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(M) mororoLa [ 511000A |

Advance Information Commercial Plus
1M x 1 CMOS Dynamic RAM and

Page Mode Mil/Aero Applications

ELECTRICALLY TESTED PER:
MPG511000A

The 511000A is a 1.0n CMOS high-speed, dynamic random access memory. 1) JAN: N/A
Itis organized as 1,048,576 one-bitwords and fabricated with CMOS silicon-gate ) :

process technology. Advanced circuit design and fine line processing provide g; 23‘30 g‘ﬁooo A-XOUBXAJC

AVAILABLE AS

high performance, improved reliability, and low cost. X = CASE OUTLINE AS FOLLOWS:
The 511000A requires only 10 address lines; row and column address inputs PACKAGE: DIL: V
are multiplexed. The 511000A is available in a 300 mil, 18 lead ceramic DIL and LCC: U
in a 350 x 675 mil, 20/26 iead surface-mount LCC package. XX = Speed in ns (8, 9, 11, 12)
e Three-State Data Output i
o Common IO with Early Write ;h:el:t::: Lgc appears after the
e Fast Page Mode p .
o Test Mode
s TTL-Compatible Inputs and Output PIN NAMES
o RAS Only Refresh AD-A9 .. ...l Address inputs
— — 0 Data Input
» CAS Before RAS Refresh Q e Data Output
* Hidden Refresh Wi, Read/Mrite Enable
o 512 Cycle Refresh; 511000A = 8 ms g%g - - 6°|§;Wn fadress Suabe
¢ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection VOG oom i Power (+5 V)
o Fast Access Time (tRAC):511000A-8 = 80 ns (Max) VSS v rvveiemiieesee . Ground
511000A-9 = 90 ns (Max) M Test F‘ﬁ?’é‘;’;}fg{;ﬁiﬁ
511000A-11 = 110ns (Maxy b oo
511000A-12 = 120 ns (Max)
o Low Active Power Dissipation: 511000A-8 = 495 mW (Max)
511000A-9 = 440 mW (Max)
511000A-11 = 385 mW (Max)
511000A-12 = 330 mW (Max)
s Low Standby Power Dissipation: 511000A = 11 mW (Max, TTL Levels)
511000A = 11 mW (Max, CMOS Levels)
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage vee —1.0to+7.0 Y
Voltage Relative to Vgg for Any Pin Except Vo Vin, Yout -1.0t0+7.0 \Y
Test Function Input Voltage Vin(TF) - 1.0to+105 v
Data Out Current Tout 50 mA
Power Dissipation PD 1.0 W
Operating Temperature Range Ta -55to +125 °C
Storage Temperature Range Tstg —65 to +150 °C

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.
This device contains circuitry to protect the inputs against damage dueto 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.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
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23— CONTROLLER SENSE AMP
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PIN ASSIGNMENTS
Case Case Case Case
Function | 680-06 | 756E-01 c?)::;;il:n Function 680-06 | 756E-01 cg:g:t:: |
DIL Lcce DIL LCcCC
Static Dynamic Statlc Dynamic
D 1 1 High A21 Ad 10 14 Low 1/2 A3
W 2 2 High AZ0 A5 2l 15 Low 1/2 A4
_ . 1.6ps
RAS 3 3 High s A6 12 16 Low 1/2 AS
TF 4 4 Gnd Gnd A7 13 17 Low 1/2 A6
AD 5 9 Low 2650kHz A8 14 22 Low 1/2 A7
A1 6 10 Low 1/2 AD A9 15 23 Low 1/2 A8
A2 7 11 L 12 Al CAS 16 24 High jo.aus
ow ig 128
A3 8 12 Low 1/2 A2 Q 17 25 Vee vee
TP P
vVee 9 13 Vee vVee Vgs 18 26 Gnd Gnd
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0V £10%, Ta = -55 to +125°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 55 Vv 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 —_ 6.5 A 1
Logic Low Voitage, All Inputs VIL -1.0 — 0.8 \' 1
Test Function Input High Voltage VIH (TF) | Voc +45 — 10.5 v 1
Test Function Input Low Voltage VIL (TF) -1.0 — Vee+1.0 \ 1
DC CHARACTERISTICS MOTOROLA SC {MEMORY/ASI LSE D
Characteristic Symbol Min Max Unit Notes
Vi Power Supply Current loct mA 2
511000A-8,trc = 150 ns — 90
511000A-9, tRg = 170 ns — 80
511000A-11, tRg = 200 ns - 70
511000A-12, tRC = 220 ns - 60
V¢ Power Supply Current (Standby) (RAS = CAS = V) Icce — 4.0 mA
Vo Power Supply Current During RAS only Refresh Cycles (CAS = ViR) Icca mA 2
511000A-8, tRc = 150 ns — 90
511000A-9, tRc = 170 ns — 80
511000A-11, tpc = 200 ns — 70
511000A-12,tRc = 220 ns — 60
Vg Power Supply Current During Fast Page Mode Cycle (RAS = V|L) Icca mA 2,3
511000A-8, tpg = 45 ns — 70
511000A-9, tpc = 50 ns — 60
511000A-11,tpc =60 ns — 50
511000A-12, tpc = 65 ns - 40
Ve Power Supply Current (Standby) (RAS = CAS = Vg —0.2V) Iccs — 20 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycie Icce mA 2
511000A-8, tRc = 150 ns — 90
511000A-9, tRc = 170 ns — 80
511000A-11, tyc = 200 ns — 70
511000A-12,tRc =220 ns — 60
Input Leakage Current (Except TF) (O V < Vip £ 6.5 V) ‘Ikg(l) -10 10 nA
Input Leakage Current (TF) (O V < Vin(TF) = Vec +05V) likg(h) -10 10 LA
Output Leakage Current (CAS = V|4, 0V < Vot <5.5 V) likg(0) -10 10 pA
Test Function Input Current (VoG + 4.5 V < Vin(TF) < 10.5 V) lin(TF) — 1.0 mA
Qutput High Voltage (IoH = -5 mA) VoH 2.4 — Vv
Output Low Voltage (I = 4.2 mA) VoL —_ 0.4
CAPACITANCE (i = 1.0 MHz, Ta = 25°C, V¢ = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbo! Max Unit Notes
Input Capacitance AD-A9, D Cin 5.0 pF 4
RAS, CAS, W, TF 7.0 pF 4
Output Capacitance (CAS = V|H to Disable Output) Q Cout 7.0 pF 4

TES:
1.All voltages referenced to Vgg.
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 page mode cycle.
4.Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: G = IAVAV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve = 5.0V £10%, Ta = -55 to +125°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES

Symbol 511000A-8 511000A-9 511000A-11 511000A-12
Parameter Unit | Notes
Standard Alt. Min Max Min Max Min Max Min Max

Random Read or
Wiite Cycle Time {RELREL tRC 150 — 170 — 200 — 220 — ns | 5-10
2?:‘3’ Wite Cycle | o i REL tRWC 175 — 195 — 230 — 245 — | ns | 510
Page Mode Cycle
T 4 tceLcEL | tee 45 - 50 - 60 — 65 — ns | s-9
Page Mode Read-
Write Cycle Time {CELCEL | tPRWC 70 — 75 — 90 — 95 — ns 5-9
Access Time from 5-9
RAS tRELQV tRAC — 80 — 90 — 110 — 120 ns 11,12
Access Time from 5-9
CAS tcELQV tcAC — 25 — 25 — 25 — 25 ns 11,13
Access Time from 59
Column Address tavav 1aa - 40 - 45 - 55 - 60 ns f41,14
Access Time from 5-9,
Precharge CAS tCEHQV tcPA — 40 — 45 — 55 — €0 ns 1
CAS to Output in 5-9,
Low-Z 1CELQX oLz 0 — 0 — 0 — 0 — ns 1"
Output Buffer and 5-9,
Turn-Off Delay {CEHQZ toFF 0 20 0 20 0 20 0 20 ns 15
Transition Time (Rise
and Fall) T tr 3 50 3 50 3 50 3 50 ns 59
RAS Precharge Time tREHREL tRp 60 — 70 — 80 — 90 — ns 59
RAS Pulse Width RELREH tRAS 80 10,000 90 10,000 110 10,000 120 10,000 | ns 59
RAS Pulse Width
(Fast Page Mode) 'RELREH | tRASP 8 (1000001 90 [100,000f 110 |100,000| 120 | 10000 | ns | 59
RAS Hold Time tCELREH tRSH 20 — 20 — 25 — 25 — ns 59
CAS Hold Time tRELCEH | tcsH 80 — 90 — 10 — 120 — ns 59
CAS Pulse Width {CELCEH | tCAS 25 10,000 25 10,000 30 10,000 35 10,000 | ns 5-9
RAS to CAS Dela: 5-9,
Time ¥ | tRetcer | tmep 25 60 25 70 30 80 35 95 ns 16
RAS to Column
Address Delay Time tRELAV tRAD 15 40 15 45 20 55 20 60 ns 59
CAS to RAS
Precharge Time 'CEHREL | tcRP 5 - 5 - 5 - 5 - ns | 59
CAS Precharge Time
(Page Mode Cycle {CEHCEL tcp 10 - 10 — 10 — 10 — ns 59
Only)
1F_iitr)nv; Address Setup {AVREL 1ASR 0 _ 0 _ 0 o 0 _ ns 59

%z’v; Address Hold {RELAX tRAH 10 — 15 — 15 — 15 — ns 5-8

Column Address
Setup Time tAVCEL tasc 0 — 0 — 0 — 0 —_ ns | 59
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READ, WRITE, AND READ-WRITE CYCLES (continued)

Symbol 511000A-8 511000A-9 511000A-11 511000A-12
Parameter Unit | Notes
Standard Alt. Min Max Min Max Min Max Min Max
Column Address
Hold Time {CELAX {CAH 15 — 20 — 20 — 20 — ns 5-9
Column Address
Hold Time tRELAX taR 60 — 65 — 80 — 85 — ns 59
Referenced to RAS
Column Address to
RAS Lead Time tAVREH tRAL 40 — 45 — 55 — 60 —_ ns 5-9
Read Command
Setup Time tWHCEL tRCS 0 — 0 — 0 — 0 — ns 59
Read Gommand 5.9
Hold Time tCEHWX tRCH 0 -— 0 — 0 — 0 — ns 18’
Referenced to CAS
Read Command 5.9
Hold Time tREHWX tRRH 0 — 0 — 0 — 0 — ns 18’
Referenced to RAS
Write Command
Hold Time tCELWH tWCH 15 — 20 — 20 — 20 — ns 5-9
Reterenced to CAS
Write Command
Hold Time tRELWH tWCR 60 — 65 — a0 — 85 — ns 5-9
Referenced to RAS
Write Command
Pulse Width tWLWH twp 15 —_ 20 — 20 — 20 — ns 5-9
Write Command to
RAS Lead Time tWLREH tRWL 20 — 20 — 25 — 25 — ns 5-9
Write Command to
TAS Lead Time tWLCEH towL 20 - 20 — 25 — 25 _ ns 5-9
) 5-9,

Data In Setup Time tDVCEL tps 0 — o — 0 — 0 — ns 19

" 59,
Data In Hold Time tCELDX tpH 15 — 20 — 20 — 20 — ns 19
Data In Hold Time
Referenced to RAS tRELDX tDHR 60 — 70 — 85 — 90 — ns 5-9
Reiresh Period
511000A tRVRV tRESH — 8.0 — 8.0 — 8.0 — 8.0 ms 5-9
Write Command 5-9,
Setup Time 'WLCEL | tWCS 0 - 0 - 0 - 0 - ns 20
= : 59,
CAS to Write Delay {CELWL tcwD 20 — 25 - 25 —_ 25 — ns 50
[ . 59,
RAS to Write Delay tRELWL tRWD 80 - 90 — 110 — 120 — ns 20
Column Address to 5-9,
Write Delay Time tavwL | tAawD 40 - 45 - 55 - 60 = | "™ | 2
CAS Setup Time for
CAS Before RAS tRELCEL tCSR 10 — 10 - 10 — 10 — ns 59
Refresh
CAS Hold Time for
CAS Before RAS tRELCEH | tCHR 30 — 30 — 30 — 30 — ns 5-9
Refresh

MOTOROLA SC {MEMORY/ASI I:SEWD
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READ, WRITE, AND READ-WRITE CYCLES (continued)

Symbol 511000A-8 511000A-9 511000A-11 511000A-12
Parameter Unit | Notes
Standard Alt. Min Max Min Max Min Max Min Max
CAS Precharge to
CAS Active Time {REHCEL | RPC 0 — 0 - 0 — 0 — | rs | 59

CAS Precharge Time

for CAS Before RAS | tcenceEL | topT 40 — 40 — 50 — 50 — ns 59
Counter Test

CAS Precharge Time | tCEHCEL tCPN 30 — 30 — 40 — 40 — ns 5-9
Test Mode Enable
Setup Time tTEHREL tTeS 0 — 0 — 0 — 0 — ns 5-9

Referenced to RAS

Test Mode Enable
Hold Time tREHTEL | tTEHR 0 —_ 0 — 0 — 0 — ns 5-9
Referenced to RAS
Test Mode Enable

Hold Time {CEHTEL | tTEHC 0 — 5} — 0 — 0 - ns 59
Referenced to CAS

NOTES:

5. V4 min and V|_ max are reference levels for measuring timing of input signals. Transition times are measures between ViH and V.

6. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

7. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signais

must transition between Vi and V||_(or between V|_and V|y) in a monotonic manner.

8. AC measurements tT = 5.0 ns.

9. TF pin must be at V|_ or open if not used.

0. The specifications for trc (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full

temperature range —55°C < Ta < 125°C.

11. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=20Vand Vo =08V.

12. Assumes that tRcp < tReD (max).

13, Assumes that tRaD > tRGD (Max) MOTOROLA SC {MEMORY/ASI L5E D

14. Assumes that tRAD 2 tRAD (Mmax).

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

16. Operation within the tgop (max) limit ensures that tRaG (max) can be met. tRCD (max) is specified as a reference point only; it
tRCD is greater than the specified trop (max) limit, then access time is controlled exclusively by tCAC-

17. Operation within the tgAp (max) limit ensures that tyac (max) can be met. tRaD (max) is specitied as a reference point only; if
RAD is greater than the specified tRap (max), then access time is controlled exclusively by taA.

18. Either tgRi or trcH must be satisfied for a read cycle.

19. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or
read-write cycles.

20. twcs. tRwD. tcwD. and tawp 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 towp 2 tcwp (Min), tRWD = tRwD (Min), and tawD = tawD (min), the cycleis 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.
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READ CYCLE
tRC
trp
A — tRAS ]
AAS \
VIL-
1CSH ICPN
1GRP tRCD 'RSH 'CRP --—-l ‘
ViH- e tcAs —
w7 O\ / A
VIL- tAR
- tRAD > {RAL
Vi ASR—> ke tasc {CAH
ROW COLUMN
ADDRESSES ADDRESS ADDRESS WXWX
ViL-
tRAH ‘-——>— tRCH
y tRCS > — 'RRH
IH~
" XXXXX,
o KON L -
L tAA
1z = 10FF
Yo tRAC
H= v
Q (DATAOUT) HIGH Z 3®< VALID DATA
voL-
EARLY WRITE CYCLE
tRC
re—— tRp ——™
m"IH - ’\ tRAS Z
i [+—— 1GPN
tRCD RSH
tcRP 1CSH CRP --—'1
VIH- [e— tcAS —>
TAS \
ViL- tAR
[e—— 1RAD tRAL
1SR ™ [*T tAsc — icad
ViH- ROW COLUMN
ADDRESSES ADDRESS ADDRESS
ViL-
tRAH tow, ————|
twes tweH —
iL-
R ————
WCR
tos — tpH
VIH-
ViL-
VOH~ !‘ IDHR
Q (DATA OUT) HIGH Z
VoL-
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' READ-WRITE CYCLE
tRWC
'4—— tRp ——»
ViH- = tRAS
" TN / \
Vi -
. tRSH
IRCD f— tawy —> 1PN
V- [~ ‘ckp tcaAs 1GRP fe—
ViL-
tCSH
lARl t M IoWL
r<— tRAD IRAL
' tASR — te— ‘ASC—‘—” b toan ]
H-
ROW COLUMN
iL- T
1RAH +— tawp
RWD
[*— ICwD —> twp
w QOO0 N OOOOOOOQCBXXX
W
viL- t
| tRCs tps e— toH - ‘
ViH-
viL-
—
' L tAA 1CAC — 1OFF
f tRAC
VoH -
Q(DATA OUT) HIGH Z VALID DATA }—
voL- 1oz —»
FAST PAGE MODE READ CYCLE
tRASP tRP
V- —
- \ /
ViL-
—— IC3H PG [ tRSH =
tRCD lcas [ (CAS tCPN
Vin- tcRp =+t icp tcp icAS
Vi -
I AR - tRAL —
1ASC e [e=r— tCAH 1ASC e ICAH
y tSR—> et tASC ~pe 1CAH I
IH -
ROW COLUMN COLUMN COLUMN
ADDRESSESV ADDRESS ADDRESS ADDRESS ADDRESS §<>K:><SX<><C><>K:><
IL- n
RAH !
[ tRAD —> tRCH —» = tRCH —=f=— I ! RRH
tRCS = +— trcs > [ 1rcs tRCH
VIH-
ViL- 1CAC CAC 1CAC
e tag — F——m-—’ L———m
tRAC tcpPa tcra
VOH - VALID |\ VALID VALID
Q(DATAOUT) DATA DATA DATA } —
VoL~ _J 1oFF——> - tOFF fe—>r— toFF
tc1z oLz > oLz

COMMERCIAL PLUS AND MIL/AERO APPLICATIONS MEMORY DATA
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FAST PAGE MODE EARLY WRITE CYCLE

tRASP tRp

VIL- ‘_.l-— tpc ‘—_:
1RCD top tcp + - 1RSH
v fe—=1— icrP 1CAS icAS 1CAS [<— tcPN
- F
Vit -
. R tRAL
re—> tRAH tsc > > CAH
tasR > —  tasc | le— 1CAH tasC = e M- toan

VIH- ROW COLUMN COLUMN COLUMN
ADDRESSES ADDRESS ADDRESS ADDRESS ADDRESS
V -
I tRAD —> twos—>| ~—-t— tWCH

tWCR
Wes tWCH twes [— tWGH

VIH-
- TN =/ X\: OO0

V- } .
* ts—=1 [ —>+ ioH L_
tDH tps —= tpH
ViH-
D (DATAIN) O<><><>O<><x VALID DATA §®§ VALID DATA §®§ VALID DATA >O<><><
V -
- fe——— tpyr ——
VoH-
Q (DATA OUT) HIGH Z
voL-
FAST PAGE MODE READ-WRITE CYCLE
P— tRP
__VH TN tRASP
RAS -1\
V -
. - gsH —— > le—— tPRWC — [*—— tRSH —* 6
o P tcp < toew
'oRP ™ tRCD tcAS +1 Pl e cAs [ 1tcAS |
ViH- }
w ) N/ N \ / AN
- L] L | fRAL
tASR —»| - tAsc —=| 1ASC > - taSC > Rt
tRAH—>] le—  CAH tcaH tCAH

|
ViH-
ROW COLUMN COLUMN COLUMN
ADDRESSES :X ADDRESS §®§ ADDRESS XXX ADDRESS }@{ ADDRESS X><><><><><><><>

ViL-

f— trap ‘-1 —towp| | — twp !
1RCS towL n M towl == towL
| ’1 e TawD > = tawp - tRwL >
VIH_ l n It
o XA | N/
ViL-
nE— e t —tvlp 1
| —j DS DS
tDH — le— tDH 1+ |e—

VIH-
VALID VALID
IL-
j ‘-— tcLz [-— toz oLz
tcac tcac - — tCAC
|— tan —»> be— tan —ﬂ tad l
Vor- tRAC — topp ——>) e tcpa|——
VALID VALID VALID
Q (DATAOUT) @i DATA DATA DATA §

v -
o 1OFF - toFF > 1OFF = 1=

COMMERCIAL PLUS AND MIL/AERO APPLICATIONS MEMORY DATA
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RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)

tRC
[« (Rp ——
ViH- tRAS
RAS X \
viL-
IcRp tAPC
VH-
w X N0
Vil T e 1asR
v tRAH
K-
ROW
ADTO A8 ADDRESS
ViL-
Q(aTAOUT) “OH™ HIGH Z
VoL -
MOTOROLA SC {MEMORY/ASI LSE D
CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don't Care)
tRC
tRp —=
ViH=- N
RAS \ tRAS \
Vi (RPC 1 '
tcsR
VIH - IcPN — [——— tCHR ——
RS /
ViL-
toFF
Vop- ————
Q(DATA OUT) (L HIGHZ
Vo,- ——— =

COMMERCIAL PLUS AND MIL/AERO APPLICATIONS MEMORY DATA
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HIDDEN REFRESH CYCLE (READ)

trc RAS
tRAS < 'Rp >

" \ / \
RAS

V -

L 1 tcRP

—— tRcD ——ﬂ+ tRSH ™ 1CHR le—— 1PN

" )\ /
CAS

Vi — tRAD —>{=— 'RAL >

tAR

RaH T P L" tcaH ™

tasR T 'ASC —™

ViH- ROW COLUNN
ADDRESSES ADDRESS ADDRESS

Vil -
. RS —-| ] — f«— tRRH

ViL- tcac
L le— tap ——m
VOH_ tRAC tOFF -
Q{DATA OUT) VALID DATA }———
VoL - o1z —»
HIDDEN REFRESH CYCLE (EARLY WRITE)
tRC
RAS tRp —= RAS
ViH- 7
RAS \ x
ViL-
——\ [ CRP le— 1
PN
v tRCO tRSH — ICcHR ——
IH-
=" ] \
Vi -
iL taR
f— tRAD tRAL —M
tASR ——I — tASR — 4—|‘
tRAH — r— p iCAH
ViH- ROW COLUMN
ADDRESSES ADDRESS ADDRESS
ViL-
tWGR
le———— tRWL —™
ViH- 1 BWCH >
" QOO0 wes_LOQOOOQOOOQOOOKXXIXA
V -
. re——— typ ——
tpg Je—v] I‘— tDH —
Vik-
D (DATA IN) W VALID DATA
VV)L— b 1DHR
OH -
Q (DATA OUT) HIGH Z
VoL -

COMMERCIAL PLUS AND MIL/AERO APPLICATIONS MEMORY DATA
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

t trp
V- ————— RAS
RAS R tRSH /
iL-
fCSR ~— tCHR — CPT > le——— 1ca5 ———»
VIH-
CAS \
V”_— —
tasc [ 1caH ]
COLUMN
ViL-
| f= toac -|
'
READ cva.s " bFF -
OH-
Q (DATA OUT) HIGH Z VALID DATA
VoL-
" tRes > oLz I-—-— tRRH
W
ViL- re— tRCH —J
EARLY WRITE CYCLE
VOH-
Q (DATA OUT) HIGH Z
VoL- RWL
tewL

Vi~ = twes ﬁ [*— WCH —
: - RO
Vi~ 1 i
tos | [+ o I
Vig -

VIL-
' re— tCAC > L,
READ-WRITE CYCLE oz 1oFF ]
VOH -
Q (DATA OUT) —————  HoHZ VALID DATA H

Vi -

o ian fe—=1 tcwL

tAWD e RwL -‘

VIH' \
-
'cwo > twp

viL-

4—4 ld—q—- toH

MOTOROLA SC {MEMORY/ASI hLSE D
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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 two clocks, row address
strobe (RAS) and column address strobe (CAS), 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 (V|) transition is
followed by CAS active transition (after tRCD minimum delay)
for all read or write cycles. The delay between RAS and CAS
active transitions, referred to as the multiplex window,
gives a system designer flexibility in setting up the external
addresses into the RAM.

The external GAS signal is ignored until an internal RAS
signal is available. This “gate” feature on the external CAS
clock enables the internal CAS line as soon as the row
addressholdtime(tRAH)specificationismet(anddeﬁnestRCD
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 CAS clock.

There are two other variations in addressing the 1M RAM:
AAS 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 cycle is
outiined here, while the other cycles are discussed in
separate sections.

The normal read cycle begins as described in
ADDRESSING THE RAM, with RAS and CAS active
transitions latching the desired bit location. The write (W) input
tevel must be high (V|H), tRCS (minimum) before the CAS
active transition, to enable read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlied 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. However, CAS must be active before or at
tRoDMaximumtoguarantee validdataout(Q)attRAC (access
time from BAS active transition). If the tRcD maximum is
exceeded, read access time is determined by the CAS clock
active transition {CAC)-

The RAS and CAS clocks must remain active for aminimum
time oftg AS andtCAS respectively, to complete thereadcycle.
W must remain high throughout the cycle, and fortime tRRH O
tRCH after RAS or CAS 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 typ to
precharge the internal device circuitry for the next active cycle.

Qs valid, but not latched, as long as the CAS clock is active.
When the CAS clock transitions to inactive, the output will
switch to High Z.

WRITE CYCLE

The user can write to the DRAM 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
(V|L). Early and late write modes are distinguished by the
active transition of W, with respect to CAS. 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
atminimumtimetWCsbeforemactivetransition.Datain(D)
is referenced to CAS in an early write cycle. RAS and CAS
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
CAS active transition, keeping data-out buffers disabled.
This feature can be utilized on systems with a common 11O
bus, provided all writes are performed with early write
cycles, to prevent bus contention.

A late write cycle ocours when W active transition is made
after CAS active transition. W active transition could be
delayed for almost 10 microseconds after CAS active
transition, ((RCD +tCWD + tRWL +2IT) S tRAS, if other timing
minimums(tRCD,tRWL,andt‘r)aremaintained.Disreferenced
to W active transition in a late write cycle. Output buffers are
enabledby CAS active transitionbutQmay beindeterminate—
see note 16 of AC operating conditions table. RAS and CAS
must remain active for tRwL and towlL, respectively, after w
active transition to complete the write cycle.

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
alate write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for towp minimurm after the CAS
active transition, to guarantee valid Q before wiiting the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
2048 column locations on a selected row of the 1M dynamic
RAM. Read access time in page mode (tCAC) is typically half
the regular RAS clock access time, tRAC. Page mode
operation consists of keeping RAS active while toggling CAS
between VjH and V. The row is laiched by RAS active
transition, while each CAS 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 of tcp, while RAS remains low (ViL)-
The second CAS active transition while RAS is low initiates the
first page mode cycle (tpC of tPRWC)- Either a read, write, or
read-write operation can be performed in a page mode cycle,
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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
transitions to inactive, coincident with or following CAS
inactive transition.

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
refreshed (recharged) to maintain the correct bit state. Bits in
the 511000A 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 simultaneously when the row
is addressed. Distributed refresh implies a row refresh every
15.6 microseconds for the 511000A. Burst refresh, a refresh
of all 512 rows consecutively, must be performed every 8
milliseconds on the 511000A.

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,
CAS 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 CAS remains
high (ViH) throughout the cycle. An external counter is
employed to ensure all rows are refreshed within the specified
limit.
CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh

MEMORY CYCLE

counter that generates the row address to be refreshed.
External address 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 cycles to occur while maintaining
valid data at the output pin. Holding CAS 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 CAS before RAS refresh from a cycle in
progress (see Figure 1).

CAS BEFORE RAS REFRESH COUNTER TEST

Theinternal refresh counter of this device can be tested with

a CAS 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 cycles, as indicated by the check
data written in each row. See CAS before RAS refresh
counter test cycle timing diagram.

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

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

2. Selectacolumn 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
“1" outand write “0” into 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 CAS BEFORE RAS
REFRESH CYCLE REFRESH CYCLE

CAS

Q — HIGHZ =~

T T
T\
<

VALID DATA-OUT >'_

Figure 1. Hidden Refresh Cycle
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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 (AQ-A8) are used in test mode; A9 is internally
disabled. A test mode write cycle writes data, D (datain),to a
bit in each of the four 266K x 1 blocks (B0O-B3), in parallel. A
test mode read cycle reads a bit in each of the four blocks. If
datais the same in all four bits, Q (data out) is the same as the
data in each bit. |f 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. tTEHC; see Test Mode Cycle).

“Super voltage” = Voo + 4.5V
where

45V < Voo <5.5 Vand maximum voltage = 10.5 V. A9 is
ignored in test mode. In normal operation, the “TF” pin must
either be connected to V|, or left open.

TEST MODE TRUTH TABLE
D B0 B1 B2 B3 Q
0 0] c 0 0
1 1 1 1 1 1
— Any Other High-Z
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