mm SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

-
1M x 1 CMOS Dynamic RAM
Static Column P PACKAGE
300 MIL PLASTIC
The MCM511002A is a 1.04 CMOS high-speed, dynamic random access memory. It is CASE 707A
organized as 1,048,576 one-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 static column mode feature allows column data to J PACKAGE
be accessed upon the column address transition when RAS and CS are held low, similar 300 MIL SOJ
to static RAM operation. CASE
The MCM511002A requires only 10 address lines; row and column address inputs are
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package
(DIP}, a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZiP). Z PACKAGE
® Three-State Data Output PLASTIC
® Common I/0O with Early Write ZIG-ZAG IN-LINE
® Static Column Mode CASE
@ Test Mode
® TTL-Compatible inputs and Output
® RAS Only Refresh PIN NAMES
® CS Before RAS Refresh AGAS . .. ........ Address Input
® Hidden Refresh o J N Data Input
® 512 Cycle, 8 ms Re esh Q... Data Output
@ Unlatched Data Ou } nd ’;\\ b d g’w‘% W........... Read/Write Enable
® Fast Access Time ( [ = RAS ........ Row Address Strobe
{ PR TS ... Chip Select
FEHMPULBESIGNS % e
® Low Active Power Dissipation: MCM511002A-70 =440 mW (Maximum) Tgs T Tast Fun cnon Er::l:le
MCM511002A-80 =385 mW (Maximum) NC oo No Connection
MCM511002A-10 = 330 mW (Maximum)
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Leveis)
5.5 mW (Maximum, CMOS Levels)
Z1G-ZAG IN-LINE
|
A9 :‘:I
SMALL OUTLINE ] :=Z= [
Qaj==
DUAL-IN-LINE ; 1A lvss
D1==l
pfj1e |, :=6= W
PIN Wil 2 RAS (== o -
i ==
ASSIGNMENT sl 3 NC =9:: 3
TF[| 4 1w
AD| ==
Aolls ‘3,;2= A
amfls Az[=20
a2l 7 15,7 M
VCC =5 18
Alll s 1==| A4
a5 1L
vecl} 8 (1814
191
LYR B0 20
1==| A8
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BLOCK DIAGRAM

w
L — )
DATA IN < )
#2 CLOCK BUFFER
GENERATOR  |t——
TF A >
i P
) > COLUMN
ADDRESS
AQ ——] BUFFERS (10) COLUMN
Al —] DECODER
a2 .|  REFRESH
CONTROLLER o] SENSE AMP
A3 — ‘ HO GATING
A4 ——
REFRESH
A5 —— COUNTER (9) 2048
A — e e
A7 —— J\ /l
.
A —| > ROW Row | . MEMORY
ADDRESS DECODER | _* ARRAY
A9 —— BUFFERS (10) 512
|
s #1 CLOCK SUBSTRATE BIAS Voo
GENERATOR GENERATOR Vss
ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the
Rating Symbol Value Unit inputs against da due to high .
Power Supply Voltage Vee -1t +7 \ Hages or electric fields; h , itis ad-
Vi Relati £ Pi - “1to + vised that normal precautions be taken to
oltage e.latlva to Vgg for Any Pin Except Vce | Vin, Vout o +7 \ avoid application of any v higher than
Test Function Input Voltage Vin(TF}) | —1t0o #1056 | V maximum rated voltages to this high-imped-
Data Out Current lout 50 mA ancs circuit.
Power Dissipation Pp 600 mw
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg ~-85t0 +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.
MOTOROLA DRAM DATA MCM511002A
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce=5.0V £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 4.5 5.0 6.5 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 24 — 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 v 1
Test Function Input High Voltage ViH (TF) | Vcc+45 - 10.5 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current lcct mA 2
MCM511002A-70, tc = 130 ns - 80
MCM511002A-80, trc = 150 ns - 70
MCM511002A-10, tgc =180 ns — 60
V¢ Power Supply Current (Standby) (RAS =CS=vjy) Icc2 - 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CS=V|R) lec3 mA 2
MCMB511002A-70, trc =130 ns — 80
MCMS511002A-80, trc =150 ns - 70
MCM511002A-10, tgc =180 ns - 60
Ve Power Supply Current During Static Column Mode Cycle (RAS =CS=wy) lcca mA 2,3
MCM511002A-70, tgc =40 ns - 60
MCM511002A-80, tgc =45 ns - 50
MCM511002A-10, tgc =50 ns — 40
Ve Power Supply Current {Standby) (RAS=C3=Vcc-0.2V) iccs — 1.0 mA
Ve Power Supply Current During TS Before RAS Refresh Cycle Iccs mA 2
MCM511002A-70, trc = 130 ns - 80
MCM511002A-80, trc = 150 ns - 70
MCMB511002A-10, tgc =180 ns = 60
Input Leakage Current {Except TF) (0 V=Vjp<6.5V) hkgli) -10 10 wA
Input Leakage Current (TF) (0 V=VinTF)=Vcc+05V) likg(i) - 10 10 #A
Output Leakage Current (CS=V|H4, 0 V=V ;1 <55 V) ||£9(0) -10 10 rA
Test Function Input Current {Vcc +4.5 V<Vin(TF)10.5 V) lin(TF) — 1 mA
Output High Voltage {loy = —5 mA} VOH 2.4 - \
Output Low Voltage (Ig =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Ve =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance A0-A9, D Cin 5 pF 4
RAS, TS, W, TF 7 pF 4
Output Capacitance {CS = V) to Disable Output) Q Cout 7 pF 4

NOTES:
1. All voltages referenced to Vgsg.
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. Measured with one address transition per static column mode cycle.
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=14At/AV.

MCM511002A MOTOROLA DRAM DATA
2-76



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

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5)

NOTES:

1. V|4 min and V|| max are reference levels for measuriny
2. An initial pause of 200 us is required after power-
3. The transition time specification applies for all input signals. In addition to meetin,

transition between V) and V)(_ (or between V)_ and ViH} in a monotonic manner.

4. AC measurements tT=5.0 ns.

5. TF pin must be at V_ or open if not used.

6. The specifications for tgc (min} and tRwC (min) are used only to indicate ¢

range (0°C<TA <70°C) is assured.

7. Measured with a current load equivalent to 2 TTL (-200 A,

VOH=2.0V and Vg =0.8 V.
8. Assumes that tgcp <tpcp (max).
9. Assumes that tgcp=trep (max).

Symbol MCMB511002A-70 | MCME11002A-80 | MCMS511002A-10
Parameter Unit |Notes
Standard]Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 130 - 150 - 180 - ns 6
Read-Write Cycle Time RELREL [ tRWC 155 — 155 - 210 — ns 6
Static Column Mode Cycle Time tAVAV tsc 40 — 45 — 50 — ns
Static Column Mode Read-Write Cycle Time tAVAV | tSRWC 70 — 80 — 100 — ns
Access Time from RAS tRELQV | tRAC - 70 - 80 - 100 | ns | 7,8
Access Time from C3 tCELQV | tCAC — 20 - 20 ~ 25 ns | 7,9
Access Time from Column Address tavav tAA — 35 — 40 - 50 ns | 7,10
Access Time from Last Write twLav | taww — 65 — 75 — 95 ns |7, 11
T3 to Output in Low-Z tcELOX | tclz 0 — 0 - 0 — ns | 7
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns 12
Data Qut Hold from Address Change tAXQX tAOH 5 — 5 — 5 — ns
Data Out Enable from Write twHQv tow — 20 - 20 - 25 ns
Data Out Hold from Write WHQX | twoH 0 - 0 - 0 - ns
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 — 60 - 70 - ns
RAS Pulse Width tRELREH | 'RAS 70 10,000 | 80 10,000 | 100 | 10,000 | ns
RAS Pulse Width (Static Column Mode) tRELREH| tRASC 70 100,000 80 100,000 | 100 | 100,000 ns
RAS Hold Time tCELREH | tRSH 20 — 20 — 25 — ns
TS Hold Time tRELCEH | tCSH 70 - 80 — 100 - | ns
T3 Pulse Width tCELCEH| tcS 20 10,000 20 10,000 25 10,000 | ns
TS Pulse Width (Static Column Mode) tCELCEM | tcsc 20 100,000 20 100,000 25 100,000 ns
RAS to TS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns | 13
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 5 [ ns| 14
T3 to RAS Precharge Time tCEHREL| tCRP 5 - 5 - 5 - ns
TS Precharge Time (Static Column Mode tCEHCEL| tcp 10 - 10 - 10 - ns
Cycle Only)
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX | tRAH 10 — 10 — 15 - ns
(continued)

g timing of input signals. Transition times are measured between ViH and V.
up followed by 8 RAS cycles before proper device operation is guaranteed.
g the transition rate specification, all input signals must

ycle time at which proper operation over the full temperature

+4 mA) loads and 100 pF with the data output trip points set at

10. Assumes that traop=tRaD (max), and/or tLWAD = tLWAD {max).

11. Assumes that t{ waAD <tLWAD (max).

12. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

13. Operation within the tgcp (max) limit ensures that tRAC (max) can be met. tgcp (max) is specified as a reference point only;

greater than the spacified trcp (max} limit, then access time is controlled exclusively by tcac.

14. Operation within the tgap (max) limit ensures that tRAC (max) can be met. trap (max) is specified as a reference point only;

greater than the specified tRAD {(max), then access time is controlled exclusively by taa.

if tRCp is

if tRAD is

MOTOROLA DRAM DATA
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READ, WRITE, AND READ-WRITE CYCLES {Continued)

Symbol MCMS11002A-70 | MCM511002A-80 | MCM511002A-10
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max

Column Address Setup Time tAVCEL tASC 0 — 0 — 0 - ns
Column Address Hold Time tCELAX | 'CAH 15 — 15 — 20 — ns

Write Address Hold Time Referenced to RAS | tRetAX | tAWR 55 — 60 — - ns
Column Address Hold Time Referenced to tRELAX tAR 80 — 20 — 115 — ns

RAS

Column Address to RAS Lead Time tAVREH tRAL 35 - 40 - 50 - ns
Column Address Hold Time Referenced to tREHAX tAH 5 - 5 — 10 - ns 15
RAS High

Wirite Command to CS Lead Time WLCEH | tcwL 20 — 20 — 2 — ns

Last Write to Column Address Delay Time tWLAV | tWAD 20 30 20 35 25 45 ns | 16
Last Write to Column Address Hold Time tWLAX | taHLW 65 - 75 - 9% - ns

Read Command Setup Time tWHCEL | tRCS 0 - 0 - 0 — ns

Read Command Hold Time tCEHWX | 'RCH 0 — 0 - 0 — ns | 17
Read Command Hold Time Referenced to tREHWX | 'RRH 0 — 0 - 0 - ns 17
RAS

Write Command Hold Time tCELWX | 'WCH 15 — 15 — 20 — ns 18
Write Command Hold Time Referenced to tRELWH | 'WCR 85 - 60 — 75 - ns

RAS

Write Command Pulse Width WLWH twp 15 - 15 - 20 - ns

Write Command Inactive Time TWHWL twi 10 — 10 - 10 - ns

Write Command to RAS Lead Time tWLREH | 'RWL 20 — 20 — % - ns

Data In Setup Time tOVCEL tps 0 — 0 — 0 - ns 19
Data In Hold Time tCELDX tDH 15 - 15 — 20 — ns | 19
Data In Hold Time Referenced to RAS tRELDX | !DHR 55 — 60 — 75 — ns
Refresh Period tRVRV | 'RFSH - 8 — 8 — 8 ms

Write Command Setup Time (Output Data twiLceL | twces 0 — 0 — 0 - ns | 18
Disable)

CS to Write Delay tCELWL | tcwp 20 — 20 — 25 — ns | 18
RAS to Write Delay tRELWL | tRWD 70 — 80 - 100 - ns | 18
Column Address to Write Delay Time tAvWL | tAWD 35 — 40 — 50 — ns | 18
TS Setup Time for CS Before RAS Refresh | tRercEL | tCSR 10 - 10 - 10 - ns

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

TS Precharge to CS Active Time tREHCEL| tRPC 0 — 0 - 0 - ns

TS Precharge Time for CS Before RAS tCEHCEL] tCPT 40 — 40 - 50 - ns
Counter Test

TS Precharge Time tcEHCEL| tCPN 10 - 10 - 15 — ns

Test Mode Enable Setup Time Referenced to | tTEHREL| tTES 0 - 0 - 0 — ns

RAS

Test Mode Enable Hold Time Referenced to | tREHTEL | 'TEHR 0 - 0 - 0 - ns

RAS

Test Mode Enable Hold Time Referenced to | ICEHTEL | tTEHC 0 - 0 - 0 - ns

CAS
NOTES:

15. taH must be met for a read cycle.

16. Operation within the t|\waD limit ensures that ta|yw can be met. tyywap (max) is specified as a reference point only; if t waAD is greater
than the specified tpwap (max) limit, then access time is controlled exclusively by taa.

17. Either trrH or tRCH Must be satisfied for a read cycle.

18. twCs. 'WCH. tRWD. tCwD. and tawp are not iCt i They are included in the data sheet as electrical
characteristics only. if twcs=twes (min) and tweH =tweH (mm) the cycle is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout the entire cycle; if tryD=tRWD (min), tcwp =tcwp (min), and tawp =tawp (min), the
cycle is a read-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.

19. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in late write or read-write cycles.

MCM511002A MOTOROLA DRAM DATA
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READ CYCLE

- tRC
_Vm - tRAS
RAS
- Con
TASR— |
fat— (RAH —f
ViH- L
ADDRESSES Ao%?avslss KXX»(
V- I -
- AR
'cnP-H——l r———AD————— ]
tRCO
V- Je—— 15
cs
Vi —
|<--tncs
~ Vm-
y / XXX
iL [—— tCAC——
- taa m ——
- tRAC
VoH -
Q {DATA OUT) HIGH 2 VALID DATA
Yo l-1012
EARLY WRITE CYCLE
- R
F——W——
Vig—- -t 1RAS
s / N
vy -
L - TAWR
1CSH
lt— tRAH—]
AR |—
Vi -
ROW COLUMN
ADDRE
t:'cm-{
}e———tap ; TRSH ‘crp
l<—>— CRP ASC Id——— —_—
ViH- [ ——— 05—
"7 \ /
- < Reo Po—
- [—
tweR
- R
Vig - -t twes
W twp
" e XX XX
t ps—w |w— -
Vin -
san " TXXX oo XXX XXXXXRKKKK
ViL-
[ ohR
VoH -
0 (DATA OUT) W6H 2
VoL -
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READ-WRITE CYCLE

- tRWC .
r— RP ——m
- tRAS >
RAS { \
-tRAH-» b tRWL ——]
-« tASR (CAH— |
ADDRESSES ROW ADDRESS COLUMN ADDRESS XXX)OO(XXM
|e———1RCO » J
Lt———1RAD - tRAL >
<—»—CRP — tCRP ]
1cs
I N
—/ 135 e
I e WD —>
- tAWD ————» | fow —»
| tRWD
] ret—twp —>]
" QOKXXXXXS \
{CSH :‘,
et (DS o4
lcnc-tk—— L
tAp—3 onuj
bt—————— tRAC > ——tAQH 1oFF
0 (DATA OUT) HIGH Z VALID BATA >———
Vgt - ‘
. —> toLz
STATIC COLUMN MODE READ CYCLE
<——1RP—>‘
Vi - | tRASC
3 /
Vie -
-tASR —{ |—taH
> tRAH | 1§¢ Pt 1RAL ——— ]
Vi~
ROW COLUMN COLUMN COLUMN
ADDRESSES Wy - ADDRESS ADDRESS ADDRESS ADDRESS
ftt—— IRAD ——
i——'cnr——l
ft————————1taR > <—tcp—~>1 |——tRSH——
Vi — Lt 1580 ————»> l— tCSC j
s
VL — tRCS » J >4 1RRH
[e———1RCD » — tRCH [~ 1RCH-]
1CSH - -tRCS
_ Vi —’l
v ARX
i - t—1aA —] 1A —
{CAC - tOFF
AR —— - LOFF -] - 1CAC3>
- 'RAC > »-tA0H
VoH -
VALID VALID VAUD
0 (DATA OUT) " HIGH Z DATA DATA >— DATA >—_
(L2 L2 —]
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STATIC COLUMN MODE EARLY WRITE CYCLE (A)
e
o ViH— ! RASC

RAS

ViL—-

RAH ft—— tRAL———— 3]

— -tasR |<->—lcm
Vi = ROW COLUMN COLUMN COLUMN

ADDRESSES
W ADDRESS Y ADDRESS ADDRESS ADDRESS

TAWR ] Jt—- I| tRSH—
tasc »1—1ASC
l——tRAD———— ] 1§50 ————— I‘——tCRP_‘H
Vin -~
\ \
Vi —
* Rep tweH i wWeH oW
- 1 twes
twes - twi l—— 1AW —!
_ Vig-— 1 twp
w
Vi — ' ,
I tDHR T J
—I» oy - |l— tpy
ips | DS ]
Vin~
Vi -
Vou -
Q (DATA OUT) HIGH Z
VoL -

STATIC COLUMN MODE EARLY WRITE CYCLE (B)

1RP-~
Vig— _ | k
RAS tRASC
Vip -
tASR —»] -
tRAH '4———'1:»1
Vig-
ROW COLUMN COLUMN COLUMN
ADDRESSES W ADDRESS ADDRESS ADDRESS )®< ADDRESS
1AWR tcRP —a=
0SC— et - tASC tcp
|t— tRAD —»| oS tesc: RSH
_ Ym-
s
- ’
[t———1RCD - 150 —————» toWL
tAsc——‘ tAWL—]
WCS—|  pet twi twi
Vig— TWCH >
W \ - WP ] \ L tWC| /
ViL— -
le———toR WCS ol b— | OH
-1 DH -—»1— o4
S —| e <—1pg
Vig -
D (DATA IN) MXXX VALID DATA VALID DATA VALID DATA )(X><><XX><><
ViL-
Vou -
Q (DATA 0UT) HIGH 2
VoL -
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STATIC COLUMN MODE READ-WRITE CYCLE

2-82

f— {RP —my
V- tRASC >
vy —
" »1—tASR la————————— AL
tCAH ]  fet— L | R A — |
- tRAH |<—le —
ADDRESSES Vin = ROW COLUMN COLUMN
V- ADDRESS ADORESS ADDRESS
- tRAD ~—~ tCRP >
|t — LWAD ——1
_ Vim- S tCWD j!__-—-
ViL- Res -
L — tAWD — t————tCWL ——b{
l———— 1AW >
L—twp — 'Awn—-|
_ Vm- f—
" \ N
iL-
s |
<——'ch——>{ 1o0H
ViH—
VALID VALID
1EAC——ft— twon la—tan
Jt— taa— L—'AOH 'W—_ﬁ -
tt————TRAC. e —— gy —————>| OFF
VoH -~
0 (DATA OUT) HIGH 2 VALID DATA VALID DATA X g g g}——
V¥ —_
o —_—
j——— READ WRITE ———>}t——————— READ-WRITE ——————>|
V- STATIC COLUMN MODE READ/WRITE MIXED CYCLE
RAS
ViL -
t— tHCD —>>]
tAsn-1 <—>|-tnm
| |- tRAH
ViH—
COLUMN COLUMN COLUMN
ADDRESSES
L _X vi ADDRESS ADDRESS ADDRESS m
ROW - AWR - 1s¢ > at-1CAH -]
ADDRESS — les}- tASC |<—!cp
Viy— | ————1¢SC -
\
ViL-
t———tWCR > — r-tlwn
_ V- twes
" \
YiL-
ps—» ft———————— A ———> =101
—] oY feu— —>1 ‘os
Vin—
D (DATA IN) VALID DATA VALID DATA
iL- [
R —— |'“° > L fe—tia—>
tAn
1
Von- toz— ADH =91
0 (DATA OUT) HIGH Z VALID DATA VALID DATA
VoL -
- LW
Jt————— EARLY WRITE ———————ft———————— READ ——————-ft—— READ-WRITE —>|
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RAS ONLY REFRESH CYCLE
{W and A9 are Don’t Care)

Re

f—— tgp—————

ViH— RAS
s N \
Vi -
tcnp—h tRPC
ViH -
« X7 X
ViL—

RAH
AD TO A8 - ROW
ADDRESS
iL-
Von -
Q [DATA OUT) HIGH Z
VoL -

CS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don't Care)

tRC
- tRp ———f

ViH— } tRAS
iL-
tRp —]

CSR >
PN > t——— 1ICHR ——— ]

ViH~
\ /
viL-
tOFF

OH-————x
% HIGH Z

v
0 (DATA OUT)
Vo ———— 4
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HIDDEN REFRESH CYCLE (READ)

tRC. tRC
L tRP RP -~
V-t [———HAS——————> - tRAS
s N
Vg -
<'-—'m:n——<—tnsu —
icRp
ﬂ o U > fe—cm—>] fe—Rp—
Vig—
& j
vy — —» |<—tum
] fa}-tasn —r» a—tA4
- tRAD - TRAL ———
Vip—
ADDRESSES Xx ':: COLUMN ADDRESS
iL— V'
I'ncs——l H— —> r——tmm |
W DXXOV T e
- 1AA S
L——'mc——» tor;—-l —
¥, _
0 (DATA OUT) H6H 2 VALID DATA
Vu_ - ic1z-
HIDDEN REFRESH CYCLE (EARLY WRITE)
o tRC tRC >
lt—————— 1RAS————»] tRp—> [rr.
Vy———=% pe——UR—> et RAS >
s N -
ViL—
[ 1CRP
l«—RCD i THSH — le——CHR ——] ft————ICRP————]
_ VYm-
cs Ny _j 1RAH
Il —m]  Jesf-tASC
] 'ASR et tCAH
—f-1RAD
ADDRESSES - Row coL
W- ADD ADD
| wes i — —4 tweh
ViL- ? 1
DS —fa—| [—>-t0H
Vin -~
D (DATA IN) ;’;ﬂ:
iL-
’1—— tDHR————>
VoH —
Q {DATA OUT) HiGH Z
VoL
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS jt—RP —]
_ — o tRSH
AAS
W -
tCSR {CPT ] 1CRP ———»|
Vin- [———CHR ———] f———— 0§ —— ]
(%3
Vit
READ CYCLE
Vip -
COLUMN
ADDRESSES ADDRESS
VIL - tRAL
< A——p
la——CAC— 3] L O
VoH -
0 (DATA DUT) HIGH Z VALID DATA D
VoL -
1RCS tcLz —» r—lmm
 Vm-
W
ViL -
St e e— tRCH
1 tcan
EARLY WRITE CYCLE y
Y VAV AV AV AV AVaVAVAVAVAVAVAVAVAY ST
nanvesss -+ XX XXX
EWAVAVAVA AAA’A‘A AVAVAVA AA“ ADDRESS
tRWL
VoH -
0 (DATA OYT) HIGH Z
VoL -
- 1EWL »
twes lt——— twgH
Vih - twp
" X000OOOOOOOON
Vi -
tpg — pti—
|t—tpH —»
Vin-—
D (DATA IN) VALID DATA
ViL—
READ-WRITE CYCLE e I
Vin-— L
ViL- 4 |
AA—] o f—10FF
t— 1CAC —n] tAOH
Vou - -
0 (PATA OUT) HIGH Z VAUD DATA D
VoL — 4
o tRES 1z e towL —
tawp ————»d tRWL -
Fa— (CWD —{ - TWOH
Vin— - tyyp
w
Vy —
It 05 - "
" Yiw - VALID
D (DATA IN} DATA
ViL - e
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator to establish the correct
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 wake up sequence of eight active cycles is necessary to
assure proper operation.

ADDRESSING THE RAM

The ten address pins on the device are time multiplexed at
the beginning of a memory cycle by the row address strobe
(RAS) clock, into two separate 10-bit address fields. A total
of twenty address bits, ten rows and ten columns, will decode
one of the 1,048,576 bit locations in the device. RAS active
transition latches the row address field. Column addresses are
not latched, hence the “static column’ designation of this
device. Chip select (CS) active transition (active=V||, tRCD
minimum) follows RAS on all read, write, or read-write cycles,
and is independent of column address. The static column
feature allows greater flexibility in setting up the external ex-
ternal column addresses into the RAM.

There are other variations in addressing the TM RAM: RAS
only refresh cycle and 'CS before RAS refresh cycle. Both
are discussed in separate sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: random
read cycle, read-write cycle, and “static column mode” read,
and read-write. The random read cycle is outlined here, while
the other cycles are discussed in separate sections.

The random read cycle begins as described in ADDRESS-
ING THE RAM, with RAS active transition latching the de-
sired row. The write (W) input level must be high (ViH), tRCS
{minimum) before the CS active transition, to enable read
mode. A valid column address can be provided at any time
{tRAD minimum), independent of the CS active transition.

Both the RAS and CS 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 multiplex
window. CS must be active and column address must be valid
by tRCD and tRAD maximums, respectively, to guarantee valid
data out (Q) at tgAC laccess time from RAS active transition).
If either tRCD or tRAD Maximum is exceeded, read access
time is determined by the CS clock active transition (tCAC)
and/or valid column address (taA).

The RAS and CS clocks must remain active for a minimum
time of tRAS and tcs, respectively, to complete the read cycle.
The column address must remain valid for taH after RAS
inactive transition to complete the read cycle. W must remain
high throughout the cycle, and for time tRRH or tRCH after
RAS or CS inactive transition, respectively, to maintain the
data at that bit location. Once RAS transitions to inactive, it
must remain inactive for a minimum time of tRp to precharge
the internal device circuitry for the next active cycle. Q is valid,
but not latched, as long as the CS clock is active. When the
CS clock transitions to inactive, the output will switch to
High Z.

WRITE CYCLE

The DRAM may be written with any of four cycles: early
write, late write and “‘static column mode’’ early write, and
read-write. Early and late write modes are discussed here, while
static column 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
(V) level). Early and late write modes are distinguished by the
active transition of W with respect to CS leading edge. Min-
imum active time tRAS and tcs, 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 tycs before TS active transition. Column
address set up and hold times (tASC, tCAH). and data in (D)
set up and hold times (tps, tpH) are referenced to CSinan
early write cycle. RAS and CS clocks must stay active for
tRwL and tCWL. respectively, after the start of the early write
operation to complete the cycle.

Q remains High Z throughout an early write cycle because
W active transition precedes or coincides with CS active tran-
sition, keeping data-out buffers disabled. This feature can be
utilized on systems with a common 1/0 bus, provided all writes
are performed with early write cycles, to prevent bus
contention.

A late write cycle occurs when W active transition is made
after CS active transition. W active transition could be delayed
for almost 10 microseconds after CS active transition,
(tRCD+tCWD +tRWL +2tT) stpas, if other timing mini-
mums (tRCD. tRWL. and tt) are maintained. Column address
and D timing parameters are referenced to W active transition
in a late write cycle. Output buffers are enabled by CS active
transition but Q may be indeterminate—see note 18 of AC
operating conditions table. Parameters tRyy| and tcw also
apply to late write cycles.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at 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 tcwp and/or tawp minimum,
to guarantee valid Q before writing the bit.

STATIC COLUMN MODE CYCLES

Static column mode refers to multiple successive data op-
erations performed at any or all 1024 column locations on the
selected row of the 1M dynamic RAM during one RAS cycle.
Read access time of multiple operations {tAA or tCAC) is
considerably faster than the regular RAS clock access time
tRAC- Muttiple 0 operations can be performed simply by keeping
RAS active. CS may be toggled between active and inactive
states at any time within the RAS cycle.

Once the timing requirements for the initial read, write, or
read-write cycle are met and RAS remains low, the device is
ready for the next operation. Operations can be intermixed in
any order, at any column address, subject to normal operating
conditions previously described. Every write operation must
be clocked with either CS or W, as indicated in static column
mode early write cycle timing diagrams A and B. Column
address and D timing parameters are referenced to the signal
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clocking the write operation. CS must be toggled inactive {tcp)
to perform a read operation after an early write operation (to
turn output on), as indicated in static column mode read/
write mixed cycle timing diagram. The maximum number of
consecutive operations is limited by trasc. The cycle ends
when RAS transitions to inactive.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge degrades with
time and temperature, thus each bit must be periodically re-
freshed (recharged) to maintain the correct bit state. Bits in
the MCMB511002A require refresh every 8 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 simultanecusly when the row
is addressed. Distributed refresh implies a row refresh every
15.6 microseconds for the MCM511002A. Burst refresh, a re-
fresh of all 512 rows consecutively, must be performed every
8 milliseconds on the MCM511002A.

A normal read, write, or read-write operation to the RAM
will refresh all the bits (2048) associated with the particular
row decoded. Three other methods of refresh, RAS only
refresh, CS before RAS refresh, and hidden refresh are
available on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latching
the row address to be refreshed, while CS remains high (VjH)
throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CS Before RAS Refresh

CS before RAS refresh is enabled by bringing CS active before
RAS. This clock order activates an internal refresh counter
that generates the row address to be refreshed. External ad-
dress lines are ignored during the automatic refresh cycle. The
output buffer remains at the same state it was in during the
previous cycle (hidden refresh).

Hidden Refresh

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

MEMORY CYCLE

S BEFORE RAS
REFRESH CYCLE

CS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested
with a2 CS before RAS refresh counter test. This test is
performed 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 test cycles, as indicated by the check
data written in each row. See CS before RAS refresh
counter test cycle timing diagram.

The test can be performed after a minimum of eight CS
before RAS initialization cycles. Test procedure:

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

2. Select a column address, read “’0” out and write *'1” into
the cell by performing the CS 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 column address as in step 2, read 1"
out and write “0” into the cell by performing the CS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

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

6. Repeat steps 1 to 5 using complement data.

TEST MODE

Internal organization of this device (256K x 4) allows it to be
tested as if it were a 256K x 1 DRAM. Only nine of the ten
addresses (A0-AB) are used in test mode; A9 is internally
disabled. A test mode write cycle writes data, D (data in), to
a bit in each of the four 256K x 1 blocks (B0-B3), in parallel.
A test mode read cycle reads a bit in each of the four blocks.
If data is the same in ali four bits, Q (data out) is the same as
the data in each bit. If data is not the same in all four bits, Q
is high Z. See truth table and block diagram.

Test mode can be used in any timing cycle, including page
mode cycles. The test mode function is enabled by holding
the ““TF” pin on “‘super voltage” for the specified period {tTES,
tTEHR. 'TEHC: see TEST MODE CYCLE).

““Super voltage” =Vcc+4.5 V
where
4.5 V<Vge <5.5 V and maximum voltage = 10.5 V.
A9 is ignored in test mode. In normal operation, the *“TF”
pin must either be connected to Vji, or left open.

TS BEFORE RAS
REFRESH CYCLE
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Figure 1. Hidden Refresh Cycle
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Test Mode Truth Table
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ORDERING INFORMATION
{Order by Full Part Number)

MCM 511002A X XX XX

Motorola Memory Prefix —J _L——Shipping Method (R2=Tape & Reel,

Blank = Rails}

Part Number

Speed (70=70 ns, 80=80 ns,
10=100 ns)

Package (P =300 mil Plastic DIP,
J =300 mil SOJ, Z=Plastic ZIP)

Full Part Numbers—MCM511002AP70  MCM511002AJ70  MCM511002AJ70R2 MCM511002AZ70
MCMS511002AP80  MCM511002AJ80  MCM511002AJ80R2 MCM511002AZ80
MCM511002AP10 MCM511002AJ10  MCM511002AJ10R2 MCM511002AZ10

NOTE: For mechanical data, please see Chapter 10.
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