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TECHNICAL DATA

Advance Information

TM x4 CMOS Dynamic RAM
Page Mode

The MCM514400 is a 0.84 CMOS high-speed, dynamic random access memory. It is
organized as 1,048,576 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 MCM514400 requires only ten address lines; row and column address inputs are
multiplexed. The device is packaged in a standard 350-mil-wide J-lead small outline pack-
age, and a 100-mil zig-zag in-line package (ZIP).

@ Three-State Data Output

Fast Page Mode

Test Mode

TTL-Compatible Inputs and Output

RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

1024 Cycle Refresh: MCM514400 =16 ms

MCM51L4400 = 128 ms
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
Fast Access Time (tRaC):
MCM514400-80 and MCM51L4400-80 =80 ns (Max)
MCM514400-10 and MCM51L4400-10 =100 ns (Max)

® Low Active Power Dissipation:
MCMb514400-80 and MCMb51L4400-80 =578 mW (Max)
MCM514400-10 and MCM51L4400-10 =495 mW (Max)

@ Low Standby Power Dissipation:
MCM514400 and MCM51L4400=11 mW (Max, TTL Levels)
MCM514400=5.5 mW (Max, CMOS Levels)
MCM51L4400=2.2 mW {Max, CMOS Levels)

MCM514400
MCM51L4400

J PACKAGE
PLASTIC
SMALL OUTLINE

CASE &22A

Z PACKAGE
PLASTIC

ZIG-ZAG IN-LINE

CASE 836

PIN NAMES

AC-A9 . ... ....... Address Input
DQO-DQ3 . ...... Data input/Qutput

RAS ........ Row Address Strobe
CAS ...... Column Address Strobe
VEE - - v v e Power { +5 V)
Vgs - - -« ..o g™ TER Ground

.............. Output Enable
............ Read/Write Input

SMALL OUTLINE
paof} 1 26 {lvgs
PIN ASSIGNMENT o1 2 25 [Jou3
wil3 24 [Jon2
RASO 4 23 [I1TAS
Agfl 5 2216
Aofl 9 18 [1a8
Al 10 17[1a7
A2[l 1 16 [1 A6
A3} 12 15 [1 A6
veel] 13 14 [1 A4

ZIG-ZAG IN-LINE
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BLOCK DIAGRAM

— DQo-Da3
w — DATAIN [z - { @
l BUFFER il o P
s NO. 2 CLOCK DATA OUT _
GENERATOR [~ > BUFFER - g
s  COLUMN > COLUMN
AQ——» Y  ADDRESS
Al——> BUFFERS (10) r) DECODER
A2 — ]
A3 ——m REFRESH ==~ =
A —— {10] | CONTROLLER/ b 0244,
A5 ————p | COUNTER (10)
AG ———» SENSE AMP |}
:g—’ ROW ADDRESS . /0 GATING
pro—— Al BUFFERS (10) D B Y YR [
+ = 1024 % 4
i 5: ‘
=3
B |y MEMORY
xS ':;[:zhlmalr‘g:nx 1024 ARRAY
1024 <1024 < 4
SUBSTRATE -V
BIAS
GENERATOR *—— Vgg
ABSOLUTE MAXIMUM RATINGS (See Note)
N This device contains circuitry to protect the / i
Rating Symbol Value Unit inputs against damage due to high static /)
Power Supply Voltage Vee —1to +7 \" voltages or electric fields; however, it is ad-
" " y - vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vcc | Vin: Vout 1to +7 v avoid application of any voltage higher than
Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 600 mw ance circuit.
Operating Temperature Range TA Oto +70 °Cc
Storage Temperature Range Tstgq —55t0 +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.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +10%, Ta =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

TN
Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 - 6.5 \" 1
Logic Low Voltage, All Inputs vViL -1.0 - 0.8 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current lect mA 2
MCM514400-80 and MCM5114400-80, trc = 150 ns — 106
MCM514400-10 and MCM5114400-10, trc = 180 ns — 90
Ve Power Supply Current (Standby) (RAS =TAS =V) (Felor) - 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS = V) Iccs mA 2
MCM514400-80 and MCM51L4400-80, tgc = 150 ns — 105
MCM514400-10 and MCM511.4400-10, trc = 180 ns - 20
Ve Power Supply Current During Fast Page Mode Cycle (RAS =V } Icca mA 2,3
MCM514400-80 and MCM51L4400-80, tpc =45 ns - 70
MCM6514400-10 and MCM511.4400-10, tpc =55 ns - 60
Ve Power Supply Current {Standby) (RAS=CAS =V -0.2 V) MCM514400 lccs - 1.0 mA
MCM51L4400 — 400 sA
V¢ Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514400-80 and MCM511L4400-80, trc = 150 ns — 105
MCM514400-10 and MCM51L4400-10, trc =180 ns — 90
Vcc Power Supply Current, Battery Backup Mode —MCM51L4400 only lce7 — 500 A
— {tRC =125 us; tpag =1 pus; CAS = CAS Before RAS Cycle or 0.2 V; A0-A9, G, W,
4 DQO-DQ3=Vec-~0.2Vor0.2V)
Input Leakage Current {0 V=<Vj,=<6.5 V) lkgll) -10 10 pA
Output Leakage Current (CAS =V, 0 V=V, =<5.5 V) likg(O) -10 10 A
Output High Voltage (lgH= ~5 mA) VoH 2.4 - \'
Output Low Voltage (Ip| =4.2 mA) VoL - 0.4 v
CAPACITANCE (f=1.0 MHz, TA =25°C, Vo =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AO-A9 Cin 5 pF 4
G, RAS, TA5, W 7 pF 4
170 Capacitance (CAS = V| to Disable Output) DQoO-DQ3 Ci/o 7 pF 4
NOTES:
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: C=1At/AV.
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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, and 4)

MCMb514400-80 MCM514400-10 W
Parameter Symbol MCM51L4400-90 | MCMBILA400-10 | Unit | Notes :
Standard | Alternate | Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 150 - 180 — ns 5
Read-Wirite Cycle Time tRELREL tRWC 205 - 245 - ns 5
Fast Page Mode Cycle Time tCELCEL tpc 50 — 60 — ns

Fast Page Mode Read-Write Cycle Time tCELCEL | tPRWC 105 - 125 - ns

Access Time from RAS tRELQV tRAC - 80 - 100 ns | 6,7
Access Time from CAS tCELQV tcAaC — 20 - 25 ns | 68
Access Time from Column Address tAVQV tAA - 40 — 50 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA — 45 — 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 - 0 - ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rige and Fall) tT tT 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 60 - 70 - ns

RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 ns

RAS Pulse Width (Fast Page Mode} tRELREH tRASP 80 200,000 100 200,000 | ns

RAS Hold Time tCELREH tRSH 20 - 25 - ns

CAS Hold Time tRELCEH tCSH 80 - 100 - ns

TAS Puise Width tCELCEH | tcCAS 20 10,000 25 10,000 | ns

RAS to CAS Delay Time tRELCEL tRCD 20 60 25 75 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
TAS to RAS Precharge Time tcEHREL | tcrP 5 - 10 - ns

CAS Precharge Time tCEHCEL tcp 10 -~ 10 — ns

Row Address Setup Time tAVREL tASR 0 — 0 - ns

Row Address Hold Time tRELAX tRAH 10 - 15 - ns

Column Address Setup Time tAVCEL tAsSC 0 - 0 - ns

Column Address Hoid Time tCELAX tcAH 15 — 20 - ns

Column Address Hold Time Referenced to RAS tRELAX tAR 60 — 75 - ns

Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns

(continued)

NOTES:

1. V|4 min and Vj_ max are reference levels for measuring timing of input signals. Transition times are measured between V| 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
transition between V| and Vj (or between V| and V|H4) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for tgc (min) and tgywc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Ta <70°C) is assured.
. Measured with a current load equivalent to 2 TTL {—200 A, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vg =0.8 V.
. Assumes that tycp StRcD (max).
. Assumes that trcD2tRcD (max).
. Assumes that tgap =tRAD (max).
. tofFF (max) and/or tGz {max} define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.
11. Operation within the trcp (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 tpcp (max) limit, then access time is controlled exclusively by tcaC-
12. Operation within the tgap (max) limit ensures that tRAC (max} can be met. tRAD (max) is specified as a reference point only; if tRap is
greater than the specified tgAp (max), then access time is controlled exclusively by taA.
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READ, WRITE, AND READ-WRITE CYCLES (Continued}

MCMG514400-80 | MCMGE14400-10
Parameter Symbol MCMGE1L4400-80 | MCMGE1L4400-10 | ypit | Notes
Standard | Alternate | Min Max Min Max
Read Command Setup Time TWHCEL tRCS 0 - 0 - ns
Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 — 0 — ns 13
Read Command Hold Time Referenced to RAS tREHWX tRRH 0 - 0 — ns 13
Wirite Command Hold Time Referenced to TAS tCELWH tWCH 15 - 20 — ns
Write Command Hold Time Referenced to RAS tREIWH | tWCR 60 - 75 - ns
Write Command Pulse Width WLWH WP 15 - 20 - ns
Write Command to RAS Lead Time tWLREH tRWL 20 — 25 - ns
Write Command to CAS Lead Time tWLCEH | tcwL 20 - 25 — ns
Data In Setup Time tDVCEL tps 0 - 1] — ns 14
Data In Hold Time tCELDX tDH 15 - 20 — ns | 14
Data In Hold Time Referenced to RAS tRELDX tDHR 60 - 75 — ns
Refresh Period MCM514400]| tpyRy tRFSH - 16 - 16 ms
MCM51L4400 — 128 - 128
Write Command Setup Time tWLCEL tWCs 0 - 0 - ns 18
CAS to Write Delay tCELWL tcwD 50 - 60 — ns 15
RAS to Write Delay tRELWL tRWD 110 - 136 - ns 15
Column Address to Write Delay Time tAVWL tAWD 70 - 85 - ns 15
CAS Precharge to Write Delay Time {Page Mode) tCEHWL | tcPwD 75 - 90 - ns 15
CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 5 — 10 - ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 15 — 20 - ns
AAS Precharge to TAS Active Time tREHCEL tRPC 0 - 0 - ns
CAS Precharge Time for CAS Before RAS Counter Test tCEHCEL tCPT 40 - 50 — ns
RAS Hold Time Referenced to G tGLREH tROH 10 — 20 — ns
G Access Time tGLQV 1GA - 20 - 25 ns
G to Data Delay tGLHDX tGD 20 - 25 - ns
Output Buffer Turn-Off Delay Time from G tGHQzZ tgz 0 20 0 20 ns 10
G Command Hold Time TWLGL tGH 20 - 25 - ns
Wirite Command Setup Time {Test Mode) tWLREL tWTS 10 - 10 - ns
Write Command Hold Time {Test Mode) tRELWH WTH 10 — 10 — ns
Write to RAS Precharge Time (CAS Before RAS Refresh) | twHREL |  WRP 10 - 10 - ns
Wirite to RAS Hold Time (CAS Before RAS Refresh) tRELWL | tWRH 10 - 10 - ns

NOTES:

13. Either trrH or tRCH Must be satisfied for a read cycie.

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

15. twCs. TRWD. tCWD- tAWD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if twCcs 2tywes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp =tcwp (min), tRwp = tRwp (min), taywp =tawp {min), and tcpwp =tcpwp (min) (page mode),
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.
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READ CYCLE

tRC L
- tRAS »| | t——— tgp ——>
—_———
_ ViH - - AR
fiAsS \
ViL -
- tESH >
1CRP —— 1RCD ol RSH > [—CRP—1
Vi — - fcAs —— >
o Q\
iL- — tRAD :
- RAL >
tASR > tASC—{ |
tRAH — — lat-ICAH -
ViH-—
ROW COLUMN
ES
ADDRESS Vit - m ADDRESS ADDRESS
— [&— tRCH
RCS —fet{—~ tRRH
VIH-
" N XXX XXX
iL- }att—————— IROH ————— 1
-t tAA >
e 17 —]
_ V- GA
[ X X >< X >< X g
iL-
[e—— LA ——P> — 10FF
ja——————— 1RAC » ———— 17—
VoH -
000-Da3 HIGH Z {X}( VALID DATA OUT }
VoL - jat— 0 7 —n] A
EARLY WRITE CYCLE q
- tRC
st tRAS »| |e— tRp————
_ V‘H e — | e ——— tAR—> -
fiAsS . § \
tesH >
tCRP l————tRCD ool tRSH > ft—— 1CRP —— P
_ Vim- - tCAS —— ]
s \ [/
iL- tRAH +
tRAL >
tASR > IASC— lt— e tCAH
ViH - ROW COLUMN
ADDRESSES v ADDRESS ADDRESS |
-
let— tRAD —
- cwL >
tWCS —jat—p> - pot— tWCH
V- - twp —
" XOXOOOOON
ViL -
- 'WCR -
- tRWL -
Vi -
[§
iL-
L_____thR -
*ns—»l F— Ft- tpH > W
Vi ~ N
DGO-DA3 { VALID DATA IN ) HIGH Z
ViL—
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G CONTROLLED WRITE CYCLE

- RRC >
- TRAS lt————— tRp ——————
V- ————— [ ————— g —————>]
RAS \‘
iL -
< ICSH Lan
ICRP f———tRCD »la tRSH > tCRP ——
_ ViH — ot tAs —————
CAS
V’L — jtt— tRAD —]
i tRAL
1ASR tASC — Iq-
tRAH— - tCAH
Vin -
ROW COLUMN
ADDRESSES
ViL - ADDRESS ADDRESS WWWM
f—— tCWL —Dl
f————— thyL ——————

Vi - — twp
w
viL-
tGH
V-
: XXX XXX XXX XX XXX
VL - 6D
tos fa— tpH—{
ViH-
D00-Da3 VALID DATA IN
ViL-

READ-WRITE CYCLE

TRwe
- tRAS > RP—1
V- — tAR————————»f
v P
L - 1eSH
fee—— tpcp et tRSH »
<> tCRp 'cRP
_ Vin— tcas -
TAS
ViL—
a1 t1ASR tASC
tRAH ICAH
Vin-
ROW COLUMN
ADDRESSES VIL ~ ADDRESS ADDRESS
1AWD > H—tcm—bl
st tRAD — P - 1cwD
- tRWD | —— R ———]
" \
ViL— - AR ———>
- tGA
_ V-
: /
Vi - la—1gp
tCAC —]
1RAC - DS
16z > |—toH —>
VinNon — VALID VALID
D00-D03 ; DATA OUT DATA IN
iLvoL - oLz
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FAST PAGE MODE READ CYCLE
tRASP > Rp

VIH _ ——,\:—tgn—»
[
Vi -
L B 10

tCRP je———— P ———»] |= RSH /\b

ht—— tycp —] top =] 1CRP
VK- —tCAS— tcas—>] )-ﬁ\<— tcaAs—»
CA
i — /

)|
b
(7

- tRAD
tCSH Ll - tRAL —‘——>|
> ICAH 1CAH
v tASC taSC
H—
COLUMN COLUMN COLUMN
ADDRESSES ViL- ADDRESS ADDRESS ADDRESS

I‘-—t' - R l
ACS s I_‘._’I H— cS

V-
; N4
iL-

- A —» |<—-J tna—»4 l<— A —>
tGA pet— GA F»— 1GA j—
G
ViL—- Y Y )‘I Y
bt 1CAC -1 |<-tcnc-> - tCAC
pt—gAC >
—
Von—
000-D03
VoL -
FAST PAGE MODE EARLY WRITE CYCLE
- tRASP - - tRp
V- ——— r———tAg————> -
AAS S Z
{5
tCRP j————— P ——————3 ——tRSH —
l—— tRCD—y tep - et — tCRP
V- lt— tCAS tCAs [e—tcas—» |
i ./ M_ Sar___aé./
ViL- —-I l— tASH
- tCSH 1RAL
tRAH — {CAH
ViH—
ROW col UMN
ADDRESSES W - ADD ADD RESS
-mu->| b L tow—>]
——1tRwL —>
tWCS—] = WCS —o] |of— twes —
Vin — - twp —1 twp —] —twp —ﬁ
w
viL—- 1
- 1 tWCH - tWCH tWCH

| l )]

— toH tps —G—FI L—D—-tnﬂ /-\“
VALID VALID ‘
DATAIN 4 DATA IN
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Dao-na3

FAST PAGE MODE READ-WRITE CYCLE

ADDRESSES

V- - tRASP »
RAS [
viL-
——————— tCSH ——————»] tRp
fe———tpRW —————>| e gy )]
— RCD -1 10p tcp > - t[:nP—A
_ Viy— tCAS — ICAS — | f——— tCAS ——
TAS / \
Vi~ RAD-Te— ¥
=& tgan tRAL
—» |4 tash F - tCAH - (CAH o tCAH
tASC tASC aaian 1ASC
|
Vin =2\ frow COLUMN OLUMN COLUMN
Vi - ADD ADDRESS ADDRESS ADDRESS
= tRWD—————» I le—tcwo —m) tRWL—
tRCS = —F towL . [ 1CWD—
. lt—— toWD — - CPWD —»] ot CPWD —> oWl
_ V-
" \
Vi - - tAWD —— <ﬁ—— tAWD — T—f | }— tawD —
f— 1AL —f  typ twp—p : —p we
- tGA - tGA E 1GA
ViH- N
G
Vg —
i fcpa fat— {CPA
-1 16D 16D tg
— ICAC tcacle— l" 1 |-—tpy tcac| |
162 t—1 AN (174
F&——1RAC tos 162 tan tos
: |=%— tDH lt— 1S | tpy
ViHVgH -
VLol - | \ E \
LYo 1017 — t0LZ 1017 - \
VALID VALID VALID VALID VALID VALID
DATA OUT  DATA IN DATA OUT DATA IN DATA OUT  DATA IN
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RAS ONLY REFRESH CYCLE
(W and G are Don‘t Care)

-t RC >
ft———— tRp ——— W
-l tRAS > l;
RAS
TAS
ADDRESSES
CAS BEFORE RAS REFRESH CYCLE
(G and A0-A9 are Don’t Care)
-t tRC >
ja——tp ———» |- 1RAS »! tRP ————
ViH -
RAS
w _/ \ } \
l— RPC
tCSR / I
tcp ftlp——————— 1CHR ——————— m
ViH-— [
(1Y
Vi-
tWRP = <—twm1—>|

— VoH-—-
¥ NOOOXIKXHKXXHIAKXXXXXXKHKHXX
VoL—

——l tOFF
VoH —
D00-D03 HIGH Z
VoL -
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HIDDEN REFRESH CYCLE (READ}

iL

~ Vim-
w Bt

l— tWCH —

- tRe o e >
- tRAS »!  |a— thp———> tRP—
Vig — t————— AR ————— fat———— tRAS —————
RAS
ViL-
tCRP lt——tRCD ol tRSH ft-—tCHR —] tCRP
ViH—
tAs
Vi - L‘T—tRAD
tASR 1ASC
i tRAH — tcan
ViH—
ROW COLUMN
ADDRESSES ADD ADDRESS
L | ] twnp—H—b'
tRCS RRH e I«-—»—-—twnu
w
viL-
i AR —>
ViH-— —>— 1GA
G
viL-
. _’Iq—t[:AC—D —P' toFF
cLz
tRAC |‘_ lt— 1GZ
VoH
D00-D03 VALID DATA OUT
VoL - {
HIDDEN REFRESH CYCLE (EARLY WRITE)
RC oLt RC -
[ —————tRAS ——————— > | &—tRp—> tRP —=1
Vi ——_ [e—————tR———» - tRAS >
RAS -\
ViL—
lat——tRC)—— ftt———— 1CHR ———¢
> -t ——— tRSH ——~ e tCRP——
Vin— t
= /
ViL- a—tRAD
tASR taSC
RAH —{CAH
Vin—
ROW COLUMN
ADDRESSES VL - ADD ADDRESS
tWes—| |- 'WRP—H—D-I |<—>—'WRH

twp—m

NEXKRXIAXAIHKIRX,

Y-
3
ViL-

XXX HKXXXX XXX LK XXXLXXKXXHXXXXXX

Vi -
000-D03
ViL—

Pr—

v, ~ \ ;.(
e mmom Oy W

<-tus--| e 1o —a

VALID DATA iN

XXX XIKIXXXXXXKIIIXXAXARXK

l‘_' 1OHR ———————p
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

f— tRP —»]
V- tRAS
RES \
iL-
ICSR —t—>- lﬂ-—‘cn—» - tRSH
Vi — —— e HR —— - tCAS >
—_ iH
= / \
L
- RAL
tASC - — ICAH—>
Vin - COLUMN
- 7Y —— | »l— tRRH
1RCS
READ CYCLE  twpp teg! |a——tWRH fe—1cAc—> - RCH
0
YiL= - tROH
- GA
ViH-—
viL-
|<->—10FF
- 1017 52—
v —_
poooaz M HIGH Z VALID DATA QUT >—
VoL -
- tRWL
WRITE CYCLE ‘WRp w twes -t towL -
—>  [—>—tWRH -
Vig— ftt—— tWCH —>{
W 97 OO X XXX XKD
ViL— |
5 ViH-
ViL-
tps > Iq—t[m—» \
Viu —
000-003 VI: ] HIGH Z 4 VALID DATA IN ) _J
. - tAawD - 1O WL
RCS t— tRWL
READ-WRITE CYCLE
t — t
WRP —jat>d lat—3-{—tWRH CwD we
VIL“W
l-*—wx—>
| fal—ten
& Vin— 7
iL- t
G0
tCAC 1ps
1GZ— |
toLz — tDH
VIHVOH - VALID
boooo3 | HiGH Z X\ / DATAIN Y
VoL
vALID —/
DATA OUT
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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 16 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 sep-
arate 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 is followed by
CAS active transition {active =V, tRCD Minimum) for all read
or write cycles. The delay between RAS and CAS active tran-
sitions, referred to as the multiplex window, gives a system
designer flexibility in setting up the external addresses into the
RAM.

The external CAS 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 address
hold time {trAH! specification is met (and defines trcp min-
imum). The multiplex window can be used to absorb skew
delays in switching the address bus from row to column ad-
dresses and in generating the CAS clock.

There are three other variations in addressing the 1M x 4
RAM: RAS only refresh cycle, CAS before RAS refresh
cycle, and page mode. All three 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
outlined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
{ViH), trcs (minimum) before the CAS active transition, to
enable read mode.

Both the RAS and CAS 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 muitiplex
window. Both CAS and output enable (G) control read access
time: CAS must be active before or at trcp maximum and G
must be active tRAC-tGA (both minimum) after RAS active
transition to guarantee valid data out (Q) at tRAC (access time
from RAS active transition). If the tRcpD maximum is exceeded
and/or G active transition does not occur in time, read access
time is determined by either the CAS or G clock active transition
{tCAC or tGA).

The RAS and CAS clocks must remain active for a minimum
time of tRAS and tCAS respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH or tRCH after RAS or CAS inactive transition, respec-
tively, 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 _as long as the
CAS and G clocks are active. When either the CAS or G clock
transitions to inactive, the output will switch to High Z (three-
state) tQFF or tGz after the inactive transition.

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 tgp 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 to CAS in an early write cycle. RAS and CAS
clocks must stay active for tgwL and tcwyi, respectively,
after the start of the early write operation to complete the
cycle.

Q remains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers and G disabled.

A late write cycle {referred to as G-controlled write) occurs
when W active transition is made after CAS active transition.
W active transition could be delayed for almost 10 microse-
conds after CAS active transition, (tRCD+tCWD +
tRWL +2tT) <tRAS, if other timing minimums (tRcD. tRWL
and tT) are maintained. D is referenced to W active transition
in a late write cycle. OQutput buffers are enabled by CAS active
transition but outputs are switched off by G inactive transition,
which is required to write to the device. Q may be indeter-
minate—see note 15 of AC operating conditions table. RAS
and CAS must remain active for tpy and tcwL, respectively,
after W active transition to complete the write cycle. G must
remain inactive for tgH 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
a late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for tcywp minimum after the CAS
active transition, to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all 1024
column locations on a selected row of the 1M x4 dynamic
RAM. Read access time in page mode (tCcAC) is typically half
the regular RAS clock access time, tRAC. Page mode oper-
ation consists of keeping RAS active while toggling CAS be-
tween V|4 and V). The row is latched by RAS active
transition, while each CAS active transition allows selection
of a new column location on the row.

A page mode cycie 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 (V).
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The second CAS active transition while RAS is low initiates
the first page mode cycle {tpc or tprw ). 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 (pre-
viously described). These operations can be intermixed in con-
secutive 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 transi-
tions 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 will tend to
degrade with time and temperature. Each bit must be period-
ically refreshed (recharged) to maintain the correct bit state.
Bits in the MCMb514400 require refresh every 16 milliseconds,
while refresh time for the MCM51L4400 is 128 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses 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 MCMb514400, and 124.8 microseconds
for the MCM51L4400. Burst refresh, a refresh of all 1024 rows
consecutively, must be performed every 16 milliseconds on
the MCM514400 and 128 milliseconds on the MCM51L4400.

A normal read, write, or read-write operation to the RAM
will refresh all the bits (4096) associated with the particular
row decoded. Three other methods of refresh, RAS-only re-
fresh, 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, latch-
ing 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
counter that generates the row address to be refreshed. Ex-

MEMORY CYCLE

TAS BEFORE RAS
REFRESH CYCLE

ternal 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). W must be inactive
for time twRP before and time twRH after RAS active tran-
sition to prevent switching the device into a test mode 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 tp
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). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
cycle) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The intemal 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 1024 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.
Select a 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
1024 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" out and write ‘0" into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 1024 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

x)
wl

D00-DO3 —— HIGH Z

il

VALID DATA OUT

J\_/
j_
3_

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 1 DRAM. Nineteen of the

table). Test mode is disabled by a RAS only refresh cycle or
CAS before RAS refresh cycle. The test mode performs
refresh with the internal refresh counter like a CAS before
RAS refresh.

N twenty addresses are used when operating the device in test
mode. Column address AQ is ignored by the device in test
mode. A test mode cycle reads and/or writes data to a bit in Test Mode Truth Table
each of the eight 512K blocks (BO-B7} in parallel. External data - a
out is determined by the internal test mode logic of the device. o B0, B1 | B2,B3 | B4.B6 | BE. B
See truth table and test mode block diagram following. 0 0 0 0 1] 1
Test mode is enabled by performing a test mode cycle 1 1 1 1 1 1
(see test mode timing diagram and parameter specifications - Any Other 0
TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V 1£10%, Ta =0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
MCM©514400-80 MCMb514400-10
Parameter Symbol MCMB51L4400-80 MCM51L4400-10 Unit | Notes
Standard | Alternate Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 155 - 185 - ns 5
Read-Write Cycle Time tRELREL tRWC 210 - 250 - ns 5
Fast Page Mode Cycle Time tCELCEL tpc 55 - 65 — ns
Fast Page Mode Read-Write Cycle Time tCELCEL | tPRWC 115 — 135 — ns
Access Time from RAS tRELQV tRAC — 85 - 105 ns 6,7
Access Time from CAS tCELQV tcac — 25 — 30 ns 6,8
Access Time from Column Address : tavav tAA — 45 — 55 ns 6, 9
Access Time from Precharge CAS tCEHQV tCPA - 50 - 60 ns 6
g RAS Pulse Width tRELREH tRAS 85 10,000 105 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH tRASP 85 200,000 105 200,000 ns
RAS Hold Time tCELREH tRSH 25 — 30 — ns
CAS Hold Time tRELCEH tCSH 85 - 105 — ns
CAS Pulse Width tCELCEH tCAS 25 10,000 30 10,000 ns
Column Address to RAS Lead Time tAVREH tRAL 45 — 55 — ns
CAS to Write Delay tCELWL tcwD 55 - 65 — ns 10
RAS to Write Delay tRELWL tRWD 115 - 140 - ns 10
Column Address to Write Delay Time tAVWL tAWD 75 — 920 - ns 10
TAS Precharge to Write Delay Time {Page Mode) tCEHWL | tcPwD 85 - 95 - ns 10
G Access Time tgLQV tGA — 25 - 30 ns
‘G Command Hold Time WLGL tGH 25 - 30 - ns
NOTES:
1. V) min and V| max are reference levels for measuring timing of input signais. Transition times are measured between V|4 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
transition between V| and V| (or between V| and ViH4} in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for trc (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <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 set at
VoH=2.0V and Vg _=0.8 V.
7. Assumes that trcp <trcp (max).
8. Assumes that tgcp 2trcp (max).
9. Assumes that tRop=tRAD (Max).
10. twcs: tRWD: tCwD: tAwD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
PN characteristics only; if tyycs Ztwcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)

throughout the entire cycle; if tcwp =tcwp (min), trRwp = trwp (min), tawp =tawp (min), and tcpwp 2 tcpwp (min) (page mode),
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.
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TEST MODE BLOCK DIAGRAM
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TEST MODE CYCLE
(G and AD to A9 are Don’t Care)
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ORDERING INFORMATION
{Order by Full Part Number)
MCM 514400 or 51L4400 X XX XX
Motorola Memory Prefix _‘_— Shipping Method {R2=Tape & Reel,
Blank = Rails)
Part Number

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

Package (J = Plastic SO with J leads,

Z = Plastic ZIP)
Full Part Numbers— MCM514400J80 MCM514400J80R2 MCM514400Z80
MCM514400J10 MCM514400J10R2 MCM514400Z10

MCM511L4400J80 MCM511L4400J80R2 MCM5114400Z80
MCM51L4400J10 MCM51L4400J10R2 MCMb51L4400Z10

Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola
does not assume any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola products are not authorized for use as components in life support devices or systems
intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to natify Motorola of any such intended end use
whereupon Motorola shall determine availability and suitability of its product or praducts for the use intended. Motorola and @ are registered
trademarks of Motorola, inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action Employer.
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PACKAGE DIMENSIONS

J PACKAGE
PLASTIC
CASE 822A-01

MILLIMETERS INCHES N
MIN | MAX | MIN_ ] MAX
1702 | 1727 | 0670 | 0.680
877 | 901 | o5 | 0366
326 | 375 | 0128 [ 0148
041 | 050 | 0016 [ 0020
224 | 248 | 0088 [ 0098
067 | o081 [ 0026 [ 0032
1.27 B5C 0.050 BSC
064 | — [o008] —
254 BSC 0.100 BSC
089 | 114 [ 0035 | 0.045
966 | 990 | 0380 | 03%
788 | 825 | 0310 | 0325
077 [ 101 | 0030 [ 0040

Sl s el Fam
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NOTES:

L 18 (0.
L
; ‘ | . DIMENSIONING AND TOLERANCING PER ANS|
| B b E Y14.5M, 1982,

E 0.10 {0.004} . CONTROLLING DIMENSION: INCH.

K DETAWIL Z | -T- ] SEATING PLANE . DIMENSION A & B DO NOT INCLUDE MOLD
R S o PROTRUSION. MOLD PROTRUSION SHALL NOT

[#Hoswnn® [T[AG] 0] EXCEED 0.15 (0.006) PER SIDE.

. DIMENSION A & B INCLUDE MOLD MISMATCH
AND ARE DETERMINED AT THE PARTING LINE.

. DIM R TO BE DETERMINED AT DATUM -T-.

. FOR LEAD IDENTIFICATION PURPOSES, PIN
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED.
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- . Z PACKAGE
| ZIG-ZAG IN-LINE MILLIMETERS INCHES |
— r CASE 836-02

MIN | MAX | MIN | mMax
2553 | 2590 | 1.005 | 1.020

850 | 889 | 033 | 035
275 | 294 | 0108 | 0.6
045 | 055 | 0018 | 002

1.27 BSC 0.050 BSC
244 | 264 | 0097 | 0103 TN
023 | 033 0009 | 0013 :

318 | 355 | 0125 | 0140
0,64 BSC 0.025 BSC
v | & | o [ @
089 | 139 | 0035 | 0.055
966 | 10.16 | 0.380 | 0400

n

T o
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NOTES

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION “H"” TO CENTER OF LEAD WHEN
FORMED PARALLEL.

. DIMENSIONS “A”, “B", AND “S"” DO NOT
INCLUDE MOLD PROTRUSION.

. MOLD FLASH OR PROTRUSION SHALL NOT
EXCEED 0.25 (0.010).
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