MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

256K x 4 CMOS Dynamic RAM
Page Mode

The MCM514256B is a 0.8y CMOS high-speed, dynamic random access memory. It is

organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process

technology. Advanced circuit design and fine line processing provide high performance,

improved reliability, and low cost.

The MCM5142568 requires only nine address lines; row and column address inputs are
multiplexed. The device is packaged in a 300-mil SOJ plastic package, and a 100-mil zig-

2ag in-line package (ZIP).
¢ Three-State Data Output
Fast Page Mode
TTL-Compatible Inputs and Output
RAS Only Refresh
CAS Before RAS Refrash
Hidden Refrash
512 Cycle Refrash:
MCMS5142568 = 8 ms
MCM51L4256B = 64 ms
Unlatched Data Qut at Cycle End Allows Two Dimensional Chip Selection
Fast Access Time (tRAC):
MCM514256B-60 and MCM51L4256B-60 = 60 ns (Max)
MCMS5142568-80 and MCMS1L4256B-80 = B0 ns (Max)
Low Active Power Dissipation:
MCM514256B-60 and MCM51L4256B-60 = 495 mW (Max)
MCM514256B-80 and MCM51L4256B-80 = 385 mW (Max)
Low Standby Powaer Dissipation:
MCM514256B and MCM5114256B = 11 mW (Max), TTL Levels
MCM514256B = 5.5 mW (Max), CMOS Levsls
MCMS1L4256B = 1.1 mW (Max), CMOS Levals

MCM514256B

J PACKAGE
300-MIL SOJ
CASE 822
Z PACKAGE
PLASTIC
Z2IG-ZAG IN-LINE
S CASE 838
PIN NAMES
AO-AB............ .. Address Input
DQO-DQ3 ... ... .. Data Input/Output
[« J Output Enable
W ... Read/Write Input
RAS .. ... ... Row Address Strobe
CAS ... ... Column Address Strobe
VoG e Power Supply (+ 5 V)
V8BS oo Ground
NC ........... ... .. No Connection

SMALL OUTLINE
Doo ] 1 2 [} vss
pot1 ] 2 25 [1 003

w3 24 [10Q2
RAS( 4 23 [J CAS

Ne s 28
Mmise 18 [1A8
A 10 17 0 A7
afn 16 [ A6
A3[] 12 15 [1 A5
vee ] 13 14 1 ;s
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This document conlains information on a new praduct. Specifications and information herein are subject to change without notice.
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MCM514256B » MCM51L4256B

This device contains circuitry to protect the
inputs againstdamage due to high static volt-
ages or electric fields; however, itis advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-

r;um rated voltages to this high-impedance

BLOCK DIAGRAM
w
N\ DATAIN T3
BUFFER
X NO. 2 CLOCK DATA OUT
| GENERATOR BUFFER G
A0 —/| BuFFERS (8} 18
Al —ny
A2 ——> u——
A3 —— REFRESH "512 x4
9) | CONTROLLER/
A4 ——> COUNTER (9
:g —> SENSE AMP | —
A7 ——e ROW ADDRESS T 0 GATING
AB ——o BUFFERS (9) 19 S
& 512x 4
| 28
- MEMOI
NO. 1 GLOCK R AHHAF;Y
GENERATOR 1 5120512x4
SUBSTRATE -—y
BIAS ce
GENERATOR - \Vgg
ABSOLUTE MAXIMUM RATING (See Note)
Rating Symbol Value Unit
Power Supply Voltage vee —1to+7 \
Voltage Relative to Vgg for Any Pin Except Voo Vin. Vout —1to+7 v
Data Out Current lout 50 mA
Power Dissipation PD 800 mw circuit.
Operating Temperature Range TA Oto 470 oC
Storage Temperature Range Tstg -6510 4150 | o

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPERATING
CONDITIONS. Exposure to higher than recommended voltages for extended periods of

time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(VcG = 5.0 V+10%, TA = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 A 1
Vgs 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 — 08 v 1
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MCM514256B * MCM51L4256B

DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vec Power Su Current ! mA 3
CCucms1 42%60 and MCM51L4256B-60, IRc = 110 ns ce1 _ 20
MCM514256B-80 and MCMS 1L.4256B-80, IRG = 150 ns - 70
Ve Pawer Supply Current (Standby) (RAS=CASaV| ] mA
COMCMS142E58 and Mmffn uzg&é W ce2 _ 2
Ve Power Supply Current During FAS Only Refrash Cycles (CAS=V|y) lccs mA 3
CCMCMSMZQ?&GO and MCM511.4256B-60, tRe = 110 ns - 90
MCMS514256B-80 and MCM51L4256B-80, tR¢ = 150 ns _ 20
VG Power Supply Current During Fast Page Mode Cycle (TAS = I mA | 3.4
CCMCMsﬂzggg-GO and MCM51L4256 pC = XO ns W cC4 — 60
MCMS514256B-80 and MCM51L4256B-80, tpC = 45 ns - 50
V. Power Supply Current (Standby) (RAS-CAS=VoG02 V) T
CCMCM51 42523— ce ces — 1.0 mA
MCMS51L42568- _ 200 vy
Vcc Power Supply Current During CAS Before RAS Refresh Cycle T mA | 3
ccmcmsuzgggm and MOMS1L42565.60, tRC = 110 ns 4 cce _ %
MCM5142568-80 and MCM51L4256B-80, tRC = 150 ns _ 70
Vg, Power Supply Current, Battery Backup Mode (IRC = 125 ps, tRAg = 1 ps, lccs pA 3
AS=CAS Betore RAS Cycle or 0.2V, A0-A8, W, D = Ve - 0.2 Vor 0.2 V)
MCMS51L4256B- - 300
Input Loakage Current (O V < Vin s 6.5 V) likg(1) -10 10 HA
Output Leakage Current (CAS = Vi, 0 V < Vout < 5.5 V, Output Disable) likgoy | -10 10 A
Output High Voltage (Iop = -5 mA) VOH 24 — \
Output Low Voltage (loy = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vo =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO-A8 Cin 5 pF 4
G, AAS, TAS, W
1O Capacitance (CAS = Vi to Disable Output) pao-pa3| ¢ 7 pF 4

NOTES:

1. Al voltages referenced to Vgg.

2. Current s a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
3. Measured with one address transition per page mode cycle.
4

Capacitance measured with a Boonton Meter or effective capacitance cakulated from the equation: C = |AVAV.
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MCM514256B «MCM51L4256B

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee = 5.0 Vi 10%, Tp = 0to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

MCM514256B-60 MCM5142568-80
Symbol MCM51L4256B-60 MCM51L4256B-80
Parameter Std Alt Min Max Min Max Units | Notes
Random Read or Write Cycle Time 'RELREL tRC 110 — 150 — ns 5
Read-Write Cycle Time tRELREL tRMW 165 — 205 — ns 5
Fast Page Mode Cycle Time tCELCEL tPC 40 — 45 — ns
Fast Page Mode Read-Write Cycle Time tCELCEL tPRMW 95 — 100 — ns
Access Time from RAS tRELQV 1RAC — 60 — 80 ns 67
Access Time from CAS ICELQV 1CAC — 20 — 20 ns 68
Access Time from Column Address tavav tAA — 30 — 40 ns 6,9
Access Time from CAS Precharge 1ICEHQV tCPA — 35 — 45 ns ]
TAS 1o Output in Low-Z tCELQX 1oLz 0 — ] - ns 6
Output Buffer and Tum-Off Delay tCEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 ns
RAAS Precharge Time tREHREL =13 40 - 80 — ns
AAS Pulse Width tRELAREH IRAS 60 10,000 80 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH tRASP 60 100,000 80 100,000 ns
RAS Hold Time \GELREH tASH 20 — 20 — ns
RAS Hold Time from CAS Precharge (Page | 1GELREH tRHCP 35 — 40 — ns
Mode Cycle Only)
TAS Hoid Time {RELCEH tCSH 60 — 80 — ns
CAS Pulse Width {CELCEH tCAS 20 10,000 20 10,000 ns
RAS to CAS Delay Time tRELCEL tRCD 20 40 20 60 ns 1"
RAS to Column Address Delay Time IRELAV tRAD 15 30 15 40 ns 12
CAS to FAS Precharge Time {CEHREL {CRP 5 - 5 —_ ns
TAS Precharge Time {GEHGEL tcp 10 — 10 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — ns
{continued)
NOTES:

1. V|H min and V| max are reference leveis for measuring timing of input signais. Transition times are measured between V(i and V).
2. An initia) pause of 200 us is required after powsr-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V|4 and V)_ (or between V}|_and V|H) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications for trg (min) and tRpw (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C s TA S 70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo = 2.0
VandVgL =08V.
7. Assumes that tRCD S tRCD (max).
8. Assumes that tRCD 2 tRCD (max).
9. Assumes that trap 2 tRAD (max).
10. tOFF (max) and/or ;2 (max) defines the time at which the output achieves the open circuit condition andis not referenced to output voltage
levels.
11. Operation within the tRcD (max) limit ensures that tRAC (max) can be met. tRcp (max) is specified as a reference point only; if trcp is
greater than the specified tRcp (max) limit, then access time is controlled exclusively by tCAC.
12. Operation within the tRAD (max) limit ensures that IRAC (max) can be met. tRAD (max) is specified as a reference point only; it tRAD is
greater than the specified tRAD (max) timit, then access time is controlled exclusively by tAA.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

MCM5142568-60 MCM514256B-80
Symbol MCM51L4256B-60 MCM51L4256B-80
Parameler Sud Alt Min Max Min Max Unit | Notes

Column Address Setp Time tAVCEL tASC 0 — 0 — ns

Column Address Hold Time tCELAX {CAH 15 — 15 — ns

Column Address Hold Time Referenced to IRELAX tAR 50 — 60 — ns

RAS

Column Address to RAS Lead Time tAVREH IRAL 30 — 40 — ns

Read Command Setup Time 'WHCEL RCS 0 — 0 — ns

Read Command Hoid Time LCEHWX RCH [+ — 0 — ns 13
Read Command Hold Time Reterenced to tREHWX RRH (] — 0 — ns 13
RAS

Write Command Hold Time Referenced to tCELWH tWCH 10 — 15 —_ ns

TAS

Write Command Hold Time Referenced to tRELWH tWCR 45 — 60 — ns

RAS

Write Command Pulse Width WLWH twp 10 — 15 — ns

Write Command to RAS Lead Time IWLREH RWL 20 — 20 — ns

Write Command to CAS Lead Time 'WLCEH CWL 20 — 20 — ns

Data in Setup Time DVCEL DS 0 — 0 — ns 14
Data in Hold Time \CELDX {DH 15 — 15 — ns 14
Data in Hold Time Referenced to RAS RELDX DHR 50 — 60 — ns

Refresh Period MCM514256B RVARV tRESH - 8 _ 8 ms

MCMS51L4256B — 64 — 64

Write Command Setup Time WLCEL twes 0 — 0 — ns 15
TAS to Write Delay 1CELWL tCWD 50 — 50 — ns 15
RAS to Write Delay tRELWL tRWD 50 — 110 — ns 15
Column Address to Write Delay Time LAVWL tAWD 60 — 70 — ns 15
TAS Precharge to Write Delay 1ceHwt | tcpwo 65 — 70 — ns 15
TAS Setup Time for TAS Before RAS tRELCEL toSR 5 - 5 - ns

Refresh

CAS Hold Time for CAS Before RAS IRELCEH 1CHR 15 - 15 - ns

Refresh

RAS Precharge to CAS Active Time 'REHCEL tRPC 0 — 0 — ns

TAS Precharge Time for CAS Before FAS | tcENCEL tcpT 30 - 40 — ns

Counter Test

RAS Hold Time Referenced to G {GLREH tROH 10 — 10 — ns

G Access Time aLav IGA — 20 — 20 ns

T 10 Data Delay tGLHDX tGD 20 — 20 — ns

QOutput Butfer Tum-Off Delay Time from G tGHQZ Gz 0 20 0 20 ns 10
B Command Hold Time WLGL IGH 20 — 20 — ns

Output Disable Setup Time 'GHCEL tGs 0 - 0 - ns
NOTES:

13. Either tRRH or tRCH Must be satisfied for a read cycle.

14. These parameters are referenced to TAS leading edge in early write cycles and to W leading edge in delayed write or read-write cycles.

15. twCs. IRWD. tCWD. [CPWD. andtawp are not restrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if twcs 2 twcs (min), the cydle is an early write cycle and the data out pin will remain open circuit (high impadance) throughout
the entire cycle; it tcwp 2 towp (min). tRwD 2 tRwD (min), tcpWD 2 topwp (Min), and tAWD 2 tawD (min), the cycle is a read-write
cycle and the data out will contain data read from the selected cell. |f neither of these sets of canditions is satisfied, the condition of the data
out (at access time) is indeterminate.
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ADDRESSES

ViH
Vi

\7
DQ0-DQ3 OH

VoL

Vi
s
ViL

ViH
ViL

ViH
ADDRESSES
Vit

v
wH
iL

v
poo-pas M
viL

READ CYCLE
'Re -
:RAS j—— ' Rp———
N ” ] / \
1csH
tchp 'ReD- tRSH fe— 1 CRP —
N 4
—/ ba— {RAD —] \ - /
RAL
'AsR tasc—» |e—
\RAH  e— 'CAH
7 now 7 COLUMN
ADDRESS | ADDRESS
- |je—"RCH
'Ros —e *RRH
- Taa
-—IGA——
'eac le—sl—orF
tRAC le——'7 ——f
HIGH Z m VALID DATA OUT >—
oLz

EARLY WRITE CYCLE

'Re N
tRAS RP ————
\ - Z'
'esH
Tcap je——"RCD 'RsH I-——'cnp——-
4 \\ teas ——-/ /
-
'RAL
'asA -—'Ascr- lea
1 ROW COLUMN
\| ADDRESS ADDRESS
ke— {RAD-—»
tow >
-~ twes (e 'weH
TR XXX
twea _I
'RWL -l
e———— DR
—» Ipg e~ 'oH
{ VALID DATA N HIGH Z
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G CONTROLLED LATE WRITE CYCLE
l Rc

'RAS 'Rp
t
Ve — AR
s W N n_
viL—
tep te—— tpep 'RSH fe— 'cpp—
Vi — lcas ——=
w— —/ RAD 3
tASR Q—-I-IRAH tRAL

tagc —w LA

Vi — y ROW v, M N
ADDRESSES " @g ADDRESS b< z X iooness >CC C c c c zj c c c c C
viL— 1 L

_ - fe— lwp
iL— = ;
'GS_" l-— <—>I—IQH
VY~
=%~ OO || ORKCHKKHKKKK
— GD
ViL
'Ds M— 1l —

g
8
55
[
g

READ-WRITE CYCLE
'RMW
'RAS IRP —a]
VH— T 'AR
viL—
‘ 1CsH . .
e RCD Toas ASH . CRP—fG——
-
iL — tASC
1AsR 'RAH cAH
YH ™ '\ Row COLUMN
ADDRESSES vy — ;x ADDRESS ADDRESS
t 1AWD et oW —
re—RAD - towp
1 ‘_'HWL E—
RWD
Ve — je—1 wp
W p—
viL g ——> '
'Ga
YH A
s XXXXXXXX /. l
ViL GD OH
. 1—1CAC—H ‘DS
RAC t a2
VIHVOH — VALID I VALID
DQO-DQ3 _ DATA OUT DATA IN
VitNoL oz —
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FAST PAGE MODE READ CYCLE

- — ' RASP i 'Rp
s M N+ ' A N
o 4
‘cRp o EE— lpc ——»] ——1tpgy —
le— RCD ja-cp-o 'RHCP teRp
_ loas —w la——1CAS (3 je— lcas
o ™ / N\ (
L= o' RAD >
] t o
1 RAL
CSH 1
tRAH o fa— AN 'oAH 'cAH
tASR—» |of-| —od tasc 'asc tasc
VW~ ROW COLUMN COLUMN COLUMN
ADDRESSES Ve = ADD | ADDRESS ADORESS | Anonsss m(:
. L—'lacs - L——lRCS — [RCS 'RoH —  je—
‘-l | 'RCH —=) 94— 'RCH—s1 |
Vin— 4
H
T QXXX || Y W X
v — 'RRH
S Y G— I-——1M — I.—- M ——
eale— [ [ 'aa e | —
e A /4 XXX
e ¥
|‘-'CAC-" ' cac— lCAC-D
R T bl e I il
—-I & 'sz I‘-‘Gz !
‘oz ez oz
VoH VALID VALID VALD
D0o-Da3 Yo DATAOUT, DATAOUT DATA OUT
FAST PAGE MODE EARLY WRITE CYCLE
- — 'RASP L tpp
ms M N 'R \_
Vi {5 3
t t
r—CRP *rco Top- Pe = R +-'cap
1CAS — le—CAS la— toag —o
- N[N TN
ik ™ 4/ —»f tal-tasn ! :
t
URAH] —]  pe— o ! oan jor 'eaH
— o -—l-";- tasc 'aso
VH < ROW COLUMN GOLUMN COLUMN
ADDRESSES vy - X>§ ADD Y ADDRESS ADDRESS | ADDRESS
1 1
1+~ 'RAD > ow — :CWL__.I ,gm
twes ho—1 wes — [¢— TWCS— ol a1
. Vin — .r—-'w——m-»—-lwp——w lo— |t wp—ml
e i 4
weH 'WCH weH
'oHR
'os ' ‘s 'oH . ‘DS 'DH
A T VALID VALID VALID
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FAST PAGE MODE READ-WRITE CYCLE

— 'RasP
ViH — \
RAS |
e 1csH rp
fe———— —
t
top met—- D
la—tRCp - cp | CRP —a]
Vi — ==\ [ lcAs —» bt r— cas —» [e—CAS ——]
o /
i ™
4 b H Y tean loay 'cAH
> [ thse 'asc - 'asc
Vi —
sooresses "\ X300 300 A o0
e —
'awp ‘CWL.-—L- le— ! cyyp — L——'CWD—- t‘RWL"{
1 : i - | t
RCS r ot — ICWD-——- CPWD 'CW-L_:'. e CPWD —.‘__. oWt
w M \ 1 \
e — LAWD —— ] 'awp— FH 1 tawo —= ¥}
1AM wp 1 Twp o —1 ™ twp
-1 GA —lo je—tGA - 'GA
g YW~ A
Ve —
‘ 6D - S BamCadny tcpi
\ - 'ap '6p
—*1 'CAC 1CAC 1= a—| 1, 'on lcac
taz 4 AL laz
: 'ps ‘6z plret- o—tiasml | | o bt Ipg
[——1RAC L al fe-1pH - ps <o DK
v - = i =
DC0-DA3 V"WOH —g — x \
Ney — § 4
Lol torz —» oz — tolz ~ \
VALD  VALID VALID VALID VALID VALID
DATAOUT  DATAN DATAOUT  DATAIN DATAOUT  DATAIN
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RAS ONLY REFRESH CYCLE
(W and G are Don't Care)

'RC
Im .————IRP———

\cRp —» tRPC —
Vg =
e " XXX

Viy — 0
ADDRESSES vIH m ADDRES W
=

TAS BEFORE FAS REFRESH CYCLE
(W, G, and A0-A8 are Don’t Care)

tRc
fe— AP tRas 'Rp ——
Vi — N ]
s v‘”_ N \_
L L‘JRPC-—
tesR R
tep e————toig ————| fo———op———>
Vi — -
o H / f
ik —
—  je—tor
Vo = ———
000063 M } HIGH 2
Yo — —————3
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Doo-paa YOH
VoL

(1Y

ADDRESSES

w

ViH
iL

ViH
viL

ViH
ViL

VIH
ViL

\ / \
*'cnp—r'—' ) tRsH— ‘—lcnp*'l\_

- ROW [ COLUMN "
_ | ADD ADDRESS

HIDDEN REFRESH CYCLE (READ)

tRC tRe
™ 'rp ! tRp ™
R S——

‘—'cm"J
P 3

— o

— — ‘—(Asc

-
— ~_|RAH r‘_."CAH

) I' " eac — -t or
cz

je—1 g7 —

VALID DATA OUT

N

'RC 'Re

f—— 1 pg———f lﬂ—tRP—. tpp —
_ ——_X‘——IRAS f __lRAsﬁ \

*—tpcp ™1 ™ 'cHR
I ‘crp [*—— tRgH — f—— o ——

OO 2 KOO
: R KX XX XXX XK

'Gol toy —™

—— IpHp —™
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TAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Q——lnp—.‘
- 1RAS -
- N\ ] h"
\ '
1cSR l‘_ tepr ™™ 'RSH
VW _\ e -
TAS \
w— ) t
RAL
tasc [—tcan
oy —
woesses ™~ DOQOQOCOCKX XN, coummooness
Ve~
tag ——> 'RRH
READ CYCLE
'RCS *—1cac —™ 'RCH
ViH ™
5 " OOOOXXXXXXXT X
VL 'ROH
1GA
—_—
L
e
toz ' -
4
Vou —
p00008 " HIGHZ @g VALID DATA OUT —
VoL t
RWL
EARLY WRITE CYCLE 'wes om
Vi — "_'WCH
"~ XXXXKKKARX | XX
W Ve —
L
'os t [*—'DH
ViK™~
600003 .- HIGHZ VALID DATA IN —
TAWD ja— gy —™
READ-WRITE CYCLE Rcs I‘: 10 ) B— ‘wp
v~/
w ]
w— A \
tAA
1A
VH ™
3 ' 7 OORXXXXXX Y amandl
Vi 1 [~'os
CAC
torz — —»| |e-tg7 DM
Vo — VALID
- HIGHZ i DATAIN
viLvoL
VALID
DATA OUT
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 8 milliseconds with the device powered up),
a wakeup sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The nine address pins on the device are time multiplexed at
the beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 9-bit address fields. Atotal of eighteen address bits, nine
rows and nine columns, will decode one of the 262, 144 bit loca-
tions in the device. RAS active transition is followed by TAS
active transition (active = VL, tRgp minimum) for all read or
write cycles. The delay between and active transi-
tions, referred to as the multiplex window, gives a system de-
signer flexibility in setting up the external addresses into the
RAM.

The external CAS signal s ignored until an internal RAS sig-
nal is available. This gate feature on the external CAS clock
enables the internal line as soon as the row address hold
time (tRAH) specification is met (and defines tRCD minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the TAS clock.

There are two other variations in addressing the 256Kx4
RAM: RAS only refresh cycle and CAS before RAS refresh
cycle. Both are discussed in separate sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: normal
random read cycle, page mode read cycle, read-write cycle,
and page mode read-write cycle. The normal read cycleis out-
lined here, while the othar cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with and TAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), tRCS (minimum) before the CAS activetransition, to en-
able read mode.

Both the RAS and TAS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read
access time of the device is independent of the address multi-
plex window. Both CAZ and output enable (&) control read
access time: CAS must be active before or attRep maximum
and G must be active tRAC-GA (both minimum) after RAS
active transition to guarantee valid data out (Q) at tRAC
(access time from active transition). If the tRcp maxi-
mum is exceeded and/or G active transition does not oocur in
time, read access time is determined by either the TAS or &
clock active transition (tcAG or tga).

The RAS and TAS clocks must remain active for a minimum
time of IRAS and tCAS respectively, 1o complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH of tRCH atter RAS or CAS inactive transition, respec-
tively, to maintain the data at that bit location. Once A3 transi-
tions to inactive, it must remain inactive for a minimum time of
1RP 1o precharge the internal device circuitry for the next active

cycle. Q is valid, but not latched, as long as the TAS and &
clocks are active. When eitherthe CAS or & clock transitions to
inactive, the output will switch to High Z, 1oFF or tgz after the
inactive transition.

WRITE CYCLE

The DRAM may be written with any of four cycles: early
write, late write, page mode early write, and page mode read-
write. Early and late write modes are discussed here, while
page mode write operations are covered in another section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(VIL). Early and late write modes are distinguished by the
active transition of W, with respact to TAS, Minimum active
time tRAS and tCAs, and precharge time tRp apply to write
mode, as in the read mode.

An early write cycle is characterized by W active transition at
minimum time twcs before CAS active transition. Data In (D)
is referenced 1o CAS in an early write cycle. RAS and GAS
clocks must stay active for tryy_ and {CWL. respactively, after
the start of the early write operation to complete the cycle.

Qremains High Z throughout an early write cycle because W
active transition precedes or coincides with active transi-
tion, keeping data out buffers disabled, effectively disabling G.

A late write cycle (referred to as & controlled write) occurs
when Wactivetransition is made after CAS active transition. W
active transition could be delayed for almost 10 microseconds
after CAS active transition, (tRCD + tCWD + tRWL + tT)
S 1RAS, if timing minimums (tRcp, tRwL., and tT) are main-
tained. D is referenced to W active transition in a late write
cycle. Output buffers are enabled by TAS active transition but
Q may be indeterminate—see note 15 of AC operating condi-
tionstable. Parameters iRy and tcwy also apply to late write
cycles.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write af the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for tCWD minimum after the CAS
active transition, to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations atall512

column locations on a selected row of the 256Kxd4 dynamic
RAM. Read access tima in page mods (tCAC) is typically half
the regular RAS clock access time, tRAC. Page mode opera-
tion consists of kesping RAS active while toggling TAS be-
tween Vi and Vy| . The row is latched by RAS active transi-
tion, while each active transition allows selection of a new
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the
timing requirements for the first cycle are met, CAS transitions
to inactive for minimum tcp, while HAS remains low (VIL). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc or tPRWG). Either a read, write, or
read-write operation can be performed in a page mode cycle,
subject to the same conditions as in normal operation
(previously described). These operations can be intermixed in
consecutive page mode cycles and performed in any order.
The maximum number of consecutive page mode cycles is
limited by tRASP. Page mode operation is ended when RAS
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transitions to inactive, coincident with or following CTAS
inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge stor-
age for each bit in the array. This charge degrades with time
and temperature, thus each bit must be periodically refreshed
(recharged) to maintain the correct bit state. Bits in the
MCM514256B require refresh every 8 milliseconds while re-
fresh time for the MCM51L4256B is 64 milliseconds..

Refresh is accomplished by cycling through the 512 row
addresses in sequence within the specified refresh time. All
the bits on a row are refreshed simultaneously when the row is
addressed. Distributed refresh implies a row refresh every
15.6 microseconds forthe MCM514256B and 124.8 microsec-
onds for the MCM51L4256B. Burst refresh, arefreshof all 512
rows consecutively, must be performed every 8 milliseconds
on the MCM514256B and 64 miliseconds on the
MCM51L42568.

A normal read, write, or read-write operation to the RAM will
refresh allthe bits (2048) associated with the particular row de-
coded. Three other methods of refresh, ARAS-only refresh,
CAS before AAS refresh, and Hidden refrash are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, laich-
ing the row address to be refreshed, while CAS remains high
(VIH) throughout the cycle. An external counter is smployed to
onsure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

TAS before RAS refresh is enabled by bringing CAS active
before HAS. This clock order actives an internal refresh count-
ar that generates the row address to be refreshed. External
address lines are ignored during the automatic refresh cycle.
The output buffer remains atthe same state it wasinduring the
previous cycle (hidden refresh).

MEMORY CYCLE

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive for IRp
and back to active, starts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycls in
progress (see Figure 1).

TAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with
a CAS before RAS refresh counter test. This test is per-
formed with a read-write operation. During the test, the internal
refresh counter generates the row address, while the external
address supplies the column address. The entire array is
refreshed after 512 cycles, as indicated by the check data writ-
ten in each row. See CAS before RAS refresh counter test
cycle timing diagram.

Thetest can be performed after a minimum of eight CAS be-
fore RAS initialization cycles. Test procedure:

1. Write "0"s into all memory cells with normal write mode.

2. Selecta column address, read “0” out and write "1” into the
cell by performing the CAS before RAS refresh counter
test, read-write cycle. Repeat this operation 512 times.

3. Read the “1"s which were written in step 2 in normal read
mode.

4. Using the same starting column address as in step 2, read
“9” out and write “0” into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

5. Read“0"s which were written in step 4 in normal read mode.

6. Repeat steps 1 to 5 using complement data.

CAS BEFORE RAS
REFRESH CYCLE

TAS BEFORE RAS
REFRESH CYCLE

DQ0-DQ3 == HIGHZ

VALID DATA OUT

F‘Tg__\\_/_—\\__/_\ B
N\
——

/__
>_

Figure 1. Hidden Refresh Cycle
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ORDERING INFORMATION
2 (Order by Full Part Number)
MCM 5142568 or 51L4256B X

Motorola Memory Prefix —J- Shipphg Method (R2 = Tape & Reel, Blank = Rails)

Speed (80 = 60 ns, 80 = 80 ns)
Temp ire (Blank = 0 to 70°C)

Part A

Package (J = 300-mil SOV, 2 = Plastic ZIP)

Commercial Temperature Range 0 to 70°C

Full Part Numbers—  MCM514256B.J80 MCM514256BJ60R2 MCM514256B260
MCM5142568J80 MCM514256BJ80R2 MCM5142668280

MCM511L4256B.J60 MCM51L4256BU60R2 MCM61L42568260
MCMS51L.4256BJ80 MCMS61L4256BJ80R2 MCMS 1042568280
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