read
instruction.

The timing for the RD mode is shown in Figure 4. To
do a conversion, CS must be low to select the device.
After CS goes low, the RDY output goes low indicating
that the device is ready to do a conversion. The
conversion starts on the falling edge of RD. While RD is
low, the MSB and LSB decisions are made with

internally generated clock edges. When the conversion
is complete, RDY goes high and INT goes low signaling
the end of the conversion. After INT goes low, the data
outputs go from high impedance to active state with
valid output data. Data stays valid until either RD or CS
goes high. When either signal goes high, the output
data lines return to the high impedance state and INT
returns high.

1.7.2  WR-RD MODE

In the WR-RD mode, the WR/RDY pin is configured as
the WR input. In_this mode, WR initiates the
conversion and RD controls reading the output data.
This can be done in several ways, described below.

1.7.3 WR-RD MODE — USING INTERNAL DELAY

(trp > tin)

The timing is shown in Figure 5. To do a conversion,

CS must be low to select the device. Then, WR falling

edge triggers the conversion. While WR is low, the MSB
comparison is made. When WR returns high the LSB

decision is made. After some internal delay, INT goes

low indicating end of conversion. Valid data will appear

on DBO0-7 when RD is pulled low. INT is then reset by !
the rising edge of either CS or RD.

1.7.4 WR-RD MODE — READING BEFORE DELAY
(tgp < tint))

The internally generated delay for the LSB decision
when tgp > N1 is longer than necessary due to
circuit design tolerances of tyr. delay. If desired, a

faster conversion will result without loss of accuracy by

bringing RD low within the minimum time specified for
trp. The timing diagram for this mode is shown in
Figure 6. WR is the same as when tgp > tiygy- But in
this case, RD is brought low tgp ns after WR rising
edge and before INT. INT goes low indicating an end
of conversion after the falling edge of RD and is reset
on the rising edge of RD or CS. When RD is brought
low before INT goes low the data_bus always remains
in the high-impedance state until INTI.

1.7.5 WR-RD MODE — STAND ALONE OPERATION

Stand alone operation can be implemented by tying CS
and RD low as shown in Figure 7. WR initiates a
conversion as before. When WR is low, the MSB
comparison is made. When, WR goes high, the LSB
comparison is made. Since RD is already low, the
output data will appear automatically at end of
conversion. Since RD is always low, INT is reset on
rising edge of WR and goes low at end of conversion.

1.7.6  POWER-ON RESET

When power is first applied, an internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2264 from starting in
an unknown state. During this period of approximately
3us, INT remains high and the data bus is in the high-
impedance state.
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2.0 TYPICAL APPLICATIONS

+15VpC

* 1; ML2264

-15Vpc

5V

* NO PROTECTION IS REQUIRED IF INPUT CURRENT <25mA

Figure 12. Protecting the Input

ML2264

0= VIN =< Vcc

-VREer
GND

Vee 05V
O—]AIN +
00— +TVREF
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I.I/IF

Figure 13. Using V¢ as Reference for Ratiometric

Operation
450V
+VRer J_* VREFOUT
o0— I.IMF Vec
0< VN <45 O] ML2264 | = ML2340
Oo—] D/A
o—] up WITH
REFERENCE

—OVour

Figure 14. Using External Reference of D/A

] ADDRESS 68008
ML2264
CSl&———O ADDRESS
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Figure 15. 68000 Type Interface to ML2264

5V
50K S
< 25K

ML2264
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Figure 16. £2.5V Analog Input Range

ML2264 8051
A IN 10— Csle P31
A IN 20— A0l P3, 2
AIN 30— Alle P3, 3
A IN 40— WR e P3, 4
RD}« P3, 5
iNT »{P3, 6
DB7 - P17
DBo|___DATA P10

Figure 17. 8051 Interface to ML2264
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2.0 TYPICAL APPLICATIONS (Continued)

DB7 D7
B0 DATA > Do
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. DB7 4 TMS320
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Figure 18. TMS320 Interface with D/A Output
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Figure 19. Operating with a Ratiometric Analog Signal of 15% of V¢c to 85% of V¢c

ORDERING INFORMATION

TOTAL ) TEMPERATURE
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2264BM] +% LSB -55°C to +125°C HERMETIC DIP (J24)
ML2264BIJ -40°C to +85°C HERMETIC DIP (J24)
ML2264BCP 0°C to +70°C MOLDED DIP (P24)
ML2264BCS : 0°C to +70°C MOLDED SOIC (524)
ML2264CMJ +1 LSB -55°C to +125°C HERMETIC DIP (J24)
ML2264Cl) -40°C to +85°C HERMETIC DIP (J24)
ML2264CCP 0°C to +70°C MOLDED DIP (P24)
ML2264CCS 0°C to +70°C MOLDED SOIC (524)

@& Micro Linear 2-139



I@L Micro Linear

October 1990
PRELIMINARY

ML2271

uP Compatible High-Speed 10-Bit

A/D Converter with S/H

GENERAL DESCRIPTION

The ML2271 is a high speed, uP compatible 10-bit A/D
converter. A three step flash technique is used to
achieve a conversion time of 1.45us. The ML2271
operates from a single 5V supply and has an analog
input range from GND to Vcc.

The ML2271 has a true internal sample and hold and
can digitize sinusoid signals as high as 150kHz without
conversion errors.

The ML2271 digital interface has been designed so that
the device appears as'a memory location or /O port
to a uP, eliminating the need for external interfacing
logic. The data outputs are latched and have three
state control, allowing direct connection to a uP bus
or 1/0 port. The addition of an internal timing
generator also allows the device to easily operate in
stand alone applications.

The ML2271 is pin and function compatible with the
ADC1061.

FEATURES

m Conversion time over temperature and
supply voltage tolerance
m Linearity error

1.5us
+1/2 LSB or =1 LSB
m Full scale error +1/2 LSB or =1 LSB
m Zero error +1/2 LSB or =1 LSB
m Capable of digitizing a 5V, 150kHz sine wave
m No missing codes
m 0V to 5V analog input range with single 5V power
supply
= Analog input protection 25mA min
m Operates ratiometrically or with up to 5V voltage
reference
m No external clock required
m Easy interface to uP, or operates standalone
m Latched, 3-state data outputs
m Power-on reset circuitry
u Low power 180mW max
m Standard 20-pin DIP or surface mount SOIC
m 0°C to 70°C, -40°C to +85°C, -55°C to +125°C
operating temperature range

BLOCK DIAGRAM

+VREF A Vcc D Vcc
+VREF—
3-BIT >
ViIN O FLASH >
A/D > — —O DB9
~VREF—] —1 —O DB8
-——| —o0 DB7
—1 LATCH & [—ODB6
— 3-STATE | —oDB5
OUTPUT
z —
& BUFFER [ O DB4
E — |—o D83
Z o [ —o DB2
> £ g —0 DB1
S 2 L0 DBo
| x2 E B
g 3
& g o
2 —OWR
g - o
a . _
—O RD
L]
° —o INT
R TIMING
< &
> CONTROL
CIRCUITRY
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PIN CONNECTIONS

20-Pin DIP 20-Pin SOIC
D vee [ 1 Uzo]oso D Vce o 1 20 b DB
_ iNT DB1
Nt [] 2 19 [] oB1 INT o 2 19 pm
_ d Wr O 3 18 m oB2
wR[]s 1 [] oB2 ® o 4 17 | b3
®[]4 17 [] o83 G ods 16 {10 DB4
af]s 16 [] pBa A Ve o 6 15 10 DB5
avec[]e 15 |] pBs -Vger O 7 14 10 DB6
vin O 8 13 {0 DB7
ver []7 1 ] ose +Veer O] 9 12 IO DB8
vin[] s B[] o7 GND o 10 11 Im pB9
wveer [ 9 12 [] oss TOP ViEw
GNo [ 10 n[] oo
TOP VIEW

PIN DESCRIPTION

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION !
1 D Vcce  Digital supply. +5V + 5%. 7 ~VRer Negative reference input voltage
. Connect to A V. for A/D converter.
2 INT Interrupt output. This output 8 VIN Analog input.
signals the end of a conversion 9 +Vggr  Positive reference input voltage

and indicates that data is valid

for A/D converter.
on the data outputs. See Digital

Interface section. 10 GND Ground.
3 WR Write input. Input which n DB9 Data output — bit 9 (MSB).
initiates a conversion. See 12 DB8 Data output — bit 8.
. Digital Interface section. 13 DB7 Data output — bit 7.
4 RD Read input. This input latches o
data into the output latches. 14 DB6 Data output bl‘t 6.
See Digital Interface section. 15 DB5 Data output — bit 5.
5 [ Chip select input. This input 16 DB4 Data output — bit 4.
must be held low during WR 17 DB3 Data output — bit 3.
and RD for the device to .
perform a conversion. 18 ‘DBZ Data output — b!t 2.
6 AVce  Analog supply. +5V £ 5%. 19 DB1 Data output — bit 1.
Connect to D Vcc. 20 DBO Data output — bit 0 (LSB).
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1)
Temperature Range (Note 3) Tmin = Ta = Tyax
Supply Voltage, A Veg, D Ve «vvivieeiiiiieiannn, 6.5V ML2271BMJ, ML2271CM] .... -55°C to +125°C
Voltage ML2271BI), ML2271Cl) ...l -40°C to +85°C
Logic Inputs .................... -0.3V to Ve + 0.3V ML2271BCS, ML2271CCS
Analog Inputs ............... ... ... =03V to Ve + 0.3V ML2271BCP, ML2271CCP ... .....oiiiennt 0°C to +70°C
Input Current per Pin (Note 2) ...................... +25mA
Storage Temperature ....................... -65°C to +150°C
Package Dissipation
at Tp = 25°C (Board Mount) ..............c..c..... 875mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Molded) ...................... 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
Molded Small Outline IC Package
Vapor Phase (60 sec.) ".............oooiiiiiiiiint 215°C
Infrared (15 S€C.) ......oiiiiiiiiiiiiiiiiiia s 220°C
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ELECTRICAL CHARACT ERISTICS

Unless otherwise specified, Ta= TmiN 10 Tmax, D Ve = A Vee = +Vger = 5V £ 5%, and -Vger = GND

ML2271XCX ML2271XIX, ML2271XMX
v VP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
Converter o
Intergral Linearity Error ; :
ML2271BXX 5,7 | Ve = Vee +1/2 +1/2 | LSB
ML2271CXX +1 +1 LSB
Differential Linearity Error
ML2271BXX 5 | Ve = Voo +1/2 +1/2 | LSB
ML2271CXX +1 +1 LSB
Full Scale Error
ML2271BXX 5 +1/2 +1/2 LSB
ML2271CXX +1 +1 LSB
Zero Scale Error
ML2271BXX 5 +1/2 +1/2 LSB
ML2271CXX +1 +1 LSB
Total Unadjusted Error
ML2271BXX 5 +3/4 +3/4 LSB
ML2271CXX 1% 11 LSB
+Vrer Voltage Range 6 ~VRer Veet0d | —Veer Veet01 |V
_VREF Voltage Range 6 GND-01 +VREF GND-01 +VRer \%
Reference Input 5 9 | 13 17 9 13 17 | Kk
Resistance
Analog Input Range 58 ~Vger +Veee | ~Veer +Vper \%
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB
VCC =5V + 5%, VREF =475V
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢,
Vin=0
Analog Input Leakage 5,9 |Converter Idle -2 ) b2 +2 LA
Current ‘
Analog Input Capacitance During Acquisition Period 25 25 pF
Digital and DC
ViNnay Logical “1” Input 5 2.0 20 \%
Voltage -
Vinoy Logical “0” Input 5 0.8 0.8 \
Voltage ) . :
Iinay Logical “1” Input 5 |Vin=Vce 1 1 UA
Current »
Iy Logical “0” 5 |[Vin=0V - -1 pA
Input Current o
Vouray Logical “1” 5 |lour = 2mA 40 40 Y
Output Voltage )
Voury Logical “0” 5 llout = 2mA 0.4 0.4 \%
Output Voltage )
lout, Three-State Output 5 Vour = 0V -1 -1 HA
Current Vout = Vee 1 1 LA
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ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Ta = Tmin t0 Tmax D Vee = A Ve = +VRer = 5V £ 5%, ~VRef = GND and timing

measured at 1.4V, C = 100pF.

ML2271XCX ML2271XIX, ML2271XMX
TYP . TYP

PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) MAX |UNITS
Digital and DC (Continued)
Cour, LOgiC Output 5 5 pF
Capacitance
Cin Logic Input 5 5 pF
Capacitance
Icc, Supply Current, 5 |CS=WR=RD=0 32 35 mA
Analog Plus Digital No Output Load
AC and Dynamic Performance (Note 9)
tcony, Conversion Time, 6 | Figure 2 1450 1600 ns
Interrupt Mode
tcony, Conversion Time, 5 |Figure 3 1450 1600 ns
Write-Read Mode
tcony, Conversion Time, 6 |Figure 4 1450 1600 ns
Read Mode
SNR, Signal to Noise Ratio Vin = 5V, 150kHz 60 60 dB

Noise is sum of all

nonfundamental

components

from 0-300kHz.

fsampLING = 600kHzZ
HD, Harmonic Distortion VN = 5V, 150kHz -60 . -60 dB

THD is sum of 2-5th

harmonics or aliases relative

to fundamental.

fsampuing = 600kHz
IMD, Intermodulation fa = 2.5V, 150kHz -60 -60 dB
Distortion fb = 2.5V, 148kHz

IMB is (fa + fb), (fa - fb),

(2fa + fb), (2fa - fb),

(fa + 2fb), or (fa - 2fb)

relative to fundamental.

fsampLING = 600kHz
FR, Fregency Response ViN = 5V, 0-150kHz +01 +01 dB

Relative to 1kHz

fsampLing = 600kHz
SR, Slew Rate Tracking 2.36 2.36 Vius
AC Performance, Figures 2, 3, 4, and 5
tess CS to E, 'WR 5 0 0 ns
Setup Time
tesHy CS to E, ‘WR 5 0 0 ns
Hold Time )
twg, WR Pulse Width 5 250 50K 300 50K ns
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ELECTRICAL CHARACTE RlSTICS (Continued)

Unless otherwise specified, Ta'= Tpin t0 Tmax D Vee = A Vee = +VRer = 5V + 5%, and —VREF = GND and timing
measured at 1.4V, C = 100 pF.

ML2271XCX ML2271XIX, ML2271XMX

‘ . P - TP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
AC Performance, Figures 2, 3, 4, and 5 (Continued) ) ‘
taccz, WR to Data Valid 5 1500 1600 | ns
tro, Read Pulse Width 5 100 120 " ns
twrl, WR! to RD! 6 0 0 ns
tinh, RD! to INT! 5 10 50 10 50 ns
tri, RD to INT! 5 50 0 50 ns
tacct, Data Access Time, 5 0 55 60 ns
RD! to Data Valid
tip, Data Access Time, 5 0 55 0 60 ns
INT! to Data Valid ' )
ti ton, RD! to Data High | 5 |Figure 1 ’ 10 50 10 60 .| ns
Impedance State
tp, Delay Time Between 5 . ‘ 300 300 ns
Conversions

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

Note 22 When the voltage at any pin exceeds the power supply rails (Vi < GND or Vi > V) the absolute value of current at that pin
should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions.
0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full scale, linearity, and sample and hold errors.

Note 8: For -V = V) the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward
conduct for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during -
testing at low Vc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated
temperatures, and cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that
as long as the analog V) or Vgge does not exceed the supply voltage by more than 100mV, the output code will be correct. To
achieve an absolute 0Vpc to 5Vpc input voltage range wrll therefore require a minimum supply voltage of 4.900Vp over temperature
variations, initial tolerance and loading.
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1.0 FUNCTIONAL DESCRIPTION

The ML2271 uses a three step flash technique for A/D
conversion. This technique first performs a 3 bit flash
conversion on Vi to determine the 3 most significant
bits (MSB decision). These 3 MSB’s are then cycled
through an internal DAC to recreate the analog input.
This reconstructed analog input signal from the DAC is
then subtracted from the input, and the difference
voltage is converted by a second 3 bit flash conversion
providing the next 3 significant bits, called intermediate
significant bits (ISB decision). This procedure is then
performed again to provide the final 4 least significant
bits (LSB decision).

The ML2271 has a true internal sample and hold. The
internal operating sequence is shown in Figure 5. The
falling edge of WR opens the S/H sampling switch,
ends the acquisition time for the analog input, and
starts the conversion on the internally sample and held
signal. Then the MSB, ISB, and LSB decisions are made.
INT goes low at end of conversion and RD controls the
data outputs. This falling edge of INT also closes the
sampling switch and starts the acquisition period for
the next conversion.

!

Juny

-

I
!

—t

l ACQUISITION

ISB LSB ACQUISITION

PERIOD. ISB AND LSB* COMPARATORS COMPARATORS PERIOD. ISB AND LSB
COMPARATORS DECIDING. DECIDING. COMPARATORS
AUTOZEROED. AUTOZEROED.

VIN SAMPLING i1SB LS|

ENDS. MSB COMPARATOR COMPARATOR

COMPARATORS RESULTS ARE RESULTS ARE

RESULT ARE LATCHED. LATCHED.

LATCHED.

Figure 5. Operating Sequence

11 ANALOG INPUT

The analog input on the ML2271 behaves differently
than inputs on conventional converters. The analog
input current requirements change while the
conversion is in. progress, and the amount of input
current depends on what cycle the converter is in.

The input circuit for the converter is shown in Figure 6A
with the equivalent input circuit shown in Figure 6B.
The acquisition period for the S/H starts on INT falling
edge and ends on WR falling edge.

The critical period for charging up the analog input
occurs during the acquisition period and the source of
the external signal on V|y must adequately charge up
the analog voltage during this time. To do this, the
input must settle within the required analog accuracy
tolerance 100ns before the end of the acquisition period
so that the sampling capacitors have adequate time to
store the input signal. If more time is needed due to
finite_charging or settling time of the external source,
the WR high period can be extended as long as is
required.

1.2 SAMPLE AND HOLD

The ML2271 does not have the limitation of an
equivalent circuit implemented with a track/hold. An
internal sample and hold acquires the analog signal,
holds it internally, and then a conversion is performed
on the sample and held signal. Since this is a true
sample and hold function, the ML2271 can sample and
hold signals with frequencies as high as 150kHz @ 5V
(slew rates as high as 2.36V/us) without sacrificing
conversion accuracy.

1.3 REFERENCE

The +Vggr and -Vggr inputs are the reference voltages
that determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and
-Vger defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 7.
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+VRer and -Vggr can be set to any voltage between
GND and V¢c. This means that the reference voltages
can be offset from GND and the difference between
+Vger and -Vggr can be made small to increase the
resolution of the conversion. Note that the linearity

error increases when [+Vggr — (-Vger)] decreases.

— ~11pF

Rs
VIN—AAA

6 MSB COMPARATORS

sS4 .5pF

RON
—a—oX 36K
6.4K ~.05PF RoN
OIS __ X

.
. S6
LADDER 5 LspF = i

14 1SB COMPARATORS

16pF
Ron No ' 2000
1000 7 7.5pF Fon

TO S/H BLOCK I i

Figure 6A. Converter Input Circuit

INW—OXO—-LI

3k

25pF

Rs
I 3pF

Figure 6B. Converter Equivalent Input Circuit

AN, INPUT VOLTAGE (IN TERMS OF LSB'S)

Figure 7. A/D Transfer Characteristic
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1.4 POWER SUPPLY AND REFERENCE DECOUPLING

0.1uF in parallel with 0.01uF ceramic disc capacitors are
recommended to bypass A Vcc to GND, as well as D
Ve to GND, using the shortest lead lengths possible.

If +Vrer and -Vggr inputs are driven by long lines, they
should be bypassed by 01uF in parallel with 0.01uF
ceramic disc capacitors at the reference input pins.

1.5 DYNAMIC PERFORMANCE

151 SINUSOIDAL INPUTS

Since the ML2271 has an internal sample and hold, the
device can digitize high frequency sinusoids with little
or no signal degradations. Using the Nyquist criteria,
the highest frequency input to the converter could
theoretically be 1/2 the sampling rate (fy). Any frequency
components above fs/2 will be aliased below fs/2. In
most applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to fg/2, then
the requirements on the antialias filter become difficult
or impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fs in
order to relax the filtering requirements enough to
make a realizeable antialias filter.

The maximum sampling rate (fyax) for the ML2271 can
be calculated as follows:
=1
tconv * tp
P R
max 1.45us + 0.300us
fmax = 570kHz
twr = Write Pulse Width

fmax

twrp = Write to Data Delay
tp = Delay Time between Conversions

Note that the dynamic performance specifications (SNR,
HD, IMD, and FR) for the ML2271 are all specified at
150kHz, which is less than 1/3 of the sampling rate, f.
This allows adequate margin between the input
frequency and the aliased components to allow antialias
filtering if needed.

In applications where aliased frequency components
are acceptable and filtering of the input signal is not
needed, the user can apply an input sinusoid higher
than 150kHz to the device. Note, however, that as the
input frequency increases above 150kHz, dynamic per-
formance degradation will occur due to the finite
bandwidth of the internal sample and hold.
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1.5.2 SIGNAL-TO-NOISE RATIO

Signal-to-noise ratio (SNR) is the measured signal to
noise at the output of the converter. The signal is the
rms magnitude of the fundamental. Noise is the rms
sum of all the nonfundamental signals up to half the
sampling frequency. SNR is dependent on the number
of quantization levels used in the digitization process;
the more the levels, the smaller the quantization noise.
The theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 10-bit
converter, SNR = 61.96 dB.

1.5.3 HARMONIC DISTORTION
Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic
distortion (THD) of the ML2271 is defined as
(V22 + V32 + V42 + V52)1/1

RV
where Vy is the rms amplitude of the fundamental and

Vy, V3, V4, V5 are the rms amplitudes of the individual
harmonics.

20 log =

1.5.4 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, where m, n =0, 1,
2, 3 ... Intermodulation terms are those for which m
or n is not equal to zero. The (IMD) intermodulation
distortion specification includes the second order terms
(fa + fg) and (fo - f) and the third order terms

(2fA + fB), (2fA - fB), (fA + ZfB), and (fA - 2fB) only.

1.6 DIGITAL INTERFACE

Depending on the way the external signals are applied
to the ML2271, the timing of the conversion and
resultant digital interface can be configured in three
different modes.

While the operation for each mode is described below,
there are some general rules that dictate the general
relationships between CS, WR, RD, INT, and DB0-DB9.
The falling edge of WR terminatest_he acquisition
period and initiates a conversion. INT is forced low
when a conversion is internally completed. INT is reset
high by the RD rising edge. DB0-DB9 is in the high
impedance state except when both RD and INT are
low. RD low period does not affect the internal
conversion but only determines when the digital signals
DB0-DB9 are active; thus, RD can occur anytime. CS is
used to select the device and needs to be low only
while WR is low or when RD is low.

1.61 INTERRUPT MODE
Timing for the Interrupt Mode is shown in Flgure 2. To

do a conversion, CS must be low to select the device.

INT falling_edge starts the acquisition period. The falling
edge of WR ends the acquisition period and the MSB
comparison is made. Then, the (Intermediate Significant
Bits) ISB and LSB decisions are made with internal
timing signals. After the conversion is complete, INT
goes low indicating end of conversion. When RD goes
low, DB0-DB9 goes from high impedance to the active
state with the digital result of the conversion. INT is
reset high and DB0-DB9 is reset to high impedance on
the rising edge of RD.

Interrupt Operation.is intended to be_used in interrupt
driven systems or applications where INT signals the
transfer of data.

1.6.2 WRITE-READ MODE

Write-Read Operation is the same as Interrupt
Operation except that RD is brought low_before the
internal conversion is completed (before INT goes low).

Timing for Write-Read Operation is shown in Figure 3.
To perform a conversion, CS must be low to select the
device. INT falling edge starts the acquisition period.
The falling edge of WR ends the acquisition period and
the MSB decision is made. Then, the ISB and LSB
decisions are made by internal timing signals. In this
mode, RD is brought low before the internal
conversion is completed. When the internal conversion
is completed, INT will be forced low and data_will
appear on DB0-DB9 as long as RD is still low. INT is
reset high and DB0-DB9 is reset to high impedance on
the rising edge of RD.

Write-Read Operation is intended for applications
where RD controls the transfer of data to a
microprocessor.

1.6.3 READ MODE

Read Mode Operation is implemented by tying RD to

WR and keeping RD and WR low long enough so that
the conversion time is totally determined by the
internal timing SIgnaIs

Timing for theiead Mode is shown in Figure 4. To do
a_conversion, CS must be low to select the device. The
RD and WR falling edge starts the conversion.

RD and WR is held low for the entire internal
conversion. Thus, the MSB, ISB, and LSB comparisons
along with the end of the acquisition period are made
by internally generated timing signals. After the :
conversion is complete, INT goes low. Since RD is fixed
low, DB0-DB9 will go from high impedance to active
state as soon as INT goes low. INT is reset high and

DB0-DB9 is reset to high impedance on rising edge of

WR and RD.

2-148

@ Micro Linear



ML2271

Read Mode Operation allows a conversion to be done 1.6.4 POWER-ON RESET
with the device’s own internal timing and thus, no

device: When power is first applied, an _internal power-on reset
external timing is needed.

and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2271 from starting in
an unknown state. During this period of approximately
50us, INT remains high and the data bus is in the high-
impedance state.

2.0 TYPICAL APPLICATIONS

0
+15VpC 99
M/I\JVZZ(]; A ] ML2271
*]E l+ J—+ A Vce 5V
’ IMFI.OMF +VReF . F oo o1uF
V Ayl 01l
N = = 0 < VIN = Vee 0—] Vi Iz
p * D Vcc - -
+ +
3 GND L o ~VRer
-15Vpc :_[; L GND
PROTECTION 1S REQUIRED IF INPUT CURRENT > 25mA
Figure 8. Protecting the Input Figure 9. Using V¢ as Reference for Ratiometric
Operation
4.50V
FVREF [ VREFOUT
S
mL2271 ML2341
0 < Vi < VRer O— o
= VIN = WReF P WITH
i “ REFERENCE[——OVout
~VREF + GAINO
GAIN1
I AuF

Figure 10. Using External Reference of D/A
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2.0 TYPICAL APPLICATIONS (continued)
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Figure 11.. 68000 Type Interface to ML2271
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2.0 TYPICAL APPLICATIONS (continued)
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Figure 15. Operating with a Ratiometric Analog Signal of 15% of V¢c to 85% of V¢
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ORDERING INFORMATION

PART NUMBER

LINEARITY ERROR

TEMPERATURE
RANGE

PACKAGE

ML2271BMJ
ML2271Bl)
ML2271BCP
ML2271BCS
ML2271CM]
ML2271Cl)
ML2271CCP
ML2271CCS

+% LSB

+1 LSB

-55°C to +125°C
-40°C to +85°C
0°C to +70°C
0°C to +70°C
-55°C to +125°C
-40°C to +85°C
0°C to +70°C
0°C to +70°C

HERMETIC DIP (J20)
HERMETIC DIP (J20)
MOLDED DIP (P20)
MOLDED SOIC (S20)

‘| HERMETIC DIP (J20)

HERMETIC DIP (J20)
MOLDED DIP (P20)
MOLDED SOIC (S20)

2-152

&L Micro Linear



I@L Micro Linear

ML2280, ML2283

Serial 1/0 8-Bit A/D Converters

GENERAL DESCRIPTION

The ML2280 and ML2283 are 8-bit successive approximation
A/D converters with serial I/O and configurable input
multiplexers with up to 4 input channels.

All errors of the sample-and-hold incorporated on the
ML2280 and ML2283, are accounted for in the analog-to-
digital converters accuracy specification.

The voltage reference can be externally set to any value
between GND and V¢, thus allowing a full conversion over
a relatively small voltage span if desired.

The ML2283 is an enhanced double polysilicon CMOS pin
compatible second source for the ADC0833 A/D converter.
All parameters are guaranteed over temperature with a
power supply voltage of 5V +10%.

FEATURES

= Conversion time 6us
= ML2280 capable of digitizing a 5V, 40kHz sine wave
w Total unadjusted error with external
reference +1>LSBor +1LSB
» Sample-and-hold 375 ns acquisition
= 0to 5V analog input range with single 5V power
supply
= 2.5V reference provides 0 to 5V analog input range
= No zero or full-scale adjust required
= Low power
= Analog input protection
m Differential analog voltage inputs
= 0.3” width 8- or 14-pin DIP
m 4-channel input MUX option
= Superior pin compatible replacement for ADC0833

12.5mW MAX
25mA (min) per input

BLOCK DIAGRAMS

ML2280

CONTROL [¢—OCS
AND

TIMING j_ccu(

OUTPUT
SHIFT-REGISTER

A

A/DWITH SAMPLE & HOLD FUNCTION

v L
IN+O— SUCCESSIVE

|

|

|
APPROXIMATION | |
REGISTER |
|

VIN-0—" O VREF/2

D/A
CONVERTER

Vcc GND

ML2283

INPUT
SHIFT-REGISTER

A

[ ¢———O DI

aegit CONTROL O SARS
T AND < O CLK
TIMING [ 0 &
y
OUTPUT

SHIFT-REGISTER

T t_—_._o SE
CHO 0—
4-CHANNEL
CH10— S.E. A/D o
mﬂ'ﬁ NEL [ coMmER oo
CH20 WITH
DIFF. ™ sampie&HOLD
3 MULTIPLEXER FUNCTION
o SHUNT
REGULATOR

} ! bl

AGND VREF/2 Vcc v+
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'PIN CONNECTIONS

- ML2280 Single Differential Input

ML2283 4-Channel MUX
8-PIN DIP 14-PIN DIP
ve[[1 ™~ u[]vec
G 7 8[Qvec G2 B[]ot
vin ]2 7[]ox cHo[]3 12[] ik
vine-) [ 3 6/]pO cHi]4 n[] sArs
GNo []4 5[] veerr2 ch2]s 1[]po
cH3 [] 6 9] Vrer/2
DGND[] 7 8[] AGND
TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts * 10% SARS Successive approximation register
DGND Digital ground. Ovolts. All digital ) status.}?lgltal output which indi-
inputs and outputs are referenced cates that a conversion is in pro-
to this point. gress. When SARS goes to 1, the
. . . sampling window is closed and
AGND Analog Igrounfd. Th/e negative refer- conversion begins. When SARS
ence voltage for A/D converter. goes to 0, conversion is com-
GND Combined analog and digital pleted. When CS=1, SARS is in
ground. high impedance state.
CHO, Vin+, ViIN- - Analog inputs. Digitally selected to CLK Clock. Digital input which clocks
be single ended (V|n) or; Vin+ or data in on DI on rising edges and
V|n- of a differential input. Analog out on. DO on falling edges. Also
range = GND< VNS Ve used to generate clocks for A/D
VREF/2 Reference. The analoginput range conversion.
is twice the positive reference DI Data input. Digital input which
voltage value applied to this pin. contains serial data to program the
V+ Input to the Shunt Regulator. _ MUX and channel assignments.
DO Data out. Digital output which & Chip select. Selects the chip for

~ contains result of A/ D conversion.

The serial data is clocked out on
falling edges of CLK.

multiplexer.and channel assign-
ment and A/D converison. When
CS=1, all digital outputs are in high
impedance state. When CS=0,
normal A/D conversion takes
place.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

Currentinto V+
Supply Voltage, V¢
Voltage
Logic Inputs
Analog Inputs

Storage Temperature
Package Dissipation

at Ta=25°C (Board Mount)

Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Molded)
Dual-In-Line Package (Ceramic)

-7Vto VCC +7V
—0.3Vto Ve +0.3V
Input Current per Pin (Note 2) ..................... +25mA
—-65°Cto +150°C

OPERATING CONDITIONS
15mA Supply Voltage, Vee oo
6.5V Temperature Range (Note 3) ................

ML2280BMJ, ML2283BM]
ML2280BIj, ML2283Bl)
ML2280ClJ, ML2283ClJ
ML2280BCP, ML2283BCP
ML2280CCP, ML2283CCP

4.5VDC to 6'3VDC
TMINS TA< Tiax
—55°Cto +125°C
—40°Cto +85°C

0°Cto +70°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified To =Tyn t0 Tmax, Vec=5V £10%, fcix=1.333MHz, and VRgg/p=2.5V.

ML2280B, ML2283B ML2280C, ML2283C
TYP TYP :
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS

CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 5,7 | Vrera=25V +1) +1 LSB

Vger/2 not Connected +2 +2 LSB
Reference Input 5 3 5 75 3 5 75 kQ
Resistance, Vger/2
Common-Mode Input 58 CND Vce GND Vce \%
Range -0.05 +0.05 —-0.05 +0.05
DC Common-Mode 6 Common Mode +116 +1/a +1/16 +a LSB
Error Voltage GND to V¢
AC Common-Mode 6 Comon Mode Voltage +1/a +1/s LSB
Error GND'to Ve,

0to 50kHz
DC Power Supply 6 Vee=5V +£10% +1/32 +1/s +1/32 +1/s LSB
Sensitivity VREF< VCC +0.1V
AC Power Supply 6 100mVp.p, 25kHz Sine +1/s +1/s LSB
Sensitivity onVee
Change in Zero Error 6 15mAinto V+ +15 +1h LSB
from Vee=5V to Inter- Vee=N.C.
nal Zener Operation VRep/2=2.5V
Vg, Internal Diode 15mAintoV + 6.9 6.9 \
Regulated Breakdown
(atV+)
V + Input Resistance 5 20 35 20 35 ke
log, Off Channel 5,9 | OnChannel=Vcc -1 -1 HA
Leakage Current Off Channel=0V

On Channel=0V +1 +1 pA

Off Channel=V¢c
lon, On Channel 5,9 | OnChannel=0V -1 -1 A
Leakage Current Off Channel =V¢c

On Channel=Vc +1 +1 A

Off Channel=0V

M@ Micro Linear
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ELECTRICAL CHARACTE RISTICS (Continued)

Unless otherwise specified To =Typyn t0 Tmax, Vec =5V £10%, ek =1.333MHz, and VReg/2=2.5V.

) TYP LIMIT

PARAMETER . NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS .
Vina). Logical “1” Input 5 2.0 \
Voltage
ViNo) Logical “0" Input 5 0.8 \%
Voltage :
lingy Logical “1” Input Current Vin=Vcc 1 MA
lingo), Logical /0" Input Vin=0V -1 HA
Current ]
Vourtq) Logical “1” Output 5 loyr=-2mA 4.0 \
Voltage
VourT(oy Logical ““0” Output 5 lout=2mA 0.4 \Y
Voltage
lour Hi-Z Output 5 Vour=0V -1 A
Current Vour=Vce 1 A
Isource, Output Source 5 Vout=0V -6.5 mA
Current .
Is;nk, Output Sink Current 5 Vour=Vce 8.0 mA
lcc, Supply Current 5 13 2.5 mA
AC ELECTRICAL CHARACTERISTICS
fcrk, Clock Frequency 5 10 1333 kHz
tacq, Sample-and-Hold 2 ek
Acquistion
tc, Conversion Time Not including MUX 8 ek

Addressing Time
SNR, Signal to Noise Ratio 12 Vin=40kHz, 5V Sine. 47 dB
ML2280 fek=1.333MHz

(fSAMPLINGg1 20 kHZ)

Noise is Sum of All

Nonfundamental

Components up to 12 of

fSAMPLING
THD, Total Harmonic 12 Vin=40kHz, 5V Sine. -60 dB
Distortion ML2280 feik=1.333MHz

“SAMPLlNGElZO kHZ)

THDisSumof 2, 3, 4, 5

Harmonics Relative to

Fundamental
IMD, Intermodulation 12 Vin=Fa+g. fa=40kHz, . —60 dB
Distortion ML2280 2.5V Sine.

fg=39.8kHz, 2.5V Slne

fCLK 1.333MHz

(sampLING=120kHz).

IMD is (fA +fB), (fA - fB),

(2 fA +fB), (2 fA - fB)/

(fA +2 fB)r (fA -2 fB) Rela- |

tive to Fundamental
Clock Duty Cycle 5,10 - 40 60 %
tser.up CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
tyoLp, Data Input Valid after 5 80 ns
CLK Rising Edge

2-156

@ Micro Linear



ML2280, ML2283

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ta =Tpn to Tmax, Vec=5V +10%, fcix=1.333MHz, and Vggg/2=2.5V

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
todi, tpdo— CLK Falling Edge to 51 | C =100pF
utput Data Valid Data MSB First 90 200 ns
Data LSB First 50 110 ns
tin, ton, — Rising Edge of CS to 6 C_ =10pF, R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
6 | CL=100pF R =2k 80 160 ns
Cyn, Capacitance of Logic 5 pF
Input
Cour Capacitance of Logic 5 pF
Outputs

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground. .

Note 2: When the input voltage (V}y) at any pin exceeds the power supply rails (Vi <GND or VN>V the absolute value of current at that
pin should be limited to 25mA or less.

Note 3: —55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C
to 70°C and —40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam-
pling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 160% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors.

Note 8: For V|y(—) =V y(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V¢ supply. Be careful,
during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as
the analog V| or Vger does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vp¢ over temperature variations, initial tolerance and loading.
Note 9: Leakage current is measured with the clock not switching.

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60us.

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See
Block Diagram) to allow for comparator response time.

Note 12: Because of multiplexer addressing, test conditions for the ML2283 is V| =30kHz, 5V sine (fsampLING=89kHz).
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m ty
Vc
DATA © D do
OUTPUT :
Cy! Ry
: VoH
I DO AND 0%
= = SARSOUTPUTS o\
ton , ton
Vcc
Ve —15
RL cS
DATA GND
OUTPUT
S! I DOAND VeC —|——=
SARS OUTPUTS
= . 10%

Figure1. High Impedance Test Circuits and Waveforms

Data Input Timing ' ) Data Output Timing
K m
. tpdo, tpd1 - tpdo, tpd1
: . [~
DATA
- tSET-UP OUT (DO) {;ﬂ - f .

CLK

[

tSET-UP

-
t k—tssT-UP
|t<H‘0LD HOLD N :
DATA I _ 2
IN 1) v SE
ML2280 Start Conversion Timing
o M
tSET-UP
cs i
START
CONVERSION
DO
BIT7 BIT6
(MSB)

Figure 2. Timing Diagrams
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ML2280 Timing

1 2 3 4 5 6 7 8 9 10_ M

CI.OCK(CLK)|1|1|{|t|{|{,{|{|1||||||||'|||

—->l I-<—tsET-UP
! |'__‘—"_‘
CHIP SELECT (CS) -| |
!
¢
|
|

| tc

H
ey L T1T1ILT L

7 6 5 4 3 2 1 0
SAMPLE & HOLD (MSB) (LSB)
ACQUISITION (tacQ)

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2280

ML2283 Timing

1 2 3 4 5 6 7 8 9 10 M 12 1B 14 15 1w 17 18 19 20 21

ween AR

—>i tseT-UP «————————————OUTPUT DATA
CHIP SELECT (C5) | ADDRESS MUX l
START SELECT
BIT_ ODD/SIGN BITO
DATA IN (D) éﬁ% DON'T CARE (DI DISABLED UNTIL NEXT CONVERSION CYCLE) /
DIF SELECT
SGL/DIF 2o A/D CONVERSION IN PROCESS———]

SAR STATUS (SARS) m HI-Z

[<€———————MSB FIRST DATA———————{<«—————|SB FIRST DATA————3{

DATA OUT (DO) HI-Z I_l | I | | I HI-Z

7
SAMPLE-AND-HOLD ] F_ (MSB)
ACQUISITION (tacQ)

Figure 2. Timing Diagrams (Continued)
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Figure 4. Linearity Error vs Vggg Voltage Figure 5. Unadjusted Offset Error vs Vggf Voltage
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B
DI* 05—
CS O-
v v v v
R R R R R D
5-BIT SHIFT-REGISTER r _
__ | oobp cs
START | SGL/DIF | SIGN | SELECT1 | SELECT 0
START
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CLK O X
Vee yADDRESS y v
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l¢—-i¢ SARS®
cHor 01T - *@ n J
1T - _
Vo TIME DELAY > &S
3 id id
CH1 O ) 2 e DSTART 2
| S
5 ¢ 1 ¢ ANALOG \
CH2 O 1~ MUX »{>c» e CS
i~ — (EQUIVALENT)
DEOC
Id—old » D
6 @A le— CS
CH3 © - _ N
pu | Cle CSL
Vce [
y COMP y l l v _|EOC
R
. C | R LB [ ke
v e < S
Rf,m % 5 TO INTERNAL ] «— B> 5
cc o * CIRCUITRY SAR ¥ ga | ot v
Rl s c: LOGIC  |€ 537 ?  gHiFr C 10
= AND - [¢5 P REGISTER | C5p—p] ___D—o
1 Vee P | LATCH  e— o 0
V+* LADDER pu >
INPUT S E-_— B0
13 10 < .
" 7V SHUNT b i DECODER
DCND/J; REGULATOR b i P comT— 1 1 Toc
18 ;

INPUT PROTECTION —ALL LOGIC INPUTS

TO SHIFT REGISTER

G LSB FIRST
PARALLEL XFR

MSB FIRST

* SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH ML2280.

Figure 6. ML2283 Functional Block Diagram
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1.0 FUNCTIONAL DESCRIPTION

1.1  Multiplexer Addressing

The design of these converters utilizes a sample data compar-
ator structure which provides for a differential analog input to
be converted by a successive approximation routine.

The actual voltage converted is always the difference be-
tween an assigned "+’ input terminal and a “/ -’ input ter-
minal. The polarity of each input terminal of the pair being
converted indicates which line the converter expects to be
the most positive. If the assigned “+' input is less than the
“—"" input, the converter responds with an all zeros output
code.

A unique input multiplexing scheme has been utilized to
provide multiple analog channels with software configurable
single ended, or differential options.

A particular input configuration is assigned during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be
enabled and whether this input is single ended or differential.
In the differential case, it also assigns the polarity of the ana-
log channels. Differential inputs are restricted to adjacent
channel pairs. For example, channel 0 and channel 1 may be
selected as a different pair but channel 0 or channel 1 cannot
act differentially with any other channel. In addition to select-
ing the differential mode, the sign may also be selected.
Channel 0 may be selected as the positive input and channel
1 as the negative input or vice versa. This programmability is
illustrated by the MUX addressing codes shown in Table 1.

The MUX address is shifted into the converter via the DI
input. Since the ML2280 contains only one differential input
channel with a fixed polarity assignment, it does not require
addressing.

Since the input configuration is under software control, it can
be modified, as required, at each conversion. A channel can
be treated as a single-ended, ground referenced input for one
conversion; then it can be reconfigured as part of a differen-
tial channel for another conversion. Figure 7 illustrates these
different input modes.

2 DIFFERENTIAL

+(=)
0,1
— -

‘ — +(=)

2,3
l—-— —(+)

Table1. ML2283 MUX Addressing 4 Single-Ended or 2
Differential Channel
Single-Ended MUX Mode
MUX Address Channel #
sGL/ | opp/ | SELECT
DIF SIGN 1 0 0 1 2
1 0 0 1
1 0 1 1 +
1 1 0 1 +
1 1 1 1
Differential MUX Mode
MUX Address Channel #
SGL/ | ODD/ | _SELECT
DIF SIGN 1 0 0 1 2
0 0 0 1 + -
0 0 1 1 +
0 1 0 1 - +
0 1 1 1 -
4 SINGLE-ENDED
0o —+
1 —1 +
2 —+
33—+
_L_— AGND
MIXED MODE
—
0,1
2— +
3—o +
_L— AGND

Figure 7.  Analog Input Multiplexer Functional
Options for ML2283
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1.2 Digital Interface
The block diagram and timing diagrams in Figures 2-5 illus-
trate how a conversion sequence is performed.

A conversion is initiated when CS is pulsed low. This line
must be held low for the entire conversion. The converter is
now waiting for a start bit and its MUX assignment word.

A clock is applied to the CLK input. On each rising edge of
the clock, the data on D! is clocked into the MUX address
shift register. The start bit is the first logic ‘1"’ that appears on
the DI input (all leading edge zeros are ignored). After the
start bit, the device clocks in the next 2 to 4 bits for the MUX
assignment word.

When the start bit has been shifted into the start location of
the MUX register, the input channel has been assigned and a
conversion is about to begin. An interval of /2 clock period is
used for sample-and-hold settling through the selected MUX
channels. The SAR status output goes high at this time to
signal that a conversion is now in progress and the DI input is
ignored.

The DO output comes out of high impedance and provides a
leading zero for this one clock period.

When the conversion begins, the output of the comparator,
which indicates whether the analog input is greater than or
less than each successive voltage from the internal DAC,
appears at the DO output on each falling edge of the clock.
This data is the result of the conversion being shifted out
(with MSB coming first) and can be read by external logic or
uP immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this 7/ clock cycle later.

The serial data is always shifted out MSB first during the con-
version. After the conversion has been completed, the data is
shifted out a second time with LSB first. The ML2280 data is
shifted out only once, MSB first.

Allinternal registers are cleared when the CS input is high. If
another conversion is desired, CS must make a high to low
transition followed by address information.

The DI input and DO output can be tied together and con-

Vcc
5V
L
;: 10k
ML2280 YREF/2 +
ML2283 l Iz
S0k
b3 \%4
12v l

-iGND

VFULLSCALE=2.4V

NOTE: NO EXTERNAL BIASING RESISTOR NEEDED IF Vz< V—gg and Iz min.<

trolled through a bidirectional uP 1/O bit with one connec-
tion. This is possible because the Dl input is only latched in
during the MUX addressing interval while the DO output is
still in the high impedance state.

1.3 Reference

The ML2280 and ML2283 are intended primarily for use in
circuits requiring absolute accuracy. In this type of system,
the analog inputs vary between very specific voltage limits
and the reference voltage for the A/ D converter must remain
stable with time and temperature. For ratiometric applica-
tions, see the ML2281 and ML2284 which have a Vggr input
that can be tied to V.

The voltage applied to the Vggg/, pin defines the voltage span
of the analog input (the difference between VIN + and VN -)
over which the 256 possible output codes apply. A full-scale
conversion (an all 1s output code) will result when the voltage
difference between a selected *“+” input and */ "’ input is
approximately twice the voltage at the Vggg/; pin. This inter-
nal gain of 2 from the applied reference to the full-scale input
voltage allows biasing a low voltage reference diode from the
5Vpc converter supply. To accommodate a 5V input span,
only a 2.5V reference is required. The output code changes
in accordance with the following equation:

Output Code-256 (M)
2Vger/2)

where the output code is the decimal equivalent of the 8-bit
binary output (ranging from 0 to 255) and the term Vggg/2 is
the voltage to ground.

The VReg/2 pin is the center point of a two resistor divider
(each resistor is 10kR) connected from V¢ to ground. Total
ladder input resistance is the parallel combination of these
two equal resistors. As shown in Figure 8, a reference diode
with a voltage less than V¢ can be connected without
requiring an external biasing resistor if its current require-
ments meet the indicated level.

The minimum value of Vggg/, can be quite small (See Typical

Performance Curves) to allow direct conversions of trans-
ducer outputs providing less than a 5V output span. Particu-

Vcc sv

S

S 10k
ML2280 v
ML2283 REF/2

5

Sk

25V
[anD

VEULLSCALE=5.0V

Veci2-Vz
5k

Figure 8. Reference Biasing
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lar care must be taken with regard to noise pickup, circuit
layout and system error voltage sources when operating with
a reduced span due to the increased sensitivity of the con-
verter (1LSB equals Vger/256)-

1.4 Analog Inputs and Sample/Hold

An important feature of the ML2280 and ML2283 is that they
can be located at the source of the analog signal and then
communicate with a controlling uP with just a few wires. This
avoids bussing the analog inputs long distances and thus
reduces noise pickup on these analog lines. However, in
some cases, the analog inputs have a large common mode
voltage or even some noise present along with the valid ana-
log signal.

The differential input of these converters reduces the effects
of common mode input noise. Thus, if a common mode
voltage is present on both “+” and *“—" inputs, such as
60Hz, the converter will reject this common mode voltage
since it only converts the difference between *“+” and " -’
inputs.

The ML2280 and ML2283 have a true sample-and-hold cir-
cuit which samples both ““+" and-* ~"" inputs simultane-
ously. This simultaneous sampling with a true S/H will give
common mode rejection and AC linearity performance that
is superior to devices where the two input terminals are not
sampled at the same instant and where true sample-and-hold
capability does not exist. Thus, these A/D converters can
reject AC common mode signals from DC-50kHz as well as
maintain linearity for signals from DC-50kHz.

The signal at the analog input is sampled during the interval
when the sampling switch is closed prior to conversion start.
The sampling window (S/H acquisition time) is /2 CLK per-
iod wide and occurs /2 CLK period before DO goes from
high impedance to active low state. When the sampling
switch closes at the start of the S/H acquisition time, 8 pF of
capacitance is thrown onto the analog input. /2 CLK period
later, the sampling switch is opened and the signal present at
the analog input is stored. Any error on the analog input at
the end of the S/H acquisition time will cause additional
conversion error. Care should be taken to allow adequate
charging or settling time from the source. If more charging or
settling time is needed to reduce these analog input errors, a
longer CLK period can be used.

For latch-up immunity each analog input has dual diodes to
the supply rails, and a minimum of +25mA (% 100maA typi-
cally) can be injected into each analog input without causing
latch-up.

1.5 Zero Error Adjustment

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, VinmiN is not ground, a
zero offset can be done. The converter can be made to out-

put 00000000 digital code for this minimum input voltage by
biasing any V|y — input at this Vimin value. This utilizes the
differential mode operation of the A/D.

The zero error of the A/ D converter relates to the Iocatlon of
the first riser of the transfer function and can be measured by
grounding the Vi — input and applying a small magnitude
positive voltage to the Vi + input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 00000000 to
00000001 and the ideal 12 LSB value (/2LSB =9.8 mV for
VRer/2=2.500Vp().

1.6 Full-Scale Adjustment

The full-scale adjustment can be made by applying a differen-
tial input voltage which is 17/2LSB down from the desired
analog full-scale voltage range and then adjusting the magni-
tude of the Vggp/2 input for a digital output code which is just
changing from 11111110 to 11111111,

1.7 Adjustment for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/ D is shifted away from
ground (for example, to accommodate an analog input signal
which does not go to ground), this new zero reference should
be properly adjusted first. A VN + voltage which equals this
desired zero reference plus /2 LSB (where the LSB is calcu-
lated for the desired analog span, 1LSB =analog span/256) is
applied to selected “/+"’ input and the zero reference voltage
at the corresponding “— "’ input should then be adjusted to
just obtain the 00000000 to 00000001 code transition.

The full-scale adjustment should be made by forcing a
voltage to the V| + input which is given by:

Vin+ fsadjust = Vpax —1.5*[(Vmax = VMIN)/256)
where Vpax = high end of the analog input range
Vmin = low end (offset zero) of the analog range

The Vger or Ve voltage is then adjusted to provide a code -
change from 11111110 to 11111111,

1.8 Shunt Regulator

A unique feature of the ML2283 is the inclusion of a shunt
regulator connected from V + terminal to ground which also
connects to the V¢ terminal (which is the actual converter
supply) through a silicon diode as shown in Figure 9. When
the regulator is turned on, the V + voltage is clamped at 11
Vpge set by the internal resistor ratio. The typical I-V curve of
the shunt regulator is shown in Figure 10. It should be noted
that before V + voltage is high enough to turn on the shunt
regulator (which occurs at-about 5.5V), 35kQ of resistance is
observed between V + and GND. When the shunt regulator
is not used, V + pin should be either left floating or tied to
GND. The temperature coefficient of the regulator is
—22mV/°C.
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2.0 APPLICATIONS

8051 Interface and Controlling Software

12v ve T T Ty,
A LY
|
CURRENT LIMITING | !
RESISTOR, I +<15mA l > cHo Cs [ P13
| . CLK j¢— P12
| . ML2283 8051
| . DI j¢—{ Py
|
1 S>—{ cn3 po || Py
|
|
b
Figure9. Shunt Regulator
Mnemonic Instruction
START ANL P1, #OF7H iSELECT A/D
(CS =0)
e MoV B, #5 ;BIT COUNTER < 5
MOV A, #ADDR | ;A < MUXBIT
LOOP 1: RRC A ;CY < ADDRESS BIT
LmF—————————— jC ONE ;TEST BIT
;BIT=0
| ZERO: ANL P1, #OFEH ;Dl<0
, SIMP CONT ;CONTINUE
| ;BIT=1
I ONE: ORL P1, #1 Dl <1
CONT: ACALL PULSE ;PULSESKO = 1- 0
| DJNZ B,LOOP1 | ;CONTINUE UNTIL DONE
| ACALL PULSE ;EXTRA CLOCK FOR SYNC
| MOV B, #8 ;BIT COUNTER « 8
SLOPE = —;—k | LOOP2:  ACALL PULSE ;PULSESKO =1~ 0
3 L1y MOV APl ,CY < DO
[ RRC A
5.5V 6.9V RRC A
MOV A,C ;A < RESULT
RLC A ;A(0) < BIT AND SHIFT
Figure 10. 1-V Characteristic of the f[\)/\ﬁ\é g, LAOOP X ;g&lﬁ&dgumu BONE
Shunt Regulator RET! ' '
. ;PULSE SUBROUTINE
PULSE: ORL P1, #04 iSK <1
NOP ;DELAY
ANL P, #0FBH | ;SK <0
RET
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APPLICATIONS (Continued)

ML2283 ‘‘Stand-Alone’’ or Evaluation Circuit

MUX ADDRESS
5Vpc
51k (4) % |«—START BIT
<
: i SGL/ DIF
1 2 13 “ 3 R E
7
j 1] P PARALLEL INPUTS GNDQO 70 ne
CLK 77 ‘ 2 INPUT SHIFT REGISTER
» CLK 74HC165
+ 1] sHiFt/ 9
| [OAD _SIN Vee bo
START 610 é)m
NC 5V
5VbC (OR Vi) pe
1k 1k 1k 1k
I | 6 5 4 3
START 2] 3 2 1 U ol =
sVbe 2' cs ANALOG INPUTS " voc
CLK 1
> CLK ML2283
1
0.014F NCO- sARs © stk
VREF/2  AGND DGND V+ Vee DO
9 J_s /_J77 &1 b 14
CLOSE TO Y - NC
START THE 9 L)
A/D CONVERSION CIR Vee ni
7
;,7[_0A001pr GND SAT Tour | .
CLOCK = OUTPUT SHIFT REGISTER T
GENERATOR _}_ 74HC164 77
8
g ax | CLK sig 2
CLR Qu Qa
3 A T 10 6 5 3 3
Q D ’
CLK
[13k®
1/2 74HC7
MSB DATA DISPLAY TTREACS
Low-Cost Remote Temperature Sensor
Vee.
(5Vpo)
by
O
RSET VIN (+) Vce _1_*
I'IO“F
Ry =
<>
ML2283 > 7.5k
5Vpc
10k 5k
TAMIN VIN (=) VREF/2 TAMAX
AD). ADJ.
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APPLICATIONS (Continued)

Protecting the Input
Vcc
(5Vpo)
15Vpe
op
AMP 600Q
VIN (+) Vce +
I 10uF
-15Vpc =
ML2280
_.L_ VIN (=)

DIODE CLAMPING IS NOT NEEDED
IF CURRENT IS LIMITED TO 25mA

Digitizing a Current Flow

vee 0.1Q — + hoap (2A FULL-SCALE)
(5Vpo) © A 1
Vcc
100Q ? 6V
VIN (=) Vee J_ LOAD
+
240k I 104F 2 L
= ML2280 = 9.1k
100Q | z 2.5V
Zi'lg(j) VIN(+)  VREF/2 T . ::'S(
- ~ 1uF
%“ I a ADJ.
Operating with Ratiometric Transducers Span Adjust: 0V Vjy<3V
Vce
(5Vpo)
) Vce
(5BVpo)
i 20k -
VXDR
XDR VIN (+) Vcc . + VIN (+) Vcc
] 1k = 10uF
ZERO Vin (=) T Vin
ADJ. =
3K ML2280 2’1(,;( - ML2280
= = 035 | ' :
V - : i
VRer/2 |—< > 1k VIN(=)  VREF/2
+ FS
+ ADJ.
N 1uF ) =
8.2k
*VIN (=) =0.15VcC J_

15% OF Vcc < Vxpr <85% OF Vcc

1
)
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V Viy<5V

Vce
(Vpo)
. VIN (+) Vce
J: 3009
Vin 10uF
I 1.2k
= ML2280
| |
| I
I SETS I
VIN (=) VReF/2 ; VOLTAGE SPAN I
| J |
SETS ZERO | N
CODE VOLTAGE 330 | |
AAA- —+ |
L g Sy S——— ——
2.7k DC = =
ZEROAD).
Digital Load Cell
330
0V AN
6.8k $ 51V
1k + = v Vec QK
REF/2
STRAIN GAUGE CAIN p
LOAD CELL DUAL
300Q/30mV FS 1.3k
10k ™m o
ML2280 CS
~IN
. D
T VAL f,iN DO
0V -J__-

* USES ONE MORE WIRE THAN LOAD CELL ITSELF -

* TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL
FOR DIGITAL OUTPUT TRANSDUCER

© ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL
SPECS FOR GAUGE FACTOR AND OFFSET

© LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR
HIGH NOISE IMMUNITY
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? START
15193 I_ s ok
BO —I >0 R
r—‘DO" LOAD - count
AB CD DOWN TMS320
III I_ SERIES
- D QM
o5V A Q
|
[ D Qb
Q- DSP
JAN
1
l: D Qo
A Q
ML2280 ] I :Do_ FSR
CLK CLK
~~| VIN+
—Jvn- CS
DO »! DR
CLK
Sampling Rate 111KHz, Data Rate 1.33MHz
CLK 1 2 3 4 5 [ 7 8 9 10 n 12 13 14

- \ V—
Do___.-__H'—Z-——I /<D7XDGX osXm)( 03X02X01 [ole] Hiz

Interfacing ML2280 to TMS320 Series
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ORDERING INFORMATION
ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE

SINGLE ANALOG INPUT, 8-PIN PACKAGE

ML2280BM) +1/2LSB —55°Cto +125°C HERMETIC DIP (J08)
ML2280Bl) —40°Cto +85°C HERMETIC DIP (J08)
ML2280BCP . 0°to +70°C MOLDED -DIP (P08)
ML2280CI) +1LSB . —40°Cto +85°C HERMETIC DIP (J08)
ML2280CCP 0°Cto +70°C MOLDED DIP (P08)
FOUR ANALOG INPUTS, 14-PIN PACKAGE

ML2283BMJ ADCO0833BJ +1/21SB —55°Cto +125°C HERMETIC DIP (J14)
ML2283BlJ ADCO0833BC] —40°Cto +85°C HERMETIC DIP (J14)
ML2283BCP ADCO0833BCN 0°to +70°C MOLDED DIP (P14)
ML2283Cl) ADC0833CCJ +1LSB —40°Cto +85°C HERMETIC DIP (J14)
ML2283CCP ADCO0833CCN 0°Cto +70°C MOLDED DIP (P14)
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ML2281, ML2282
ML2284, ML22838

Serial I/O 8-Bit A/ D Converters with

Multiplexer Options

GENERAL DESCRIPTION

The ML2281 family are 8-bit successive approximation A/D
converters with serial 1/O and configurable input multiplex-
ers with up to 8 input channels.

All errors of the sample-and-hold, incorporated on the
ML2281 family are accounted for in the analog-to-digital
converters accuracy specification.

The voltage reference can be externally set to any value be-
tween GND and V¢, thus allowing a full conversion over a
relatively small voltage span if desired.

The ML2281 family is an enhanced double polysilicon CMOS
pin compatible second source for the ADC0831, ADC0832,
ADCO0834, and ADC0838 A/D converters. The ML2281 series
enhancements are faster conversion time, true sample-and-
hold function, superior power supply rejection, improved AC
common mode rejection, faster digital timing, and lower
power dissipation. All parameters are guaranteed over
temperature with a power supply voltage of 5V +10%.

FEATURES

= Conversion time 6us

= Total unadjusted error +121SBor £1LSB

= Sample-and-hold 375ns acquisition

= 2, 4, or 8-input multiplexer options

m O to 5V analog input range with single 5V power
supply .

= Operates ratiometrically or with up to 5V voltage
reference

= No zero or full-scale adjust required

= ML2287 capable of digitizing a 5V, 40kHz sine wave

= Low power 12.5mW MAX

= 0.3” width 8-, 14-, or 20-pin DIP

w 20-pin surface mount PCC ML2288

m Superior pin compatible replacement for ADC0831,
ADC0832, ADC0834, and ADC0838

= Analog input protection 25mA (min) per input

BLOCK DIAGRAMS

ML2281

CONTROL [¢—0OCs
AND

TIMING j.o CLK

OUTPUT
SHIFT-REGISTER

A

r_ﬂ D WITH SAMPLE & HOLD FUNCTION

APPROXIMATION
REGISTER

|
|
SUCCESSIVE :
|
I

O VRer

D/A
CONVERTER

ML2288
INPUT ‘ oI
SHIFT-REGISTER [ ¢ —0
Y
»O SARS
CONTROL
4 4-BIT AND  |e O CLK
TIMING | 0
y
OUTPUT
L—— o0
SHIFT-REGISTER bo
y
CHO 0— T L—o SE
CH1 0—
CH2 0— 8-CHANNEL
S. E. :
cH3 o] OR A/D —0 DGND
—— CONVERTER
CH4 0—{ 4-CHANNEL » WITH
CH5 o DIFE SAMPLE & HOLD
MULTIPLEXER FUNCTION
o—
CHe SHUNT
CH7 0— REGULATOR
COMMON AGND VRgf Vcc V+

@, Micro Linear
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PIN CONNECTIONS

ML2281 Single Differential lnput

ML2282 2-Channel MUX

8-PIN DIP 8-PIN DIP
-G ~ 8[]vee [«J1LE ~ s Vce (VRep)
vine+ [ 2 7[]ax cHo[] 2 7[]cx
vine-) [ 3 6[]DO cHi[]3 6|]DO o
ono[s 5[ vee o[+ sfo ML2288 8-Channel MUX
TOP VIEW TOP VIEW 20-PINDIP
~ v
MIL2284 4-ChannelMUX ~ ML2288 8-Channel MUX o E v Ve
1U-PIN DIP 20-PIN PCC CHIl]2 ® ]"_*
vo[[n Wl vee CH2 CH1CHO Vo V+ cz[]s wilCs
s(: shor cH3[]4 7 [Jon
i om ] _ cH4[]5 16 [] ck
cHo[]3 2[Jax an b E & cs[e 15 [] sArs
ol ol apde BAC owdr whoo
cH2(]s Wﬂ"‘? CH7R8 g 10 n ' PO cHr[]8 B[] s
cH3[]e6 9|7 veer / ’ com[]9 12 [] Veer
DGND[] 7 8[]AGND com DGNAD VREF SE DGND [ 10 1n[]AGND
TOP VIEW TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts + 10% DO Data out. Digital output which
DGND Digital ground. Ovolts. All digital contains result of A/D conversion.
inputs and outputs are referenced The serial data is clocked out on
to this point. falling edges of CLK.
AGND Analog ground. The negative refer- SARS Successive approximation register
ence voltage for A/D converter. status.thgltaI output whlgh indi-
CHO-7, VN + Vin-  Analog inputs. Digitally selected to c?::: tv\%:: (S)R\éesr&ggslf(;r; ‘1‘;:
be single ended (Vi) or; Vin+or Eamp]ing window i§closed and
:;Irr;lg“eOf aGd;\f‘fBrir{/tlal 2\33:: Analog conversion begins. When SARS
= SVINS A
goes to 0, conversion is com-
COM Common reference point for ana- pleted. When CS=1, SARS is in
IOg inputs. A/D conversion is ) h[gh |mpedance state.
gz:\f:/);;nnegn(;rl‘ovgoi:i)g; gl:f;:ﬁ?sce CLK Clock.Digital input which clocks
. data in on DI on rising edges and
Zz&ng)?::/erfsfgﬁ?:‘: po'izte'(f‘ single- out on DO on falling edges. Also
pecihied. used to generate clocks for A/D
VRer Reference. The positive reference conversion.
__ vo!tage for A/D converter. DI Data input. Digital input which
SE Shhlft (;.;naltl)_lselé lfnpucfontrols ) contains serial data to program the
whether Irst bit stream is MUX and channel assignments.
shifted out on serial output DO. If cs Chip select. Selects the chip for
SE=1, MSB first is shifted out only. Jtinl : dch I pi
1f SE=0, an MSB first bit stream is multiplexer and channel assign-
shifted c,>ut then a second bit mentand A/D converison. When
stream witl/1 LSB first is shifted out .CS= 1, all digital outputs are in high
after end of conversion impedance state. When CS=0,
: normal A/D conversion takes
V+ Input to the Shunt Regulator. place.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)
CurrentintoV+ ..o 15mA
Supply Voltage, Ve v vvoie e 6.5V
Voltage
logiclnputs ............. ... ..l -7Vto Ve +7V
AnalogInputs ........... . o -0.3Vto Ve 403V
Input Current per Pin (Note 2) ..................... +25mA
Storage Temperature . ................... -65°Cto +150°C

Package Dissipation
at Ta=25°C (Board Mount)
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Molded) .................... 260°C
Dual-In-Line Package (Ceramic)
Molded Chip Carrier Package
Vapor Phase (60sec.) ..............c.coiiiuii... 215°C
Infrared (15 sec.)

ELECTRICAL CHARACTERISTICS

OPERATING CONDITIONS

Supply Voltage, Vee - v 4.5Vpcto 6.3Vpe

Temperature Range (Note 3) ................ TMINS TAS Tpax
ML2281/2/4/8BM) ...... ... ... ...... -55°Cto +125°C
ML2281/2/4/8 CM)
ML2281/2/4/8Bl) ..................... —40°Cto +85°C
ML2281/2/4/8 Cl)
ML2281/2/4/8BCP ...................... 0°Cto +70°C
ML2281/2/4/8 CCP

Unless otherwise specified Ty =Tmn to Twax, Vec=Vrer=5V £10%, and fc g =1.333MHz

ML2281B, ML2282B ML2281C, ML2282C
ML2284B, ML2288B ML2284C, ML2288C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS

CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 57 | Vree=Vcc +1) +1 LSB
Reference Input 58 6 10 15 6 10 15 kQ
Resistance
Common-Mode Input 59 GND Vee GND Vee \%
Range -0.05 +0.05 -0.05 +0.05
DC Common-Mode 6 Common Mode +1he +1/a +16 +1/a LSB
Error Voltage GNDto V¢
AC Common-Mode 6 Comon Mode Voltage +1/a +1/a LSB
Error GNDto Veer,

0to 50kHz
DC Power Supply 6 Vee=5V£10% - +1532 +a +1/32 +1/a LSB
Sensitivity VRer S Vec+0.1V
AC Power Supply 6 100mVp.p, 25kHz sine +1a +1/4 LSB
Sensitivity onVcee
Change in Zero Error 6 15mAintoV+ +1/2 E) LSB
from Vcc=5VtO Inter- Vcc=N‘C. VREF=5V
nal Zener Operation
Vz, Internal Diode 15mAintoV+ 6.9 6.9 \
Regulated Breakdown
(atV+)
V + Input Resistance 5 20 35 20 35 kQ
log, Off Channel 5,10 | On Channel=Vcc -1 -1 HA
Leakage Current Off Channel =0V

On Channel=0V +1 UA

Off Channel =V¢¢
lon, On Channel 5,10 | OnChannel=0V -1 -1 uA
Leakage Current Off Channel =V

On Channel=V¢¢ +1 uA

Off Channel=0V
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ML2281, ML2282, M12284, ML2288

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ty =Tyn t0 Tpmax, Vec=Vrer=5V £10%, and fc k= 1 333MHz

ML2281B, ML2282B ML2281C, ML2282C
ML2284B, ML2288B © ML2284C, ML2288C
. TYP TYP
PARAMETER NOTES CONDITIONS - MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
Vinq). Logical “1” 5 2.0 2.0 Y
Input Voltage )
Vino) Logical “0” 5 0.8 0.8 \Y
Input Voltage ]
Iingy. Logical “1” Input 5 Vin=Vce 1 1 uA
Current
Iy Logical “0” Input 5 Vin=0V -1 -1 A
Current
VOUTH)' Logical “ 5 !OUT =-2mA 4.0 4.0 \%
Output Voltage
VOUT(O)' Logical 0 5 IOUT =2mA 0.4 0.4 \%
Output Voltage
lour Hi-Z Output 5 | Vour=0v -1 -1 WA
Current Voutr=Vce 1 1 uA
lsource. Output 5 Vour=0V -6.5 -6.5 mA
Source Current
Isink, Output Sink 5 | Vour=Vcc 8.0 8.0 mA
Current
Icc, Supply Current 5 13 2.5 13 2.5 mA
ML2281, ML2284,
ML2288
ML2282 5 Includes Ladder 1.8 3.5 1.8 3.5 mA
Current
TYP LIMIT

PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
ferk, Clock Frequency 5 10 1333 kHz
tacq: Sample-and-Hold 2 ek
Acquistion
tc, Conversion Time Not including MUX 8 ek

Addressing Time ‘
SNR, Signal to Noise Ratio 12 Vin=40kHz, 5V Sine. 47 dB
ML2281 folk=1.333MHz

(fsampLINGZ120KH2).

Noise is Sum of All

Nonfundamental

Components up to 1/2 of

fSAMPLING
THD, Total Harmonic 12| Vjy=40kHz, 5V Sine. -60 dB
Distortion ML2281 folk=1.333MHz

(FsampLinG=120kHz).

THDisSumof2,3,4,5

Harmonics Relative to

Fundamental
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta = Tmin t0 Tmax, Voo =Vrer=5V £10%, and fc x=1.333MHz

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS (Continued)
IMD, Intermodulation 12 Vin=1a+fg. fo=40kHz, -60 dB
Distortion ML2281 2.5V Sine.
fg=39.8kHz, 2.5V Sine,
feik=1.333MHz
(fsampLING=Z120kHZ).
IMD is (fa +fg), (fa—Tg),
(2fp+fg), 2fa—Tfg),
(fa+2fg), (fa—2fg) Rela-
tive to Fundamental
Clock Duty Cycle 51 40 60 %
tsgr.up, CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
tyoLp, Data Input Valid after 5 80 ns
CLK Rising Edge
todi, todo— CLK Falling Edge to 513 | C =100pF
utput Data Valid Data MSB First 90 200 ns
Data LSB First 50 110 ns
ti, ton, — Rising Edge of CS to 6 | C_=10pF, R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
5 | C =100pF R, =2k 80 160 ns
Cn, Capacitance of Logic 5 pF
Input
Cout Capacitance of Logic 5 pF
Outputs

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

Note 2: When the input voltage (V}y) at any pin exceeds the power supply rails (Vi <GND or V| > V) the absolute value of current at that
pin should be limited to 25mA or less.

Note 3: —55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing,
sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors.

Note 8: Cannot be tested for ML2282.

Note 9: For V|\(-) 2V (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V¢ supply. Be careful,
during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as
the analog Vy or Vger does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading.
Note 10: Leakage current is measured with the clock not switching.

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60 us.

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be V, =34kHz, 5V sine (foampung=102kHz); ML2284
Vin=32kHz, 5V sine (fsampLing=95kHz); ML2288 Vi = 30kHz, 5V sine (fsapnc =89 kHz).

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see
Block Diagram) to allow for comparator response time.

U@L Micro Linear >17



ML2281, ML2282, ML2284, ML2288

DATA

_ 0%
OUTPUT
CL RL
I _: poanD M 0%

SARS OUTPUTS GN

ton ton

Vce
RL cs
DATA
ouTPUT
CL I poAND Vec

SARS OUTPUTS vou @

Figure 1. High Impedance Test Circuits and Waveforms

Data Input Timing Data Output Timing

tpdo, tpd1 —>| tpdo, tpdr
DATA 2
OUT (DO) ,£ ) ;\

—>| I<—— [ tsET-UP
tHoLD N
DATA N\ - A
IN (D) SE

CLK

[

ML2281 Start Conversion Timing
tSET-UP
cs J(
START
CONVERSION
Do
BIT7 BIT6
(MSB)

Figure 2. Timing Diagrams
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ML2281 Timing

1 2 3 4 5 6 7 8 9 10 1

—>| |<—tsn-up
__ 1l [—'—
CHIP SELECT (CS) -| |
1

1
=| tc

|
omovrcoy [ [ [ 1T -

7 6 5 4.3 2 1 0
SAMPLE & HOLD I‘— (MSB) (LSB)
ACQUISITION (tacQ)

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2281

ML2282 Timing

1 2 3 4 5 6 7 8 9 0 1 2 B ¥4 15 1 17 18 1

e[RRI UL

! |
—»i I« tser-ur, OUTPUT DATA

__ |

CHIP SELECT (CS) | ADDRESS MUX
;

START  ODD/

BIT SIGN
T TR
DATAIN (DJ) : \ \ \ DON'T CARE (DI DISABLED UNTIL NEXT CONVERSION CYCLE) \ \ \\\\\\\ \
- | A\ A\ \ AL AN
SGL/DIF | l,_ MSB FIRST DATA ————t<——————1'SB FIRST DATA———————>|

|
|

o ey [1T1TITUT LT LTI L

SAMPLE & HOLD 11_ 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
ACQUISITION (tacQ) ! (MSB) (LSB) (MSB)
ML2284 Timing

1 2 3 4 5 6 7 8 9 10 m 12 1B 14 15 16 17 18 19 20

|
— tSET-UP OUTPUT DATA

CHIP SELECT (CS) | ADDRESS MUX

START |
BIT  ODD/SIGN

DATA IN (D)) %_L_I——l l //////////// //////// //DON;TfARE (DI DIS»}BLE/B UP;TIL NEXT CONVERS/ION/CYCI.E) / ///// ////////////

SGL/DIF Sf,ﬁ(,‘r [——A/D CONVERSION IN PROCESS ————|

i
|
!

SAR STATUS (SARS) —HI—ZI

I<—MSB FIRST DATA ————————«—————1SB FIRST DATA ——————>{

DATA OUT (DO) T2 l l | | l | | Hiz

SAMPLE & HOLD 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
ACQUISITION (tacq) “~ MsB) (LSB)

Figure 2. Timing Diagrams (Continued)
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ML2288 Timing

1 2 3 4 5.6 7 8 9 10 mw 2 1B W 1B B 17 18 19 20 21 22 23 24 25 26

core LR RARR R AR RN R UL

-—>| l<— tseT-Up | - OUTPUT DATA

CHIP SELECT (CS) | .. ADDRESSMUX | |
I

START  ODD/  SELECT|
BIT SIGN  BITO

DATA IN (D1) W \\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\ T CARE (D1 DISABLED UNTIL-NEXT CONVERSION CVCLE)

SGL/DIF Sgﬁ? |————A/D CONVERSION IN PROCESS——>1
SARSTATUS (SARS) 131 e
|—————MSB FIRST DATA LSB FIRST DATA
SE= 0
DATA OUT (DO) HIZ -z
7 6 5 4 3 2 1 12 3 5 6 7
5 (MSB) (LSB) "] [eerop MSB)
USING SE | N
TO CONTROL
LSB FIRST I e—————MSB FIRST DATA DATA HELD LSB FIRST DATA ————
ouTPUT
o HI-Z HI-Z
SAMPLE & HOLD 7 6 5 & 3 2 1[. ) 12 3 4 5 6 7
ACQUISITION (tac@ ™1 ™7 (MSB) ) (LSB) (MSB)

*CLOCK EDGE #18 CLOCKS IN THE LSB BEFORE SE IS TAKEN LOW

Figure 2. Timing Diagrams (Continued)
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Vce=5V
VREF =5V
0.75
8
3
g
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E 250
g A
. ~N
F4 55°C ™~
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- 4
0.25 e
25°C a—
0 .
0 0.01 0.1 1

CLOCK FREQUENCY (MHz) -

Figure 3. Linearity Error vs fcy g
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1 1 T
Vee=5V
Vee=5V VIN=0V
fCik = 1.333MHz fuk =1.333MHz
Ta=25°C
0.75 0.75
@ -
g g
= 2
g z
S 05 N Z 05
= 125°C -
=
g - 58 5
S 25°C
0.25 0.25
0 0
0 1 2 3 4 5 0 1 2 3 4 5
VREF (VDCO) . VREF. (VDO
Figure 4. Linearity Error vs Vggp Voltage Figure 5. Unadjusted Offset Error vs Vg Voltage
REF . REF
17
DI+
G oF
’ v v v v v
R R R T R R D
~'5-BIT SHIFT-REGISTER e
__ | oboo/ ¢ —o| >——»CS
START SGL/DIF SIGN SELECT 1 | SELECT 0
I START
16
1K O
[§ X B
Vce ADDRESSy NOTE 1 ¢ NOTE 1
o) e
id L P! - . N -
PR S ) N SARS'
CHO* O - — 4+ > s
2 L EE ] cs
CHI* & { +— L& F TIME DELAY Nrary s
3 it T ¢ -
CH2 O +— P DSTART 2 Q0
ld ld- —e :
CH3 Ot +— | N
- 1d id
e S TS B "‘ ANALOG DO sc Rl DSTART 1
MUX
1< — "~ (EQUIVALEND -
CH5* O - — DEOC
7 e : 2 >
He* O & s
CH6 —— +— 1 & ¢ RleCS
414 Cle
CH7* I r - I cs
ld id-
com e R COMP y l 11 Jeoc
C < B7 N R
v 2 r = R s c
[ ] < »
VRCEZ o 5 TO INTERNAL ] l——B5
) CIRCUITRY e AR B4 9-BIT v
rl 32D Locic < 3 O sHIFT [§ 14
— [+ AND S
= 2 REGISTER [&Sp—{k  Q|—1]>—0
., “Veo > | ATCH |e > b DO
v INPUT LADDER || DI TR
B AND M
DGND* JVSHUNT T rroat| L|pecober[*]
REGULATOR 7 j CIRCUITS COMP] I EOC
13 . i K
- INPUT PROTECTION — ALL LOGIC INPUTS
AGND~O ] LSB FIRST
. L PARALLEL kaG
TO SHIFT REGISTER [ MSB FIRST

*SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH OTHER OPTIONS.
NOTE 1: FOR THE ML2284 DI IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT 0 IS FORCED TO A ‘1. FOR THE ML2282, DI IS INPUT DIRECTLY TO THE D
INPUT OF ODD/SIGN. SELECT 0 IS FORCED TO A ““1” AND SELECT 11S FORCEDTOA“0”".

Figure 6. ML2288 Functional Block Diagram
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1.0 FUNCTIONAL DESCRIPTION Table 1. ML2288 MUX Addressing 8 Single-Ended or 4

Differential Channels
1.1 Multiplexer Addressing »
The design of these converters utilizes a sample data compar- Single-Ended MUX Mode
ator structure which provides for a differential analog input to MUX Address Analog Single-Ended Channel #
be converted by a successive approximation routine. ; SELECT

The actual voltage converted is always the difference be- Cs)%,)\,/
~ tween an assigned “+" input terminal and a ““~"" input ter-

minal. The polarity of each input terminal of the pair being 0
converted indicates which line the converter expects to be
the most positive. If the assigned *“+" input is less than the
“~"" input, the converter responds with an all zeros output
code.

7
Q
=
=

e}
9

011]12(3[4|5]|6]|7|COM

A unique input multiplexing scheme has been utilized to
provide multiple analog channels with software configurable
single ended, differential, or pseudo differential options. The
pseudo differential option will convert the difference be-
tween the voltage at any analog input and a common termi- ]
nal. One converter package can now accomodate ground i Differential MUX Mode
referenced inputs and true differential inputs as well as signals MUX Address Analog Differential Channel-Pair #
with some arbitrary reference voltage. ‘

opo/[SEECT [ 0 T 2 3

SIGN 11213 (45|67
0

—=|O|=|jOo|=|O}=|O|O}|
+
1

| =]lolo|=|=lo|o|-=

JEIFY QRIS [N (IS (I NS I [N
||l =lo|lolo

8

A particular input configuration is assigned'during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be
enabled and whether this input is single ended or differential.
In the differential case, it also assigns the polarity of the ana-
log channels. Differential inputs are restricted to adjacent
channel pairs. For example, channel 0 and channel 1 may be
selected as a different pair but channel 0 or channel 1 cannot
act differentially with any other channel. In addition to select-
ing the differential mode, the sign may also be selected.
Channel 0 may be selected as the positive input and channel
1 as the negative input or vice versa. This programmability is

illustrated by the MUX addressing codes shown in Tables 1, 2,
and 3. Table 2.  ML2284 MUX Addressing 4 Single-Ended or 2
. Differential Channel

=

o|lolo|o|o|o|olo|8
PN QNG N N N S K= 1 K=)
s|lalolol=]|=|lolol=
~|o|la|lo|=|o|=]lo]o
+
I

The MUX address is shifted into the converter via the DI

input. Since the ML2281 contains only one differential input ~ Single-Ended MUX Mode
channel with a fixed polarity assugnment itdoes not require MUX Address Channel #
addressin
h & scL/ | opp/ | SELECT _
e common input line on the ML2288 can be used asa DIF SIGN 1 0 112 3
pseudo differential.input. In'this mode, the voltage on the
COM pin is treated as the “~"’ input for any of the other 1 0 0
input channels. This voltage does not have to be analog 1 0 1 +
ground; it can be any reference potential which is common 1 1 0 N
to all of the inputs. This feature is most useful in single supply 1 1 p
_ applications where the analog circuitry may be biased at a hi
potential other than ground and the output signals are all COM s internally tied to A GND
referred to this potential. : ) D|fferent|a| MUX Mode
Since the input configuration is under software control, itcan - MUX Address Channel #
be modified, as'required,-at each conversion. A channel can -
be treated as a'single-ended, ground referenced input for one SGL/ ODD/ SELECT
conversion; then it can be reconfigured as part of a differen- IF | SIGN 1. 0 | 1 2 13
tial channel for another conversion. Figure 7 illustrates these 0 0 0 -
different input modes. ) 0 1 " —
0 1 0 - + )
Q 1 1 - +
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Table3. ML2282 MUX Addressing 2 Single-Ended or 1

Differential Channel
Single-Ended MUX Mode
MUX Address Channel #
SGL/DIF | ODD/SIGN 0 1
1 0 +
1 1 +

COM is internally tied to GND

Differential MUX Mode

MUX Address Channel #
SGL/DIF ODD/SIGN 0 1
0 0 + =
0 1 - +
8 Single-Ended 8 Pseudo-Differential
0 + 0o—+
1—+ 1—+
2 —+ 2 —+
33—+ 3—+
4 —]+ 4 —+
5 — + 5 —+
6 — + 6 —+
77—+ 77—t
[ COM (-) COM (-)
= VBiAs —
4 Differential Mixed Mode
—] + (=) °'1= t
0,1( ( ]
S 2 3{
23{— e B I
Tl— - () s — +
4’5=—— + (=) s — 1«
— -+
{-— +(-) 6 — +
67 | _m ; — s
— COM(-)
VBIAS —

Figure 7. Analog Input Multiplexer Functional
Options for ML2288

1.2 Digital Interface

The block diagram and timing diagrams in Figures 2-5 illus-
trate how a conversion sequence is performed.

A conversion is initiated when CS is pulsed low. This line
must be held low for the entire conversion. The converter is
now waiting for a start bit and its MUX assignment word.

A clock is applied to the CLK input. On each rising edge of
the clock, the data on Dl is clocked into the MUX address
shift register. The start bit is the first logic “'1”" that appears on
the Dl input (all leading edge zeros are ignored). After the
start bit, the device clocks in the next 2 to 4 bits for the MUX
assignment word.

When the start bit has been shifted into the start location of
the MUX register, the input channel has been assigned and a
conversion is about to begin. An interval of /2 clock period is
used for sample & hold settling through the selected MUX
channels. The SAR status output goes high at this time to
signal that a conversion is now in progress and the Dl input is
ignored.

The DO output comes out of High impedance and provides
a leading zero for this one clock period.

When the conversion begins, the output of the comparator,
which indicates whether the analog input is greater than or
less than each successive voltage from the internal DAC,
appears at the DO output on each falling edge of the clock.
This data is the result of the conversion being shifted out
(with MSB coming first) and can be read by external logic or
uP immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this /2 clock cycle later.

The serial data is always shifted out MSB first during the con-
version. After the conversion has been completed, the data
can be shifted out a second time with LSB first, depending on
level of SE input. For the case of ML2288, if SE=1, the data is
shifted out MSB first during the conversion only. If SE is
brought low before the end of conversion (which is signalled
by the high to low transition of SARS), the data is shifted out
again immediately after the end of conversion; this time LSB
first. If SE is brought low after end of conversion, the LSB first
data is shifted out on falling edges of clock after SE goes low.
For ML2282 and 2284, SE is internally tied low, so data is
shifted out MSB first, then shifted out a second time LSB first
at end of conversion. For ML2281, SE is internally tied high,
so data is shifted out only once MSB first.

All internal registers are cleared when the CS input is high. If
another conversion is desired, CS must make a high to low
transition followed by address information.

The DI input and DO output can be tied together and con-
trolled through a bidirectional uP 1/O bit with one connec-
tion. This is possible because the Dl input is only latched in
during the MUX addressing interval while the DO output is
still in the high impedance state.

@ Micro Linear
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1.3 Reference

" The voltage applied to the reference input to these converters
defines the voltage span of the analog input (the difference
between Viymax and Vyymin) over which the 256 possible
output codes apply. The devices can be used in either ra-
tiometric applications or in systems requiring absolute accu-
racy. The reference pin must be connected to a voltage
source capable of driving the reference input resistance,
typically 10k. This pin is the top of a resistor divider string
used for the successive approximation conversion.

In a ratiometric system, the analog inpuit voltage is propor-
tional to the voltage used for the A/D reference. This voltage
is typically the system power supply, so the Vggr pin can be
tied to Vcc. This technique relaxes the stability requirements
of the system reference as the analog input and A/D refer-
ence move together maintaining the same output code for a
given input condition.

For absolute accuracy, where the analog input varies be-
tween specific voltage limits, the reference pin can be biased
with a time and temperature stable voltage source.

The maximum value of the reference is limited to the V¢
supply voltage. The minimum value, however, can be quite
small to allow direct conversion of inputs with less than 5
volts of voltage span. Particular care must be taken with re-
gard to noise pickup, circuit layout and system error voltage
sources when operating with a reduced span due to the
increased sensitivity of the converter.

14 Analog Inputs and Sample/Hold

An important feature of the ML2281 family of devices is that
they can be located at the source of the analog signal and
then communicate with a controlling uP with just a few
wires. This avoids bussing the analog inputs long distances
and thus reduces noise pickup on these analog lines. How-
ever, in some cases, the analog inputs have a large common
mode voltage or even some noise present along with the
valid analog signal. )

The differential input of these converters reduces the effects
of common mode input noise. Thus, if a common mode
voltage is present on both “+”” and * " inputs, such as

60 Hz, the converter will reject this common mode voltage
since it-only converts the difference between *“+'" and ="’
inputs.’ .

The ML2281 family have a true sample and hold circuit
which samples both ““+" and - inputs simultaneously.
This simultaneous sampling with a true S/H will give com-
mon mode rejection and AC linearity performance that is
superior to devices where the two input terminals are not
sampled at the same instant and where true sample and hold
capability does not exist. Thus, the ML2281 family of devices
can reject AC common mode signals from DC-50kHz as well
as maintain linearity for signals from DC-50kHz.

The signal at the analog input is sampled during the interval
when the sampling switch is closed prior to conversion start.
The sampling window (S/H acquisition time) is /2 CLK per-
iod wide and occurs /2 CLK period before DO goes from
high impedance to active low state. When the sampling
switch closes at the start of the S/H acquisition time, 8 pF of

capacitance is thrown onto the analog input. /2 CLK period -
later, the sampling switch is opened and the signal present at
the analog input is stored. Any error on the analog input at
the end of the S/H acquisition time will cause additional
conversion error. Care should be taken toallow adequate
charging or settling time from the source. If more charging or
settling time is needed to reduce these analog input errors, a
longer CLK period can be used.

The ML2281X family has improved latchup immunity. Each
analog input has dual diodes to the supply rails, and a mini-
mum of +/— 25mA (+/ —100mA typically) can be injected
into each analog input without causing latchup.

1.5 Dynah1ic Performance
Signal-to-Noise-Ratio

Signal-to-noise ratio (SNR) is the measured signal-to-noise at
the output of the converter. The signal is the RMS magnitude
of the fundamental. Noise is the RMS sum of all the nonfun-
damental signals up to half the sampling frequency. SNR is
dependent on the number of quantization levels used in the
digitization process; the more levels, the smaller the quanti-
zation noise. The theoretical SNR for a sine wave is given by

SNR=(6.02N +1.76)dB

where N is the number of bits. Thus for ideal 8-bit converter,
SNR=49.92dB.

Harmonic Distortion

Harmonic distortion is the ratio of the RMS sum of harmonics
to the fundamental. Total harmonic distortion (THD) of the
ML2281 Series is defined as

(V22 +V32+V,2 -{-V52)1/2

20 log v
1

where V7 is the RMS amplitude of the fundamental and V5,
V3, V4, Vs are the RMS amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa
and fg, any active device with nonlinearities will create distor-
tion products, of order (m +n), at sum and difference frequen-
cies of mfa +nfg, wherem, n=0, 1, 2, 3,... . Intermodulation
terms are those for which m or n is not equal to zero. The
(IMD) intermodulation distortion specification includes the
second order terms (fa +fg) and (fo —fg) and the third order
terms (2fa +fp), (2fo —fg), (fa+2fg) and (fa—2fg) only.

1.6 Zero Error Adjustment

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, Vjymin is not ground, a
zero offset can be done. The converter can be made to out-
put 00000000 digital code for this minimum input voltage by
biasing any V| — input at this Vi min value. This utilizes the
differential mode operation of the A/D.
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The zero error of the A/ D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V| — input and applying a small magnitude
positive voltage to the V| + input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 00000000 to
00000001 and the ideal /2 LSB value (/2 LSB=9.8mV for
VRer=5.000Vp().

1.7 Full-Scale Adjustment

The full-scale adjustment can be made by applying a differen-
tial input voltage which is 1/2 LSB down from the desired
analog full-scale voltage range and then adjusting the magni-
tude of the Vger input or V¢ for a digital output code which
is just changing from 11111110 to 11111111,

1.8 Adjustment for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
which does not go to ground), this new zero reference should
be properly adjusted first. A V|y + voltage which equals this
desired zero reference plus /2 LSB (where the LSB is calcu-
lated for the desired analog span, 1LSB =analog span/256) is
applied to selected *“+" input and the zero reference voltage
at the corresponding *—"" input should then be adjusted to
just obtain the 00000000 to 00000001 code transition.

The full-scale adjustment should be made by forcing a
voltage to the V) + input which is given by:

VN + fs adjust=Vmax — 1.5*[(Vmax-Vmin)/ 256]
where Vmax = high end of the analog input range
Vmin = low end (offset zero) of the analog range
The Vger or Ve voltage is then adjusted to provide a code
change from 11111110 to 11111111,

1.9 Shunt Regulator

A unique feature of ML2288 and ML2284 is the inclusion of a
shunt regulator connected from V + terminal to ground
which also connects to the V¢ terminal (which is the actual
converter supply) through a silicon diode as shown in Figure
8. When the regulator is turned on, the V + voltage is
clamped at 11 Vg set by the internal resistor ratio. The typical
I-V curve of the shunt regulator is shown in Figure 9. It should
be noted that before V + voltage is high enough to turn on
the shunt regulator (which occurs at about 5.5V), 35kQ of
resistance is observed between V + and GND. When the
shunt regulator is not used, V + pin should be either left float-
ing or tied to GND. The temperature coefficient of the regula-
toris —22mV/°C.

v ve T T Tvee

T+—

<
CURRENTLIMITING | <
RESISTOR, | + <15mA }
<
p

Figure 8. Shunt Regulator

BMAf——————————

1
SLOPE = Bk

<
+

=

o
Gl
<
o
<

Figure9. |-V Characteristic of the
Shunt Regulator
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2.0 APPLICATIONS

8051 Interface and Controlling Software

>—{ cHo Cs [ P13
: CLK Je—] P12
ML2268 8051
: DI [¢—{ P
> ez DO | Pl
Mnemonic Instruction
START ANL P1, #0F7H ;SELECT A/D
(CS =0)
MOV B, #5 ;BITCOUNTER < 5
MOV A, #ADDR | ;A < MUXBIT
LOOP 1: RRC A ;CY < ADDRESS BIT
JC ONE ;TEST BIT
;BIT=0
ZERO: ANL P1, #OFEH ;DI <0
SIMP CONT ;CONTINUE
;BIT=1
ONE: ORL P1, #1 ;D1 <1
CONT: ACALL PULSE ;PULSESKO—1—>0
DJNZ B, LOOP1 ;CONTINUE UNTIL
DONE
ACALL PULSE ;EXTRA CLOCK FOR
SYNC
MOV B, #8 ;BIT COUNTER < 8
LOOP 2: ACALL PULSE ;PULSESKO =~ 1—>0
MOV A, P1 ;CY < DO
RRC A
RRC A
MOV A C ;A < RESULT
RLC A ;AQ) < BIT AND SHIFT
MOV CA ;C < RESULT
DINZ B,LOOP2 | ;CONTINUE UNTIL
DONE
RETI
;PULSE SUBROUTINE
PULSE: ORL P1, #04 SK <1
NOP ;DELAY
ANL P1,#0FBH | :SK < 0
RET
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APPLICATIONS (Continued)

ML2288 ‘‘Stand-Alone”’ or Evaluation Circuit
MUX ADDRESS

O5Vpc
% l«—START BIT
»—] | SGL/ DIF

A4 LA ALY

VWV

sik@ 3

13 1 3 4 |5 |6 |8
7
j 1] . PARALLEL INPUTS GND_D_O |7 ne
CiK 7 ‘ 2 INPUT SHIFT REGISTER
> cik 74HC165
+ 1} sHiFT/ 9
[OAD  SIN Vee DO
START ] 10 &14
NC 5Vpc
5VDC (ORVIN)
Q 1k ®) 1/8Vce
A AAA— P AAA A AAA— A AAA— AN,
I | 8 7 I& 5 4 3 ‘2 l1 19 _L
SART 8[Z 5 4 1 0 COM|; =
> DI |«
5Voc ’ cs ANALOG INPUTS SVoe
0 CLK L =
M CLK ML2288 S
15
0.01F = NCO SARS 5tk
VREFE  AGND  DGND Ve Ve po %
t J_n IIO (];9 b 20
CLOSE TO
START THE o v“‘
A/D CONVERSION CIR lcc 1
7
/_77r.o.oom= GND SIA o
—[_ ~
/J7 CLOCK = OUTPUT SHIFT REGISTER
GENERATOR _F 74HCl64 7
L 8
V7s CiK » CLK s 2
b
TR QH Qa
B 2 T ) 3 B ] 3
Q D
CLK
| 13k@®
1/2 7AHC74
: ! 05V,
MSB DATA DISPLAY s D¢

Low-Cost Remote Temperature Sensor Vee

(5Vpo)
Ta 3k
LM335 2: VIN (+) Vee _j_"'
IwyF
ML2281
10k BS 10k
TAMIN VIN (=) VREF »3 TAMAX
AD). AD).
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APPLICATIONS (Continued)

Obtaining 9-Bit Resolution Protecting the Input
Vee
(5VpO)
Vce 1 15Vpc
orP
AMP 600Q
VIN VIN (+) Vcc
¢ + - +
> R I 10uF
>2.5V [<2.5V
h ~15Vpe =
- + ML2281
VREF
ML2281
R I“' VIN (=)
T =
1 DIODE CLAMPING IS NOT NEEDED
= IF CURRENT IS LIMITED TO 25mA
CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE.
THIS INFORMATION PROVIDES THE EXTRA BITS.
Digitizing a Current Flow
Vee 0.19Q ——~ lioap (2A FULL-SCALE)
(5Vpo) Ojr—wv —|
100Q Vee
? Vb0
VIN (=) Vee _J_ LOAD
.
240k I T04F 2w L
L ML2281 =
100Q ::l 1M336
ZERO VIN (+) VREF ' T
ADJ. ‘% L TN
— —g —
120k = = = =
Operating with Ratiometric Transducers Span Adjust: 0V <V <3V
Vcc
(5Vpo
o Vce
(5Vpo)
L
$ 20k T
VXDR
XDR VIN (+) Vec " . VIN (+) Vee
1k == 10uF v J:
ZERO VIN (=) 1 N 10uF
ADJ. = I okl = 32k
= - <
3K ML2281 10k ML2281 S
AD).
= = P
< $ A~
VREF 1k VIN(-)  VREF
0.7 Ve + S i " X i
+ AD. ik -
< 1uF = ~1uF ‘:
2ak __[ SET FOR3V 2
*VIN(-) =015V 4 - -
15% OF Ve < VxpRr <85% OF Ve = =
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V <V <5V Digital Load Cell

330
(5‘5&) 1ov A

Vin (+) Vce

J: STRAIN GAUGE
ViIN = LOAD CELL
300Q/30mV FS

+

ML2281 AD).9

> 1k
SETS
3v\ VOLTAGE SPAN

e x

mL2281  Cs—<

1
|
|
|
=3
K
|
|
|
THEN
=

| IS — |

AAA

VIN (=) VREF

DO—»

1“—

ATl

SETS ZERO
CODE VOLTAGE

|
LT

v||—[

L
|
|

= * USES ONE MORE WIRE THAN LOAD CELL ITSELF

¢ TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL
FOR DIGITAL OQUTPUT TRANSDUCER

* ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL
SPECS FOR GAUGE FACTOR AND OFFSET

¢ LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR
HIGH NOISE IMMUNITY

Convert 8 Thermocouples with only One Cold-Junction Compensator

Type) (REF
CHO —Vcc
.
.
.
. . ML22
¢ CH7 88 [€¢—> SERIALI/O
. .
. .
. .
. .
. .
TvpE) tREF
+
Ts 1k
88.2k

LM385

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER-
ENTIAL INPUTS CONSTANT
WITH CHANGES IN REFERENCE TEMPERATURE (TRep).
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APPLICATIONS (Continued)

4mA-20mA Current Loop Converter

4mA—20mAj 1N4148 1/6 74HC14 100k =50kHz
+
“W-[ 100 j%moo;»r
= INP  Vcc
24 $6.2$200 CD4024
k Sk 3k Ve Vo
+ o
= ——+IN CIK
a7 _I_ L
K 50 pF
ML2261 = 100k
g 0k < -IN —L*M—J
LM385-2.5V N9 1
OPTO COUPLER
10k
3 2
« Vi —1—WN— Vv
LM385-2.5V sk REF DOf— A «
| GND P
47 $3.95300 [ .
K Sk fk I o
GND

I3

* ALL POWER SUPPLIED BY LOOP
* 1500V ISOLATION AT OUTPUT

Isolated Data Converter
TRANSFORMER  1n4148
TRW-TC-SSD-32_ _ » Vee OUT
3 Lt} _I:_ cC
| 1004F
S |
CLK 2N2222 ; 1NI4I48
CLK
Vec -
ML2288 —
— | 8ANALOG
— ( CHANNELS
anzs Vee [
DO
6.8
= k
e =
6
= Sy
5 3
T + NO POWER REQUIRED REMOTELY
= 6N139 HIGH GAIN * 1500V ISOLATION
OPTOCOUPLER
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ML2281

? START

L5193

LOAD BO —I >O— R
COUNT

A B CD DOWN

T

= D (o] o

o5V A Q

CLK

VIN +
vin- CS

DO

TMS320
SERIES

CLK 1 2

CLK

SAMPLING RATE 11tkHz, DATA RATE 1.33MHz

DsP

FSR
CLK

DR

FSR

HI-Z

o1

a2 €3 €3 €3 €3 €3 €3 s

Interfacing ML2281 to TMS320 Series
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ORDERING INFORMATION
T ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
SINGLE ANALOG INPUT, 8-PIN PACKAGE ,
ML2281BM] ADC0831BJ +1515B ~55°Cto +125°C | HERMETIC DIP (J08)
ML2281BIj ADCO831BC) - ~40°Cto +85°C | HERMETIC DIP (J08)
ML2281BCP ADCO0831BCN 0° to +70°C MOLDED DIP (P08)
ML2281Cl) ADC0831CC) £1LSB -40°Cto +85°C | HERMETIC DIP (j08)
ML2281CCP ADCO831CCN - 0°Cto +70°C MOLDED DIP (P08)
TWO ANALOG INPUTS, 8-PIN PACKAGE
ML2282BM] ADC0832B) £151SB - ~55°Cto +125°C | HERMETIC DIP (J08)
ML22828BIj ADC0832BC] -40°Cto +85°C | HERMETIC DIP. (j08)
ML2282BCP ADC0832BCN 0°C to +70°C MOLDED DIP (P08)
ML2282C]) ADC0832CC) £1LSB ~40°Cto +85°C | HERMETIC DIP (J08)
ML2282CCP ADC0832CCN 0°Cto +70°C MOLDED DIP (P08)
FOUR ANALOG INPUTS, 14-PIN PACKAGE
ML2284BM] ADC0834B] +1)1SB —55°Cto +125°C . | HERMETIC DIP (114)
ML2284BI) ADC0834BC]J -40°Cto +85°C | HERMETIC DIP (J14)
ML2284BCP ADC0834BCN 0° to +70°C MOLDED DIP (P14)
ML2284Cl) ADC0834CC) £1LSB ~40°Cto +85°C | HERMETIC DIP (14)
ML2284CCP ADCO834CCN 0°C to +70°C MOLDED DIP (P14)
EIGHT ANALOG INPUTS, 20-PIN PACKAGE
ML2288BM] ADC0838B) +1,LSB ~55°Cto +85°C | HERMETIC DIP (j20)
ML2288BI) ADC0838BC) ~40°Cto +85°C+ | HERMETIC DIP ()20)
ML2288BCP ADCO838BCN 0°Cto +70°C MOLDED DIP (P20)
ML2288BCQ ADCO0838BCV 0°C to +70°C MOLDED PCC (Q20)
ML2288Cl) ADC0838CC] +1LSB ~40°Cto +85°C | HERMETIC DIP (120)
ML2288CCP ADC0838CCN 0°Cto +70°C | MOLDED DIP (P20)
ML2288CCQ ADC0838CCV 0°Cto +70°C MOLDED PCC (Q20)
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ML2340, ML2350

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION

The ML2340 and ML2350 are CMOS voltage output, 8-
bit D/A converters with an internal voltage reference
and a uP interface. These devices are designed to be
powered by a single supply, although they can be
powered from dual power supplies. The output voltage
swings above zero scale (Vzs) in the unipolar mode or
around zero scale (Vzg) in the bipolar mode, both with
programmable gain. Vzs can be set to any voltage
from AGND to 2.25V beiow V. The digital and
analog grounds, DGND and AGND, are totally
independent of each other. DGND can be set to any
voltage from AGND to 4.5V below V¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the
ML2340 and ML2350 makes them ideal for a wide
range of applications in hard disk drives, automotive,
telecom, and a variety of general purpose industrial.
One specific intended application is controlling a hard
disk voice coil.

The internal reference of the ML2340 provides a 2.25V
or 4.50V output for use with A/D converters that use a
single 5V £ 10% power supply, while the ML2350
provide a 2.50V or 5.00V reference output.

FEATURES

m Programmable output voltage gain settings of 2, 1,
%, Va provide 8-, 9-, 10-, or 11-bit effective
resolution around zero )

= AGND to V¢c output voltage swing

= Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or £2.25V to £6.5V
dual-supply operation

m Transparent latch allows microprocessor interface
with 30ns setup time

m Data flow through mode

m Voltage reference outpu

ML2340 ... 2.25V or 4.50V
ML2350 ..... R 2.50V or 5.00V
m Nonlinearity ..................... +% LSB or £ LSB

= Output voltage settling time over temperature and
supply voltage tolerance '

Within 1V of Vcc.and AGND  ......... 2.5us max
Within 100mV of Vcc and AGND ... 5us max
m TTL and CMOS compatible digital inputs
u Low supply current (5V supply) .......... 5mA max

= 18-pin DIP or surface mount SOIC
w Operating temperature range of 0°C to +70°C,
-40°C to +85°C, and -55°C to +125°C

BLOCK DIAGRAM

Vzs Vee AGND
VREFOUT 0——  VREF T T
VREFIN O———— N\
8-BITD/A >

RESISTORS
SWITCHES
DECODERS

bod

000
DBO DB7 GAINOGAIN1
(LSB) (MSB)

o
XFER

PIN CONNECTIONS

ML2340 ML2340
ML2350 ML2350
18-Pin DIP 18-Pin SOIC
vee[J1 ~ B[] veerm
VOUT[ 2 17 ] VReF OUT  Vce o 1 18 = VREF IN
Vour of 2 17 P VReF ouT
vzs[] 3 wf]cant TR AL Yo [ cer O
AGND o 4 15 = GAIN 0
vour AGND[] 4 5[] cano SOND S SAn
peno [ 5 1 [] xrer DBO o 6 13 fm DB7
DBl oo 7 12 = DB6
oso[] e 13 [] os7 DB2 o8 11| pBs
DB3 of 9 10 o
pei[]7 ©[] oBs DB4
TOP VIEW
ps2[] 8 n[] DBs
os3[] 9 0] pss
TOP VIEW
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ML2340 ML2350

PIN DESCRIPTION

FUNCTION

NAME FUNCTION

PIN # - NAME PIN #
1 Vce Positive supply. ‘ 8 DB2 Data input — Bit 2.
270 Vour Voltage output of the D/A 9 DB3 Data input — Bit 3.
. converter. Vour is referenced to 10 " DB4 Data input — Bit 4
- Vzs. )
. : 11 DB5 Data input — Bit 5.

3 Vzs Zero Scale Voltage. Vour is ata !npu ' i
referenced to Vzs. Vzs is normally 12 DB6- Data input — Bit 6.
tied to AGND in the}ru'ni.polar 13 DB7 Data input — Bit 7 (MSB). .
EOdF or todml\c;\;;upp:{‘ n dthg . 14 XFER Transfer enable input. The data is

Ipo atr (Tfo e .enl € device Is transferred into the transparent
operated from 4 sing'e power - latch at the high level of XFER.
supply, Vzs has a maximum o . S
current requirement .of -300uA in 15 GAINO D|g|ta] gain setting input 0.
the bipolar mode. 16 GAIN 1 Digital gain setting input 1.

4 AGND Analog ground. 17 Vrer outr  Voltage reference output.

5 DGND  Digital ground. This is the ground VRer our is referenced to AGND.
reference level for all digital VRer ouT is set to 2.5V and 5.0V in
inputs. The range is AGND < (V¢ a low-voltage and high-voltage
- 4.5V): DGND is normally tied to operation, respectively for the
system ground. mlé350 2.25V and 4.5V for the

6 DBO  Datainput — Bit 0 (LSB). | 340. f L

7" " DB Data input — Bit 1. 18 VREF IN Voltage reference input. Vggr |\ is

referenced to AGND.

ABSOLUTE MAXIMUM RATINGS

OPERATING CONDITIONS

(Note 1) (Note 1)
Supply Voltage V¢ with Respect to AGND ............ 14.2v Supply Voltage, Vee wovvvnvvneiiinn.nt 4.5Vpc to 13.2Vpc
DGND ... -0.3V to Ve + 0.3V Temperature Range (Note 3) .............. TmiN = Ta < Tmax
V75 VREFIN «vvveveeevnnnins [T 0.3V to Ve + 0.3V ML2340BM), ML2340CM]
Logic Inputs .....................L -0.3V to V¢ + 0.3V ML2350BM]), ML2350CM) ................ . =55°C to +125°C
Input Current per Pin (Note 2) eiieeeeeea . E25MA ML2340Blj, ML2340ClJ
Storage Temperature ....................... -65°C to +150°C ML2350Bl), ML2350Cl} .........cooeeeennnn. -40°C to +85°C
Package Dissipation at T = 25°C (Board Mount) ..... 875mW ML2340BCP, ML2340CCP
Lead Temperature (Soldering 10 sec.) ML2350BCP, ML2350CCP
Dual-In-Line Package (Molded) ..,................... 260°C ML2340BCS, ML2340CCS
Dual-In-Line Package (Ceramic) ..................... 300°C ML2350BCS, ML2350CCS ......c.ovveivninnnn. 0°C to +70°C
Molded Small Outline IC Package
Vapor Phase (60 s€C.) ...........ccvviiiiiiiiinnnn 215°C
Infrared (15 S€C.) ........oooeiiiioi i, 220°C
2-192
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ML2340, ML2350

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tmin t0 Tmax, Vee = AGND = 5V £ 10% and 12V + 10%, VRrer 1N for ML2340 = 2,25V
and 4.50V, for ML2350 Vggr |y = 2.50V and 5.00V, Vour load is R = 1K and C; = 100pF, Vggr load is Ry = 1K and

Ci = 100pF and input control signals with tg = ty < 20ns.

ML2340XIX, ML2340XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 8 Bits
Integral Linearity Error 5 |GAIN=21 "% orV
ML2340BXX, ML2350BXX +Va % LSB
ML2340CXX, ML2350CXX +% % LSB
Differential Linearity Error 5 GAIN =2,1, %, or Vs
ML2340BXX, ML2350BXX v v LSB
ML2340CXX, ML2350CXX ) +1 LSB
Mode Select 5 | Vgzs with respect to AGND
Unipolar Output 0 1.0 0 10 \
Bipolar Output 150 Vee-225| 150 Vee-2.25 \
Offset Error 5 |Figure 1
Unipolar Mode GAIN = 14, ¥, 1 +10 +12 mv
GAIN =2 +20 +24 mV
Bipolar Mode 5 |Figure 1 )
GAIN =4, %, 1, 2 410 plus 410 plus| mV
+21, LSB +2% LSB
Gain Error 5 |Figure 1
Unipolar Mode GAIN =¥, ¥, 1, 2 +5 +2 +5 +25 %FS
Bipolar Mode GAIN = 14, 1, 1, 2 +5 +2 +5 +25 %FS
Reference
VREF ouT Voltage 5
ML2340BXX Vce < 70V Ta=25C| 223 225 227 2.23 225 227 \
Tmin to Tpax| 222 2.28 218 2.32 \%
Ve = 8.0V Ta=25°C| 448 4.50 4.52 4.48 4.50 4.52 \
Tmin 10 Tpax | 4.46 454 443 457 v
ML2340CXX Vee < 70V Ta =25°C| 222 2.25 229 2.22 2.25 2.28 \
TMIN to TMAX 2.20 2.30 218 2.32 \%
Vee = 80V Tp=25°C| 445 450 455 445 450 455 \%
Tamin to Tpax 4.40 4.60 4.35 4.65 \%
ML2350BXX 5 |Veec =70V Ta=25°C| 248 2.50 2.52 2.48 2.50 2.52 \
Twmin t0 Tpax 247 253 243 257 \Y
Vee = 8.0V Ta=25°C| 498 5.00 5.02 4.98 5.00 5.02 \
Ty t0 Tyax | 496 5.04 4.90 510 \
ML2350CXX Vee = 70V Ta=25°C| 245 2.50 2.55 2.46 2.50 2.55 \
Tmin to Tyax| 244 2.58 2.42 2.59 \%
Ve = 8.0V Ta = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 \%
Tmin to Tyax| 490 510 4.85 515 \%
Temperature Coefficient
Ve out 50 50 ppm/°C
Vger Output Current 5 0.75 5 0.75 5 mA
VREF ouT Power Supply 5 100mVp_p, 1kHz -40 -60 -40 -60 dB
Rejection Ratio Sinewave on V¢
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ML2340, ML2350

ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified, Tpo = Tpmin t0 Tmax, Vee = AGND =5V £ 10% and 12V £ 10%, Vger 1N for ML2340 = 2,25V
and 4.50V; for ML2350 Vggr v = 2.50V and 5.00V, Vour load is Ry = 1K and C; = 100pF VRer load is Ry = 1K and

C_ = 100pF and input control signals with tg = t; < 20ns.

ML2340XCX, ML2350XCX

ML2340XIX, ML2340XMX
ML2350XIX, ML2350XMX

TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX: MIN | (Note 4) | MAX - | UNITS
Veer in and Vzg ,
VREF IN lnput Range 5 VCC =< 8.75V AGND+2 Vcc—1.75 AGND+2 Vcc—1.75 \%
Ve = 875V AGND+2 |AGND+7 |AGND+2 AGND+7 \%
Veer in DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 58 |Vec =7.0V AGND Vee- | AGND Vee- \
2.25 225
Analog Output
Vour Output Swing
Unipolar Mode 5, 8 |R. = 100K AGND+ Vcc-.05 | AGND+ Vee-05| Vv
0.01 0.01
R, = 1K AGND+ Vce-1.0 | AGND+ Vee-10| v
1.0 1.0
Bipolar Mode 5 |Ry = 100K AGND+ Vce-01 | AGND+ Vee-01 |V
01 01
R, = 1K AGND+ Vcee-1.0 | AGND+ Vee-10| Vv
10 1.0
Vour Output Current 5 AGND+1V<Vour<Vcc-1V -10 +10 -10 +10 mA
Power Supply 100mVp_p, 1kHz -60 ' -60 dB
Rejection Ratio sinewave on Vcc
Digital and DC
Vi Logical “0” 5 0.8 0.8 \Y
Input Voltage
VIN(1) Logical ”1’? 5 2.0 2.0 \Y
Input Voltage
lin Logical “0” 5 |Vin = DGND -1 -1 HA
Input Current
IIN(1) Logical “1” 5 V|N = VCC 1 1 UA
Input Current
Supply Current,
Bipolar Mode
lce Ve Current 5 |V =5V =% 10% 53 53 mA
AGND/
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 LA
lce, Vee Current 5 |Vec=12VE10% - 93 9.3 mA
laanor
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 UA
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ML2340, ML2350

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise speciﬁed, Ta = Tmin to Tmax, Vec - AGND = 5V £ 10% and 12V £ 10%, VRer N for ML2340 = 2.25V
and 4.50V, for ML2350 Vggr iy = 2.50V and 5.00V, Vour load is R = 1K and C = 100pF, Vger load is Ry = 1K and

Cy = 100pF and input control signals with tg = tp < 20ns.

ML2340XIX, ML2340XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4 | MAX | UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
lce, Vee Current 5 |Vce =5V = 10% 6.0 6.0 mA
IacND/
Analog Ground Current 4.3 -4.3 mA
lyzs, Vzs Current -17 -17 mA
Ice, Vee Current 5 |Vcee = 12V £ 10% 11.0 11.0 mA
IacND
Analog Ground Current -73 -7.3 mA
lyzs, Vzs Current -37 -37 mA
AC Performance
Settling Time 5 |Figure 2,
tsy Output Step of AGND + 1V 12 2.5 12 3.0 s
to Vee - 1V, R = 1K
ts2 Output Step of 25 5 2.5 6 s
AGND + 100mV to
Vee-100mV, Ry = 100K
ts3 Output Step of +1LSB 1 1 s
ts4, Gain Change Change of Any Gain Setting 11 25 11 us
txrer, XFER Pulse Width 5 |Figure 3 60 60 ns
tpgs, DBO-DB7 5 |Figure 3 40 45 ns
Setup Time
tpgr, PBO-DB7 5 |Figure 3 0 0 ns
Hold Time
treser, Power-On 6 16 16 S
Reset Time

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to analog ground.

Note 2:  When the voltage at any pin exceeds the power supply rails (Vi < AGND or Vjy > V) the absolute value of current at that pin
should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C
to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by
correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7:  Supply current and analog ground current are specified with the digital inputs stable and no load on Vgyr.

Note 8: In unipolar operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND
should be avoided.
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Figure 1. Gain and Offset Error
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Figure 3. Single Buffered Mode
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ML2340, ML2350

1.0 FUNCTIONAL DESCRIPTION

11 D/A CONVERTER

The D/A converter is implemented using an array of
equal current sources that are decoded semi linearly
for the four most significant bits to improve differential
linearity and to reduce output glitch around major
carries. See Figure 4.

The input voltage reference of the D/A converter is the
difference between Vggr (v and AGND. This difference
voltage is converted to a reference current using an
internal resistor to set up the appropriate current level

in the D/A converter. The D/A converter output current
is then converted to a voltage output by an output
buffer and a resistive network. The matching among the
on-chip resistors preserves the gain accuracy between
these conversions.

The D/A converter can be used in a multiplying mode
by modulating the reference input within the specified
VReF IN range.

- Vce

4 4l 4 2

4-BIT
T DIVIDER

DACour
DACout 4

Figure 4. D/A Converter Implementation

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION

ML2340 and ML2350 can be powered from a single
supply ranging from 4.5V to 13.2V or dual supplies
ranging from £2.25V to +6.6V.

The internal digital and analog circuitry is powered
between Vcc and AGND. The range of DGND is

AGND = DGND = V¢ - 4.5V with the logic thresholds
set between .8V and 2.0V above DGND (standard TTL
logic level). The range of Vzg is AGND < Vzg < (V¢ -
2.25V).

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE
SWING

The ML2340 and ML2350 can operate in either unipolar
and bipolar output voltage mode. Unipolar/bipolar
mode selection is determined by comparing the zero
scale voltage (Vzs) of these devices to a precise internal
reference that is referred to AGND. Vs is ideally the
voltage that will be produced at the DAC voltage
output when the digital input data is set to all “0’s".
Unipolar mode is selected when Vgg is lower than 1.00
volt, and bipolar mode is selected when Vzs is greater
than 1.50 volts.

1.3.1  Unipolar Output Mode

In the unipolar mode, Vgoyt swings above Vzs. Ideally
the 00000000 code results in an output voltage of Vs,
and the 11111111 code results in an output voltage of
Vs x 255/256, where Vg is the full-scale voltage
determined by Vggr vy and the gain setting.

1.3.2 Bipolar Output Mode

In the bipolar mode, Vot swings around Vzs. The
input data is in 2’s complement binary format. Ideally,
the 00000000 code results in an output voltage of Vzs;
the 10000000 code results in an output voltage of (Vzg
- VEs); and the 01111111 results in an output voltage of
(Vzs + Vis 127/128), where Vi is the full scale output
voltage determined by Vggr v and the gain setting.

1.4 OUTPUT BUFFER AND GAIN SETTING

The output buffer converts the D/A output current to a
voltage output using a resistive network with proper
gain setting determined by the GAIN 0 and GAIN 1
inputs. There are four possible gain settings for unipolar
output voltage mode and bipolar output voltage mode
as listed below:

Unipolar Output Voltage Mode

@ Micro Linear

Voltage Output Swing
GAIN 1 | GAIN 0 | GAIN Relative to Vg
0 0 4 VReF IN X Y4
0 1 Y2 VRep IN X V2
1 0 1 VRer N % 1
1 1 2 VREF IN % 2
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Bipolar Output Voltage Mode ML2350 .
GAIN 1 |GAIN 0 | GAIN Voltage Outputp_p VRer = 2.50V with Vrer = 5.00V with
Gad Vee < 70V Ve = 8.0V
0 0 Va +VRer IN X B ain N N . .
p vy ; Setting | Unipolar Bipolar Unipolar Bipolar
1 X
0 i i EVRer N X Y % |0 to 0.625V | -03125V to | 0 to 125V | -0.625V to
1 0 1 EVRer IN X V2 +0.3125V +0.625V
1 1 2 S Vperin % 1 % | 0to 1250V | -0.6250V to | 0 to 250V | -1.250V to
+0.6250V +1.250V
The output buffer can source or sink as much as 10mA 1 0 to 2.500V | —1.2500V to | 0 to 5.00V | -2.500V to
of current with an output voltage of at least 1V from +1.2500V +2.500V
either Voc or AGND. As the output voltage approaches 2 | 0to 5000V | -2.5000V to | 0 to 10.00V | -5.000V to
Vce or AGND the current sourcing/sinking capability of +2.5000V +5.000V

the output buffer is reduced. The output buffer can still
swing down to within 10mV of AGND and up to within
40mV of V¢ with a 100K load at Voyr to AGND in the
unipolar operation. In the bipolar operation, the output
buffer swing is limited to about 100mV from either rails.

1.5 VOUAGE REFERENCE

A bandgap voltage reference is incorporated on the
ML2340 and ML2350. Two reference voltages can be
produced by each device. An internal comparator
monitors the power supply voltage to determine the
selection of the reference voltage. A reference voltage
of 2.25 volts on the ML2340 and 2.50 volts on the
ML2350 is selected when the supply voltage is less than
approximately 750 volts. Otherwise, a reference voltage
of 4.50 volts and 5.00 volts is selected. To prevent the
comparator from oscillating between the two selections,
avoid operation with a power supply between 70 and
8.0 volts.

The bandgap reference is trimmed for zero
Temperature Coefficient (TC) at 35°C to minimize
output voltage drift over the specified operating
temperature range.

The internal reference is buffered for use by the DAC
and external circuits. The reference buffer will source
more than 5mA of current and sink more than 1TmA of
current. With Vggr |y connected to Vrer our, the
following output voltage ranges of the DAC are
obtained:

ML2340
Vger = 225V with VRer = 4.5V with
Gain Vee < 70V Vee = 8.0V
Setting | Unipolar Bipolar Unipolar Bipolar
Ya 0 to 0.562V | -0.281V to | 0 to 1125V | -0.562V to
+0.281V +0.562V
Y2 0 to 1125V | -0.562V to | 0 to 2.250V | -1125V to
+0.562V +1125V
1 0 to 2.250V | -1125V to | 0 to 4.500V | -2.250V to
+1125V +2.250V
2 0 to 4.500V | -2.250V to | 0 to 9.000V | -4.500V to
+2.250V +4.500V

An external reference can alternatively be used on

Vger IN to set the desired full scale voltage. The linearity
of the D/A converter depends on the reference used,
however. To insure integral linearity at an 8-bit level, a
reference voltage of no less than 2V and no more than
7V (2.75V for operation with a low-voltage power
supply) should be used.

1.6 DIGITAL INTERFACE

The digital interface of the ML2340 and ML2350 consist
of a transfer input (XFER) and eight data inputs, DB0
through DB7. The digital interface operates in one of
the two modes:

1.61 Single-Buffered Mode

Digital input data on DB0-DB?7 is passed through an 8-
bit transparent input latch on the rising edge of XFER.
Because the outputs of the latch are connected directly
to the inputs of the internal DAC, changes on the
digital data while the XFER input is still active will cause
an immediate change in the DAC output voltage. To
hold the input data on the latch, the XFER input needs
to be deactivated while the data is still stable.

1.6.2 Flow-Through Mode

In the flow-through mode, the input latch is bypassed.
When XFER is set to logic “1”, a change of data inputs,
DB0-DB7, results in an immediate update of the output
voltage.

1.7 POWER-ON-RESET

The ML2340 and ML2350 have an irternal power-on-reset
circuit to initialize the-device when power is first applied
to the device. The power-on-reset interval of typically
8us begins when the supply voltage, Vcc reaches
approximately 2.0V. During the power-on-reset interval,
the transparent latch is reset to all “0’s".
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2.0 TYPICAL APPLICATIONS

4.5V
+VREr

' VREFOUT
VREFIN

ML2271 ML2340

:J—I> . :> D/A
0 < VN < 4.5V 0—]
ub WITH
REFERENCE[ 0 YouT

Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V¢c = 10%

DB7 D7
DBO DATA > Do

35‘,__< i DEN

VINO— ML2261
ADDRESS HEN
_ DECODE HEN
WR 4—‘
DB7 A A A TMS320
DBoO /E14
IS CLOCK 15
SOURCE
L OR ML2340
= TIMER D/A PAO
PA1
XFER |«
Vouro— PA2

Figure 6. TMS320 Interface

e e i =
| |
|
*av : 5.0V - 100mV !
! |
Vce : :
ML2350
UNIPOLAR | |
Vout Jour /—256 CODES !
VREFIN ___l 250V : 25V |
VeerouT |— | 256 CODES |
Vs l 125V !
— »lcaNno : 256 CODES . 'l
GAIN 1 | 256 CODES {
= | GND GND GND GND i
| Vour, GAIN 2 Vour, GAIN 1 Vour, GAIN V2 Vourt, GAIN V4 |
! |
L o _|

Figure 7. Single 5V Supply Unipolar Vour
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2.0 TYPICAL APPLICATIONS (Continued)

+12V
Vce
ML2340 BIPOLAR
N Vourl——o Vour

Vzs

——»{GAIN 0
AGND
—CAIN 1

a—

MICRO-
CONTROLLER

AKUUND

VREFIN 4.5V
VREFOUT 3 4.50V

9.0v
256 CODES
6.75V
By ,_ 256 CODES ey
1 /—iSSGVCODES ZMB(: CODES
. — 3938V
"_L, Vour, GAIN = %
Vour, GAIN = ¥ g
2253 OUT '
Vour, GAIN =1
GND + 100mV

Figure 8. Single 12V Supply, Bipolar Vour with 11-Bits Resolution Around Zero
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution
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ORDERING INFORMATION

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER ) NON-LINEARITY RANGE PACKAGE
VRer out = 2.25V with Ve = 5V
ML2340BM}/5 +V4 LSB -55°C to +125°C HERMETIC DIP (J18)
ML2340BI)/5 -40°C to +85°C HERMETIC DIP (J18)
ML2340BCP/5 0°C to +70°C MOLDED DIP (P18)
ML2340BCQ/5 0°C to +70°C MOLDED PCC (Q18)
ML2340CMJ/5 +% LSB -55°C to +125°C HERMETIC DIP (J18)
ML2340Cl)/5 -40°C to +85°C HERMETIC DIP (J18)
ML2340CCP/5 0°C to +70°C. MOLDED DIP (P18)
ML2340CCQ/5 0°C to +70°C MOLDED PCC (Q18)
VREr out = 2.50V with V¢c = 5V ' '
ML2350BM)/5 +V4 LSB -55°C to +125°C HERMETIC DIP ()18)
ML2350BIj/5 -40°C to +85°C HERMETIC DIP (J18)
ML2350BCP/5 0°C to +70°C MOLDED DIP (P18)
ML2350BCQ/5 0°C to +70°C MOLDED PCC (Q18)
ML2350CMJ)/5 +1 LSB -55°C to +125°C HERMETIC DIP (J18)
ML2350Cl)/5 -40°C to +85°C HERMETIC DIP (J18)
ML2350CCP/5 0°C to +70°C MOLDED DIP (P18)
ML2350CCQ/5 0°C to +70°C " MOLDED PCC (Q18)
VRer out = 4.50V with Vce = 12V
ML2340BM}/12 +v4 LSB -55°C to +125°C HERMETIC .DIP (J18)
ML2340BI}/12 —40°C to +85°C HERMETIC DIP (J18)
ML2340BCP/12 0°C to +70°C MOLDED DIP (P18)
ML2340BCQ/12 0°C to +70°C MOLDED PCC (Q18)
ML2340CMJ/12 +% LSB -55°C to +125°C HERMETIC DIP (J18)
ML2340Clj/12 -40°C to +85°C HERMETIC DIP (J18)
ML2340CCP/12 0°C to +70°C MOLDED DIP (P18)
ML2340CCQ/12 0°C to +70°C MOLDED PCC (Q18)
VRee out = 5.00V with Ve = 12V
ML2350BM}/12 +% LSB -55°C to +125°C HERMETIC DIP (J18)
ML23508I)/12 -40°C to +85°C HERMETIC DIP (J18)
ML2350BCP/12 0°C to +70°C MOLDED DIP (P18)-
ML2350BCQ/12 0°C to +70°C MOLDED PCC (Q18)
ML2350CM}/12 +% LSB -55°C to +125°C HERMETIC DIP (J18)
ML2350Clj/12 -40°C to +85°C HERMETIC DIP (J18)
ML2350CCP/12 0°C to +70°C MOLDED DIP (P18)
ML2350CCQ/12 0°C to +70°C MOLDED PCC (Q18)
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PRELIMINARY

ML2341 ML2351

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION -

The ML2341 and ML2351 are CMOS voltage output,
8-bit D/A converters with an internal voltage reference
and a uP interface. These devices are designed to be
powered by a single supply, although they can be
powered from dual power supplies. The output voltage
swings above zero scale (Vzs) in the unipolar mode or
around zero scale (Vzs) in the bipolar mode, both with
programmable ‘gain. Vzg can be set to any voltage
from AGND to 2.25V below Vcc. The digital and
analog grounds, DGND and AGND, are totally
independent of each other. DGND can be set to any
voltage from AGND to 4.5V below V¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the
ML2341 and ML2351 makes them ideal for a wide
range of applications in hard disk drives, automotive,
telecom, and a variety of general purpose industrial.
One specific intended application is controlling a hard
disk voice coil.

The ML2341 provides a 2.25V or 4.50V reference
output for use with A/D converters that use a single
5V + 10% power supply, while the ML2351 provides a
2.50V or. 5.00V reference output.

FEATURES

m Programmable output voltage gain settings of 2, 1,
Y, Va provide 8-, 9-, 10-, or 11-bit effective
resolution around zero

u AGND 'to V¢ output voltage swing

m Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or £2.25V-to £6.5V
dual-supply operation

u Single- ‘and double-buffered, edge-tnggered
interface with 30ns write time, Ons hold time

m Voltage reference output »

ML2341T . 2.25V or 4.50V
ML2351 ... e 2.50V or 5.00V
= Nonlinearity ..................... +% LSB or %2 LSB -

m Output voltage settling time over temperature and
supply voltage tolerance '

Within 1V of Vccand AGND  ......... 2.5us max
Within. 100mV of Vcc and AGND ©...... 5us max
m TTL and CMOS compatible digital mputs
m Low supply current (Vggr < 2.5V) ........ :5mMA max

m 20-pin DIP or PCC
m Operating temperature rangeof 0°C to +70°C,
-40°C to +85°C, and -55°C to +125°C

BLOCK. DIAGRAM

PIN CONNECTIONS

ML2341 ML2341
Ve vee  AGND ML2351 ML2351
Tv T T 20-Pin DIP 20-Pin PCC -
VREFOUT O VREF
: . VREFINE 1~ 2 [] Veerour Vlcc V"EIFOUT
— v v GAIN 1
VREFIN O—————— - B VCC [ 2 " ] GAIN 1 = iy
8-BITD/A > et vour Your[|3 8 [] GAINO vy 18 [] can o
" DGND O—— ¥ vas [ ¢ THS o &
N _
[ AGND [] 5 16 [] W DGND wr
oG [ e 15
e [ e e
LATCH || pEcopers peo []7 wllosr oo 1 [] os7
f oB1 ] 8 1 [] oBe 910 1 2B
o2 [} o 2 [] pes DB2 | DB4 | DB6
o83 [] 10 1 |] o4 DB3  DBS
TOP VIEW TOP VIEW
XFER WR TS DBO DB7 GAINO GAIN 1
(LSB) (MSB)
- -
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PIN DESCRIPTION

PIN # NAME FUNCTION - PIN # NAME FUNCTION
1 VREF IN Voltage reference input. Vggr (N is 10 DB3 Data input — Bit 3.
referenced to AGND. 1 DB4  Data input — Bit 4.
2 Vee Positive supply. 12 DB5  Data input — Bit 5.
3 Vout Voltage output O.f the D/A 13 DB6 Data input — Bit 6.
converter. Vour is referenced to . . :
Vs 14 DB7 Data input — Bit 7 (MSB).
4 Vzs Zero Scale Voltage. Vour is 15 XFER Transfer enable input. In the
referenced to Vzs. Vzs is normally double buffered mode of
tied to AGND in the unipolar operation, the data in the input
mode or to mid-supply in the latch is transferred to the D/A
bipolar mode. When the device is converter at the high level of XFER.
operated from a single power 16 WR Write enable input. While CS is
supply, Vzs has a maximum low, data inputs are latched into
current requirement of -300uA in the_input latch on the rising edge
the bipolar mode. of WR.
5 AGND Analog ground. 17 [ Chip select input. Active low input
6 DGND.  Digital ground. This is the ground which enables latching in the data
reference level for all digital on the rising edge of WR.
inputs. The range is AGND < (Vcc 18 GAIN 0 Digital gain setting input 0.
- 4.5V). DGND is normally tied to 19 GAIN 1 Digital gain setting input 1.
system ground. 20 v - vol ¢
. Cni REF OUT oltage reference output.
DBO Data input — Bit 0 (LSB). VRer out is referenced to AGND.
8 DB1 Data input — Bit 1. VREF ouT is set to 2.5V and 5.0V in
9 DB2 Data input — Bit 2, a low-voltage and high-voltage

operation, respectively for the
ML2351; 2.25V and 4.5V for the
ML2341.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage V¢ with Respect to AGND ............ 14.2v
DGND .ot -0.3V to Ve + 0.3V
V78 VREF IN v veeeveeeeiiiiiieeieinas -0.3V to Ve + 0.3V
Logic Inputs ... -0.3V to V¢ + 0.3V
Input Current per Pin (Note 2) ...................... +25mA
Storage Temperature ....................... - -65°C to +150°C
Package Dissipation at Ty = 25°C (Board Mount) ..... 875mwW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Plastic) ........................ 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
Molded Chip Carrier Package )
Vapor Phase (60 seC.) .............coiiiiiiiiiiin. 215°C
Infrared (15 s€C.) ........oooiiiiiiiiiiiii 220°C

OPERATING CONDITIONS

(Note 1)

Supply Voltage, Ve vvvevvniivinniint 4.5Vpc to 13.2Vpce
Temperature Range (Note 3) .............. TN = Ta = Tpax
ML2341BM], ML2341CM)
ML2351BMJ, ML2351CM]
ML2341BI), ML2341ClJ
ML2351Bl), ML2351Cl .....ooiiiiiiann, -40°C to +85°C
ML2341BCQ, ML2341CCQ
ML2351BCQ, ML2351CCQ
ML2341BCP, ML2341CCP

................. -55°C to +125°C

ML2351BCP, ML2351CCP .........0...covneee. 0°C to +70°C -

@ Micro Linear
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ELECTRICAL CHARACT ERISTICS
Unless otherwise specified, Ta = Tpin to Tmax, Vec = AGND = 5V =+ 10% and 12V =+ 10% (Note 9),
Vger N for ML2341 = 2.25V and 4.50V, for ML2357 Vgee N = 2.50V and 5.00V, Vot load is Ry = 1K and Cp = 100pF,
Vrer load is Ry = 1K and C; = 100pF and input control signals with tg = tp < 20ns.

ML2341XCX, ML2351XCX

ML2341XIX, ML2341XMX
ML2351XIX, ML2351XMX

TYP |TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | ‘MAX MIN | (Note 4) | MAX UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 8 Bits
Integral Linearity. Error 5 |GAIN=21 % o0or"%
ML2341BXX, ML2351BXX +Va =7} LSB
ML2341CXX, ML2351CXX +% 7} LSB
Differential Linearity Error | 5 |GAIN =2, 1, %, or ¥
ML2341BXX, ML2351BXX +4 ) LSB
ML2341CXX, ML2351CXX +% +% LSB
Mode Select 5 | Vzs with respect to AGND
Unipolar Output - 0 1.0 0 } 1.0 \"
Bipolar Output 150 Vee-225] 150 Vee-2.25 \
Offset Error 5 |Figure 1 '
Unipolar Mode GAIN =4, ¥, 1 +10 +12 mV
GAIN =2 +20 +24 mV
Bipolar Mode 5 |Figure 1
GAIN =, 5,1, 2 £10 plus +10 plus| mV
+2% LSB +2% LSB
Gain Error 5 Figure 1
Unipolar Mode GAIN = Y, 1,1, 2 +5 +2 +5 +2.5 %FS
Bipolar Mode ° GAIN =14, %,1, 2 +5 +2 +5 +25 %FS
Reference
Vrer out Voltage 5
ML2341BXX/5 |Vee = 5.0V Ta =25°C| 223 2.25 227 2.23 225 227 \%
T 10 Toax | 222 228 218 232 %
ML2341CXX/5 Vee = 5.0V Tpa=25°C| 222 225 | 229 222 225 | 228 %
: TMIN to TMAX 220 2.30 218 2.32 Vo
ML2351BXX/5 5 |Vce =50V Tp =25°C| 248 2.50 2.52 2.48 2.50 2.52 \%
Tain 10 Toax | 247 253 243 257 |V
ML2351CXX/5 Vce = 5.0V Ta =25°C| 245 2.50 255 2.46 250 2.55 V.
) T t0 Toax | 244 2558 242 2.59 \Y
ML2341BXX/12 5 Vee = 120V Tp=25°C| 448 4.50 4.52 4.48 4.50 4.52 \%
L Twin 10 Tyiax | 446 454 443 457 \Y
ML2341CXX/12 Vee = 120V Ta=25°C| 445 4.50 4.55 4.45 4.50 4.55 - \%
Tyin 10 Tyax | 440 460 435 465 %
ML2351BXX/12 5 |Vee=120V Ta=25°C| 498 5.00 5.02 498 5.00 5.02 v
Tamin to Tpax 4.96 5.04 4.90 ' 5.10 \Y
ML2351CXX/12 Vee = 120V Ta =25°C| 495 5.00 5.05 4.95 5.00 5.05 \2
TMIN to TMAX 4.90 510 4.85 5.15 \%
Temperature Coefficient
VRer out 50 50 ppm/°C
Vger Output Current 5 0.75 5 0.75 5 mA
Vrer out Power Supply 5 |100mVp_p, 1kHz -40 -60 -40 -60 dB
Rejection Ratio Sinewave on V¢
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ELECTRICAL CHARACTERISTICS (Continued)
Unless otherwise specified, Ta = Tpin t0 Tmax, Vec - AGND = 5V + 10% and 12V £ 10% (Note 9),
VRer N for ML2341 = 2.25V and 4.50V; for ML2351 VREF IN = 2.50V and 5.00V, Vour load is Ry = 1K and CL= 100pF,
Vger load is Ry = 1K and C; = 100pF and input control signals with tg = t < 20ns.

ML2341XCX, ML2351XCX

ML2341XIX, ML2341XMX
ML2351XIX, ML2351XMX

TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Vrer N and Vgg
Viger N Input Range 5 |Vec =875V AGND+2 Vee=1.75 |AGND+2 Vee-1751
Ve = 875V AGND+2 AGND+7|AGND+2 AGND+7| V
Veer in DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 58 |Vec =70V AGND Vee- AGND Vee- \
225 225
5 8 |Vcc = 8.0V AGND Vce-30 | AGND Vce-30 \
Analog Output
Vout Output Swing
Unipolar Mode 5 8 |R_ = 100K AGND+ Vee-.05 | AGND + Vce-.05 \
0.01 0.01
R, = 1K AGND+ Vce-10 | AGND+ Vee-10 \
1.0 10
Bipolar Mode 5 |Ry = 100K AGND+ Vce-01 | AGND+ Vee-01 \
01 01
R, = 1K AGND+ Vce-10 | AGND+ Vee-10 \
10 10
Vout Output Current 5 AGND+1V<Vqour<Vcc-1V -10 +10 -10 +10 mA
Power Supply 100mVp_p, 1kHz -60 -60 dB
Rejection Ratio sinewave on Ve
Digital and DC
Vino) Logical “0” 5 08 0.8 v
Input Voltage
VN Logical “1” 5 2.0 20 \%
Input Voltage
Iino) Logical “0” 5 |Viny = DGND -1 -1 MA
Input Current
Iingy Logical “1” 5 |Vin= Ve 1 1 UA
Input Current
Supply Current,
Bipolar Mode
ICCr Vce Current 5 Vee = 5V £ 10% 53 53 mA
IaGND/
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 UA
lce, Vee Current 5 Vee = 12V £ 10% 93 9.3 mA
IaGND/
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 UA
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ML2341, ML2351
ELECT RICAI_ CHARACTERISTICS (continued)

Unless otherwise specified, Ta = Tmin t0 Tmax Vec - AGND = 5V £ 10% and 12V + 10% (Note 9),
VRer IN for ML2341 = 2.25V and 4.50V; for ML2351 Vgge 1§ = 2.50V and 5.00V, Vour load is R = 1k and C; = 100pF,
Vrer load is Ry = 1K and C| = 100pF and input control signals with tg = t¢ < 20ns.

ML2341XIX, ML2341XMX
ML2341XCX, ML2351XCX ML2351XIX, ML2351XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
Icc, Vce Current 5 Vee = 5V + 10% 6.0 6.0 mA
laano
Analog Ground Current -4.3 -43 mA
lyzs, Vzs Current ‘ -17 -17 mA
lce, Ve Current 5 |Vee =12V £ 10% 11.0 1.0 mA
laaND
Analog Ground Current -73 -73 mA
lyzs, Vzs Current =37 =37 mA
AC Performance
Settling Time 5 |Figure 2,
tsq Output Step of AGND + 1V 12 25 12 3.0
: ; to Ve - 1V, R = 1K
tsp Output Step of 2.5 5 25 6
AGND + 100mV to
Vce-100my, Ry = 100K
ts3 Output Step of +1LSB 1 1 us
ts4, Gain Change Change of Any Gain Setting 11 25 11 3 '3
twr, WR Pulse Width 5 |Figure 3 40 40 ns
txeer, XFER Pulse Width | 5 |Figure 3 60 60 ns
txws WR! to XFER! 6 |Figure 3 30 30 ns
tpes, DB0-DB7 5 |Figure 3 40 45 ns
Setup Time
tpgn, DBO-DB7 : 5 |Figure 3 0 0 ns
Hold Time
tess cs Setup Time 5 |Figure 3 50 50 ns
tese, CS Hold Time 5 |Figure 3 0 0 ns
treser, Power-On 6 16 16 us
Reset Time

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to analog ground.

Note 2:  When the voltage at any pin exceeds the power supply rails (V;y < AGND or V) > V) the absolute value of current at that pin
should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C
to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by
correlation with worst-case test conditions.

Note 4:  Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7:  Supply current and analog ground current are specified with the digital inputs stable and no load on Vg.

Note 8: In unipolar operation with V5 and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND
should be avoided.

Note 9:  ML2341XXX/5 and ML2351XXX/5 are tested for 5V operation only and ML2341XXX/12 and ML2351XXX/12 are tested for 12V operation.
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IDEAL WITH
OFFSET
v
/
OFFSET s
ACTUAL <—— GAIN ERROR ERROR
/
P “%—— IDEAL WITH OFFSET /
ANALOG e /
OUTPUT Ve
IDEAL ANALOG ACTUAL 1 7
ouTPUT
GAIN 2
r OFFSET (ZERO) ERROR ERROR 7
e— IDEAL
/7
T —_—
DIGIAL INPUT DIGITAL INPUT ——»
Unipolar Mode Bipolar Mode

Figure 1. Gain and Offset Error
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tess —]

I .
DBO-DB7 == — — — — — — — — — -l' VAIID DATA l;— ————————— —
— F
|<—tDns—>| L———— tpBH

XFER TIED TO LOGIC “1”

Figure 3a. Single Buffered Mode

XFER

DB0-DB7 == = = VALID DATA

Figure 3b. Double Buffered Mode

1.0 FUNCTIONAL DESCRIPTION

11 D/A CONVERTER

The D/A converter is implemented using an array of
equal current sources that are decoded semi linearly
for the four most significant bits to improve differential
linearity and to reduce output glitch around major
carries. See Figure 4.

The input voltage reference of the D/A converter is the
difference between Vigr v and AGND. This difference
voltage is converted to a reference current using an
internal resistor to set up the appropriate current level

in the D/A converter. The D/A converter output current
is then converted to a voltage output by an output
buffer and a resistive network. The matching among the
on-chip resistors preserves the gain accuracy between
these conversions.

The D/A converter can be used in a multiplying mode
by modulating the reference input within the specified

VREF IN range.

. Vee
a a 4 2 1 O
4-BIT
T T T T T DIVIDER
* - DACour
DACout

Figure 4. D/A Converter Implementation
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION

ML2341 and ML2351 can be powered from a single
supply ranging from 4.5V to 13.2V or dual supplies
ranging from +2.25V to 16.6V.

The internal digital and analog circuitry is powered
between Ve and AGND. The range of DGND is

AGND = DCGND = V¢ - 4.5V with the logic thresholds
set between .8V and 2.0V above DGND (standard TTL
logic level). The range of Vzg is AGND < Vzg <

(Ve - 2.25V).

1.3 'UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE
SWING

The ML2341 and ML2351 can operate in either unipolar
and bipolar output voltage mode. Unipolar/bipolar
mode selection is determined by comparing the zero
scale voltage (Vzs) of these devices to a precise internal
reference that is referred to AGND. Vzs is ideally the
voltage that will be produced at the DAC voltage
output when the digital input data is set to all “0’s".
Unipolar mode is selected when Vyzs is lower than 1.00
volt, and bipolar mode is selected when Vs is greater
than 1.50 volts.

1.31 Unipolar Qutput Mode

In the unipolar mode, Voyt swings above Vzs. Ideally
the 00000000 code results in an output voltage of Vzs,
and the 11111111 code results in an output voltage of
Vs x 255/256, where Vgg is the full-scale voltage
determined by Vggr v and the gain setting.

1.3.2 Bipolar Output Mode

In the bipolar mode, Vout swings around Vzs. The
input data is in 2's complement binary format. Ideally,
the 00000000 code results in an output voltage of Vzs;
the 10000000 code results in an output voltage of (Vzg
- Vgs); and the 01111111 results in an output voltage of
(Vzs + Vs 127/128), where Vs is the full scale output
voltage determined by Vggr v and the gain setting.

1.4 OUTPUT BUFFER AND GAIN SETTING
The output buffer converts the D/A output current to a

Bipolar Output Voltage Mode

GAIN 1 | GAIN 0 | GAIN Voltage Outputp_p
0 Va EVRer IN X VB
0 1 Y2 TVRer IN X V4
1 0 1 +VRer IN X V2
1 1 2 EVRep N X 1

The output buffer can source or sink as much as 10mA
of current with an output voltage of at least 1V from

either Vcc or AGND. As the output voltage approaches
Vce or AGND the current sourcing/sinking capability of
the output buffer is reduced. The output buffer can still
swing down to within 10mV of AGND and up to within
40mV of Ve with a 100K load at Voyrt to AGND in the
unipolar operation. In the bipolar operation, the output
buffer swing is limited to about 100mV from either rails.

1.5 VOUAGE REFERENCE

A bandgap voltage reference is incorporated on the
ML2341 and ML2351. Two reference voltages can be
produced by each device. An internal comparator
monitors the power supply voltage to determine the
selection of the reference voltage. A reference voltage
of 2.25 volts on the ML2341 and 2.50 volts on the
ML2351 is selected when the supply voltage is less than
approximately 750 volts. Otherwise, a reference voltage
of 4.50 volts and 5.00 volts is selected. To prevent the
comparator from oscillating between the two selections,
avoid operation with a power supply between 70 and
8.0 volts.

The bandgap reference is trimmed for zero
Temperature Coefficient (TC) at 35°C to minimize
output voltage drift over the specified operating
temperature range.

The internal reference is buffered for use by the DAC
and external circuits. The reference buffer will source
more than 5mA of current and sink more than TmA of
current. With Vpgr N connected to Vger our, the
following output voltage ranges of the DAC are
obtained:

voltage output using a resistive network with proper ML2341
gain setting determined by the GAIN 0 and GAIN 1 Vger = 2.25V with Vger = 4.5V with
inputs. There are four possible gain settings for unipolar Gain Vce < 70V Vce = 8.0V
output voltage mode and bipolar output voltage mode Setting | Unipolar Bipolar Unipolar Bipolar
as listed below:
Va 0 to 0.562V | -0.281V to | 0 to 1125V | -0.562V to
Unipolar Output Voltage Mode +0.281V +0.562V
. 2 0 to 1125V | -0.562V to | 0 to 2.250V | 1125V to
Voltage Output Swing +0.562V 1125V
GAIN 1 | GAIN 0 | GAIN Relative to Vg
1 0 to 2250V | -1125V to | 0 to 4.500V | -2.250V to
0 0 K VREF IN X 4 +1125V +2.250V
0 1 Ya VREF IN X 72 2 | 0to 4500V | -2.250V to | 0 to 9.000V | -4.500V to
1 0 1 VRer N X 1 +2.250V +4.500V
1 1 2 VREF IN % 2
2-209
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ML2351
Ve = 2.50V with Vier = 5.00V with
Gain Ve < 70V Ve = 8.0V
| Setting | Unipolar Bipolar Unipolar Bipolar
Va 0 to 0.625V | -0.3125V to | 0 to 1.25V | -0.625V to
+0.3125V +0.625V
V2 0 to 1.250V | -0.6250V to | 0 to 2.50V | -1.250V to
+0.6250V +1.250V
1 0 to 2.500V | -1.2500V to ; 0 to 5.00V | -2.500V to
+1.2500V +2.500V
2 0 to 5.000V | -2.5000V to | 0 to 10.00V | -5.000V to
+2.5000V +5.000V

An external reference can alternatively be used on

Vier N to set the desired full scale voltage. The linearity
of the D/A converter depends on the reference used,
however. To insure integral linearity at an 8-bit level, a
reference voltage of no less than 2V and no more than
7V (2.75V for operation with a low-voltage power
supply) should be used.

1.6 DIGITAL INTERFACE

The digital interface of the device consists of a chip
select input, CS, a write input, WR, a transfer input,
XFER and eight data inputs, DBO through DB7. The
digital interface operates in one of the two modes:

1.6.1 Single-Buffered Mode

To use the ML2341 and ML2351 in the single-buffered
mode, tie XFER to logic “1”. This will put the D/A latch
in the transparent mode and the rising edge of WR-at .. -
low level of CS will latch the data on DB0-DB?7 into the
input latch as well as update the D/A output voltage.

1.6.2 Double-Buffered Mode

To use the devices in the_double-buffered mode, timing
information is applied to WR as well as XFER inputs.
The rising edge of WR at low level of CS will latch the
data on DB0-DB? into the input latch. The D/A output
voltage will not be updated, however, until XFER is
brought to a high level, which transfers the data from
input latch to D/A latch. Note that the D/A latch is a
transparent latch controlled by the level, not edge, of
the XFER input, any write operation to the input latch
while XFER is still at a high level results in the
immediate update of the D/A output voltage.

1.7 POWER-ON-RESET

The ML2341 and ML2351 have an internal power-on-
reset circuit to initialize the device when power is first
applied to the device. The power-on-reset interval of
typically 8us begins when the supply voltage, Vcc
reaches approximately 2.0V. During the power-on-reset
interval, both the input and data latch are reset to all
s’
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2.0 TYPICAL APPLICATIONS

4.5V
+VREF VREFOUT
| VREFIN
ML2261 ML2341
D/A
0 < VN < 4.5V 0—] .
“ REFERENCE[ O YouT

" Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc = 10%
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Figure 7. Single 5V Supply Unipolar Vour
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2.0 TYPICAL APPLICATIONS (continued)

+12V 9.0V

Vcc 256 CODES

ML2340 BIPOLAR

~
|
|
|
|
1
l
: . 675V
2
Vour}——o0 Ak‘g)gg' o H ,—— 256 CODES 5625V
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VREFOUT 4.50V | 3.938V
1
|
|
|
|
|
1
[

_-\\'133.375\1
Vzs Vour, GAIN = %
11 Vour, GAIN = ¥; out :
225 OUT :

Vout, GAIN = 1

——»{GAIN 0
AGNI
—1GAIN 1

GND + 100mV

a—

Figure 8. Single 12V Supply, Bipolar Vour with 11-Bits Resolution Around Zero
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution
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ORDERING INFORMATION |

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER NON-LINEARITY RANGE PACKAGE
vREF ouT = 2.25V with Vcc =5V
ML2341BM)/5 +V4 LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341BI)/5 -40°C to +85°C HERMETIC DIP (J20)
ML2341BCP/5 0°C to +70°C MOLDED DIP (P20)
ML2341BCQ/5 0°C to +70°C MOLDED PCC (Q20)
ML2341CMJ/5 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341Cl)/5 -40°C to +85°C HERMETIC DIP (J20)
ML2341CCP/5 0°C to +70°C MOLDED DIP (P20)
ML2341CCQ/5 0°C to +70°C MOLDED PCC (Q20)
VRer out = 2.50V with Ve = 5V
ML2351BMJ/5 +4 LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351Bl)/5 -40°C to +85°C HERMETIC DIP ()20)
ML2351BCP/5 0°C to +70°C. - MOLDED DIP (P20)
ML2351BCQ/5 0°C to +70°C MOLDED PCC (Q20)
ML2351CM}/5 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351Cl)/5 -40°C to +85°C HERMETIC DIP (J20)
ML2351CCP/5 0°C to +70°C MOLDED DIP (P20)
ML2351CCQ/5 0°C to +70°C MOLDED PCC (Q20)
VRer out = 4.50V with Ve = 12V
ML2341BMJ/12 +4 LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341Bl)/12 -40°C to +85°C HERMETIC DIP (J20)
ML2341BCP/12 0°C to +70°C MOLDED DIP (P20)
ML2341BCQ/12 0°C to +70°C MOLDED PCC (Q20)
ML2341CMJ/12 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341ClJ/12 -40°C to +85°C HERMETIC DIP (J20)
ML2341CCP/12 0°C to +70°C MOLDED DIP (P20)
ML2341CCQ/12 0°C to +70°C MOLDED PCC (Q20)
VRer out = 5.00V with Ve = 12V
ML2351BM)/12 +Va LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351Bl)/12 -40°C to +85°C HERMETIC DIP (J20)
ML2351BCP/12 0°C to +70°C MOLDED DIP (P20)
ML2351BCQ/12 0°C to +70°C MOLDED PCC (Q20)
ML2351CM)/12 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351ClJ/12 -40°C to +85°C HERMETIC DIP (J20)
ML2351CCP/12 0°C to +70°C MOLDED DIP (P20)
ML2351CCQ/12 0°C to +70°C MOLDED PCC (Q20)
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‘ML2375, ML2377

GENERAL DESCRIPTION

The ML2377 is a'complete analog I/O peripheral front-
end for DSP based control system. It contains a high-
speed 10-bit A/D converter, a two channel simultaneous
sample/hold circuit, a 6 channel input multiplexer, a 10-
bit D/A converter and a 8-bit D/A converter.

The two channel simultaneous sample/hold in
conjunction with the multiple channel multiplexer
provided on-chip is especially well suited for disk drive
applications, where minimum skew positional channel
conversion and flexible calibration sensing functions are
desirable.

Both input and output channel voltages are referenced to
floating common points provided by the device.’An
additional common point is also available in the A/D
input for flexibility. Bipolar conversion of +2 volts around
the floating point is provided by the chip.

Channel multiplexing and common referencing control
are provide on-chip via its easy to use microprocessing
port. In addition, external control of the conversion start
and MUX addressing is also available for the ML2377.

The ML2375 is a 4 channel version of the ML2377.

DSP Anal'og 1/O Peripheral

FEATURES

10-bit bipolar A/D resolution

10-bit bipolar and 8-bit bipolar D/A resolution

2ps A/D conversion time o
2ps D/A settling time (ILSB, 4ps full scale)

2 channel simultaneous S/H

6 bipolar input channels

A/D and D/A converters have no missing codes
Inputs and outputs have floating commons

+2 volt input/output range with 2.5V reference
Extra floating common input for A/D
Programmable input MUX and common
TMS320C14 compatible microprocessor interface
Single 5 volt power supply '

External conversion start and MUX control (ML2377)
Additional package and bond-out options avai‘lable

BLOCK DIAGRAM ML2375
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BLOCK DIAGRAM ML2377
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PIN DESCRIPTION

NAME

NAME FUNCTION FUNCTION
VZap2 Programmable input common VouTd Voltage output of the 8-bit D/A converter.
VZap1 Default A/D input common. Voutl0 Voltage output of-the 10-bit D/A
VZbato 10-bit D/A common. : converter.
VZpas 8-bit D/A common. D9-DO Data 1/O bit 9 through 0.
: . . o
START Active low input starts A/D converter. pvce Digital power supply. +5 volts £5%.
—_— ) 0
RESET Active low resets the IC. AVCC Analog power supply.. +5 volts £5%.
MUX0 Multiplexer address bit 0. DGND Digital ground.
MUX1 ‘Multiplexer address bit 1. Al Register address 1.
MUX2 Multiplexer address bit 2. AO Register address 0.
VIN5-0 Analog input channels 5 through 0. BUSY ?g:\‘/’:rgf: igl:;p;:(;giscsates that an A/D
AGND Analog ground. INT Active high output indicating A/D
VRAD Voltage reference input for establishing conversion complete.
+ full scale for the A/D converter. == . . .
+ full scale value is 0.8 of the voltage E_s__ Active low chip select input.
on VRap, referenced to AGND. ‘ WR Write input, active low.
VRg + full scale value for the 8-bit D/A RD Read input, active low
converter is 0.8 of the voltage reference . ) .
input on VRg, referenced to AGND. CLK Cl.ock input. Clock can be geherated by -
g tying a crystal from this pin to DGND or
VR1g + full scale value for the 10-bit D/A applying a clock directly to pin.
converter is 0.8 of the voltage reference . . : -
. Note:  ALE (Address Latch Enable) for demultiplexing address and data
input on VR] 0, referenced to AGND. information can be made available on request. Consult Micro Linear for
more information.
Other pin-out options of the ML2377 are available on request.
P ~— " '
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ABSOLUTE MAXIMUM RATINGS

Supply Voltages (AVee and DVee) covveeeeecrvcvenicnicnene 6.0V
Maximum Voltage Between AGND and DGND ...
Maximum Voltage Between AVc and DV¢c..

Input Current per Pin .....c.cooeiiiviniiieeeiiecceeieeeee +25mA
Package Dissipation @ 25°C ........cccovvveninvieninnceene 1w
Lead Temperature (Soldering, 10 s€C) «.cccoevererurneene. 300°C

OPERATING CONDITIONS

Temperature Range .........cccccevviiiiiiiciccnnn. 0°C to +70°C
Supply Voltage (AVce and DVee) oo 4.5Vpc to 6.0Vpc

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation in not implied.

ELECTRICAL CHARACTERISTICS

The following specifications apply for AVee = DVee = +5V 5%, AGND = DGND = 0V, T4 = Operating Temperature
Range VZap1 = VZap2 = VZpa1o = VZpag = VRAD = VRg = VR1g = 2.5V, Ta = Tpmin to Timax unless otherwise specified,
Cy= 50pF for all digital outputs, Voyt8 and Voyt10 load is Ry = 1K and C; = 100pF, and input control signals with

tr = tF 20ns, for gk = 1TMHz.

SYMBOL PARAMETER CONDITIONS | MIN [ TYP , MAX I UNITS
A/D Converter, S/H and Multiplexer Performance

Integral Linearity Error +3 LSB

Differential Linearity Error +1 LSB

Converter Resolution VRer = 2.5V 10 Bits

Zero Error VZ =25V +3 LSB

Positive and

Negative Full Scale Error VRef = 2.5V +3 LSB

Input Voltage Range 0 Vee Y

DC Common Mode Error VZ =2V, Vcc-2V +1/4 LSB

AC Common Mode Error 0 to 250kHz TBD LSB

AC Power Supply Sensitivity | 100mVp_p 100kHz Sinewave on Ve TBD LSB

Vger Input Resistance 2 4 kQ

Maximum Vggr Input Voltage | Referred to AGND 2.6 \
loN On Channel Leakage Current | OV < V|y < Vce -1 1 HA
loFF Off Channel Leakage Current | 0V < V|N < Ve -1 1 UA
Con On Channel

Input Capacitance 0V < V|N < Vee 20 pF
Corr Off Channel

Input Capacitance 0V < VN < Vee 10 pF

Clock Duty Cycle 30 70 %
fek Input Clock Frequency 1 1 MHz
tc Conversion Time Including S/H Acquisition Time 22 ek
tacq Acquisition Time Included in Conversion Time 2 ek
SNR Signal to Noise Ratio TBD dB
THD Total Harmonic Distortion TBD dB
IMD Intermodulation Distortion TBD dB

- - -
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ELECTRICAL CHARACTERISTICS (continued)

SYMBOL L PARAMETER J CONDITIONS J MIN ‘ TYP J MAX l UNITS
10-Bit D/A Converter Performance
Integral Linearity Error VRer = 2.5V +3 LSB
Differential Linearity Error VRer = 2.5V +1 LSB
Settling Time VRer = 2V, Settling to
+1/2LSB, £1LSB Step 2 s
4V Step 4 T s
Resolution VRef = 2.5V 10 Bits
Zero Error +5 LSB
+ and - Full Scale Error 1% FS
Output Voltage Swing VRer = 2.5V 0.25 Vee-0.25 \%
Power Supply Sensitivity 100mVp_p, 1TkHz Sinewave on Ve TBD dB
VREer Input Resistance 1 MQ
8-Bit D/A Converter Performance
Integral Linearity Error VREr = 2.5V +1 LSB
Differential Linearity Error VRer = 2.5V +1 LSB
Settling Time VRer = 2V, Settling to
+ 1/2LSB, £1LSB Step 2 us
4V Step 4 us
Resolution VRer = 2.5V 8 Bits
Zero Error +3 LSB
+ and - Full Scale Error +3 LSB
Output Voltage Range VRer = 2.5V 0.25 Vce-0.25 \
Power Supply Sensitivity 100mVp_p, TkHz Sinewave on Ve TBD dB
VRer Input Resistance 1 MQ
DC Characteristics
n Logic Input Current 0 < VN < Ve, MUX0-2, START, +100 HA
RESET, ALE
[N Logic Input Current 0<V|N<Vce +1 HA
line Clock Input Current 0< VN < Vee +200 HA
" Viy Logic High 2 \
ViL Logic Low 0.8 \%
Vicikn | Clock High (CLK Pin) 3.7 \
Vicikr | Clock LOW (CLK Pin) 1.8 v
loFF Output Leakage Current CS =V, 0 < Vour < Vee +1 pA
Voo Output Low k loL = 2mA 0.4 \%
VoH Output High loy =-1TmA 2.4
2-218
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AC ELECTRICAL CHARACTERISTICS

SYMBOL ! PARAMETER | CONDITIONS ‘ | MIN I TYP I MAX L UNITS
Supply Current (Vgge = 2.5V, No Output Load)
No Input Switching 10 20 mA
Analog Ground Current VRer = 2.5V 10 mA

Microprocessor Interface Read Cycle Timing

ter START Pulse Width 100 ns
tAD Address Stable to Data Valid 55 ns
tAR Address Stable Before Read 5 ns
tRA Address Hold After Read 5 ns
tRR Read Pulse Width 50 ns
tRD - Data Valid from Read ) 50 ns
toF Read to Data Float 20 ns
try Recovery Time

Between Reads 25 ns

Microprocessor Interface Write Cycle Timing

tAw Address Stable Before Write 5 ns
WA Address Hold After Write 5 ns
tww Write Pulse Width 50 ns
tps Data Valid Before Write ) : 30 ns
tpH Data Hold After Write : 15 ns
try Recovery Time

Between Writes 25 ns

Microprocessor Interface Interrupt and Busy Timing

tcl Clock to Interrupt Active 50 ns
tRI Read to Interrupt Inactive . 100 ns
tcs Clock to Busy Active (ML2377 Only) 50 ns
tc Clock to Busy Inactive (ML2377 Only) 50 ns
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FUNCTIONAL DESCRIPTION

DEVICE TYPES
The family consists of two different devices:

1) The ML2375
It is a 28 pin device that contains the basic 10-bit A/D
converter, 10-bit D/A converter, 8-bit D/A converter
and a 4 channel multiplexer.

2) The ML2377
It is a 6 channel version of ML2375. In addition, the
BUSY, INT and multiplexer control pins are also
available to the user.

ANALOG INPUT AND OUTPUT VOLTAGES

The ML2375 and ML2377 allow the analog input and
output voltages to be referenced to a common point.
Thus, the input voltage swing and the offset of the ADC
and the output voltage swing and the offset of the DAC
can be defined by the voltage applied at the commons,
VZaAp1, VZap2, VZpaio and VZpag.

The voltage at the common for the 10-bit D/A converter
and the 8-bit D/A converter are defined by VZpa1g and
VZpag respectively. For the A/D inputs, channel 0 and 1
common are defined by VZap1. The common of the other
channels (2 to 5) may be programmed to VZap; by setting
the on-chip control register (see Table 3).

The peak full scale voltage is defined by the reference
voltages.

VFS =0.8x VREF

Figure 1 shows the transfer function of the ML2375 and
ML2377 and the relationship between VZ and Vgs.

A/D CONVERTER OPERATION

Input Multiplexer Addressing

The input multiplexer is addressed with either the MUXO
to MUX2 pins or the internal multiplexer address register.
The MUXO0 to MUX2 pins are not latched, and control the
addressing of the multiplexer directly. If control of the
multiplexer is to be done from the microprocessor
addressable mux control register, then all MUX pins
should be tied to a logic high. This condition, which is an
illegal mux address, will then route control of the
multiplexer addressing to the internal register, which is
under microprocessor control.

ML2375 multiplexer can only be addressed via its on-chip
multiplexer register.

Simultaneous Sample/Hold Function

The simultaneous sample/hold function is only available
on channels 0 and 1. When addressing channel 0 or 1
with the external MUX pins or the internal register bits
and starting a conversion, both channels will be sampled
and held simultaneously. Two conversions will then
proceed back to back, with the BUSY pin and status bit
going active for two conversion times. The INT pin and
status bit will go active after the completion of the first

conversion. A read of the data register will then clear the
INT pin and status bit. After the second conversion is
completed, the INT pin and status bit will go active again,
indicating the need for a read of the second result from
the data register. If, however, the results of the first register
are not read after the first conversion and before the
second conversion, the INT pin and status bit remain
active until the completion of the second conversion. The
results of the first conversion remain in the data register,
with the results of the second conversion stored in a
holding register. After completion of the second
conversion, which is indicated by the BUSY status bit or
pin going inactive, both results can be obtained by
successive reads of the data register. The INT pin and
status bit are then cleared by the act of the second data
register read.

D/A CONVERTER OPERATION

The D/A converters are updated beginning on the rising
edge of the WR pin. Settling time is measured from this
point.

Microprocessor Interface

The ML2375 is presented as four 10-bit registers to the
microprocessor. These registers are addressed via the
address pins AO and A1. The register map below describes
the four registers.

Converter Registers

Table 1. A/D Converter Register

ADDRESS 00

D9 | D8 |D7 |D6 [D5| D4 D3| D2 |D1| DO

DataBit| 9 | 8 | 7 | 6 | 5| 4 | 3 2 1 0

Sign|MSB LSB

Table 2. D/A Converter Register

ADDRESS 01

D9 | D8 |D7 |D6 D5 | D4 | D3| D2 | D1| DO

D/A 10 9181716 [543 2 1 0

Sign|MSB ) LSB

ADDRESS 10

D9| D8 | D7 | D6 |D5| D4 | D3| D2 | D1| DO

D/A 8 71 6115|432 1 0

Sign| MSB LSB| 0| ©O

T8, Micro Linear

2-221



ML2375, ML2377

REGISTER DESCRIPTIONS

Register Address 00

This register holds the results of the 10-bit A/D conversion
results when read. The converted results are in 2’s
complement form, where 0 is the potential at the common
pin. Reading of this register also clears the INT status bit
and the deasserts the INT pin on the falling edge of the RD
pin. E o

Register Address 01

When written, it receives the 10-bit digital value for the
10-bit D/A converter. All codes are in 2's complement
form, where the 0 code indicates the potential at the
VZpaio. or VZ/Vger pin. This register can also be read,
which returns the previously written value.

Register Address 10

This register receives the 8-bit digital value for the 8-bit D/
A converter. This value is also in 2’s complement format.
When read, it returns the previously written value. 8-bit
data in this 10-bit register is left justified.

Control Register

This is the control register. Functions such as A/D
conversion start, multiplexer control, and A/D converter
status are included. .

Table 3. Control Register

D9 When VZs'= 1, Channel 5 common = VZap> -
D8 When VZ,4 = 1, Channel 4 common = VZp»
D7 When VZ3 = 1,Channel 3 common = VZap,
D6 When VZ, = 1, Channel 2 common = VZap>

D5 INT. It is equivalent to the INT pin. It provides
indication that a conversion is completed.

D4 BUSY. This bit is A/D converter status bit which
provides indication that a conversion is in
progress. It is equivalent to the BUSY pin of the
ML2377.

D3 START. This bit has the same function as the
START pin, When this bit receives a 1, it will start
a conversion. After the conversion has started, this
bit is cleared after 4 clock cycles.

D2 MUX2. MUX address bit 2.
D1 MUX1. MUX address bit 1.
DO MUXO0. MUX address bit 0.

CHIP RESET

The chip is reset when a 0 is presented to the RESET pin.

All registers are reset to 0. Therefore, the D/A and the A/D
converters are all at zero scale and the multiplexer select
is addressed to channel 0. Additionally, VZ,-VZs5 are
cleared in the control register.

ADDRESS 11 -
D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO

ML2375 0 o | o 0 | INT | BUSY | START| 0 | MUx1| MUXO

ML2377 VZs | VZy | Vz3 | VZy | INT | BUSY | START | MUX2 | MUXT | MUXO

CLK / \
tci|-— _}_4_/““

Figure 6. Interrupt Timing, ML:2375, and ML2377

—

BUSY

ClK - )
tcg—| - | - |e—tcp i

_ Figure 7. BUSY Timing, ML2377 - .
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ML2375, ML2377

ORDERING INFORMATION

PART NUMBER PACKAGE COMMENTS
ML2375CCP 28-Pin DIP (P28) Multiplex Address and
ML2375CCQ 28-Pin PCC (Q28) Data Bus
ML2375CCR 28-Pin SSOP (R28)

ML2377CCH 44-Pin QFP (H44) Additional Analog Inputs,

Individual VREF and VZS

lﬁ,L Micro Linear
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Telecom Communications

o
Section 3

Selection Guide 3-1

ML2003  Logarithmic Gain/AtENUALON ......co.vieriieeiieeiieee ettt ettt saee s 3-2

ML2004 Logarithmic Gain/AtENUALON ..........coctiriiiiiriiiiieic et 3-2

ML2008 pP Compatible Logarithmic Gain/Attenuator ...........cccooveiieieiiiiiniiciieceeeeces 3-13

ML2009 pP Compatible Logarithmic Gain/Attenuator ...........c.ccooveeiiivicieiiiieiiecceec 3-13

ML2020 Telephone Line Equalizer 3-22

ML2021 Telephone Line Equalizer 3-33

ML203T  TONE DELECLON ..t 3-44

ML2032  TONE DEIECLON ..eiiiiiiiieiiiiie ettt 3-44

ML2035 Programmable Sinewave GEenerator ...........ccceevveiierienieniiiieieeieese e 3-52

ML2036 Programmable Sinewave Generator ...........cccccevueeuiiieriiiiiiieniaieene e 3-52

ML2110 Universal Dual Filter.........c.cccocu... 3-64

ML2111  Universal Hi-Frequency Dual Filter 3-83
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Selection Guide

Gain/Attenuators
Gain Noise Harmonic Power Temperature
Part Range Resolution (dBrnc Distortion Digital Supplies Range
Number (dB) (dB Steps) | @ Max Gain) (dB) Interface V) C 1 Package
ML2003 -24 to +24 01 0 -60 Serial, +5 X X |18-pin DIP
Hard Wire 20-pin PCC
ML2004 -24 to +24 01 0 -60 Serial +5 X X | 14-pin DIP
ML2008 -24 to +24 01 0 -60 8-Bit uP +5 X X | 18-pin DIP
. : 20-pin PCC
ML2009 -24 to +24 01 0 . -60 16-Bit uP +5 X X | 18-pin DIP
20-pin PCC
Equalizers
Idle .
Freq y Ch | Harmonic Power Temperature
Part Response Noise Distortion Interface Supplies Range
Number Adjustable (dBrnc) (dB) Comment Interface V) C 1 Package
ML2020 Slope, 8 -48 60 Hz Serial +5 X X 16-pin DIP
Height Rejection 18-pin SOIC
Bandwidth
ML2021 Slope 8 -48 Group Serial +5 X X 16-pin DIP
Height Delay 18-pin SOIC
Bandwidth Optimized
Tone Detectors
Dynamic .
Detect Range Frequency Power Temperature
Part Frequency Detect Template Supplies Range
Number (Hz) (dBm) (Hz) Comment V) C 1 Package
ML2031 1K to 4K -34 to +6 Detect £10 | Exceed Bell Pub 43004, +5 X X  |8-pin DIP
No Detect £36 | Clock Outputs of
CLK;y +2, +8
ML2032 1K to 4K -34 to +6 Detect £10 Exceed Bell Pub 43004, +5 X X |8-pin DIP
i No Detect +36 | Uncommitted Op Amp

Programmable Sinewave Generators
Frequency Min Gain Harmonic Power |Temperature

Part Range Resolution Error Distortion Digital Supplies Range
Number (Hz) (H2) (dB) (dB) Comment Interface V) C I | ‘Package

ML2035 DC to 25K +.75 +1 -45 Voltage Serial +5 X X |8-pin DIP
Amplitude .

; Vec/2

ML2036 DC to 50K +.75 P | -45 Adj. Voltage Serial +5 X X |14-pin DIP

i Amplitude, 16-pin SOIC

Clock
Outputs of
ClKp <2, =8

@, Micro Linear 31
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Logarithmic Galn/Attenuator

GENERAL DESCRIPTION

The ML2003 and ML2004 are digitally controlled
loganthmlc gain/attenuators with a range of —24 to-
+24dB in 0.1dB steps.

The gain settings are selected by a 9-bit digital word.
The ML2003 digital interface is either parallel or serial.
The ML2004 is packaged in a 14-pin DIP with a serial
interface only. -

Absolute gain accuracy is 005dB max over supply
tolerance of £10% and temperature range.

These CMOS logarithmic gain/attenuators are desighed
for a wide variety of applications in telecom, audio,
sonar, or general purpose function generation. One
specific intended application is analog telephone lines.

FEATURES .

= Low noise 0 dBrnc max with +24dB gain
= Low harmonic distortion -60dB max
= Gain range -24 to +24dB
m Resolution " 01dB steps
m Flat frequency response  +.05dB from .3-4kHz

+.10dB from .1-20kHz
Low supply current 4mA max from £5V supplies
TTL/CMOS compatlble digital interface
ML2003 has pin selectable serial or parallel
interface; ML2004 serial interface only
Standard 14-pin or 18-pin 0.3” center DIP or 20-
pin molded chip carrier package

BLOCK DIAGRAM
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