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MOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8ILISE
MB8116H

DESCRIPTION

The Fujitsu MB8116 is a fully
decoded dynamic NMOS random
access memory organized as
16,384 one-bit words. The design
is optimized for high speed, high
performance applications such
as mainframe memory, buffer
memory, peripheral storage and
environments where low power
dissipation and compact layout
are required.

Multiplexed row and column ad-
dress inputs permit the MB8116
to be housed in a standard 16-pin
DIP. Pin-outs conform to the ac-
cepted industry standard.

The MB8116 is fabricated using
silicon-gate NMOS and Fujitsu’s
advanced Double-Layer Polysil-
icon process. This process,
coupled with single-transistor
memory storage cells, permits
maximum circuit density and
minimal chip size. Dynamic cir-
cuitry is employed in the design,
including the sense ampilifiers.

Clock timing requirements are
non-critical, and power supply tol-
erances are 10%. All inputs are
TTL compatible; the output is
three-state TTL.

FEATURES

* 16,384 x 1 RAM, 16 pin e Three-state TTL compatible
package output

« Silicon-gate, double-poly * “Gated” CAS

NMOS, single transistor cell
* Row access time:

* 128 refresh cycles
e Common /O capability using

CERDIP PACKAGE
DIP-16C-C03

200 ns max. (MBa116E) “Eady Write” operatlon PLASTIC PACKAGE
150 ns max. (MB8116H) o Output unlatched at cycle end DIP-16P-MO1
. Cygl;sllme: | allows extended page
ns min. boundary and two-dimensional
* Low power chip select PIN ASSIGNMENT
462mv\$l actl:% max)  Read-Modify-Write, RAS-only
20 mW standby (max. refresh, and Page-Mode
« +10% tolerance on + 12V, capability ves 1 7 s vss
+ 5V supplies ¢ On-chip latches for Addresses o ]2 15[] A
o All inputs TTL compatible, low and Data-in we s 1u[]o
capacitive load * Compatible with MK4116 WE = our
MB8116 BLOCK DIAGRAM ras [ ¢ gé #E 4
a[]s x=z2 12[])As
m-j——m -C'L'S'c‘:s wE =
s ‘:1 ) l cnoﬁ:?su. A2 : 6 n 3 As
| a7 0[] As
coLuMn A'\)%%%EDsEsnuu“ea \ Voo E 8 9 Vce

A DUMMY CELLS :c;: EI: o
. | o This device contains circuitry to protect the
A E MEMORY ARRAY

inputs against damage due to high static
SENSE REFRESH AMPS [ —] o voltages or electric fields. However, it is ad-
vised that normal precautions be taken to
s avoid application of any voltage higher than
As T maximum rated voltages to this high im-
DUMMY CELLS pedance circuit.

MEMORY ARRAY

ROW ADDRESS BUFFER
& DECODERS
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ABSOLUTE MAXIMUM RATINGS (see Note)

MBS1I6E/MB8116H

Rating Symbol Value Unit
Voltage of any pin relative to Vgg VIN, Vout -0.5to +20 \"
Voltage on Vpp, Vo supplies relative to Vgg Vpp, Ve -05to +15 \
VBB-Vss (VppVss > OV) - 0 v
Cerdip —55 to +150 o
Storage Temperature Plastic Tstg 40 to +125 C
Power Dissipation Pp 1.0 W
Short circuit output current — 50 mA
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
Parameter NOTES Symbol Min Typ Max | Unit | Operating Temperature
Supply Voltage Vop 10.8 120 | 13.2 '
il Voo 45 50 | 55 v
1] Vss 0 0 0 \"
[ ) —45 | —50| -55| V 0°C to +70°C
Input High Voltage RAS, CAS, WE a ViHe 2.7 — 6.5 \
Input High Voltage except RAS, CAS,WE [] ViH 24 —_ 65 \Y
Input Low Voltage, all inputs 1] ViL -1.0 — 0.8 Vv
STATIC CHARACTERISTICS
{(Recommended operating conditions unless otherwise noted.)

Parameter NOTES Symbol Min Max Units
OPERATING CURRENT o IbD1 35 mA
Average power supply current RAS,CAS cycling;tgg = min) IBB1 - 300 A
STANDBY CURRENT - Ipp2 15 mA
Power supply current (RAS = CAS = Vjyc) IgB2 - 100 uA
REFRESH CURRENT b3 - 25 mA
Average power supply current
(RAS cycling,CAS = Vjyc;tre = min) IgB3 - 300 #A
PAGE MODE CURRENT D4 - 27 mA
Average power supply current
(RAS = Vyi, CAS cycling; tpc = 225ns) IgB4 - 300 pA
Vo POWER SUPPLY CURRENT 3 I -10 10
(Data out is disabled) cc wA
INPUT LEAKAGE CURRENT | —10 10 JA
Input leakage current,any input (Vgg = —-5V,0V<V|N =<7V, i
all other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT

(Data out is disabled, OV = Vgut < 5.5V) loL -10 10 kA
OUTPUT LEVELS

Output high voltage (loy = —5mA) VoH 24 \
Output low voltage (lo. = 4.2mA) VoL 0.4 \"

Notes: 1. All voltages are reference to Vgg.

2. Output voltage will swing from Vgg to Vg when activated with no current loading. For purposes of maintaining data in the
standby mode, Voo may be reduced to Vgg without affecting refresh operations or data retention. However, the Vg (min)

specification is not guaranteed in this mode.

3. When Data out is enabled, Vo power supply current depends upon output loading; V¢g is connected to the output buffer

only.
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MBS8116E/MB8116H

CAPACITANCE
(Ta = 25°C)
Parameter Symbol Typ Max Unit
Input Capacitance Ag ~ Ag, Din CiN1 — 5 pF
Input Capacitance RAS, CAS, WE Cinz — 10 pF
Output Capacitance Doyt Cout — 7 pF
DYNAMIC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted.)
MB8116E MB8116H
Parameter Symbol Units
Min Max Min Max
Time between Refresh tREF — 2 - 2 ms
Random Read/Write Cycle Time tRc 375 - 375 — ns
Read-Write Cycle Time trRwe 375 — 375 — ns
Page Mode Cycle Time tpc 225 — 170 — ns
Access Time from RAS [9] tRAG — 200 — 150 ns
Access Time from CAS EIE)] tcac - 135 — 100 ns
Output Buffer Turn Off Delay torr 0 50 0 50 ns
Transition Time tr 3 50 3 35 ns
RAS Precharge Time tpp 120 — 100 — ns
RAS Pulse Width tRAS 200 32000 150 32000 ns
RAS Hold Time tRSH 135 — 100 — ns
CAS Precharge Time tep 80 — 60 — ns
CAS Pulse Width tcas 135 10000 100 10000 ns
CAS Hold Time tesH 200 — 150 - ns
RAS to CAS Delay Time tReD 30 65 25 50 ns
CAS to RAS Precharge Time tcrp -20 — -20 — ns
Row Address Set Up Time tASR 0 — 0 — ns
Row Address Hold Time tRAH 25 — 20 — ns
Column Address Set Up Time tasc -5 - -5 - ns
Column Address Hold Time tcAH 55 - 45 - ns
Column Address Hold Time Referenced to RAS tAR 120 — 95 - ns
Read Command Set Up Time trRcs 0 — 0 — ns
Read Command Hold Time tRCH 10 — 10 — ns
Write Command Set Up Time twes -10 — -10 - ns
Write Command Hold Time twcH 55 - 45 — ns
Write Command Hold Time Referenced to RAS twer 120 - 95 - ns
Write Command Pulse Width twp 55 — 45 - ns
Write Command to RAS Lead Time tRWL 80 - 60 - ns
Write Command to CAS Lead Time towL 80 — 60 — ns
Data In Set Up Time tps 0 — 0 —_ ns
Data In Hold Time toH 55 — 45 — ns
Data In Hold Time Referenced to RAS tDHR 120 — 95 — ns
CAS to WE Delay towb 95 — 70 — ns
RAS to WE Delay [ tRWD 160 - 120 — ns




MB8LIS6E/MBS116H

Notes: 4. Several cycles are required after power up before proper device operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.

6. Dynamic measurements assume ty = 5ns.

ViHc(min) or Vi (min) and V), (max) are reference levels for measuring timing of input signals. Also, transition times
are measured between V| or Vi and V.

. Assumes that tgcp < trgp(max). If trep is greater than the maximum recommended value shown in this table, tgac
will increase by the amount that tgcp exceeds the value shown.

Assumes that tgcp = trgp(max).
9. Measured with a load equivalent to 2 TTL loads and 100pF.

10. Operation within the tggp(max) limit insures that tgcp(max) can be met. tgop(max) is specified as a reference point
only; If trep Is greater than the specified tggp(max) limit, then access time is controlled exclusively by tcac.

. twes, tocwp and tpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only. If twcs = twgs(min), the cycle is an early write cycle and the data out pin will remain open cir-
cuit (high impedance) throughout entire cycle.

If towp = tcwp(min) and tpwp = trwp(min), the cycle is a read-write cycle and data out will contain data read from
the selected cell. If neither of the above sets of conditions is satisfied the condition of the data out is indeterminate.

L

~

®

1

pry

TIMING DIAGRAMS

READ CYCLE
tRC
tRAs
. | mamea—
__ Vine— 3 - I
RAS
\ / —
,
tesH ——trp
t
trcD RSH tcrp
! tcas
J— Vine— \ i
CAS Viee r ;/ /
tcp
tasR | [tRAH tcaH
‘-1‘Asc"'1
ROW m COLUMN
ADDRESSES ADDRESS A /N ADDRESS
WE
L—‘CAC’*—"
tRAC —— f—tore
Vom- )‘ VALID "> —
Dout Vou— OPEN ! DATA

Don’t Care
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MBSI116E/MB81L16H
TIMING DIAGRAMS (Continued)

WRITE CYCLE (EARLY WRITE)

trc
tRAS
HAS Vine— \ AR B
e [ / N
tesH " tRp———=
tRCD tcas le—tcRP—=|
CAs Vine— \ ’ /' -
ViL— k.
I
tasr | |tRAH tcAH
Vin- { COLUMN X
ADDRESSES v, _ ADDRESS | ADDRESS

WE
|
: : tRWL
twer -1
1 t
_.-I l__ DS =—tDH
o Vin - VALID
IN V- DATA
= tDHR =
V, —_
Dout VOH— OPEN
oL Don’t Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
" tRwC
RAS
—
=xe ViHe— AR \__
RAS  iC N
: tRSH tRP
taco— tcas. [—=tcrp—
5% Vine— ’ 7
o e \ /| / \
top——i
tASR tRAH tcAH ‘
Vin COLUMN
ADDRESSES v, ADDRESS A
T T
trwD tewe
I tcwD tRWL-
— Vinc—
WE ViL—
= twp
tcac—— —=i |=torF

Von— 4 VALI ‘}__
Dout OPEN— DATE

VoL- I

- tRAC DH
tps

Vin—

Vie-

Don’t Care
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MBS8116E/MB8116H
TIMING DIAGRAMS (Continued)

“RAS-ONLY” REFRESH CYCLE
NOTE: CAS = V|yc, WE = Don’t Care

tRC

r-——————tHAs—-————

RS Vine- A’ X
Vi
ADDRESSES
Vou—
oH
Dour Vor- OPEN
- Don’t Care
PAGE-MODE READ CYCLE
tRAS
I __I
— Vine— AR
RAS Vie- k I 7 &g
tesH - tRSH t
tre RP
~—trcD tcas
. Vine— Y
cAs vhe N
LS tRAH t
CAH
tasr - -I'Asc
Vin-TTA/RO COL
ADDRESSES Vi— ADD ADD §
l l'-—tCAC—‘—
tRAC
Vou—
DouTt Vg OPEN—q
oL— -
tRcH——
—_ Vipe-] if
WE
Vie-
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MBS8LISE/MB8LI6H

TIMING DIAGRAMS (Continued)

PAGE-MODE WRITE CYCLE

‘RAS

tpc

tcas —— F‘CP— (tc;\s
b |

-1 tcan . |———¢ tcaH
ASC

DESCRIPTION

Address Inputs:

A total of fourteen binary input
address bits are required to
decode any one of 16,384 storage
cell locations within the MB8116.
Seven row-address bits are estab-
lished on the input pins (Ag
through Ag) and latched with the
Row Address Strobe (RAS). The
seven column-address bits are
established on the input pins and
latched with the Column Address
Strobe (CAS). All input addresses
must be stable on or before the
falling edge of RAS. CAS is inter-
nally inhibited (or “gated”) by
RAS to permit triggering of CAS
as soon as the Row Address Hold
Time (tpaH) specification has
been satisfied and the address in-
puts have been changed from
row-addresses to column-ad-
dresses.

Wirite Enable:

The read mode or write mode is
selected with the WE input. A
logic high (1) on WE dictates read
mode; logic low (0) dictates write

mode. Data input is disabled
when read mode is selected. WE
can be driven by standard TTL cir-
cuits without a pull-up resistor.

Data Input:

Data is written into the MB8116
during a write or read-write cycle.
The last falling edge of WE or
CAS is a strobe for the Data In
(DIN) register. In a write cycle, if
WE is brought low (write mode)
before CAS, DN is strobed by
CAS, and the set-up and hold
times are referenced to CAS. In a
read-write cycle, WE will be
delayed until CAS has made its
negative transition. Thus DN is
strobed by WE, and set-up and
hold times are referenced to WE.

Data Output:

The output buffer is three-state
TTL compatible with a fan-out of
two standard TTL loads. Data-out
is the same polarity as data-in.
The output is in a high impedance
state until CAS is brought low. In

aread cycle, or a read-write cycle,
the output is valid after trac from
transition of RAS when trcD
(max) is satisfied, or after tcac
from transition of CAS when the
transition occurs after trcp
(max). Data remains valid until
CAS is returned to a high level. In
a write cycle the identical se-
quence occurs, but data is not
valid.

Page-Mode:

Page-mode operation permits
strobing the row-address into the
MB8116 while maintaining RAS at
a logic low (0) throughout all suc-
cessive memory operations in
which the row address doesn’t
change. Thus the power dis-
sipated by the negative going
edge of RAS is saved. Futher, ac-
cess and cycle times are de-
creased because the time nor-
mally required to strobe a new
row-address is eliminated.
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Refresh:

Refresh of the dynamic memory
cells is accomplished by perform-
ing a memory cycle at each of the
128 row-address at least every
two milli-seconds. Any operation
in which RAS transits accom-
plishes refresh. RAS-only refresh
avoids any output during refresh
because the output buffer is in
the high impedance state unless
CAS is brought low. Strobing
each of the 128 row-addresses
with RAS will cause all bits in
each row to be refreshed. RAS-
only refresh results in a sub-

Power Considerations:

The output buffer of the MB8116
can be powered via Vg from the
supply voltage (normally 5 volts)
to which the memory is interfac-
ed. In standby operation, Vcc
may be removed without affec-
ting refresh. Thus standby power
is conserved because all the
power supplies for the peripheral
circuitry with the exception of
RAS timing and refresh address
is turned off. Most of the MB8116
circuitry, including sense
amplifiers, is dynamic, and most
of the power drain comes from an

MB8116E/MB8116H

sipation depends mostly on
operating frequency.

Power Up:

No particular supply sequencing
is required for the MB8116.
However, absolute maximum
ratings must be adhered to. Thus,
Vgg should be turned on first and
turned off last, and Vpp is turned
on. After power is applied, several
cycles are required before proper
operation is assured. About eight

stanial reduction in power address strobe (RAS or CAS) refresh cycles should be suffi-
dissipation. edge. Thus, dynamic power dis- cient to accomplish this.
Current Waveforms
NOTE: Vpp = 13.2V, Vgg = —4.5V, Ta = 25°C
RASICAS CYCLE LONG RAS/CAS CYCLE  RAS ONLY CYCLE PAGE MODE CYCLE
RAS
CAs [ V.
100 N
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MBS8116E/MB8LI6H

TYPICAL CHARACTERISTICS CURVES (Continued)
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FUJITSU
MICROELECTRONICS

NMOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8117-10
MB8117-12

|
DESCRIPTION

The Fujitsu MB8117 is a fully
decoded, dynamic NMOS ran-
dom access memory organized
as 16,384 one-bit words. The
design is optimized for high-
speed, high performance appli-
cations such as mainframe
memory, buffer memory periph-
eral storage and environments
where low power dissipation and
compact layout are required.

Multiplexed row and column ad-
dress inputs permit the MB8117
to be housed in a standard 16-pin
DIP. Pin outs conform to the
JEDEC approved pin out.

FEATURES

* 16,384 x 1 RAM, 16 pin
package
¢ Silicon-gate, Double Poly
NMOS single-transistor cell
e Address access time
100 ns max (MB8117-10)
120 ns max (MB8117-12)
¢ Cycle time,
235 ns min (MB8117-10)
270 ns min (MB8117-12)
¢ Low power:
182 mW max (MB8117-10)
160 mW max (MB8117-12)
19.5 mW max (Standby)
¢ +5V single power supply,
+10% tolerance
¢ On-chip substrate bias
generator
¢ All inputs TTL compatible,
low capacitive load

MBS8117 s
BLOCK DIAGRAM ..

-
e g
GEN..

The MB8117 is fabricated using
silicon-gate NMOS and Fujitsu’s
advanced Double-Layer Polysili-
con process. This process,
coupled with single-transistor
memory storage cells, permits
maximum circuit density and
minimal chip size. Dynamic cir-
cuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are
non-critical, and power supply
tolerance is very wide. All inputs
are TTL compatible; the output is
three-state TTL.

¢ Three-state TTL
compatible output

¢ Pin 1 auto refresh
capability

e Common /O capability
using “Early Write”
operation

¢ Output unlatched at cycle
end allows extended
page boundary and two-
dimensional chip select

» Read-Modify-Write, RAS-
only refresh, and Page-
Mode capability

¢ On-chip latches for
Address and Data-in

» Offers two variations of
hidden refresh

¢ Pin compatible with
MK4516 and MCM4516

cuocx gen. | -
NO. 2
REF
AFSH CONTROL
cLocK

INTERNAL
ADDRESS
COUNTER

Sovumn DATA
CODER N o,
BUFF "~

SENSE AMPS T
1/0 GATING —

]

] 1

oo
L our |oour
BUFF ou

16,384 BIT
STORAGE CELL

=—Vece

ROW DECODER

= Vss

il
nn"'wl

“" fI il ”
e I!'T”‘ I
g1l }

CERDIP PACKAGE
DIP-16C-C03

PLASTIC PACKAGE

DIP-16P-MO1
PIN ASSIGNMENT
RFSH[_|1 ~ 16[ Jvgs
oin[]2 15[ | CAS
WE[ |3 = ‘4:]DouT
RAS[] 4 ‘gé 13[ ] As
ro[]s x3 12[]As
A e - 1A
A7 10[ ] As
Vee[]8 o[ nc.

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields. However,
it is advised that normal precautions be
taken to avoid application of any voltage
high than maximum rated voltages to this
high impedance circuit.
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ABSOLUTE MAXIMUM RATINGS (See Note)

MB8117-10/ MB8117-12

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViNns VouT —-1to +7 \i
Voltage on Vg pin relative to Vgg Veo —1to +7 \
Cerdip —55 to +150 °
Storage Temperature Plastic Tstg 40 to +125 C
Power dissipation Pp 1.0 w
Short circuit output current — 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operational should be
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Operating
Parameter Symbol Min Typ Max Unit Temperature
4, . .
Supply Voltage Vee S 50 55 v
Vss 0 0 0 v 0°C to +70°C
Input High Voltage, all inputs ViH 2.4 - 6.5 \
Input Low Voltage, all inputs ViL -1.0 —_ 0.8 Vv
CAPACITANCE (T4 = 25°C)
Parameter Symbol Typ Max Unit
Input Capacitance Ag ~ Ag, DN CiN1 — 5 pF
Input Capacitance RAS, CAS, WE, RFSH| CiN2 — 8 pF
Output Capacitance Doyt Cout — 7 pF
STATIC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted.)
MB8117-10 MB8117-12
Parameter NOTES Symbol Min Max Min Max Unit
OPERATING CURRENT Average Power
Supply Current (RAS, CAS cycling; tgg = Min)  [1] Icct — 33 — 29 mA
STANDBY CURRENT Power
Supply Current (RAS = CAS =V, lcca — 35 — 35 mA
Doyt = High Impedance)
REFRESH CURRENT 1 Average Power
Su%ply Current (RAS cycling, lccs - 25 — 22 mA
CAS = V|; trc = Min)
PAGE MODE CURRENT Average Power
Supply Current1(RAS = V), Icca —_ 25 — 22 mA
CAS cycling, tpg = Min)
REFRESH CURRENT 2 Average Power Supply
Current (RFSH cycling, RAS = CAS = V|y; tpc = Min) lccs — 28 — 25 mA
INPUT LEAKAGE CURRENT
Current, any input (OV= Vjy< 5.5V) i -10 10 -10 10 A
Input pins not under test = 0V,
4.5V= Voo= 5.5V, Vgg = 0V
OUTPUT LEAKAGE CURRENT (Data
out is disabled, OV < Voyt <5.5V loL -10 10 -10 10 pA
OUTPUT LEVEL Output Low Voltage
(loL = 4.2 mA) VoL — 0.4 — 0.4 \
OUTPUT LEVEL Output High Voltage
(lon = —5 mA) VoH 24 — 24 — \

Notes: IJ__l Icc is dependent on output loading. Specified values are obtained with the output open.
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MB8117-10/ MB8117-12
DYNAMIC CHARACTERISTICS [NGTES 1, 23]

(Recommended operating conditions unless otherwise noted.)

MB 8117-10 MB 8117-12 .
Parameter Symbol Unit
Min Max Min Max

Time Between Refresh tRer — 2 - 2 ms
Random Read/Write Cycle Time trc 235 - 270 - ns
Read-Write Cycle Time trwe 285 - 320 - ns
Page Mode Cycle Time tpc 125 - 145 - ns
Access Time from RAS @8 | trac — 100 - 120 ns
Access Time from CAS BE | tcac — 55 - 65 ns
Output Buffer Turn Off Delay toFr 0 45 0 50 ns
Transition Time tr 3 50 3 50 ns
RAS Precharge Time tre 110 - 120 - ns
RAS Pulse Width thas 115 10000 | 140 10000 | ns
RAS Hold Time trsu 70 — 85 -- ns
CAS Prechange Time (all cycles except page mode)| tcpn 50 — 55 — ns
CAS Precharge Time (Page mode only) tep 60 - 70 = ns
CAS Pulse Width tcas 55 10000 | 65 10000 | ns
CAS Hold Time tesh 100 - 120 - ns
RAS to CAS Delay Time @8 | treo 25 45 25 55 ns
CAS to RAS Precharge Time tcmp 0 - 0 - ns
Row Address Set Up Time tasr 0 — 0 — ns
Row Address Hold Time tRAH 15 — 15 - ns
Column Address Set Up Time tasc 0 — 0 — ns
Column Address Hold Time tcAH 15 — 15 — | ns
Column Address Hold Time Referenced to RAS tar 60 — 70 _ ns
Read Command Set Up Time trcs 0 — 0 — ns
Read Command Hold Time trcH 0 — 0 - ns
Write Command Set Up Time @l twes 0 — 0 - ns
Write Command Hold Time twch 30 — 35 = ns
Write Command Hold Time Referenced to RAS twer 75 - 90 - ns
Write Command Pulse Width twe 30 — 35 - ns
Write Command to RAS Lead Time tRwL 60 — 65 - ns
Write Command to CAS Lead Time tewL 45 - 50 - ns
Data In Set Up Time tps 0 - 0 - ns
Data In Hold Time toH 30 — 35 — ns
Data In Hold Time Referenced to RAS toHR 75 — 90 - ns
CAS to WE Delay @ | tewp 55 - 65 - ns
RAS to WE Delay @ | trwo | 100 — 120 - ns
Read Command Hold Time Referenced to RAS tRRH 20 — 25 — ns
RFSH Set Up Time Referenced to RAS tesh 110 - 120 - ns
RAS to RFSH Delay thep 110 —_- 120 — ns
RFSH Cycle Time tre 235 — 270 - ns
RFSH Pulse Width tep 100 - 120 - ns
RFSH Hold Time Referenced to RAS tenr 0 — 0 - ns
RFSH Precharge Time te) 110 — 120 — | ns
RFSH to RAS Delay terD 55 — 65 - ns




Notes:

l

[l (]

An initial pause of 200us is required. Then several cycles
are required after power up before proper device opera-
tion is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

If internal refresh counter is to be effective, a minimum
of 64 active RFSH initialization cycles is required. The
internal refresh counter must be activated a minimum of
128 times every 2 ms if the RFSH refresh function is us-
ed.

Besides RFSH must be held high even if the RFSH
refresh function is not used.

Dynamic measurements assume tt = 5ns.

Vij4(min) and V)_(max) are reference levels for measur-
ing timing of input signals. Also, transition times are
measured between V) and V).

Assumes that tgcp < trgp(max). If trgp is greater than
the maximum recommended value shown in this table,
trac will increase by the amount that tgcp exceeds the
value shown.

MB8117-10/ MB8117-12

@ Assumes that tgcp > trcp(max).

2

Measured with a load equivalent to 2 TTL loads and
100pF.

Operation within the tggp(max) limit insures that
trac(max) can be met. tgcp(max) is specified as a
reference point only; if tgcp is greater than the specified
trcp(max) limit, then access time is controlled ex-
clusively by tcac.

trac(min) = tran(min) + 2ty + tagc(min).

twes: tcwp and trwp are not restrictive operating
parameters. They are included in the data sheet as elec-
trical characteristics only. If tycg > twcs(min), the cy-
cle is an early write cycle and the data out pin will re-
main open circuit (high impedance) throughout entire
cycle. If towp > tocwp(min) and tgwp > trwp(min), the
cycle is a read-write cycle and data out will contain data
read from the selected cell. If neither of the above sets
of conditions is satisfied the condition of the data out is
indeterminate.

Test mode write cycle only.

READ CYCLE
Vin-—
RFSH V- _/
trc
t
FSR tRAS
ViH— AR
RAS Vi - N 2 N\
tcsH trp
tRCD tRSH f—tcRP—{
1 t
CAs
Y ViH- 4 3
CAS
ViL- \ / I/ \__
——tCcPN—
tasr | {tRAH tAasc
ADDRESSES
WE
tcac
tRAC lee—tOFF
Von- N 4 VALID )
DouT VoL- OPEN DATA }____

Don’t Care




MB8117-10/ MB8117-12

WRITE CYCLE (EARLY WRITE)

RFSH M
v.._-_/
FSR tr
tRA <
- Vin- —-_\\-‘——‘AR———] > /r
Vi 7 \_____
—tcsH | |e——tRp—=]
tRSH
thco- tcas |=—tcRP—=|
— Vi~ \ /I ]
CAS Vi X Z /
t R t
ASR AH tasc e tcan tepn
Vip— ROW COLUMN
ADDRESSES , ADDRESS ADDRESS
:

twcs

—
|

——tcowL
‘———”tw
|

WE x:t: twp
Din
DouT \‘;OH* OPEN
oL Don’t Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
Viyg—
RFSH Vi j
tESR tRwe
tRA
= ViH- 5\ tAR i N
S ViL- K \
: tRSH tRP—=—
tRCD tcas tcre
— Vin- 3 \
CAS —
VIL™ tasr| [tRan tasc \
| —! —
ViH ROW COLUMN 3
ADDRESSES y, ADDRESS. ADDRESS

]

TRWD

I
tRCSi"’l {

—_ ViH—
We ViL—
Vou—
DouT Vg:‘_
v —
o Vie-

tcac twi
oren— PR
tRAC __l

tps
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RAS-ONLY REFRESH CYCLE
Note: RFSH = V|, CAS = V|, WE = Don’t Care

MB8117-10/ MB8117-12

tRc

- Viu—
RAS v:’:— \__
tRp
- ROW
ADDRESSES Vi ADDRESS
Von~ N
Bour v OPEN
Don’t Care
PAGE-MODE READ CYCLE
R Vin—
RFSH ViL—
t
tFSR nas
l——t
RAS Ve N AR_—I
Vi R
CAS

ADDRESSES v

Dour

Don’t Care




MB8117-10/ MB8117-12

PAGE-MODE WRITE CYCLE
RESH Vin—
RFSH
Vie tFSR
tRAS
FES Vin- ——1tAR
CAS

\
ADDRESSES

Din

Don’t Care

HIDDEN RAS-ONLY REFRESH CYCLE

N Vik—
RFSH
VlH*__/l‘

r
tFsR tRAS [—1tRp—=—
— Vig-— p N
RAS Vi N /] /
I Vin- —
CAS V- /
tcAH tASR tRAH
e
ADDRESSES .ADD ROW ADD.
TRRH —t
— Vin-
WE V-
' tcac
tRAC tOF F—e|
Vou- ¥
DouT VoL~ 4 VALID DATA
1

Don’t Care
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MB8117-10/ MB8117-12
RFSH REFRESH CYCLE

I A J
R.
AS Vi—
tRE O] tep tE) tFSR
Vi~
RFSH Vii- J

ADDRESSES

HIDDEN RFSH REFRESH CYCLE

— Vin—
RAS Vi /
tRCD tCRP—e]
P Vin—
TAS Vi— / \
tRFD
|| tFp. 1Ry tFSR

Vin- Y
RFSH V:t
ADDRESSES _
- Vi~
WE Vi—

tcAC
|~—tRAC—— toFF ~

Vou~
D, VALID DATA
ouT Voi—

RFSH COUNTER TEST WRITE CYCLE
tFy

V-

RFSH v::-
tE R O—] | 'y‘FHR
TRAS

RAS MUl

Vig—

tRp
tRcD tcas {
R Vi~ ~\
as N v
j——tC A H —e—
tASC —=] =
COLUMN h

ADDRESSES ADDRESS
WE
Din ) VALID DATA




MB8117-10/ MB8117-12
DESCRIPTION

Address Inputs

A total of fourteen binary input ad-
dress bits are required to decode any
1 of 16,384 storage cell locations
within the MB8117. Seven row-ad-
dress bits are established on the in-
put pins (Ag through Ag) and latched
with the Row Address Strobe (RAS).
Then seven column-address bits are
established on the input pins and
latched with the Column Address
Strobe (CAS). All input addresses
must be stable on or before the fall-
ing edge of RAS. CAS is internally in-
hibited (or “gated”) by RAS to permit
triggering of CAS as soon as the Row
Address Hold Time (tgraH) specifica-
tion has been satisfied and the ad-
dress inputs have been changed
from row-addresses to column-ad-
dresses.

Write Enable

The read mode or write mode is
selected with the WE input. A logic
“high” on WE dictates read mode;
logic “low” dictates write mode.
Data input is disabled when read
mode is selected. WE can be driven
by standard TTL circuits without a
pull-up resistor.

Data Input

Data written into the MB8117 during
a write or read-write cycle. The last
falling-edge of WE or CAS is a strobe
for the Data In_(DjN) register. In a
write cycle, if WE is brought low
(write mode) before CAS, Dy is
strobed by CAS, and the set-up and
hold times are referenced to CAS. In
a read-write cycle, WE will be
delayed untii CAS has made its
negative transition. Thus Djy is
strobed by WE, and set-up and hold
times are referenced to WE.

Data Output

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data-out is the
same polarity as data-in. The output
is in a high impedance state until
CAS is brought low. In a read cycle,
or a read-write cycle, the output is
valid after tgac from transition of
RAS when tgep (max) is satisfied, or
after tcac from transition of CAS
when the transition occurs after
trep (max). Data remains valid until
is returned to a high level. In a
write cycle the identical sequence
occurs, but data is not valid.

Page-Mode

Page-mode operation permits strob-
ing the row-address into the MB8117
while maintaining RAS at a logic
“low” throughout all successive
memory operations in which the row-
address doesn’t change. Thus the
power dissipated by the negative go-
ing edge of RAS is saved. Further, ac-
cess and cycle times are decreased
because the time normally required
to strobe a new row-address is elimi-
nated.

RAS-Only Refresh

Refresh of the dynamic memory cell
is accomplished by performing a
memory cycle at each of the 128 row-
addresses at least every two mil-
liseconds. RAS-only refresh avoids
any output during refresh because
the output buffer is in the high im-
pedance state unless CAS is brought
low. Strobing each of the 128 row-
addresses with RAS will cause all
bits in each row to be refreshed. Fur-
ther RAS-only refresh results in a
substantial reduction in power dissi-
pation.

RFSH Refresh

RFSH type refreshing available on
the MB8117 offers an alternate
refresh method. When RFSH (Pin 1)
is brought low and RAS is inactive,
on-chip refresh control clock
generators and a refresh address
counter are enabled and an internal
refresh operation takes place. When
RFSH is brought high (inactive) the
internal refresh address counter is
automatically incremented in prepa-
ration for the next RFSH cycle. Only
RFSH activated cycles affect the in-
ternal refresh address counter. The
use of RFSH type refreshing elimi-
nates the need of providing addi-
tional external devices to generate
refresh addresses.

Hidden Refresh

Hidden Refresh Cycle may take
place while maintaining latest valid
data at the output by extending CAS
active time from the previous
memory read cycle.

The MB8117 offers two types of Hid-
den Refresh. They are referred to as
Hidden RAS-Only Refresh and Hid-
den RFSH Refresh.

1) Hidden RAS-Only Refresh
Hidden RAS-Only Refresh is perform-

ed by holding CAS at Vj_ and taking
RAS high and after a specified
precharge period (tgp), executing
“RAS-Only” refresh, but with CAS
held low. RFSH has to be held at V).
2) Hidden RFSH Refresh

Hidden RFSH Refresh is performed
by holding CAS at V|_ and taking
RAS high and after a specified pre-
charge period (trrp), executing
RFSH refresh, but with CAS held low.
A specified precharge period (tcpN)
is required before normal memory
Read, Write or Read-Modify-Write cy-
cle after performing either type of
Hidden Refresh.

RFSH (PIN 1) TEST CYCLE

A special timing sequence using the
PIN 1 counter test cycle provides a
convenient method of verifying the
functionality of the RFSH activated
circuitry.

When RFSH is activated prior to and
remains valid through a normal write
cycle, the Dy is written into the
memory location defined by the cur-
rent contents of the on-chip refresh
counter and the column address pre-
sent at the external address pins dur-
ing the high-to-low transition of CAS.
(See PIN 1 counter test write timing
diagram.)

The following test procedure may be
used to verify the functionality of the
internal refresh counter. There are a
multitude of patterns and sequences
which may also be used to verify the
RFSH feature. This test should be
performed after it has been confirm-
ed that the device can uniquely ad-
dress all 16,384 storage locations.

SUGGESTED RFSH COUNTER TEST

PROCEDURE

1. Initialize the on-chip refresh
counter. 64 cycles are adequate
for this purpose.

2. Write a test pattern of zeroes into
the memory at a single column ad-
dress and all row addresses by us-
ing 128 RFSH (pin 1) refresh
counter test write cycles.

3. Verify the data written into the
RAM by using the column address
used in step 2 and sequence
through all row address combina-
tions by using conventional read
cycles.

4. Compliment the test pattern and
repeat steps 2 and 3.
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Icc1, OPERATING CURRENT (mA)

MB8117-10/ MB8117-12

CURRENT WAVEFORMS (Vcc = 5.0V, Ta = 25°0)
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MB8117-10/ MB8117-12
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Icc. Supply Current (mA)
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FUJITSU
MICROELECTRONICS

NMOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8118-10
MB8118-12

DESCRIPTION

The Fujitsu MB8118 is a fully de-
coded dynamic NMOS random ac-
cess memory organized as 16,384
one-bit words. The design is op-
timized for high-speed, high per-
formance applications such as
mainframe memory, buffer memory
peripheral storage and environ-
ments where low power dissipation
and compact layout are required.

Multiplexed row and column ad-
dress inputs permit the MB8118 to
be housed in a standard 16-pin DIP.
Pin outs conform to the JEDEC ap-
proved pin out.

FEATURES
© 16,384 x 1RAM, 16 pin package
e Silicon-gate, Double Poly
NMOS, single transistor cell
® Address access time:
100 ns max (MB8118-10)
120 ns max (MB8118-12)
o Cycle time:
235 ns min (MB8118-10)
270 ns min (MB8118-12)
e Low power:
182mW max (MB8118-10)
160mW max (MB8118-12)
16.5mW max (Standby)
e +5V single power supply, +10%
tolerance
e On chip substrate bias
generator

MB8118 e . T g B
=

BLOCK DIAGRAM

|

o
b
&l

W

7 BIT
LATCH (cOL.)

7 8IT
LATCH (ROW)

If

The MBB8118 is fabricated using
silicon-gate NMOS and Fujitsu’s ad-
vanced Double-Layer Polysilicon
process. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance
is very wide. All inputs are TTL
compatible; the output is three-
state TTL.

e All inputs TTL compatible, low
capacitive load

o Three-state TTL compatible
output

o Hidden refresh capability

e Common 1/0O capability using
“Early Write” operation

o Output unlatched at cycle end
allows extended page bound-
ary and two-dimensional chip
select .

o Read-Modify-Write, RAS-only
refresh, and Page-Mode
capability

e On-chip latches for Addresses
and Data-in

e Pin compatible with Intel 2118
and MCM4517

CLOCK GEN. T
NO. 2

|

COLUMN
DECODER

DATA
N o
BUFFER

SENSE AMPS -
1/0 GATING ,i.‘

CAS —=d

DATA
Dour

ouT

BUFFER
16,384 BIT

STORAGE CELL

ROW DECODER

- Vee

- Vss

CERDIP PACKAGE
DIP-16C-C03

/g§

ZS N
\\\\\\,\«////’/’////4\\ ,\,\\\\\\” u

Wy

iy //T w
|

PLASTIC PACKAGE

{

DIP-16P-MO01
PIN ASSIGNMENT

Nc.[]1 N~ e ] Vg
oy []2 15[ ] CAS
WE[]3 147 Doyr
RAS[]4 §§ 13 Ag

A []s :2 12[] A,

aRCle = n[Oa

Al 107 A
Vec[]8 9[IN.C.

This device contains circuitry to protect the
inputs against damage due to high static vol-
tages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages tQ this high impedance
circuit.
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ABSOLUTE MAXIMUM RATINGS (See NOTE)

MB8118-10/MB8118-12

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VINs VouT —-1to +7 \"
Voltage on V¢ pin relative to Vgg Vee —1to +7 \
Storage temperature ‘cgc TsTG S5l I °C
Power dissipation Pp 1.0 w
Short circuit output current —_ 50 mA
T ethons ol e G2t haek Expasara 1o 8beolte maximum raing condtions for extended perods may s dovice vetasiiy . 10 1o condions as detaied n he operational
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
Value Operating
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Vee 43 50 53 v
Vss 0 0 0 \
- - 0°Cto +70°C
Input High Voltage, all inputs VIH 24 -_ 6.5 \"
Input Low Voltage, all inputs ViL -1.0 —_ 0.8 Vv
CAPACITANCE (Tp =25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ Ag, D|N CiNt — — 5 pF
Input Capacitance RAS, CAS, WE Cin2 — — 8 pF
Output Capacitance Doyt Cout — — 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MB8118-10 MB8118-12
Parameter Notes | Symbol | Min | Max | Min | Max | Unit
OPERATING CURRENT ]
Average Power Supply Current (RAS, CAS cycling; trc = Min) Icci — 33 — 29 mA
STANDBY CURRENT
Average Power Supply Current (RAS = CAS = V4, Doyt =
High Impedance) Icce _— 3.0 —_ 3.0 mA
REFRESH CURRENT ]
Average Power Supply Current (RAS cycling, CAS = Vu; trc = Min) Icca — 25 — 22 mA
PAGE MODE CURRENT ]
Average Power Supply Current (RAS = V), CAS cycling, tpc = Min) Icca — 25 — 22 mA
INPUT LEAKAGE CURRENT
Input Leakage Current, any input (OV < V)N < 5.5)
Input pins not under test = 0V, 4.5V < Vcg < 5.5V, Vgg = 0V L -10 10 -10 10 nA
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV < VoyT < 5.5V) loL -10 10 -10 10 nA
OUTPUT LEVEL
Output Low Voltage (oL = 4.2 mA) VoL — 04 — 04 \"
OUTPUT LEVEL
Output High Voltage (loy = —5 mA) VoH 24 — 2.4 — \

Note: [@ Icc is dependent on output loading. Specified values are obtained with the output open.
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MB8118-10/MB8118-12
DYNAMIC CHARACTERISTICS NOTES 1,2,3

(Recommended operating conditions unless otherwise noted.)

MB8118-10 MB8118-12
Parameter Notes | Symbol Min Typ Max Min Typ Max Unit
Time Between Refresh tREF - —_ 2 — — 2 ms
Random Read/Write Cycle Time trc 235 — —_ 270 — — ns
Read-Write Cycle Time tRwC 285 — — 320 — — ns
Page Mode Cycle Time tec 125 — — 145 — — ns
Access Time from RAS @ tRAC — — 100 — — 120 ns
Access Time from CAS B tcac — — 55 — — 65 ns
Output Buffer Turn Off Delay toFF 0 — 45 0 — 50 ns
Transition Time tr 3 —_ 50 3 —_ 50 ns
RAS Precharge Time tRp 110 — — 120 —_ —_ ns
RAS Pulse Width tRAS 115 — | 10000 | 140 — | 10000 | ns
RAS Hold Time tRSH 70 — — 85 — — ns
CAS Prechange Time (all cycles except page mode) tcPN 50 — —_ 55 — —_ ns
CAS Precharge Time (Page mode only) tcp 60 —_ — 70 — — ns
CAS Pulse Width tcas 55 — | 10000 | 65 — | 10000 | ns
CAS Hold Time tosH 100 - — 120 — — ns
RAS to CAS Delay Time tRcD 25 — 45 25 — 55 ns
CAS to RAS Precharge Time tcrp 0 — — 0 — — ns
Row Address Set Up Time tasr 0 — — 0 — — ns
Row Address Hold Time tRAH 15 — — 15 — —_ ns
Column Address Set Up Time tasc 0 — —_ 0 —_ - ns
Column Address Hold Time tcaH 15 — — 15 — — ns
Column Address Hold Time Referenced to RAS tAR 60 — - 70 —_ - ns
Read Command Set Up Time trcs 0 — — 0 — — ns
Read Command Hold Time tRCH 0 — —_ 0 — - ns
Write Command Set Up Time twes 0 — — 0 —_ — ns
Write Command Hold Time tWCH 30 — —_ 35 — —_ ns
Write Command Hold Time Referenced to RAS twcr 75 - — 90 — — ns
Write Command Pulse Width twp 30 — — 35 — — ns
Write Command to RAS Lead Time tRWL 60 — — 65 — — ns
Write Command to CAS Lead Time towL 45 — — 50 — — ns
Data In Set Up Time tps 0 — — 0 - — ns
Data In Hold Time tpH 30 - — 35 —_ — ns
Data In Hold Time Referenced to RAS tDHR 75 — — 90 —_ — ns
CAS to'WE Delay ® | tcwp 55 — - 65 — — ns
RAS to WE Delay B | trwD 100 — — 120 — — ns
Read Command Hold Time Referenced to RAS tRRH 20 — — 25 —_ — ns

Notes: :

0] An initial pause of 200us is required. Then several cycles are
required after power up before proper device operation is
achieved. Any 8 cycles which perform refresh are adequate for this
purpose.

@ Dynamic measurements assume tr=>5ns.

B V| (min) and V) (max) are reference levels for measuring timing
of input signals. Also, transition times are measured between V|4
and VL.

[@ Assumes that tgcp<trcp (max). If trep is greater than the maxi-
mum recommended value shown in this table, trac willincrease by
the amount that trcp exceeds the value shown.

[ Assumes that trcp>trcp (max). -

Measured with a load equivalent to 2 TTL loads and 100pF.

Operation within the trcp (max) limit insures that trcp (max) can
be met. trcp (max) is specified as a reference point only; if tRcp is
greater than the specified tgcp (max) limit, then access time is
controlled exclusively by tcac.

trep(min) =tgaH(min)+2ty(tr=5ns) +tasc(min).

@ twcs. tcwp and trwp are not restrictive operating parameters.
They are included in the data sheet as electrical characteristics
only. If twcs>twcs (min), the cycle is an early write cycle and the
data out pin will remain open circuit (high impedance) throughout
entire cycle. If tcwp>tcwp (min) and trwp>trwp (min), the cycle
is a read-write cycle and data out will contain data read from the
selected cell. If neither of the above sets of conditions is satisfied
the condition of the data out is indeterminate.
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MB8118-10/MB8118-12

READ CYCLE
tRC
tLAb
— ViH- \ tAR s y
RAS Vie- \ —| J/ \_
tcsH tRp
tRCD tRSH —tcrp—
. t ,
_— ViH- tcas
cas ViL- \r / I/
~~———tcPN
tasr | [tRAH tAsc tcAH
ADDREsses '™ ROW
ViL- ADDRESS
WE ViH-
ViL-
VoHn-
D
ouT Vou- \___DATA
Don’t Care
WRITE CYCLE (EARLY WRITE)
tRC
v e : tRAS
RAS vin N~ R ) X
n-
ICsH tRSh tRp——
tRCD tcas [=—tcRP——
e ViH— '4
cas ViL— N\ ,/f|//
~——tcPN
tasr | |[tRAH tasc
| ] f—

Vin—
ADDRESSES v, "

ROW COLUMN X/
\ ADDRESS , /\ ADDRESS A\

WE
Din

Vou—
Dout VoL-

1-27




MB8118-10/MB8118-12

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC
tRAS
Vin-— Y 3
RAS V'H_ N tAn‘-I N
I X
: tRSH tRp—=
J— ViH-
CAS ViL— \_

COLUMN
ADDRESS

*lij J [=—torF
N\

Din

“RAS-ONLY” REFRESH CYCLE
NOTE: CAS = V|4, WE = Don't care

tRAS

ml
>
(7
<=
r I
I
-

—tRAH— tRP————————

v
ADDRESSES | - 4 Ao'?:o?amelss

Von~— N
DouTt VoL— OPEN:

Don’t Care

1-28




PAGE-MODE READ CYCLE

MB8118-10/MB8118-12
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MB8118-10/MB8118-12

HIDDEN RAS-ONLY REFRESH CYCLE

Y1
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| tpp ——
tRAS:
RAS MU N / N
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CAS V- tRAH
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D 2
oUT  yor- <4 VALID DATA
- Don’t Care
DESCRIPTION

Address Inputs

A total of fourteen binary input address bits
are required to decode any one of 16,384
storage cell locations within the MB8118.
Seven row-address- bits are established on
the input pins (Ag through Ag) and latched
with the Row Address Strobe (RAS). Seven
column-address bits are established on the
input pins and latched with the Column Ad-
dress Strobe (CAS). All input addresses must
be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “gated”) by
RAS to permit triggering of CAS as soon as
the Row Address Hold Time (traH) specifica-
tion has been satisfied and the address inputs
have been changed from row-addresses to
column-addresses.

Write Enable :

The read mode or write mode is selected with
the WE input. A logic “high” on WE dictates
read mode; logic “low” dictates write mode.
Data input_is disabled when read mode is
selected. WE can be driven by standard
TTL circuits without a pull-up resistor.

Data Input:

Data is written into the MB8118 during a write
or read-write cycle. The last falling edge of

FIG. 1 HIDDEN REFRESH

Dout

WE or CAS is a strobe for the Data In (D)n)
register. In a write cycle, if WE is brought low
(write mode) before CAS, Dy is strobed by
CAS, and the set-up and hold times are refer-
enced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative
transition. Thus Dy is strobed by WE, and
set-up and hold times are referenced to WE.

Data Output

The output buffer is three-state TTL compati-
ble with a fan-out of two standard TTL loads.
Data-out is the same polarity as data-in. The
output is in a high impedance state until CAS
is brought low. In a read cycle, or a read-write
cycle, the output is valid after trac from tran-
sition of RAS when trcp (max) is satisfied, or
after tcac from transition of CAS when the
transition occurs after trcp (max). Data re-
mains valid until CAS is returned to a high
level. In a write cycle the identical sequence
occurs, but data is not valid.

Page-Mode

Page-mode operation permits latching the
row-address into the MB8118 and maintain-
ing RAS at a logic “low” throughout all suc-
cessive memory operations in which the

row-address doesn’t change. This saves the
power required by a RAS cycle. Access and
cycle times are decreased because the time
normally required to strobe a new row-
address is eliminated.

RAS-Only Refresh

Refresh of the dynamic memory is accom-
plished by performing a memory cycle at
each of the 128 row-addresses at least every
two milliseconds. RAS-only refresh prevents
any output during refresh because the output
buffer is in the high impedance state since
CAS is at V|y. Strobing each of the 128
row-addresses with RAS will cause all bits in
the memory to be refreshed. RAS-only re-
fresh results in a substantial reduction in
power dissipation.

Hidden Refresh

RAS-ONLY REFRESH CYCLE may take
place while maintaining valid output data.
This feature is referred to as Hidden Refresh.

Hidden Refresh is performed by holding CAS

at Vy_ from a previous memory read cycle.
(See Figure 1 below)

RAS ONLY REFRESH CYCLE

0PEN-—-—<

VALID DATA
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trac, NORMALIZED ACCESS TIME (ns)

lcc1, OPERATING CURRENT (mA)

MB8118-10/MB8118-12

FIG. 2— CURRENT WAVEFORMS (Vcc = 5.0V, Tp = 25°C)
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TYPICAL CHARACTERISTICS CURVES (continued)
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FUJITSU

MICROELECTRONICS

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8264-15
MB8264-20

DESCRIPTION

The Fujitsu MB8264 is a fully de-
coded, dynamic NMOS random ac-
cess memory organized as 65536
one-bit words. The design is optimiz-
ed for high-speed, high performance
applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact lay-
out are required.

Multiplexed row and column address
inputs permit the MB8264 to be hous-
ed in a standard 16-pin DIP. Pin-outs
conform to the JEDEC approved pin
out.

FEATURES

© 65,536 x 1 RAM, 16-pin
package

« Silicon-gate, Double Poly
NMOS, single transistor cell

* Row access time:
150ns Max (MB8264-15)
200ns Max (MB8264-20)
¢ Cycle time:
270ns Min (MB8264-15)
330ns Min (MB8264-20)
¢ Low power:
22 mW Max Standby
275 mW Max Active (MB8264-15)
248 mW Max Active (MB8264-20)

¢ +10% tolerance on +5V Supply
¢ On-chip substrate bias generator

¢ All inputs TTL compatible,
low capacitive load

The MBB8264 is fabricated using sili-
con-gate NMOS and Fujitsu’s ad-
vanced Double-Layer Polysilicon pro-
cess. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense ampilifiers.
Clock timing requirements are non-
critical, and power supply tolerance
is £10%. All inputs/outputs are TTL
compatible.

¢ Three-state TTL compatible output

* “Gated” CAS

» 128 refresh cycles

* Common |/O capability using
“Early Write” operation

¢ Output unlatched at cycle
end allows extended page
boundary and two-
dimensional chip select

« Read-Modify-Write, RAS-
only refresh, and
Page-Mode capability

* On-chip latches for
Addresses and Data-in

» Hidden Refresh Capability

¢ Pin compatible with HM4864,
MK4164, TMS4164, MCM6665,
#PD4164 and IMS2600

MB8264 BLOCK DIAGRAM

WRITE —
CLOCK WE

RAS CLOCK GEN.
RAS NO. 1

m_ﬁ

GEN.

CLOCK GEN.
NO. 2
DATA o
COLUMN | N IN

'\ — 0 BUFFER
Ao — SENSE AMPS
Ay —] 1/0 GATING
A2 —3 14
A G 1 "'"i DATA
A— 8% ‘> OUT [— Dour
As— <@ ROW > 65536 BIT UFFER|

—] o STORAGE

As DECODER | o CELL <—Vcc SUBSTRATE
A7 —] > <—vgg BIAS GEN.

CERDIP PACKAGE

DIP-16C-C04
PIN ASSIGNMENT

N.c.[] A 16 _J Vs
by ]2 15| ] CAS
WE[]s3 1477 Doyr
RAS[]4 Eg 13 A,

A []s §§ 12[7] A

¥ o [ 1[] A,

A7 10 :] Ag
Vec[]8 9 ; A;
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MB8264-15/MB8264-20
ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on any Pin Relative to Vgg VIN, VouT -1to +7.0 Vv
Voltage on Vg Supply relative to Vgg Vee ~1to +7.0 v
Operating Temperature Top 0to +70 °C
Storage Temperature TstG -55to +150 °C
Power Dissipation Pp 1.0 w
Short Circuit Output Current los 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

advised that normal precautions be taken to avoid application of any voltage higher than

{ ion should be
operational sections of this data sheet. This device contains circuitry to protect the |nputs against damage due to high static voltages or electric fields. However, it is

rated

to the

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

to this high

as detailed in the

circuit.

Value
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Vee 45 5.0 5.5 v
Vss 0 0 0 v 0°C to +70°C
Input High Voltage, all inputs VIH 24 — 6.5 v
Input Low Voltage, all inputs ViL -1.0 — 0.8 Vv
CAPACITANCE (Tp = 25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ Az, DN CiNt — - 5 pF
Input Capacitance RAS, CAS, WE Cin2 - - 8 pF
Output Capacitance Doyt Cout - - 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol | Min | Max | Units
OPERATING CURRENT* MB8264-20 | 45 mA
Average power supply current (RAS, CAS cycling; tgg = min) MB8264-15 | °C1 — | 50 | mA
STANDBY CURRENT
Power supply current (RAS = CAS = Vjy) lcc2 — 4 mA
REFRESH CURRENT* ' MB8264-20 | 36 mA
Average power supply current (RAS cycling, CAS = Vju; tc = min)| MB8264-15 | ©C3 — | 42 | mA
PAGE MODE CURRENT * . _
Average power supply current (RAS = V), CAS cycling, tpc = min) lcca —_ 34 mA
INPUT LEAKAGE CURRENT
Input leakage current, any input (OV < Vi < 5.5V) T8 -10 10 rA
Input pins not under test =0V, Vgg = 5.5V, Vgg =0V
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV < Vpoyrt < 5.5V) loL -10 10 pA
OUTPUT LEVEL
Output low voltage (loL. = 4.2mA) VoL —_ 04 \"
OUTPUT LEVEL
Output high voltage (loq = —5mA) VoH 24 — \

Note*: icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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DYNAMIC CHARACTERISTICS nNotes .23

(Recommended operating conditions unless otherwise noted.)

MB8264-15/MB8264-20

MB8264-20 MB8264-15
Parameter Notes | Symbol | Min | Typ | Max | Min | Typ | Max | Unit
Time between Refresh tReF - | = 2 - | = 2 ms
Random Read/Write Cycle Time trc 330 | — — 270 | — — ns
Read-Write Cycle Time trRwc | 375 | — —_ 300 | — — ns
Page Mode Cycle Time tpc 225 | — — 170 | — — ns
Access Time from RAS [6] teac | — | — J 20 | — | — | 150 | ns
Access Time from CAS (8] (] tcac | — | — [ 135 | — | — | 100 | ns
Output Buffer Turn Off Delay torF 0 — 50 0 — 40 ns
Transition Time tr 3 — 50 3 — 35 ns
RAS Precharge Time trp 120 | — — 100 | — — ns
RAS Pulse Width tRas | 200 | — |10000{ 150 | — |10000| ns
RAS Hold Time tRsH | 135 | — — | 100 | — — ns
CAS Precharge Time (Page Mode Only) tcp 80 — — 60 — — ns
CAS Precharge Time (All Cycles Except Page Mode) topN 30 — — 25 — — ns
CAS Pulse Width tcas 135 | — [10000( 100 | — [10000| ns
CAS Hold Time tcsh | 200 | — — | 150 | — — ns
RAS to CAS Delay Time tRep | 30 | — | 65 | 25 | — | 50 | ns
CAS to RAS Precharge Time tcRP 0 —_ - 0 — — ns
Row Address Set Up Time tASR 0 — — 0 — —_ ns
Row Address Hold Time tRAH 20 — — 15 —_ - ns
Column Address Set Up Time tasc 0 — — 0 —_ — ns
Column Address Hold Time tcaH 55 | — — 45 — — ns
Column Address Hold Time Referenced to RAS tAR 120 | — — 95 — — ns
Read Command Set Up Time trcs 0 — — 0 — — ns
Read Command Hold Time tRCH 0 — — 0 — — ns
Write Command Set Up Time (9] twes [ —-10 | — — | -10 | — - ns
Write Command Hold Time twcH 55 | — — 45 | — — ns
Write Command Hold Time Reference to RAS twcr 120 | — — 95 — — ns
Write Command Pulse Width twp 55 | — — 45 | — — ns
Write Command to RAS Lead Time tRwe | 80 | — - 60 | — — ns
Write Command to CAS Lead Time towL 80 | — — 60 | — — ns
Data In Set Up Time tps 0 — — 0 — — ns
Data In Hold Time tbH 55 — — 45 —_ — ns
Data In Hold Time Referenced to RAS tDHR 120 | — — 9% | — — ns
CAS to WE Delay (9 towp | 95 | — | — 70— | — ns
| RAS to WE Delay 9 trRwp | 160 | — — | 120 ] — — ns
Read Command Hold Time Referenced to RAS tRRH 25 | — — 20 | — — ns
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MB8264-15/MB8264-20

Notes:

1. An initial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device 8
operation is achieved.

2. Dynamic measurements assume tt = 5ns.

3. Viq(min) and V| (max) are reference levels for 9.

measuring timing of input signals. Also, transition
times are measured between V|4(min) and V;i_(max).

4. Assumes that tgcp < trcp(max). If trcp is greater
than the maximum recommended value shown in this
table, tgac will increase by the amount that trgp ex-
ceeds the value shown.

5. Assumes that tgcp = trep(max).

6. Measured with a load equivalent to 2 TTL loads and
100 pF.

7. Operation within the tggp(max) limit insures that

trac(max) can be met. tgcp(max) is specified as a 10.

reference point only; if tgop is greater than the
specified tggp(max) limit, then access time is con-
trolled exclusively by tcac.

. trcp(min) = tran(min) + 2ty(tt = 5ns) +

tasc(min).

twes, towp and tgwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only. If twcs = twgs(min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
the entire cycle.

If tcwp = tcwp(min) and tgwp = trwp(min), the cy-
cle is a read-write cycle and data out will contain
data read from the selected cell. If neither of the
above sets of conditions is satisfied the condition of
the data out is indeterminate.

Either trrH or troH must be satisfied for a read cycle.

TIMING DIAGRAMS
READ CYCLE
tRC
tRAS
— Vin- R AR s y
RAS \
Vie- \L /
tcsH ; tRp
tRCD tRSH e te RP——]
. +
_— Vig- ; tcas 4 \
CAS
ViL- \ ;/ l/ \__
tasr | [tRAH tAasc tCAH
——ﬂ
Vin- ROW COLUMN
ADDRESSES v.,_-w ADDRESS ADDRESS
trcs
WE zm—
IL L*'CAC
tRAC F~—tOFF

VoHn- VALID
Dour VoL- OPEN - 4 DATA >'—""

- Don’t Care
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Vin—
ADDRESSES v, "_

Din
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ADDRESSES Vi-

DouT

Din

MB8264-15/MB8264-20

ViH— \N*——_‘Alﬂ-—‘—"1

ViL— K

tRCD
ViH— pY \
ViL— \

tasr | {tRAH tasc
r_-.-_._

f——

ROW

ADDRESS ,>.<

COLUMN

ADDRESS

OPEN
VoL~ - Don't Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRWC—
- : tRAS
) AR————=]
ViL— \[ \—-
: tRSH tRP—=
tRCD tcas t=tcRP=
ViH- ’
ViL—

Vin-

Vin—
Vies

VoL~
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PAGE-MODE READ CYCLE

X

7
<
M

i

"

O
o)

| tRg ]

le—ttcAH

ASC

COL.
ADD

I-—tCAc——

TRAC——=
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COL.
ADD.
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toFF toFF

VoH—
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tRCH: ’
J— Vin— ¢
WE Vie—
[:] Don’t Care
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PAGE-MODE WRITE CYCLE
_ ViH— =——T1AR
CAS Vi
tASR
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ADDRESSES Vi —
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“RAS-ONLY” REFRESH CYCLE
NOTE: CAS = V|, WE = Don’t care

MB8264-15/MB8264-20

tRC

tAsSR

ROW

ADDRESS

(Rp-———ﬂ

J— ViH-
RAS Vi-
ADDRESSES
Vou—
DouT VoL-
— Vin-
R
AS Vi
— Vik-
CAS v:‘:_
ADDRESSES
WE
VoH—
D .
ouT VoL

OPEN

HIDDEN “RAS-ONLY” REFRESH CYCLE

trc tRC:
tRAS |— tRp —=] tRAS fean— TR P
— s f b
N N N
tcrP
e—trcD tcas CR
I
tAsSR R tcp
t t tRAH
_{tasc | tcan tasSR
ROW [COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRcs L_
' -
&3
tRAC tRRH torE
tcac

OPEN

VALID DATA

I o

] Don’t Care
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MB8264-15/MB8264-20
DESCRIPTION

Address Inputs

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MB8264. Eight row-address bits are established on
the input pins (Ag through A7) and latched with the Row
Address Strobe (RAS). Then eight column-address bits
are established on the input pins and latched with the
Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “gated”) by RAS to permit
triggering of CAS as soon as the Row Address Hold
Time (tran) specification has been satisfied and the ad-
dress inputs have been changed from row-addresses to
column-addresses.

Write Enable

The read mode or write mode is selected with the WE in-
put. A logic high (1) on WE dictates read mode; logic low
(0) dictates write mode. Data input is disabled when
read mode is selected.

Data Input

Data is written into the MB8264 during a write or read-
write cycle. The last failing-edge of WE or CAS is a
strobe for the Data In (DyN) register. In a write cycle, if
WE is brought low (write mode) before CAS, Dy is
strobed by CAS, and the set-up and hold_times are
referenced to CAS. In a read-write cycle, WE will be
delayed until CAS has made its negative transition.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output

The output buffer is three-state TTL compatible with a
fan-out of two standard TTL loads. Data-out is the same
polarity as data-in. The output is in a high impedance

state until CAS is brought low. In a read cycle, or a read-
write cycle, the output is valid after trac from transition
of RAS when tpcp (max) is satisfied, or after tgac from
transition of CTg when the transition occurs after tgcp
(max). Data remains valid until CAS is returned to a high
level. In a write cycle the identical sequence occurs, but
data is not valid.

Page-Mode

Page-mode operation permits strobing the row-address
into the MB8264 while maintaining RAS at a logic low
(0) throughout all successive memory operations in
which the row-address doesn’t change. Thus the power
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because
the time normally required to strobe a new row-address
is eliminated.

Refresh

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (Ag~Ag) at least every two milliseconds. Dur-
ing refresh, either V| or V| is permitted for A7, RAS-
only refresh avoids any output during refresh because
the output buffer is in the high impedance state unless
CAS is brought low. Strobing each of 128 row-ad-
dresses with RAS will cause all bits in each row to be
refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh

RAS-ONLY REFRESH CYCLE may take place while
maintaining valid output data. This feature is referred to
as Hidden Refresh.

Hidden Refresh is performed by holding CAS as V;_
from a previous memory read cycle.
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MB8264-15/MB8264-20
TYPICAL CHARACTERISTICS CURVES (Continued)
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TYPICAL CHARACTERISTICS CURVES (Continued)
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FUJITSU
MICROELECTRONICS

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8264A-10
MB8264A-12

DESCRIPTION

The Fujitsu MB8264A is a fully de-
coded, dynamic NMOS random ac-
cess memory organized as 65,536
one-bit words. The design is optimized
for high-speed, high performance ap-
plications such as mainframe mem-
ory, buffer memory, peripheral storage
and environments where low power
dissipation and compact layout is re-
quired.

Multiplexed row and column address
inputs permit the MB8264A to be
housed in a standard 16 pin DIP. Pin-
outs conform to the JEDEC approved
pin out.

The MBB8264A is fabricated using sili-
con-gate NMOS and Fujitsu’s ad-
vanced Double-Layer Polysilicon pro-
cess. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit densi-
ty and minimal chip size. Dynamic cir-
cuitry is employed in the design, in-
cluding the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance is
+10%. All inputs/outputs are TTL
compatible.

FEATURES
CERDIP PACKAGE
* 65,536 x 1 RAM, 16 pin package * On-chip substrate bias generator DIP-16C-C04
« Silicon-gate, Double Poly NMOS, o All inputs/outputs TTL compatible,
single transistor cell low capacitive load
* Row access time: » Three-state output
MB8264A-10 100 ns Max « “Gated” CAS
MB8264A-12 120 ns Max
« Cycle time: * 128 refresh cycles
MB8264A-10 Mii o Common /O capability using
MBEZB4A12 230 ne Min “Early Write” operation PIN ASSIGNMENT
. power: « Output unlatched at cycle end
MB8264A-10  330mW Max allows extended page boundary \/
(Active) and two-dimensional chip select N.C.[ 1 16 Vss
MB8264A-12 300mW Max * Read-Modify-Write, RAS-only o [12 15[} TAS
(Active) refresh, hidden refresh and WE
22mW Max Page-Mode capability ECs  _  14J0ou
1% ko (s“":::)n « On-chip latches for Addresses and ms]s BE 1[a,
o+ + "
olerance on supply Data-in a5 gg 1217 A
MB8264A BLOCK DIAGRAM ARe =7 n[Oa
AAS »| CLOCK GEN. s 1004
NO. 1 v cc E 8 9 : A7
| CLOCK GEN.
CAS ———5 5 > NO. 2
J
COLUMN | o This device contains circuitry to protect the
¥\ :> DECODER | inputs against damage due to high static
Ao voltages or electric fields. However, it is ad-
Ay S e [ vised that normal precautions be taken to
a— ge avoid application of any voltage higher than
Ay G 1 coe .* oATA maximum rated voitages to this high im-
A—| 8& Y —::l_?r—l_ Dour pedance circuit.
As—| < ROW ™| 65536 BIT BUFFER
Ag— oecoDER | o | STORAGE -V
A7 — -<—Vss BIAS GEN.
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FUJITSU

MICROELECTRONICS

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8265-15
MB8265-20

DESCRIPTION

out are required.

out.

FEATURES
* 65,536 x 1 RAM, 16 pin
package
« Sllicon-gate, Double Poly
NMOS, single transistor cell
* Row access time:
150ns Max (MB8265-15)
200ns Max (MB8265-20)
o Cycle time:
270ns Min (MB8265-15)
330ns Min (MB8265-20)
o Low power:
275 mW Active, (MB8265-15)
248 mW Active, (MB8265-20)
28 mW Standby (Max)
¢ +5V Supply, +10% tolerance
« On chip substrate blas generator
for high performance

¢ Three-state TTL compatible output

The Fujitsu MB8265 is a fully de-
coded, dynamic NMOS random ac-
cess memory organized as 65536
one-bit words. The design is optimiz-
ed for high-speed, high performance
applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact lay-

Multiplexed row and column address
inputs permit the MB8265 to be hous-
ed in a standard 16 pin DIP. Pin-outs
conform to the JEDEC approved pin

The MB8265 is fabricated using sili-
con gate NMOS and Fujitsu's ad-
vanced Double-Layer Polysilicon pro-
cess. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance
is very wide. All inputs and output are
TTL compatible.

¢ All inputs TTL compatible,
low capacitive load

¢ “Gated” CAS

* 128 refresh cycles

 Pin 1 Refresh capability

e Common /O capability using
“Early Write” operation

¢ Output unlatched at cycle
end allows extended page
boundary and two-
dimensional chip select

¢ Read-Modify-Write, RAS-
only refresh, and
Page-Mode capability

¢ On-chip latches for
Addresses and Data-in

* Offers two varlations of
hidden refresh

MB8265 BLOCK DIAGRAM

N.
RAS Rarvabe WRITE _
cLock  —WE
o= GEN

[ cLock Gen. | T
NO.2
REF. —
FF3R- CONTROL
CLOCK

I

INTERNAL
ADDRESS

COUNTER

DATA
IN 0O
BUFF,

COLUMN
DECODER

SENSE AMPS »
1/0 GATING <

=
|

ADDRESS
BUFFERS
ROW DECODER

65,536 BIT
STORAGE CELL

DATA
ouT

—e] BUFF.

—"Pour

—-———Vee

-~ Vss

CERDIP PACKAGE

DIP-16C-C04
PIN ASSIGNMENT
R—FS_H[:1 ~ 16 [ ] Vss
DIN: 2 15| ]TAs
_EE 3 14[ ]oouT
RAs[ 4 gg 13[J 4
Ao[]5 x g 12[JAs
Az[: s = 11 jAA
A7 10[JAs
vee[]8 9| |Ar
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MB8265-15/MB8265-20
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any Pin Relative to Vgg Vins Vout -1to +7.0 v
Voltage on Vg Supply relative to Vgg Vee -1to +7.0 \
Storage Temperature TstG —55to +150 °C
Power Dissipation Pp 1.0 W
Short Circut Output Current los 50 mA

NOTE: Permanent device aamage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restricted to the conditions as detailed in the operational sections of this data sheet. This device contains circuitry to pro-
tect the inputs against damage due to high static voltages or electric fields. However, it is advised that normal precautions

be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgs)

Value
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage \\;CC 4.5 5.0 5.5 \
ss 0 0 0 v 0°Cto +70°C
Input High Voltage, all inputs ViH 2.4 — 6.5 \"
Input Low Voltage, all inputs ViL -1.0 — 0.8 Vv
CAPACITANCE (T = 25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ A7, DIy CiNt — — 5 pF
Input Capacitance RAS, CAS, WE, RFSH Cin2 - — 8 pPF
Output Capacitance Doyt Cout — — 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions uniess otherwise noted.)
Parameter Symbol Min Max Unit
OPERATING CURRENT* R MB8265-20 I 45 mA
Average power supply current (RAS, CAS cycling; trg = min) MB8265-15 CC1 = 50 mA
STANDBY CURRENT I _ 5 mA
Power supply current (RAS = CAS = RFSH = V) ) CC2
REFRESH CURRENT 1 Average power current MB8265-20 1 - 36 mA
(RAS cycling CAS = RFSH = V|; trg = min) MB8265-15 CC3 42
PAGE MODE CURRENT* _ I _ 34 mA
Average power supply current (RAS = V), CAS cycling, tpg = min) CC4
REFRESH CURRENT 2 Average power supply current _
(RFSH cycling; RAS = CAS = Vi, trc = min) locs % mA
INPUT LEAKAGE CURRENT
Input leakage current, any input (OV < V| < 5.5V) i -10 10 pA
Input pins not under test = 0V, V¢ = 5.5V, Vgg = 0V
OUTPUT LEAKAGE CURRENT I —10 10 WA
(Data out is disabled, OV < Voyt < 5.5V) oL
OUTPUT LEVEL v _ 0.4 v
Output low voltage (loL = 4.2mA) oL ’
OUTPUT LEVEL v 24 _ Vv
Output high voltage (Ioq = —5mA) OH .

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.

1-46




DYNAMIC CHARACTERISTICS Notes [[[Z3]

(Recommended operating conditions unless otherwise noted.)

MB8265-15/MB8265-20

MB8265-20 MB8265-15

Parameter Symbol | Min | Typ | Max | Min | Typ | Max | Unit
Time between Refresh tREF — | — 2 — — 2 ms
Random Read/Write Cycle Time trc 330 | — —_ 270 | — - ns
Read-Write Cycle Time trRwc | 375 | — — 300 | — - ns
Page Mode Cycle Time tpc 225 | — - 170 | — — ns
Access Time from RAS (6] tRaC — | — 120 — | — | 150 | ns
Access Time from CAS B] [el tcaAc | — | — | 13| — | — [ 100 | ns
Output Buffer Turn Off Delay torFr 0 — 50 0 - 40 ns
Transition Time tr 3 - 50 3 — 35 ns
RAS Precharge Time trp 120 | — — | 100] — — ns
RAS Pulse Width tras | 200 | — ]10000| 150 | — | 10000| ns
RAS Hold Time tRsH | 135 | — — 100 | — — ns
CAS Precharge Time (Page Mode Only) tcp 80 | — - 60 | — — ns
CAS Precharge Time (All Cycles Except Page Mode) tcpN 30 — — 25 — — ns
CAS Pulse Width tcas | 135 | — |[10000| 100 | — | 10000| ns
CAS Hold Time tcsH | 200 | — — | 150 | — — ns
RAS to CAS Delay Time 7] thep | 30 | — | 656 [ 25| — | 50 | ns
CAS to RAS Precharge Time tcRP 0o | —| — 0| — | — ns
Row Address Set Up Time tASR 0 — - 0 — — ns
Row Address Hold Time tRaH 20 | — — % | — —_ ns
Column Address Set Up Time tasc 0 — — 0 — — ns
Column Address Hold Time tcAH 55 | — — 45 | — — ns
Column Address Hold Time Referenced to RAS tAR 120 | — — 9% | — — ns
Read Command Set Up Time tRcs 0 — — 0 — — ns
Read Command Hold Time tRCH 0 - — 0 — —_ ns
Write Command Set Up Time 9] twes |—10 | — — | -10 | — — ns
Write Command Hold Time twcH 55 | — — 445 | — — ns
Write Command Hold Time Referenced to RAS twcRr 120 | — — 95 — — ns
Write Command Pulse Width twe 55 | — — 45 | — — ns
Write Command to RAS Lead Time thwe | 80 | — — 60 | — — ns
Write Command to CAS Lead Time tow. | 80 | — — 60 | — — ns
Data In Set Up Time tps 0 - — 0 — — ns
Data In Hold Time tDH 55 | — — 45 | — — ns
Data In Hold Time Referenced to RAS tDHR 120 | — — 9% | — - ns
CAS to WE Delay Bl towo | 5| — | — 70| —| — ns
RAS to WE Delay (9 tawp | 60| — | — | 120 — | — | ns
Read Command Hold Time Referenced to RAS tRRH 25 | — — 20| — - ns
RFSH Set Up Time Referenced to RAS trsp | 120 — — | 100 — — ns
RAS to RFSH Delay tRep | 120 — — 100 — — ns
RFSH Cycle Time trc 330 ( — — | 270 — - ns
RFSH Pulse Width trp 20 — — | 150 — - ns
RFSH Inactive Time tr 120 — — | 100] — — ns
RFSH to RAS Delay t)pp | 50| — | — 40 | — - ns
RFSH Hold Time tesH 20| — - 15| — — ns
RFSH Address Set Up Time tasE o] —| — o —| — 1| ns
| RFSH Set Up Time Referenced to CAS trsc 50 | — — 40| — — ns
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MB8265-15/MB8265-20

Notes: 6. Measured with a load equivalent to 2 TTL loads and 100 pF.
1. An initial pause of 200us is required after power-up follow- 7. Operation within the tgcp(max) limit insures that
ed by any 8 RAS cycles before proper device operation is trac(max) can be met.- tgop(max) is specified as a
achieved. if internal refresh counter is to be effective, a reference point only; if trcp is greater than the specified
minimum of 8 active RFSH initialization cycles required. trcp(max) limit, then access time is controlled exclusively
The internal refresh counter must be activated a minimum by tcac
of 128 times every 2ms if the RFSH refresh function is = =
used. The RFSH must be held at Vyy, if the RFSH function 8. taop(min) = tRan(min) + 2t7 (t7 = 5ns) + tagg(min).
is not used. 9. twes: tcwp and tpwp are not restrictive operating
parameters. They are included in the data sheet as elec-
2. Dynamic measurements assume tr = 5ns. trical characteristics only. If twcs > twcs(min), the cycle
3. Vj(min) and V), (max) are reference levels for measuring is an early write cycle and the data out pin will remain open
timing of input signals. Also, transition times are circuit (high impedance) throughout entire cycle.
measured between V,y(min) and V| (max). If t%wo Ii>_ tCWID("“':j) :n;:l tthD thnwg(rlning, tthe cyc(:ilef isa
4. Assumes that t trep(max). If tpop is greater than read-write cycle and data out will contain data read from
fhsumes that trep = trep(max). If tacp is 0 this. table, the selected cell. If neither of the above sets of conditions
trac Wil increase by the amount that taep exceeds the is satisfied the condition of the data out Is indeterminate.
value shown. 10. Either trgry or trcH Must be satisfied for a read cycle.
5. Assumes that trgp = trop(max). 11. RFSH counter test read/write cycle only.
TIMING DIAGRAMS
READ CYCLE
Vin—
RFSH Vu.-_72 tre
tFsR tRAS
tAR
— Vin-
RAS ViL- \L A \_—
tcsH tRP
tRCD tRSH le—tC R p—tenl
% tcas 4 \
—_ H-
A
cAs Vi~ \ 4 ‘
tASR [ [tRAH tAasc tCAH CPN
p—ay
ADDRESSEs M~ ROW
ViL- ADDRESS
WE
VoH-
D, OPEN VALID
ouT VoL- OPEN < DATA }—————

Don’t Care
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MB8265-15/MB8265-20

RESH Viu—
RFS VIL—J teSR

- ta
RAS Vo N i J/‘ \
tcsH i |t RP —— ]
tRSH
tRCD tcas |e—tC RP—=]
— Vin— 4 b
CAS Vie- N \ ,/ / \
ASCl o team [——tcpN—
Vi COLUMN
ADDRESSES |, | ADDRESS
. L—tcwL -
-——.| | tweH
_ Vin—3§ twp
We ViL— | 2
V —_—
Din v:':_
Von— ! BEN
DouT OH OPEN
VoL~

Don’t Care

READ-WRITE / READ-MODIFY-WRITE CYCLE

Vin-—
RFSH Vi -’J .
=—'FSR tRWC
Vin- — i RAS
AAS \
ViL- K \—
tRE H————————————————— tRP—e
|=——tRCD tcas tcrp
— Vin- \ d
CAS ViL- tAsh 1 . / \_
Vin- ROW
ADDRESSES V- ADDRESS
trcs tcwo tRWL:
J— Vin—
WE N\
ViL—
|———tcAC—] fea—tyyp —4 l—tOFF

Von— VALID
Dour Vour- OPEN— DATA ) —
t
RAC tps ’——.‘IDH
Viu- VALID
D

= Don't Care
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MB8265-15/MB8265-20
PAGE-MODE READ CYCLE

:u‘

|

o)

T
<<
I
1

!

hil

@

b

:

)
l

1

O
[Z]

tASR =

tpc
: ~tRcD tcas—] [~tcp- tcas ~~—tcas ——1CRP
Vi tRAH N 7
H
1

ViH- T7\fRO
AopResses X Jop

.

V —_—
Dour vg':_

Vin~
WE Vi- L

PAGE-MODE WRITE CYCLE

RFSH Vin—

Vies tEsR

tRAS

_ Vik-
RAS V::‘_
_ Vie- 1 Y
CAS Vit-

J— ViH—
WE V-

Vi~
Din Vi-
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NOTE: RFSH = V), CAS = V|, WE = Don’t Care

“RAS-ONLY” REFRESH CYCLE

MB8265-15/MB8265-20

tRC
I tRAS
RAS
ADDRESSES ADDRESS
Vou— N
DouTt Vor— O