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ECHNICAL DATA

Advance Information

256K x4 CMOS Dynamic RAM

The MCM514258 is a 1.2 CMOS high-speed, dynamic random access memory. lt is

organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech-
nology. Advanced circuit design and fine line processing provide high performance, im-
proved reliability, and low cost.

The MCM514258 requires only nine address lines; row and column address inputs are

multiplexed. The device is packaged in standard 300 mil wide packages: dual-in-line pack-
age {DIP) and J-lead small outline package.

MCM514258

P PACKAGE
PLASTIC
CASE 738A

J PACKAGE
SMALL OUTLINE
CASE 82

PIN ASSIGNMENT

® Three-State Data Output
® Static Column Mode Capability DUAL-IN-LINE
[ ] E:Compatible tnputs and Output D001 e 20 {Ivss
® RAS Only Refresh
® CS Before RAS Refresh Dﬁl[ z 19 floas
® Hidden Refresh L 18 floaz
® 512 Cycle, 8 ms Refresh Rasl 4 171cs
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection nells 16 1§
® Fast Access Time (tRac): MCM5142568-85= 85 ns (Maximum)
MCMS514258-10= 100 ns (Maximum) a0l & 15 [lag
MCM514258-12 = 120 ns (Maximum| afy 14 [1a7
® Low Active Power Dissipation: MCM514258-85 = 413 mW (Maximum) a2l 8 13[146
MCM514258-10 = 358 mW {Maximum) alle 12 [1as
MCME514258-12 =303 mW (Maximum)
® Low Standby Power Dissipation: 11 mW {Maximum, TTL Levels) veel 10 11 fa

5.5 mW (Maximum, CMOS Levels)

SMALL OUTLINE

pac 1 26 [lvgs
BLOCK DIAGRAM pa1f] 2 25 [loa3
= D00-003 wils 24 [Ipa2
W N\ m:;: ) - RAS (] 4 23[Ies
Nl s 2218
NO. 2 CLOCK >  DATA OUT
—_— ht— - =
s GENERATOR > BUFFER 3
) "] D a0l 9 18 148
A cowmn . oL Al 10 17 1a7
Ay — v aﬁf;"s?.isfm 18 DEConER e i o e
A ——a a3l 12 15 [1a5
—d
o — | o] st S i AL L
Aq ——1 COUNTER 8} *
»:: —> SENSE AMP P
» —> ROW ANDRESS 110 GATING PIN NAMES
Ag ——] 5] surrersie) |1 LS, ) A_____ 3 -+ \or A0-AB . .......... Address Input
s 512x4 DQo-Da3 ... .. .. Data Input/Output
v { E’;: § - Vss 5_ .............. Output Enable
wo.1coek T [ - MEMORY W. ..o, Read/Write Input
AE——— vmaton [ — 1512 ARRAY RAS ........ Row Address Strobe
4 512x512x4 CS ... Chip Select
VEC v v oo e s Power { +5 V)
Vs . .. Ground
NC . ... . No Connection
This ins inf on a new praduct. Specifications and information herein are subject to change withaut notice.

MOTOROLA MEMORY DATA

2-95




MCvVi514258

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to pratect the

Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Voo ~1to +7 v voltages or electric fields; however, it is ad-
n y 3 — vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vce | Vin, Vout 1to +7 \ avoid application of any voltage higher than
Data Qut Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 1 W ance circuit.
Operating Temperature Range TA Oto +70 °C
Storage Temperaiure Range Tstg -85t +150 | °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
{(Vece=5.0V £10%, Ta=0to 70°C, Unless Otherwise Noted}

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range} vee 4.5 5.0 5.5 v 1
Vss 0 0 a
Logic High Voltage, All Inputs Vin 24 ~ 6.5 Vv 1
Logic Low Voitage, All Inputs ViL -1.0 — 0.8 \ 1

DC CHARACTERISTICS

Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current lect mA 2
MCMB514258-85, tpc = 1656 ns - 75
MCM514258-10, tgc =190 ns - 65
MCM514258-12, tgc =220 ns - 55
Ve Power Supply Current (Standby) (RAS =C5 = Vi) lcc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CS= Vin! [Fof ) mA 2
MCM514258-85, tpe =165 ns - 75
MCM514258-10, 1 =190 ns - 65
MCM514258-12, trc =220 ns - 55
V¢ Power Supply Current During Static Column Mode Cycle (RAS = V[ ) Icca mA 2
MCM514258-85, tgc =50 ns — 75
MCM514258-10, tgc =55 ns - 65
MCM514268-12, tgc =70 ns - 55
Ve Power Supply Current {Standby) (RAS =C5= Vee—-0.2V) Iccs — 1.0 mA
Ve Power Supply Current During CS Before RAS Refresh Cycle lces mA 2
MCM514258-85, tp = 165 ns - 75
MCM514258-10, trc = 190 ns - €5
MCM514258-12, trc =220 ns — 55
Input Leakage Current {0 V=Vir<6.5 V) lkg(l) -10 10 A
Output Leakage Current (CS=Vyy, 0 V<V 4 <55 V) lgto} -10 10 WA
Output High Voltage ligy = -5 mA) VOH 2.4 — \
Qutput Low Voltage (g =4.2 mA) VoL - 0.4 \'
CAPACITANCE (f=1.0 MHz, Tp =25°C, Ve =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AQ-A3 Cin 5 pF 3
G, RAS,C5, W 7 oF | 3
Output Capacitance (CS = V) to Disable Output) DQO-DA3 Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV.

|
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MCM514258

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +£10%, Ta =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM514258-86 | MCM514258-10 | MCM5142568-12
Parameter Unit Notes
Standard | Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 165 — 190 — 220 -~ ns 5
Read-Modify-Write Cycle Time IRELREL { taMwW | 225 = 256 = 295 - ns 5
Static Column Mode Cycle Time tAVAV tsc 50 — 55 — 65 — ns
Static Column Mode Read-Modify-Write Cycle tavav | tspmw | 110 - 115 - 135 - ns
Time
Access Time from RAS tRELQV tRAC — 85 — 100 — 120 | ns | 6,7
Access Time from CS tceLav | tcac — 30 -~ 30 — 3% |ns |68
Access Time from Column Address tavay tAA - 45 — 50 — 60 ns | 6,9
Access Time from Last Whrite WLOV tALW — 85 - 95 — 115 ( ns |6, 10
CS to Output in Low-Z tCELQX tCcLz 5 - 5 - 5 - ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 30 4 35 ns Al
Output Data Hold Time from Column Address TAXQX tAQH 5 — 5 — 5 — ns
Qutput Data Enable Time from Write WHQV oW — 30 — 30 — 35 ns
Transition Time (Rise and Fall tT o4 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 70 - 80 - 90 - ns
RAS Puise Width tRELREH | tRAS 85 (10,000 100 {10,000 120 {10,000 ns
AAS Pulse Width (Static Column Mode! tRELREH | tRASC 85 100,000 100 {100,000| 120 |100,000] ns
CS to RAS Hold Time tCELREH| 'RSH 30 — 30 — 35 -~ ns
RAS to S Hald Time tRELCEH | 'CSH 85 - 100 — 120 ~ | ns
C5 Puise Width tCELCEH | 1CS 30 (10,000 30 |[10,000( 35 |10,000( ns
CS Pulse Width (Static Column Model tCELCEH | tCsC 30 100,000 30 100,000 35 100,000 ns
RAS to CS Delay Time tReLceL | RED 25 56 25 70 25 85 | ns | 12
RAS to Column Address Delay Time tRELAV | 'RAD 20 40 20 50 20 60 | ns | 13
TS to RAS Precharge Time tCEHREL| ICRP 10 — 10 — 10 - ns
TS Precharge Time tCEHCEL | tCPN 15 — 15 — 20 -~ ns
TS Precharge Time {Static Column Mode} tCEHCEL| tcP 10 — 10 — 15 —~ | ns
Row Address Setup Time tAVREL tASR 0 = 0 — [ -~ ns
Row Address Hold Time tRELAX tRAH 15 — 15 — 15 -~ ns
Column Address Setup Time tAVCEL tASC 0 — 4 — 0 — ns
Column Address Hold Time tCELAX tCAH 20 — 20 - 25 -~ ns
Write Address Hold Time Referenced to RAS tRELAX | tAWR 65 — 75 — 90 — ns
Column Address Hold Time Referenced to RAS RELAX tAR 100 — 115 - 140 - ns
Column Address to RAS Lead Time TAVREH | 'RAL a5 — 50 — 60 ~ | ns
{continued)
NOTES:

1. Vi min and Vy max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V||_.
2. An initial pause of 200 s is required after power-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
transmit between V4 and Vy_ (or between V| and V) in a monotonic manner.
. AC measurements tT=5.0 ns.
6. The specifications for tgc (min} and tgpmyy (Mint are used only to indicate cycle time at which proper operation over the full temperature
range {0°C <Tp <70°C} is assured.
. Measured with a curtent load equivalent to 2 TTL (-200 zA, +4 mA) loads and 100 pF with the data output trip points set at
VOoH=2.0V and Vg =0.8 V.
- Assumes that tRep <tpgp (max).
. Assumes that tRcp = trep (max).
. Assumes that tRap ZtRAD (Max).
. Assumes that tpwaD <t WAD (max).
. tOFF (max) and/or tGZ define the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the trcp {max) limit ensures that trac {max) can be met. tgcp (maxl is specified as a reference point only; if tgep is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcaC.
13. Operation within the tRap (max) limit ensures that tRac (max) can be met. tgap (max) is specified as a reference point only: if trap is
greater than the specified tgaD (max), then access time is controlled exclusively by taa.

ES

»

- O W~
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MCM514258

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM514258-86 | MCM514268-10 | MCM514258-12
Parameter Unit (Notes
Standard | Aiternate| Min Max Min Max Min Max

Column Address Hold Time Referenced to RAS tREHAX | 1AM 10 — 10 - 15 — | ns| 14
Last Write to Column Address Delay Time WLAV | tLWAD 25 40 25 45 30 55 ns | 15
Last Write to Column Address Hold Time TWLAX | tAHLW 85 — 95 — 115 - ns

Read Command Setup Time Referenced to TS tWHCEL | tRCS (] - 0 — 0 — ns

Read Command Hold Time Referenced to €S teEHwWX | tRCH 0 — 0 - 0 — [ns| 18
Read Command Hold Time Referenced to RAS tREHWX | tRRH 0 - 0 — 0 - ns 16
Write Command Hold Time (Qutput Data Disable) |tcEHwH | twH 0 = 0 - 0 - ns | 17
Write Command Hold Time Referenced to RAS tRELWH | TWCR 65 — 75 - 90 -~ | ns

Write Command Pulse Width DWLWH we 20 = 20 — 25 - ns

Write Inactive Time WHWL wi 10 — 10 — 15 — ns

Write Command to RAS Lead Time twiReH | tawr | 20 — 25 — 30 — | ns

Wiite Command to €S Lead Time tWLCEH | tewiL 20 - 25 - 30 — | ns

Data in Setup Time tOVCEL tps 0 — 0 — 0 — ns 18
Data in Hold Time tCELDX tDH 20 — 20 — 25 - ns 18
Data in Hold Time Referenced to RAS tRELDX | tOHR 65 — 75 - 90 — | ns
Refresh Period tRVRV tRESH — 8 — 8 — 8 ms
Write Command Setup Time (Qutput Data Disable! | twi CEL WS Q — Q — Q — ns | 17
TS to Write Delay (RMW Cycle) tcetwL | towp | 65 — 65 ~ 75 - |ns| 17
RAS to Write Delay (RMW Cycle} tRetwt | tRwp | 120 - 135 — 160 — |ns| 17
Column Address to Write Delay Time tAvWL | tAawD 80 — 85 = 100 - ns | 17
CS Setup Time for CS Before RAS Refresh tcELREL | 'CSR 10 - 10 ~ 10 —- | s

TS Hold Time for TS Before RAS Refresh tRELCEH | tCHR 30 - 30 - 30 — | ns

RAS Precharge to CS Active Time tREMCEL | tRPC 0 — 0 — 0 — | ns

T8 Precharge Time for CS Before RAS Counter | tcgHCEL| tCPT 50 - 50 - 60 — | ns

Test

RAS Hold Time Referenced to G tGLREH | tROH 20 — 20 — 20 — | ns

G Access Time tGLOV tGA — 30 — 30 ~ 35 ns

G to Data Delay 1GHDX 1GD 25 - 25 - 30 ~ | ns
Output Buffer Turn-Off Delay Time from G tGHQZ 1GZ 0 25 0 25 0 30 ns | 11
G Command Hold Time WLGL tGH 25 — 25 - 30 — | ns

NOTES:

14. taH is the condition to latch the column address when RAS transitions from low to high.
15. Operation within the specified tyywap (max! limit ensures that ta |\ {max) can be met. tpwaAD (max! is specified as a reference point

only; if tywaD is greater than the specified t|ywap (max} limit, then access time is controlled exclusively by taa.

16. Enter tgRH or tRCH mMust be satisfied for a read cycle.
17. twH. tws, tRWD. tCWD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if tws=tws (min) and ty 2ty (min), the cycle is an early write cycle and the data out pin will remain open circuit (high
impedance) throughout the entire cycle; if towp 2 tcwp (min), tpwp 2 trwp (minl, and tawp = tawp (minl, the cycle is a read-modify-
write cycle and the data out will contain data read from the selected cell. if neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in delayed write or read-modify-write

cycles.
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MCM514258

READ CYCLE
- tRe
- tRAS: | |———tpp———
iy —————3
S N N\
ViL- i
tESH
ICRP Lt———— tRCD ———f——————tRSH l&——tcRp——
iy - | —]
a)_/ N
ViL- las— 1R —]
tRAL
1ASR INSC—w [
THAH -3 [ UK ——>|
s ™M ROW
ADDRESSES - ADDRESS COLUMN ADDRESS
1AR 4‘!
— |=—1RCH
1RCS RRH
VY-
" UXAXAXXY
Vi - tt———— (ROH————|
- taA >
V- - tGA -~
ViL-
frt——— ICAC—— - 10FF
L_— tRAC ht—— 157 ——»
VoK -
000003 HIGH Z ﬂx VALID DATA QUT
VoL - oLz
WRITE CYCLE (EARLY WRITE)
R »
1RAS > 1RP —————1
Vi - tawp ————>
RS \ |
Vit -
CSH >
1CRP —fee le——— 1RGO > {RSH »- f— tcRp——
V- - gy —]
% / \ \
ViL- RAH— |
tASR > TASC—n]| |e— 1CAH
Vil - —rw COLUMN
ADDRESSES v — ADDRESS ADDRESS
L le—tpap— Fe tH -
WS —ig e >
Vin-
w
v - i
—y Iy 1]
— WCH
Vin—
[4
iL-
.
‘DS-‘P‘ bt tp -
Vik—
000003 VALD DATA N [} HIGH Z
ViL-
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MCMb514258
WRITE CYCLE {G CONTROLLED WRITE)
S tRC
1RAS tRP————n
. Vi — ———
RAS N
Vi -
- 1CSH -
tCRP [———1RCD RSH - CHP —=|
ViH- " \4—— s ———
Yy~ tRAp—
‘ r_ — &ASC bt ta
TASR —jt—p tRAH
AR >
Vig - ~
ADDRESSES AoDRESs EOLUNN ADDRESS KMM
Vi - e ——— 7
pa— tcm——-l
p————— Ry ————{
Viy - h—— typ
W
YiL- ;
h—»f— t6H
3
Vi~ - 6D
tps
jat— tDH —1
Vi~
DO0-DO3 D—m YALID DATA IN
Vip -
READ-MODIFY-WRITE CYCLE
IRMW
- 1RAS > RP—=
_ Yw-T
RAS \ \_
-
L tCSH
- tRCD 1RSH
—tCRP 1cnp-r<——-‘
Viy - - (3]
ViL-
tASR RAL
tRAH taSC |<-P—'CAH
Vik—
ROW
ADDRESSES - y ADDRESS COLUMN ADDRESS
- AWD fe— cw—|
l— tRAD —ﬂ tCWp—————————————d
'RWD [ ——— tRWL——>
- le— typ
']
Vi -
1GA
V-
5 /
ViL- 15 [
| tgac— - 0H
tRAC tps
167 —tet
ViniVon — WGH 2 I VALID VALID
pag-o3 DATA 0UT DATA IN
ViLVoL -
cLZ—

MOTOROLA MEMORY DATA

2-100




l

|
|
Z

ADDRESSES

=|

@l

Dao-na3

RAS

ADDRESSES

=

DQo-na3

MCM514258

STATIC COLUMN MODE PEAD CYCLE

- tRASC W] | tRP -
ViH~ /
WiL~- 2
- tRAH T— - tAH
> FtASR lt——— tSC ~———}at——— 15[ ——— W jt——— RAL———»]
Y- ROW COLUNN COLUNIN COLUMN
v ADDRESS ADDRESS | ADDRESS ADDRESS
-
[ —— tRAD —> 1ASC - tcnp—-»l
-t AR [ tep FDI tet— tRSH—
ViH— \ 1CSC ——m —1CSC
Vi - _j LH— IRRH
tRCS 3 -—1 HtACS - IRCH
Wi~
RCH 1 tROH—
Vi ~
ViL-
> 4| o] e ‘-4 cate| |
tcAC > 1GZ-‘<—> tap—|  fatgz
[ o— AR ——p] [t~ tRA ]
Je———tRAC > |- tAOH 1~ 1CAC —10FF
VoH ~
5 VALID ALID
HIGH Z DATA W DAT VALID DATA
VgL~
gLz oLz
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
- (RASC AP —i]
Vin- \-
Vi - ]
[—— tRAD ——>~
tASR—I  fu—
1RAH -j je-tCAH jt——— tRAL ——
Yin- ROW COLUMN COLUMN COLUMN
Vo - ADDRESS ADDRESS ADDRESS ADDRESS
- YAWR - top—] 1RSH—
l&——— tRCD———™ wH s 1CRP~——1
ViH— \
iy - p—/
tsC - tws - WL
tws s}~ [— tRWL—
Vi - - twp—> /-———
viL—- Ly y
Vin-
Vi -
e DHR jug
[ 1Y
tos

Vi -
Vie- DATA

VALID VALID
DATA DATA
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tRASC {RP——-]
. ¥m-
RAS \
Yn -
L tash -
—»]  |=—tRAH
Vin-
ADORESSES ROW COLUMN COLUMN >C
Vi~ ADORESS ADORESS ABDRESS
—] [—1ASC CaH-» le— AL —— >
—tHAD —> tSRMW - ‘CRPT——‘
- ViH— \ -t WAD - tRWL > j
vy~
[—1RcD WD —— Jt—————tAWD) ———— I
- TAWD——» Wwp t——tCWL
. N/ L/
L
tAwp <——tsu——>1
Uy~
g \__/
ViL- I 16D
GA s tALW n—»t—t(;n
!cri-{q—. —{ 152 QA  —| 157
AR -t Lﬂ—lns 4—([)::1-
le——1RAC — & 1DH lt— tGA
ViHVoH —
paooag O VALID VALID
VitNoL ~ N DATA IN DATA (N
0Lz T VALD ~ YALID
DATA QUT DATA OUT
Vin- STATIC COLUMN MODE READ/WRITE MIXED CYCLE
s
ViL-
Vin—
TORESEES COLUMN COLUMN COLUMN
ADBRESSES Vu—ﬁ ADDRESS m ADDRESS 5 ADDRESS sz
-t tasc TASC: P GAH—]
-d——‘lWAD——DJ
Yin— SAHLW
[%3
Ve~
1AWD >
tewp—————|
ViH~ o typ —
W N\ /
ViL - b fs————tow
t6H
le—————————taw >
¢ \
Vit -
‘ﬁA-‘d—b‘ — }1-‘05 6
1CAC =] | tAQH | tAGH
- 1A 15D - - 104 »al'YE o
VigNVoH ~
- mvr:llgur VALID VALID
VgL - L DATAIN , DATA QUT
gz
READ »te WRITE e READ—————»

MCM514258

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE
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Vin—

|
k=
o«

iL—

Vin -
iL-

ADDRESSES

Vin-
-~

Vin~
iL-

VoH
D00-003
Vou ~

MCM514258

RAS ONLY REFRESH CYCLE

{W and G are Don‘t Care)

Re

RAS

—

j————— 1Rp —————od

W,{ 4

_/

RAH —»J

r‘—
tASR—} a—
ROW
ADORESS
CS BEFORE RAS REFRESH CYCLE
(W, G, and A0-AB are Don’t Care)
e
f————1RP ———— RAS ! j——— 1Rp ———]
fog— 'RPc—q ‘s RPC —>f
tcen - {CHR —————— j———— (PN——————
—» toFF
HIBH Z
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iL-

Vin -
s TN KOO RIXIIIIKK)

l————— IRAS———————»] | tRP—] 1RP—>
__Vi 'ﬂ - RAS—— o
RAS \_

'CRP-td—b- l——tR0D ——fe— (nsu-—ﬂ hat——— (CHR———»| |————1CRP—— |

ViH -
s/
ViL— [ 1RAD

MCM514258

HIDDEN REFRESH CYCLE (READ!

Re - ‘RC

0
SR b hsp I L tan

- —bt L—-\;cs —>l ‘RRH

- taa
_VIH- 16A
6 tROH—
ViL—
' _J-—lcr.c N
oLz
r———1RAC e 167 —1
VoH -
000003 HIGH 2 VALID DATA OUT
VoL — 4

HIDDEN REFRESH CYCLE (WRITE)

W -t tRe
RAS > thp —> tRp
- 1TAWR ——— ] t————— tRAS ——————— Fﬂ\
RAS
Vi —
t | t—— 1RCD —] ht———— 1CHR———»
. e Bl f—tRSH——~ ————tepp ————
W=
ts j
ViL- Lh—mm—q
tasg = —»{ l-1p50
- fe-tRAH »1—tCAR
Y= ROW TOLUNN ]
ACDRESSES Vi~ ADD ADDRESS
WS~ e _4 twH
" JOOOKXN
Vi ;
Vin L
[
ViL —
. "IDS-FI P—’DH —
IH =
! N\ NN NN ANANANANNANNNNNN/N/
P moomn XX XXX AXAXOOIAIXIIXAIINX

l<——— HR————————
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MCMb514258

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS | Lw— (RP—I

ma TN R 2
i~

Lt ——————————— R ——————————

{CSR ~jt—p {CPT — - 1CRP ——»{
Vi~ h—1CHR ——> [———————— 1§
5 T\ X /
Vi -

tASC - ] taH ft—

READ CYCLE

tRAL
Vin— COLUMN
!ncs‘ vl g~ l<——— IRRH
- DO 0
W
ViL— } -t ROH >

[—— toAC —
taa t—1 TRCH —~ad
1]
B ViH - % GA
G
ViL-
4—+t[]n: —
[ (L7 162 —
"} -
000-D03 VDH HIGH Z VALID DATA QUT }——
oL~
§ > [7
WRITE CYCLE ASC e— ICAH ‘
Vi~ COLUMN
tws ! tWH

- 4
Vi —
YiL-

lns-q—»‘ “——‘DH—.
Vi - 7 X
D0-DQ HIGH 2 VALID DATA N
Py - Y -
READ-MODIFY-WRITE CYCLE tASC > I tcnn—ﬂ -

iy COLUMN
4—4— iRCs twp > ‘
e LXRKRIXKXKKK \
i~ [———— (CWp————]

- TAWD - <—>L ITLJ

- tGA —-1RWL
% XX
Vi -~

6D
L’_"An - t0g et
CAC —| ta-157 -t DH
VinVon —- VALD R __
£00-003 VgL - HIBH 2 BN DATA N
e oATa 007
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MCM514258

DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator pump to establish the cor-
rect bias voltage. This is to be followed by a minimum of eight
active cycles of the row address strobe {clock) to initialize the
various dynamic nodes internal to the device. During an ex-
tended inactive state of the device (greater than 4 miiliseconds
with device powered up), the wake up sequence (8 active
cycles) will be necessary to assure proper device operation.

ADDRESSING THE RAM

The nine address pins on the device are time multiplexed
with two separate 9-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active negative)
called the row address strobe (RAS} and the colurnn address
strobe (CS). A total of 18 address bits will decode one of the
262,144 cell locations in the device. The column address strobe
follows the row address strobe by a specified minimum and
maximum time called “tgrcp,” which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up his external addresses into the RAM. These conditions
have to be met for normal read or write cycles. This initial
portion of the cycle accomplishes the normal addressing of
the device. There are, however, other variations in addressing
the RAM, the refresh modes (RAS only refresh; CS before
RAS refresh; hidden refresh), another mode called static col-
umn mode allows the user to column access the 512 bits within
a selected row. The refresh mode and static column mode
operations are described in more detail later on.

READ CYCLE

A read cycle is referred to as a normal read cycle to differ-
entiate it from a static column mode read cycle, a read-while-
write cycle, and read-modify-write cycle which are covered in
a later section.

The memory read cycle begins with the row addresses valid
and the RAS clock transitioning from Vi to the V|| level.
The TS clock must also make a transition from Vjj to the Vj|_
level at the specified tRcp timing limits when the column
addresses are latched. Both the RAS and CS clocks trigger a
sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device isindependent of the address
multiplex window. The only stipulation is that the CS clock
must be active before or at the tRcp maximum specification
for an access (data valid} from the RAS clock edge to be
guaranteed {tRAC)- If the tRgD maximum condition is not
met, the access (tcac) from the CS clock active transition
will determine read access time. The external CS signal is
ignored until an internal RAS signal is available. This gating
feature on the CS clock will allow the external TS signal to
become active as soon as the row address hold time (tRaH!
specification has been met and defines the tRcp minimum
specification. The time difference between trcp minimum and
tRCD Mmaximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CS clock.

Once the clocks have become active, they must stay active
for the minimum (tgag) period for the RAS clock and the
minimum {tcg) period for the TS clock. The RAS clock must
stay inactive for the minimum (trp) time. The former is for
the completion of the cycle in progress, and the latter is for
the device internal circuitry to be precharged for the next active
cycle.

Data out is not latched and is valid as long as the €S and
G clocks are active; the output will switch 1o the three-state
mode when either the CS or G clock goes inactive. To perform
aread cycle, the write {W) input must be held at the Vj} level
from the time the CS clock makes its active transition {(trcs)
to the time when it transitions into the inactive {tgcH! mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active {Vjy_ level) at or before the CS clock
goes active at a minimum ty/cs time. Iif the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data in are referenced to the active transition of the CS clock
edge. There are two important parameters with respect 1o the
write cycle: the column strobe to write lead time (tcyy ) and
the row strobe to write lead time {tgw) ). These define the
minimum time that RAS and CS clocks need to be active after
the write operation has started {W clock at V)_ level).

It is also possible to perform a late write cycle. For this cycle
the write clock is activated after the CS goes low which is
beyond tywcg minimum time. Thus the parameters tcyy| and
tRWwL must be satisfied before terminating this cycle. The
difference between an early write cycle and a late write cycle
is that in a late write cycle the write (W) clock can occur much
later in time with respect 1o the active transition of the €S
clock. This time could be as long as 10 microseconds—
[tRwL +tRp +2tTl. _

In a late write or a ready-modify-write cycle, G must be at
the V|H level to bring the output buffers to high impedance
prior to data-in being valid.

At the start of an early write cycle, the data out is in a high
impedance condition and remains inactive throughout the
cycle. The data out remains three-state because the active
transition of the write (W) clock prevents the TS clock from
enabling the data-out buffers. The three-state condition (high
impedance) of the data out pin during a write cycle can be
effectively utilized in systems that have a common input/out-
put bus. The only stipuilation is that the system use only early
write mode operations for all write cycles to avoid bus
contention.

READ-MODIFY-WRITE CYCLE

As the name implies, both a read and a write cycle are
accomplished at a selected bit during a single access. The
read-modify-write cycle is similar to the late write cycle dis-
cussed above.

For the read-modify-write cycle a normal read cycle is ini-
tiated with the write (W) clock at the Vi level until the read
data occurs at the device access time (tRAC). At this time the
write (W) clock is asserted. The data in is setup and held with
respect to the active edge of the write clock. The cycle de-
scribed assumes a zero modify time between read and write.
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STATIC COLUMN MODE CYCLES

Output buffers are always on when the device is in the static
column mode and CS clock is not cycled, resulting in fewer
transients and simpler operation. The static column mode al-
lows faster access {tpa) to any of the 512 column addresses
on a given row, typically at half the standard (tgac) rate for
randomly performed operations. Static column mode opera-
tion consists of changing column addresses while holding the
RAS and CS clocks active. A new column location can be
accessed with each static column cycle (tge).

Static column mode operation is initiated with a standard
read or write cycle. The row address is latched by the RAS
clock transition to active, followed by column addresses and
TS clock. Performing an address cycle (tgc) while RAS and
CS clocks remain active constitutes the first static column
cycle. Subsequent static column cycles can be performed as
long as the RAS and CS clocks are held active. The first access
{data out} occurs at the standard (tRaC) rate. All of the read
operations in static column mode following the initial operation
are measured at the faster rate (taA), provided all other timing
minimums are maintained. Static column cycle time deter-
mines how fast successive bits are read.

Any combination of read, write, or read-modify-write op-
erations can be performed in the static column mode. The
conditions normal to each operation apply when the device is
operated in this mode.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least once
every 8 milliseconds. This is accomplished by sequentially cy-
cling through the 512 row address locations every 8 millise-
conds, li.e., at least one row every 15.6 microseconds). A
normal read or write operation to the RAM will serve to refresh
all the bits associated with the particular rows decoded.

RAS-Only Refresh

In this refresh method, the system must perform a RAS-
only cycle on 512 row addrasses every 8 miiliseconds. The row
addresses are latched in with the RAS clock, and the asso-
ciated internal row locations are refreshed. As the heading

MEMORY CYCLE

implies, the CS clock is not required and must be inactive or
at a Viy level.

CS Before RAS Refresh

CS before RAS refreshing available on the MCM514258 of-
fers an alternate refresh method. If CS is held on low for the
specified period (tcsR) before RAS goes to low, on chip re-
fresh control clock generators and the refresh address counter
are enabled, and an internal refresh operation takes place.

After the refresh operation is performed, the refresh address
counter is automatically incremented in preparation for the
next CS before RAS refresh operation.

Hidden Refresh

An optional teature of the MCM514258 is that refresh cycle
may be performed while maintaining valid data at the output
pin. This is referred to as Hidden Refresh. Hidden Refresh is
performed by holding CS at Vi and taking RAS high and
after a specified precharge period (tgp). executing a €S before
RAS refresh cycle. Isee Figure 1 below)

CS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of MCM514258 can be tested
by CS before RAS refresh counter test. This cycle performs
read/write operation taking the internal counter address as
row address and the input address as column address.

The test is performed after a minimum of 8 CS before RAS
cycles as initialization cycles. The test procedure is as follows.

1.  Write a “0” into all memory cells.

Select any column address and read the “’0’'s written in
step 1. Write a 1" into each cell of the sefected column
by performing CS before RAS Refresh Counter Test Read-
Write Cycle (see timing diagram). Repeat 512 times.

3. Read the ““1”s (use a normal read mode} written in step
2.

4. Select the same column address as step 2, read the “'1"’s
and write a “0"" into each cell by performing CS before
RAS Refresh Counter Test Read-Write Cycle (see timing
diagramj. Repeat 512 times.

5. Read the “0”s {use a normal read mode} written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE REFRESH CYCLE

=l /N /T

= |\

D00-003 —— HIGH Z ————<

VALID DATA OUT

Figure 1. Hidden Refresh Cycle
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Motorola Memory Prefix

Part Number

MCMb514258

ORDERING INFORMATION
(Order by Full Part Number}

MCM 5142588 X XX

_L__ Speed (85=85 ns, 10=100 ns,

12=120 ns}

Package (P = Plastic DIP, J = Plastic SO
with J leads)

Full Part Numbers —MCM514258P85 MCM51425885

MCM514258P 10 MCM514258J10
MCM514258P12 MCM51425812

MOTOROLA MEMORY DATA

2-108



