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TECHNICAL DATA

Advance Information

16M CMOS Wide DRAM Family
Fast Page Mode, x16

The family of 16M Dynamic RAMs is fabricated using 0.5u CMOS high—speed sili-
con—gate process technology. It includes devices organized as 1,048,576 sixteen—bit
words. Advanced circuit design and fine line processing provide high performance,
improved reliability, and low cost.

The x16 with 4096 cycle refresh (MCM516160B) requires 12 address lines (12 rows,
8 columns), while the x16 device with 1024 cycle refresh (MCM518160B) requires only
10 address lines (10 rows, 10 columns).

These devices are packaged in a standard 400 mil JHead small outline package
(SOJ) and a standard 400 mil thin—smali—outline package (TSOP).

Single 5 V 1 10% Power Supply

Three—State Data Outputs, x16 Configuration

Fast Page Mode

TTL-Compatible inputs and Outputs

RAS-Only Refresh

CAS Before RAS Refresh

Hidden Refresh

4096 Cycle Refresh:

MCM516160B = 64 ms

¢ 1024 Cycle Refresh:
MCM518160B = 16 ms

o Fast Access Time (tRAC):
MCM51xxxxB—60 = 60 ns (Max)
MCM51xxxxB~70 = 70 ns (Max)

¢ Low Active Power Dissipation:
MCM516160B-60 = 523 mW (Max)
MCM516160B-70 = 440 mW (Max)
MCM518160B-60 = 1018 mW (Max)
MCM518160B-70 = 853 mW (Max)

« Low Standby Power Dissipation:

All Devices = 11 mW (Max, TTL Levels)

All Devices = 5.5 mW (Max, CMOS Levels)

1M x 16

MCM516160B

Fast Page Mode
4096 Cycle Refresh

MCM518160B
Fast Page Mode

1024 Cycle Refresh

J PACKAGE
400 MIL SOJ
CASE 986A-01

T PACKAGE
400 MIL TSOP I
CASE 985A-01

This document contains information on a new product. Spacifications and Information hersin are sublect to change without notics.

© Motorola, Inc. 1996
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PIN ASSIGNMENTS

400 MIL SOJ 400 MIL TSOP
vecll 1 @ 4] vss vecQ1e 50 P Vss _
nao 4 2 49 ) pais
oof] 2 41 [] pats pat1 g3 48 P pats
pa1(] 3 4[] oats paz 04 47 f DQ13
Da3 s 4 [ pa2
0a2[] 4 38 ] oa13 Voo 06 45 D Vg
DQ3[] 5 38 [] ba12 0Q4 g 7 44 [ pan
pas Qs 43P DQ10
vecll 6 a7 ] vss pas 09 42 P pas
DQ4[] 7 3 [J ban 0az g 10 41D pas
NC O 11 40P NC
Das(] 8 35 [] pQ1o
pas(] o 34 [] pae
NC O 15 3P NC
par{l 10 33 [] bas
| ! NC [ 16 35 [ [CAS
NC ] 11 2 NC wQ 34 1 UCAS
RS RAS [ 18 BpE
Ne(] 12 3t [} CA ANRNC' [ 19 32 1 AGR/AG*
71 RE] 30 |] UCAS A10RNC* [ 20 31 [ ASR/AS*
A0 0 21 300 A7
RAS(L 14 208 A Q22 290 As
ATIRNC' [| 15 28 [] AoRiAg® A2 23 280 A5
A10ANC*[] 16 27 [] AsR/Ag* A3l 24 7] M
vec 4 25 26 P Vgs
aof] 17 26( a7
Atl| 18 2] A6
a2[] 19 241} A5
A3l 20 23[] A4
veel] 21 22 ] Vss
*4096 Cycle Refresh or 1024 Cycle Refresh (R Suffix = Row Address)
PIN NAMES
AO-A11 ............. Address Input | LCAS ....... Column Address Strobe
DQO-DQ15....... Data Input/Output | UCAS ...... Column Address Strobe
G .. OutputEnable | Voo ........... Power Supply (+ 5 V)
W ReadWriteEnable | V§g ..................nuees Ground
RAS ........... Row Address Strobe | NC ................. No Connection
MCM516160B-MCM518160B MOTOROLA DRAM



BLOCK DIAGRAMS

MCM516160B BLOCK DIAGRAM
1M x 16, 4096 CYCLE REFRESH

DG1 DQ3 DQ5 DQ7

DQ8 DQ10 DQi2 DQ14

D%O thz Df4 Dfs Dfsonm DQ15
Vee Vss
G
8 8 T 8 8
VOLTAGE DOWN DATA IN DATAQUT [®—® DATA OUT DATA IN
CONVERTER BUFFERS BUFFERS |o o o] BUFFERS BUFFERS
[ l ! 3 3 3
W o-+—¢ \ 8 /e\ v /a\ 8
g \
L | | ]
UCAS O—1 NO.20LOCK
[CAS O—w| GENERATOR [
COLUMN 4 COLUMN
8 ADDRESS 8 DECODER
A0 O— BUFFERS (8) SENSE AMP 4
Al Q=i »- I/O GATE
REFRESH  [* 'y T
A2 O— CONTROLLER |
A3 O—» + 256 x 16
[ X 1]
A4 O— REFRESH
COUNTER (12) RAll vy
A5 O—tn »
« -
Ot 12
A6 za e MEMORY ARRAY
12 OQ | ¢ 4096
A7 O— ROW €3 | e 4096 x 256 x 16
8 ADDRESS e >
BUFFERS (12) >
ABR O—
4 SUBSTRATE BIAS |*—O Vss
ASR O—b~ ’ GENERATOR le—0 V(o
e ] L IR
A1IR O———bn
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MCM518160B BLOCK DIAGRAM
1M x 16, 1024 CYCLE REFRESH

DOt DQ3 DQ5 DQ7

DQ8 DQ10 DQ12 DQ14

D?o sz ?4 Dfs 11 15
vee Vss
[]
8 8 I 8 8
VOLTAGE DOWN DATAIN DATA OUT DATA OUT DATA IN
CONVERTER BUFFERS BUFFERS  |q—o BUFFERS BUFFERS
[ [ l [ A )
W 09— \ 8 /s\ V2 8 8
J
g \
| I |
UCAS 0—={ No.20LOCK
[CAS o—e GENERATOR
COLUMN COLUMN
A0 O—] 10 )|  ADDRESS 1¢> DECODER
BUFFERS (10
Al O—s (19 SENSE AMP 4
- /0 GATE
A2 O—- REFRESH  [% I3 Y)
CONTROLLER e
A3 O—e T 1024 x 16
M o_. 00
REFRESH
A5 O—f COUNTER (10) S Al
A6 O—= 10 ; ST  wmemony
A7 O—u ROW 10 § o 1024 ARRAY
& 1024 x 1024 x 16
A8 O—o ADDRESS >
BUFFERS (10) >
A9 Ot 10 1
SUBSTRATE BIAS [*—O Vss
) GENERATOR  |e—0 Voc
NO.1CLOCK [
RAS © ®1 GENERaTOR
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit This device contains circuitry to protect
~ the Inputs against damage due to high
Power Supply Voltage Vee 0510+7 v static voltages or electric fields; however, it
Voitage Relative to Vgg, Vin: Vout | -0.5to Vg + 0.5 v is advised that normal precautions be
~ Any Pin Except Vcc taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to this
high-impedancs circuit.
Soldering Temperature x Time Tsolder 260 x 10 ‘Cxs
Power Dissipation MCM5161608 Pp 0.95 w
MCM518160B 1.3
Operating Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg ~-55to + 150 °C
NOTE: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recommended voltages for
extended periods of time could affect device reliability.
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0V £10%, Tp = 0 to 70°C, Unless Otherwise Noted)
RECOMMENDED OPERATING CONDITIONS (All voltages referenced to Vgg)
Parameter Symbol Min Typ Max Unit
Supply Volitage (Operating Voltage Range) Vee 45 5.0 5.5 v
Vss 0 o 0
Logic High Voltage, All Inputs VIH 2.4 —_ Vce +0.5" v
Logic Low Voltage, All inputs VIL -0.5" — 0.8 v
* Ve + 2.0V at pulse width < 20 ns (pulse width is measured at Vo).
** ~2.0 V at pulse width < 20 ns (pulse width is measured at Vgg).
DC CHARACTERISTICS AND SUPPLY CURRENTS (All voltages referenced to Vgg)
MCM516160B-60 | MCM516160B-70
MCM518160B-60 | MCM5181608-70
~ Characteristic Symbol Min Max Min Max Unit | Notes
Ve Power Supply Current (tR¢ = tRc Min)  MCM516160B—xx | IcC - 95 — 80 mA 1,2
MCM518160B—xx —_ 185 — 155
VSE Power Supply Current (Standby) (RAS = UCAS = Icc2 — 2 — 2 mA
= ViH)
Ve Power Supply Current During RAS Only Refresh Cycles lcca mA 1,2
( = LCAS = Vi, trc = trc Min) MCMS16160B—xx — 95 — 80
MCM518160B—xx —_ 185 — 155
Ve Power Supply Current During Fast Page Mode Cycle Icca - 85 — 75 mA 1,2
(F&% =Vi)
Ve Power Supply Current (Standby) lccs — 1 - 1 mA
(%=UCIS_=L—CTS-=VCC—O.2 V)
Ve Power Supply Current During CAS MCM516160B-xx | Icce - 95 - 80 mA 1
Before FIAS Refresh Cycle (trRc = tRc Min) MCMS518160B—xx - 185 —_ 155
Input Leakage Current (0 V < Vin < Vee) likg(1) -10 10 -10 10 MA
Output Leakage Current (0 V < Vgt S Ve, Output Disable) lkg(O) -10 10 -10 10 HA
Output High Voltage (lon = — 5 mA) VOH 24 — 24 — v
Output Low Voltage (IoL = 4.2 mA) VoL — 04 — 04 \
NOTES:
1. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
2. Address may be changed once or less while RAS = V|L_. In the case of I, it can be changed once or less during tpc.
CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Vg = 5 V, Perlodically Sampled Rather Than 100% Tested)
Characteristic Symbol Max Unit
Input Capacitance A0 -AN Cin 5 pF
G, RAS, UCAS,LCAS, W
e Input/Output Capacitance (UCAS, LCAS = V| to Disable Output) DQO-DQ15 | Cout pF

NOTE: Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = | AVAV.

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

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

MCM516160B—60 MCM516160B-70
Symbol MCM518160B—60 MCM518160B-70
Parameter Std Alt Min Max Min Max Unit | Notes
Random Read or Write Cycle Time tRELREL trc 110 — 130 — ns 5
Read-Write Cycle Time tRELREL | tRweC 155 — 180 - ns 5
Access Time from RAS tRELQV tRAC — 60 — 70 ns | 6,7
11,12
Access Time from CAS tcELQV tcAC — 15 —_ 20 ns | 6,8,
1
Access Time from Column Address tavav tAA — 30 — 35 ns 6,9,
12
Access Time from Precharge CAS tCEHQV tcPa — 35 - 40 ns 6
[TAS 10 Output in Low-Z tCELQX tcLz 0 —_ 0 - ns
Output Buffer and Tum-Off Delay {CEHQZ toFF 0 18 0 15 ns 10
Transition Time (Rise and Fall) T lag 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 40 — 50 — ns
RAS Pulse Width tRELREH | tRAS 60 10k 70 10k ns
RAS Hold Time tCELREH tRSH 15 — 20 — ns
TAS Hold Time tReLcen | tcsH 60 - 70 — ns
CAS Pulse Width tceLceH | tcas 15 10k 20 10k ns
RAS to CAS Delay Time tRELCEL | 'RCD 20 45 20 50 ns 1
HAS to Column Address Delay Time tRELAV tRAD 15 30 15 35 ns 12
CAS to RAS Precharge Time tceHREL | tcrp 5 — 5 — ns
TAS Precharge Time tceHcEL | tcp 10 —_ 10 — ns
Row Address Setup Time taVREL tASR 0 - 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 - ns
Column Address Setup Time tAVCEL tasc 0 —_ 0 -— ns
Column Address Hold Time 1CELAX {CAH 10 — 15 - ns
Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — ns
Read Command Setup Time tWHCEL | tRCS 0 — 0 — ns
NOTES: {continued)

1

3.

[, 0F -3

-t
QW™

12.

. VIH (min) and Vyi_ (max) are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).
2.

An initial pause of 200 ps is required after power~up followed by 8 RAS cycles befors proper device operation is guaranteed. In the case
of using intemal refresh counter, a minimum of 8 CAS before RAS refresh cycles, instead of 8 RAS only refresh cycles are required.

The transition time specification applles for all input signals. In addition to mesting the transition rate specification, all Input signals must
transition between V{4 and V|_ (or between V| and V|4) in a monotonic manner.

. AC measurements tT = 5.0 ns.
. The spacification for trc (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta

£ 70°C) Is ensured.

. 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 Vo =2.0V

andVoL=0.8V.

. Assumes that trcp S tRcD (max).
. Assumes that tRcp 2 tRCD (max).
. Assumes that traD 2 tRAD (max).
. toFF (max) and/or tgz (max) define the time at which the output achieves the open circuit condition and is not referenced to output voitage

levels.

- Operation within the trcp (max) limit ensures that tRac (max) can be met. trep (max) is specified as a reference point only; it tReD

Is greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAG.
Operation within the tRap (max) limit ensures that tgac (max) can be met. tRap (Max) Is specified as a reference point only; if trAD
is greater than the specified trap (max), then access time is controlled exciusively by tAA.

MCM516160B-MCM518160B MOTOROLA DRAM
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ALL DEVICES: READ, WRITE, AND READ-WRITE CYCLES (Continued)

MCM516160B-60 MCM516160B-70
Symbol MCM518160B-60 MCM518160B-70
Parameter Std Alt Min Max Min Max Unit | Notes

~ Read Command Hold Time Referenced to CAS tIcEHWX | 'RCH 0 - 0 - ns 13

Read Command Hold Time Reterenced to RAS tREHWX | tRRH 0 — 0 - ns 13

Write Command Hold Time Referenced to CAS tcELWH | tweH 10 - 15 — ns

Write Command Pulse Width WLWH twp 10 - 15 — ns

Write Command to RAS Lead Time tWLREH | tRwiL 15 - 20 - ns

Wirite Command to CAS Lead Time twLced | towo 15 — 20 - ns

Data in Setup Time tDvCEL tps 0 - 0 — ns 14

Data In Hold Time {CELDX tOH 10 - 15 - ns 14

Refresh Period MCM516160B | trvRv tRFSH — 64 — 64 ms

MCM5181608B — 16 - 16

Write Command Setup Time tWLCEL | twes 0 - 0 - ns 15

CAS to Write Delay tcetwL | toewp 40 - 45 - ns 15

RAS to Write Dslay tRELWL | RWD 85 - 95 - ns 15

Column Address to Write Delay tAVWL tawp 55 - 60 - ns 15

TAS Precharge to Write Delay tcenwL | tcpwo 80 — 65 - ns 15

TAS Setup Time for CAS Before FAS Refresh tceLcer | tcsm 5 — 5 - ns

CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 10 — 15 — ns

RAS Precharge to CAS Active Time tReHcEL | tRPC 5 — 5 - ns

CAS Precharge Time for CAS Before RAS Counter | tceHceL | tcpT 20 - 30 — ns

Test

RAS Hold Time Referenced to G tGLREH | tROH 10 - 10 - ns

G Access Time taLav 1GA — 15 — 20 ns 6
—_ G to Data Delay tGLHDX tap 15 —_— 15 — ns

Output Butfer Tum-Off Delay from G tGHQZ taz ] 15 0 15 ns 10

G Command Hold Time tWLGL 1GH 15 — 15 - ns

Output Disable Setup Time tGHCEL taDs 0 —_ 0 — ns

Fast Page Mode Cycle Time tCELCEL tpc 40 - 45 - ns

RAS Hold Time from CAS Precharge tCEHREH | ‘RHCP 35 — 40 — ns

(Fast Page Mode)

Fast Page Mode Read-Write Cycle Time tcELCEL | tPRWC 85 — 85 - ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 80 200 k 70 200 k ns

NOTES:

13. Either trRH or tRCH must be satisfied for a read cycle.

14. These parameters ara referenced to UCAS or LCAS leading edge in early write cycles and to W leading edge in late write or read-write cycles.

15. twes. tRWD: tcwWD. tAwD. and tcpwp are not restrictive operating parameters. They are included in the data shest as electrical
characteristics only; if twcs 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circult (high impedance)
throughout the entire cycle; it tocwp 2 tcwpD (min), tRWD 2 tRwD (min), tawD 2 tawD (min), and tcPpwp 2 tcPpwp (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.

MOTOROLA DRAM MCM516160B.MCM5181608
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TIMING DIAGRAMS

READ CYCLE
, tRC
e
mAs M \ tRAS \ \
ViL— D
- lcsH
'chp —— tpcp —fe—————— IRsH e— tcRp —
TS, [CAS Vi — \“— ‘cas — '/
v_ ]/ N\ /
L <+—Rap =
tRAL >
- fa— RAH - CAH
V' J— .
ADDRESSES v'“ ><><X>§ ROW COLUMN
L—
—»  |e=!gcH
t
'ncs RRH
WM |
v le——— 'ROH ——
"'GA"
ATTXXXTX KK
ViL—
o[ lcA— et torr
- RAC e tgp——

v la—'01L2
pQo-pats OH ™ HIGH-Z DATA OUT }

MCM516160B.MCM518160B MOTOROLA DRAM
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UPPER BYTE READ CYCLE

- tRC
- tRAS > |«— tRp —>
VIH — s
RS \ / \
ViL —
- IcsH »
ICRP = ¢—— IRCD ——»}&—— IRgH ja— tcRp —
VH — le— ICAS —
s / \ /7
ViL —
ICRP—= - »|-tRPC
=S XK OO
L= < tpap —
IRAH —# ja— {RAL >
1ASR —f—» ASC —f  fa— tCAH

Viv — v a
ADDRESSES )<>O<X>§ ROW 5@ COLUMN ><><><><><><>
ViL — .

—»|  |e—IRCH
tRCs » tRRH
Vi —
7~ XXX XX N XXX
ViL — le— 1ROH —
fae——— [ tAA
- {GA
w — XOO0OCOOOCOOOIKN XXX XXX
g ViL — X
DQO-DQ7 Vo — OPEN
VoL —
[~ 1CAC — loFF
tRAC > le—— 1G7 ——
VOH — N's
DQB - DQ15 VOH OPEN @( DATA OUT D
oL — x
tcLz >
MOTOROLA DRAM MCM516160BeMCM518160B
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LOWER BYTE READ CYCLE

1RC
- tRAS le—— 1RP ——
Vi —
RS N
ViL — x
icRP —f= tRPC
Vig —
w1 (XX NAXXXXXX
ViL —
- tCSH »
'CRP —= —— 1RCD —ﬁ——— 1RSH e— ICRP —o
la— CAS —m
s T ’\\
viL —4/ [<— 'RAD —
tRAH —joel  (@— RAL, ————»
tASR ASC—o (e [ 'CAH
Vi —
viL —
le—RCH
tRCS 1RAH
Ty S RKXAXXXXXX
viL — le— ROH —
- 1AA |[——od
g
ViH —
3y~ XXXXXXX XXX XN XXXXXX)
ViL —
la— iCAC -~ “——— toFF
- 1RAC le—— G2 —»
Vi -—
0Q0-pa7 oM OPEN DATA OUT }
VoL —
toLz -
pos-pats OF T OPEN
VoL —
MCM516160B-MCM518160B MOTOROLA DRAM
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WRITE CYCLE (EARLY WRITE)

s (=To} >
tRAS le—— AP ——m
w0 \ / \
RAS
ViL —
tcsH
{CRP = le———— tRCD ————»}e—— 'RSH > la— ICRP ——]
VRS, GRS / \
L —
ASR A e TRAL —
tasc "o
ADDRESSES \\’I'“ - ROW COLUMN ><><><><>O<><><
L —
l-— 1RAD
- Wl ————»
WCS e WCH
_ ViH — twp| ——
RWL =,J
5w _ XOOOOOO0X XXX X XXX AXKK)
viL —
DS —<—>I 'd—h— 1pH
VoH —
s ~ XXX o X XXXXKKIXIKK
VoL —
UPPER BYTE WRITE CYCLE (EARLY WRITE)
- tRC
ViH — 1 » N
RAS ViL — \' " Z \__
) la—— tRp ——
fa—————— IS —————————»
tcap «—— {RCD ———»a———— tRSH l«— ICRP —
ViH — a— 1CAS ——
UCAS /
viL — \\ E
v ICRP - tRPC
H—
s XAXX
iL — RAH ™| [*— [ {RAL »
1ASR tasc - | CAH
Vi —
i JOOOOCKKCKKKXIX
iL—
le— tRaD I
o tCWL
y Wes - twCH
w o — OO OO XXX
iL —
tRWL »]
5 _ OOOKXX YXXXXXXXXXXXK?
ViL —
v ps --'| F——- 1DH
i —
MOTOROLA DRAM MCM516160BsMCM518160B
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LCAS

ADDRESSES

=

ADDRESSES

DQo-DQ1S

LOWER BYTE WRITE CYCLE (EARLY WRITE)

s RC
'RAS je— P —
VIH — Z N
Vi — \' \i
ICRP —J 1RPC
" ‘WW
ViL — tcSH
{CRP 1 le——— 'RCD ———»1@—— RSH > e— {CAP —
ViL — _/ \ /
tRAH —1o |a— [ tRAL >
tASR f= tasc f.— ICAH
- = YOOOKXXXRK.
viL —
ln— tRAD
- tcwL ———»
twe twCH
= OO | ><><><><><><><><><><><><><
viL —
fRWL
ViL —
DS --—4 ha—a— 1H
ViH —
RXXKXRRIN_oman HKOOORKIIRKIKKXK
viL —
WRITE CYCLE (G CONTROLLED WRITE)
- tRC
tRAS »| |e—— IRP —»
VIH — g
viL — \ Z \
- csH
ICRP —j »| [@—— RCD ———»1e+—— {RSH > l—— ICRP ——
VIH — \t—— IcAs — / /I‘
ViL —4/ Le— 1RAD \
1RAH f— - RAL >
tASR —J tAsCc —o [ tCAH
VIH — A £ R
X o oo JKOOCIRIKEKKK
ViL — *
le— 1CWL —-I
la—— tRWL ——»
N W>O<><><><><><><><><>CQ
ViL — B
1GDS —Jee
e~ LOOOOXXXXXY ‘<><><><><><><>O<><>O<><><><>Q
viL —
tps
V -_—
o ~TXXRXKXRXRA o KKK KX EXEKEXEX
VoL —

MCM516160BsMCM518160B
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ADDRESSES

DQ8 - DQ15
VoL —

UPPER BYTE WRITE CYCLE (G CONTROLLED WRITE)

'RC
- 'RAS la— {RP —
Vi — \ N\
viL—
ICSH
iCRP e—— RCD - 1RSH [+ lorp —»
Viy — —— 1CAS ——
ViL — \\
I.. CRP 'RPC
"o NEAXXXAX,
ViL — fe— 1RAD —
pioa iy
tASR tAsC —™ = tcAH
ViR —
fa— 1CWL —4
f———— tpyL ———»
- W&
ViH — )
ViL — N
taos —»| fe— GH
e — QOOXXXXXX NOQOXXXXAIXXXX
iL —

tos —>{Fe—

e tpy —

DATAIN

XXXXXXXXAXXAXA

MOTOROLA DRAM
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ADDRESSES

DQo - DQ7

UCAS, [TAS

ADDRESSES

DQ0 -DQ1sS

LOWER BYTE WRITE CYCLE (G CONTROLLED WRITE)

y tRC
W= tRAS e N
iL — ‘
tcrp tRPC
viL — csH
tcRP le—— RCD ——» tRSH » | toP -
VIH — 7 \\-— ICAS —— / /r
ViL — lt— tRAD —
\RAH ht— tRAL
tASR —‘—_:r 1ASC —» |a— {CAH
ViH — -
viL — S
-— oWl —-l
Ja———— tRWL ———m
"~ e 14><><><><><><><><><><><><>@
L = GDs ——‘ —
. OO WWWX)OOO(
ViL — tps —-H
tDH —»
VIH —
OORXRRKKIKLIIIA o IKTHKKIAKKKIIRKK
viL —
READ-WRITE CYCLE
tRwC
—_ »
ViH \ tRAS
ViL — 7 \
ICRP tosH — 1P
tRCD e tASH > ICRP
VH — 1CAS -
vy — ft— 1RAD —
v tgAH—™ j-— —> F— tCAH
H—
| /
|
tAWD <-—4— WL
tRCS > la—— 1CWD ———»| l&— tRwL
ViH — 7 - twp
"~ XXX = — 3
- 'RWD
a— {GA
" XXX |
ViL — A - G 4
0 DH
y ‘-———— tRAC — bt—1pg
H =
v OPEN DATA N >O<
L tCAC th—'.' fg——
Vor — tciz —™ -
OPEN DATA QUT E
VoL —

MCM516160BsMCM518160B
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UPPER BYTE READ-WRITE CYCLE

tRwC >
- 'RAS > - »—1RP

VIH — 3

RAS Vil — \ 1-/ \_

- 1CSH >
la—— 1RCD tRSH

> tcap

— 3 - tcAS -
./ N [/
cRr ™™ —1—1 l-—tnpc

tASR—™] et — — tASC
— ja— — lt— tCAH

VIH — 2
ADDRESSES | m ROW }@( COLUMN

tawd > | > iCWL
a———————— WD ——————»{ [e— RWL —:I
VIH — N\
"y — XXXXXXXX \
ViL — f— tan ——
tRWD
o tGA
5 g~ JOOXX A
VIL — A 1GD
'DH
la———— 1RAC > —> le— tpg
o —
OPEN DATAIN W
ViL — - 7
— |t
D8 - DA15 < cAC oz
oLz —™ B
VoH —
y OPEN DATA OUT ;
\OL F
ViH —
OPEN
ViL —
DQO - DQ7
V, —_
Or OPEN
VoL —
MOTOROLA DRAM MCM516160BsMCM518160B

15



LOWER BYTE READ-WRITE CYCLE
- 1RWG
- 1RAS = tRp
ms o N F X
viL —
e [ tRPC [
V| —
= XK Vo0
ViL —
tcRP—> -
tcsH
la«——— RCD ol tRSH ICRP
- - - icas
cAS VH 7 \ /
ViL — a— 1RAD —9]
tASR —-I - —» |e tasc
tRAH—™] ja— — lt—tCAH
VIH — -
ADDRESSES ' _ ROW }@( COLUMN
o tawp - iCWL -—I
e————— ICWD —— ] e tRWL —
trCcs ls— WP
W ViH —
iL— M:XX: —— ) —
- (RWD iy
fa— 1GA
= ViH — /L
iL — 3 1GD
tbH
l«— RAC > —] le—1pg
VH — 3
oo XXXXKKKKX
ViL — 7
DQO - DQ7 tcAC —»| |e—1Gz
toz ™ B
V J—
o OPEN DATAOUT
VoL — A
ViH —
OPEN
iL —
DQ8 - DQ15
VOH —
OPEN
VoL —

MCM516160BeMCM518160B
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FAST PAGE MODE READ CYCLE

RP—™ [
ViH — " 'RASP >
iL = \ Z —
je——— IPC —— e 1PC —— ] |a— 'RSH —o»
l&— RCD - {RHCP ——
—-I - ICRP e ICP > le—icRp
- e {CAS icas —\ [% ICAS
T L TN N "V
VIL — igap +—= e ICp
- ICSH - - RAL ——
— tasc —n lasc — a— ASC
— —1 AH ft—
, 'ASR r CAH -—'CI 1™ tCAH
ADDRESSES v‘: Xx ROW §®§ COLUMN 1 | COLUMN2 ><XX>§ COLUMN N
Icl—lﬂcs “LtRCS
tes ™| e [ tReH — |1~ - |e—tRCH
_ViH— X
Vi = M% ke ROH %2
— faA —b — s —» e——|tAA —o o | te—IRRH
«—— IcPA —» [@—— ICPA >
th\ f(]‘aA Ga
& ViH — \
ViL — /
l‘— RAC 'cac tcac —lq——
OFF ‘OEF —»| |&—OFF
tC/\C tGZ tGZ
oLz — —> tcLz ez az
V H — p'
DQO-DQ15 O Dout 1 Dout 2 DoutN  p——
VoL — A
MOTOROLA DRAM MCM516160BeMCM518160B
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FAST PAGE MODE BYTE READ CYCLE

tRP
- 1RASP >
ms N N -
ViL —
- P —— ] ja— tRSH —
le— RCD la——— tRHCP ———»
tCRP e 1cp —
— Vi — \\- ICAS = 2 \‘- iCAS
viL — 1RAD l———— tpg ————»
—-1 pat1— 1CRP tcAS - ICP o tnpc—L
Vi —
[CAS -1 [* Rad \ /
ViL — | 7 - t  —
I fosH RAL
CAH—* le— | CAH f— tasc
tASR —» —» I‘—"ASC —- tasc —do je—tcAH
VIH — A
ADDRESSES ROW >®< COLUMN 1 COLUMN 2 | COLUMNN
L 1 l‘—tRCS I‘-—tncs
tacs —>| tRCH ] tRCH —™] taen P [+
viL —
e— tAp —>] taa —» W —» 1RRH
@« ICPA —» |e—— tCPA|—»
P R | lgA s tGa
e \ |/ \ N | A
viL — “—
tcacT -
toLz— ‘6z
Vou —
oy ' )
VoL — tRAC 2
(CAC P je—loFF tcac—e —» ja—OFF
oz ™ 'az ez - laz
VOH — K z
DQB—DQ15 Dout1 Dom N
VoL — ¢ b
MCM516160B.MCM5181608 MOTOROLA DRAM
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

\ tRp—T*
VIH — — RASP >
mAS \_
viL — j/
la—————— P ————wle———— IPC ———» |#— IRSH —m
a— 1RCD ICRP het—
F—tCRP - ICAS -] e CAS >
UCAS, [CAS VH — ‘ \\ \
VIL _ —i  p— IRAH .
tcsH tRAL >
—> 1asC a— tASC
tasR ™ I tCAH ICAH a1 tCAH
ViH —
ADDRESSES v ROW §®§ COLUMN 1 §<XX>< COLUMN 2 COLUMN N
iL—
RAD -I-——— tewL ——l fowL ——I ld— lCWL ——l
fRWL —»
twes™™™ [ twes™™™ [T twes —> +
tweH - WCH tweH
VH — wp —a - WP -» ﬁ- Wp >
"~ QOO KOO
viL —
ViH —
[¢]
viL —
toH tDH - »- 1DH
tps T ps~ T > Ips
VoH — )
b0o-oas Dt Dn2 onn— OXXKXX X
VoL —
MOTOROLA DRAM MCM516160Be.MCM518160B
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE)

[

tRP
'RASP
ViN —
RS \ N
iL —
«——— PC ——— pje——— IPC ———]

r+— 'RCD - »— iCP e icP »{ |@— tRSH —
- ICRP - 1CAS e 1CAS - «—ICRP

e i tcas 1= > —’l —tArC
Vig — -
tcas —-b‘l:—tRAH \ / w
ViL — tCSH tRAL >

K
o |attasc —»  e—tsc | —»f tASC

tasr—™ M - 1CAH ICAH <> 1CAH

Vig —
ADDRESSES V'I': ~ ROW §®§ COLUMN 1 §<XX>§ COLUMN 2 §<ZX>§ COLUMNN X><><><>0<><><
tRAD -lq—-— towL ——-—‘ towL ——I J—- icwL ——‘

tRWL —

twes™™ [ Wes = twes— [*—
tweH — tWCH WCH

(o]

" XXXXXKAXXRIXXKXXXIN
ViL —
l tns ""l |“ tDH - | l

ViH — N

L=

tDS—d—-‘ ‘4——— DH (Ds—d—bl L——D—‘DH
Vig —
ViL — K y

MCM516160BsMCM518160B MOTOROLA DRAM
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FAST PAGE MODE READ-WRITE CYCLE

Rp —fe—
- 1RASP >
 VH -} ¢ CSH ———»
RAS x N\
viL -
- RCD e— icp tCRP >
N tPRWC - IPRWC ————»f tr tRSH
VIH — <— 1cAs —™ [ tcas —™ lcas ——»|
H
UCAS, ICAS \ / X / N ICAH /
IL = 1papfe 3
‘RAH‘i: cp -
tasr >+ tcaH tcAH IRAL >
tASC | "0 — “I_tASC
\ -
ADDRESSES coL.1 coL.2 X><><><>< COL.N X><><><>< ><><
ViL - C
ROW - tRWD — F— tcwp ——» IcPWD ———»
e— CWD —w» e ICPWD ————» «—— towp —> tRWL
RCS Fe—IlowL
_ ViR -
Y- W \ 1‘/ \ \
IL - tawp — "R tawp ——» N tawp ——»
1Ap —T- » tCWL—L o~ | A — tewL— - thy —
tGA — t— l— iGA fa— iGA
WP~ |Fe— twp —p - twp
- N / /
viL - i —» |a—1ps
tGD— e tgpy —= '6D| | fe— tocpA —»]
= RAC T™1 | | > Fa—10s  |e1ac»f | [-=] la—1tns ‘a0 —
S tCAC —1= - -
VIH - ICAC
; Dint [— D2 [y— DN p———
L=
DQo - oLz — —bl [ty —-l - tDH ——' ls— tDH
DQ15 =  |e—tgz 1oLz ~ & |je—tg7 torz - — Gz
VoM - K K
VoL - N 4 NA
- -\ Dout! N Doyt DoutN
MOTOROLA DRAM MCM516160BsMCM518160B
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FAST PAGE MODE BYTE READ-WRITE CYCLE

1RP-
RASP >
_—y [+ tcsH — ™
w' N /N
viL -
<+ fRCD ™ -—>r—Icp ICRP
VH - — (cAs —™ —— lCAS —™
UCAS tCAH
VL - \\ / \ //
'RAD - tcp
ViH - je——— 1CAS
o \ /
viL -
tRAH
tASR||—®] |—CAH - 1CAH tRAL »
—o 1ASC —> PI—'ASC 1 tAsC
ViH —
ADDRESSES oo 1 XXX ooz K M con XXX XXX)
IL -
ROW - IRWD ——» - ICPWD ————» IcPWp ————
<— WD —™ la—— ICWD —— la——— ICWD ——» tRWL
tRCS < towL
ViH —
"o - A \ Y | _
L= tawp —= 4 | tAWD tAWD
- 1ap = towi— 1 A —> oW [ tan —™ - twp
taA -— — WP - A —p twp - 1GA
ViH -
e ViL - / ] /
—
L— RAC - tcpa — ‘6o - icPA —
1CAC tcaAC—f= —»{ |4—1ips |= tCAC
/-V|H - N
vi_ - Din2 |
0. oz — o~ fe—
DQ7ﬁ —  |e—tGZ
Von - K
\_VOL - N
N Dout2
o~ teo—r i
<—1os —> 4—tos
ViH -
v - Z DN >——
N— Din1
DQ8 - toLz—™ L ——| - tp} oLz — -L ——| je—1DH
DQ15
- le—1G7 a— tG7
VOH - Bk N
VoL - L N h SN 4
MCM516160B.MCM5181608B MOTOROLA DRAM

22



RAS-ONLY REFRESH CYCLE

tre

t—

tRp

tRAS

RPC

V| -
mas o N
ViL -
ICRP T
Vi -
UCAS, [CAS /_
iL -
tASR T
Vin -
ADDRESSES ROW
viL -

NOTE:W, G=HorlL
DQJ - DQ15 = Open

Addresses: MCM516160B — AQ to A11; MCM518160B — AQ to A9.

CAS BEFORE RAS REFRESH CYCLE

RC
fe— tRp — IRp ——
RAS ViH - 7 \‘ 'RAS b
viL - 3 N
{RPC Je————— ICHR —1
tcp 1ICSR
viL -
DQo-DQ15 Vou —_\ OPEN
VoL -/

NOTE: W, G, Addresses =Hor L

MOTOROLA DRAM

MCM516160B.MCM518160B
23



HIDDEN REFRESH CYCLE (READ)

1RC - RC
[@——— RAS ———— j@&—— RP —— » AP
- 1RAS
V -/
RS \ / N\
viL -
crrt*>{ [*— 'RCD —fe— tRSH = 'CHR ?Z- 'CRP —
UCAS. [CAS VH ~ _/ \\
viL ~ tRAD tcaH
tasR—™ I —™ 1ASC
VIH -
ADDRESSES m ROW COLUMN
L~ .
tnm—‘l [
'RCS <-»—{RRK
ViH -
W
viL - A >
1GA |
5 \ A00000CXXX
ViL -
oLz T+ I“ 6z —
0Q0-Dats oM ~ {X)g DATA OUT E—
VoL -
je——————— IRAC ————»]
HIDDEN REFRESH CYCLE (WRITE)
- tRC - tRC ———»f
je—— s ———»] j&———— tRp ——» tRP
mle o Z le— tRAS j7
ViL - =
\crRP = la— RCD —»je— 'RSH — [+ {CHR "' iCRP -~
UCAS, [CAS VIR = 7 \\
L=~ o™ !
tasp ™ F*—| —> [ tasc
Vi —
iL -
twes |‘_ tWeH —
- VH - wp —»
ViL -
5 ViH -
viL -
tDs—‘—’I l‘— IDH —»
VoL - 4
MCM516160B-MCM518160B MOTOROLA CRAM
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VIH
ViL

VIH
ViL

UCAS, [CAS

ADDRESSES
Vi

VIH
viL

ViH
ViL

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

DQo - DQ15

VoK

VoL

jt— 1RP —f
tRAS /.,L X
le— {CHR
—> tcsA I‘ ICPT- 'RSH » | | ICRP
—_— *_\A 'CAs / /.;
-t tRAL >
tasc-T* | e ICAH
1RRH
—> lal—1RCS 1HCH
2 X0
XXX X XXX XXX XXX C A XXXX
e— ICAC —» — toFF
e [1AA — —u—
[ DATA OUT
leby

NOTE: Addresses: MCM516160B — A0 to A7; MCM518160B — A0 to A9

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE

Rp —™
- VH - - 1RAS
ViL - | -
«— 1CHR
—> tcsR '4 ICPT-»] | 1RSH 1CRP
OoRS oA Y = T\ N loAs /7
viL -
- tRAL -
tASC ™| [+ ‘oM
Vi =
-
- tRWL »
towl
wes — Bl
ViH - lt———— tWCH ——————]
w

ViH —

* XK R KRR R
it -

tps -<—>| ‘4— Dy —™

ViH —

ow-oas 1 OOOOOOOO__ e KOOOKXXKRKKY
iL -

NOTE: Addresses: MCM516160B — A0 to A7; MCM518160B — A0 to A9

MOTOROLA DRAM MCM516160BsMCM518160B
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CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE

tRp —
RAS
— V| -
mAs VH
ViL - _ .
la— ICHR
— 'CSR I‘ 1CPT->] | 1RSH > tCRP
| |- tcAS
UCAS,[CAS VM - \ "\ / /"‘
viL -~ L
tRAL
V) -
s~ KOOOOOL__eoom XX
IL -
- tawp ——————=| |- =|| towL
a———— towp ———» [« RWL -»
tacs - twp
W Vi - +r A
viL - \ -
t 1GA
l<— AA | —
5 ViH - |
ViL - \
- tDH
1ps —
Vig -
o KX
ViL -
t - - taD
D0-DA1E < CAC 1
V -
o OO o ) -
oL - S e

NOTE: Addresses: MCM516160B — A0 to A7; MCM518160B — AO to A9.

ORDERING INFORMATION
(Order by Full Part Number)

T L
Motorola Memory Prefix Shipping Method (R = Tape and Reel,

Blank = Rails for SOJ, Trays for TSOP II)
Part Number
Speed (60 = 60 ns, 70 = 70 ns)
Package (J = 400 mil SOJ, T = 400 mil TSOP Il)

MCM516160BJ60 MCM516160BJ60R  MCM516160BT60 MCM516160BT60R
MCM516160BJ70 MCM516160BJ70R  MCM516160BT70  MCM516160BT70R
MCM518160BJ60 MCM518160BJ60R  MCM518160BT60 MCM518160BTE60R
MCM5181608J70 MCM518160BJ70R  MCM518160BT70  MCM518160BT70R

MCM516160B-MCM518160B
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PACKAGE DIMENSIONS

J PACKAGE
400 MIL SOJ
CASE 986A-01

2
lalalalalalalalelalalalalalafalalalaTa .l

21

D >
42X b1—»

| & 0.007 (0.18)©[c[A[B]
—>{ p—4ox [e] A

A3

GHARRAME

SEATING
PLANE

—

A

[&] 0.004 0.1)]c]

a— 42x b

[@]0.007 0.18)@] c] Al 8] a2x

EEHE]

21 ZONES 2X

— £
[ 0007 0.18)@|c|A]B]

VIEW A-A

NQTES:

1.

[AN XY

w

DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1984,

. CONTROLLING DIMENSION: INCH.
. DIMENSION D DOES NOT INCLUDE MOLD FLASH,

TIE BAR BURRS AND GATE BURRS. MOLD
FLASH, TIE BAR BURRS AND GATE BURRS
SHALL NOT EXCEED 0.006 (0.15) PER END.
DIMENSION E1 DOES NOT INCLUDE INTERLEAD
FLASH. INTERLEAD FLASH SHALL NOT EXCEED
0.010 (0.25) PER SIDE.

. THE PACKAGE TOP MAY BE SMALLER THAN THE
PACKAGE BOTTOM. DIMENSIONS D AND E1 AND,

HENCE, DATUMS A AND B, ARE DETERMINED AT
THE OUTERMOST EXTREMES OF THE PLASTIC
BODY EXCLUSIVE OF MOLD FLASH, TIE BAR
BURRS, GATE BURRS AND INTERLEAD FLASH,
BUT INCLUDING ANY MISMATCH BETWEEN THE
TOP AND BOTTOM OF THE PLASTIC BODY.

. DIMENSIONS b1 DOES NOT INCLUDE DAMBAR

PROTRUSION OR INTRUSION. THE DAMBAR
PROTRUSION(S) SHALL NOT CAUSE THE
SHOULDER WIDTH TO EXCEED b1 MAX BY
MORE THAN 0.005 (0.13). THE DAMBAR
INTRUSION(S) SHALL NOT REDUCE THE
SHOULDER WIDTH TO LESS THAN 0.001 (0.03
BELOW b2 MIN.

INC
LOM] _MIN |
Aloin]
Alogilo
L A2 | 0062
A

b

X
td

ES | MILLIMETERS |

| MAX
370
12

238 —

041 | 080 |
081
[ 2719 | 2743
043 | 1082 | 1118
| €11 0. 0405 | 1003 | 1029 |
| E2 | 0366BSC 8.30BSC |

o A T
RO .

063 | 089 |

ke
:

3
>
3

0.031
b [ 0016 |
0026
p 11070
E

BBER) |
5

MOTOROLA DRAM

MCM516160BeMCM518160B
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T PACKAGE

400 MIL TSOP il
CASE 985A-01
VIEW A
50 @ » ] [:] _>~
HAHAHAARBAARA AAAAAARHARA { _\:ﬂu)_l
\NUY/
E1
O
BHOHHHHHBBEY FELEELEEELELEEL ‘%_L
1 11 18 2 L—
- D ~»—a) —ia
22x E—

[&]0.2(0.008) ®[c]A]8]

NOTES:

(O] 0.1(0.004) :
1. DMENSIONS AND TOLERANCING PER ASME
VeV oV aVaVaPavaVaYat o e a Va2t a e Pa a2 Yid M. 1904
SEATING
PLANE

. CONTROLLING DIMENSION: MM.
ﬂ-—l —-I L—— aox [e]

2

3. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION. MOLD PROTRUSION IS 0.15
(0.008) MAXIMUM PER SIDE.

4. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSIONS. DAMBAR PROTRUSION SHALL
NOT CAUSE THE LEAD WIDTH TO EXCEED 0.58
0.023).

5. FOR LEAD IDENTIFICATION PURPOSES, PIN
POSITIONS 12, 13, 14,37, 38 AND 39 ARE NOT

USED.
MILLIMETERS INCHES
b1 R —
i [
BASE METAL- A oo | 015|002 [0008
b1 0251 04510010 f 0018 |
) o1 | 026 [ 040 [ 0010
/ ’ e [ ot2 | oz o008 {0010
of AN 4 ¢ o1 T 030 T 020 [ o004 {008
PPPPr D1zps 12100 T 0821 ]
¥ —F o | 080BSC | 00g1sBSC |
‘ Tt | 180
b E “Lm%
E1 1 1006 |
] ] L 040 060 |
VIEW A [©]0.130005@|c[B[4] AL OWREE | Opmer |
ROTATED 90° CW SECTION A-A B2l 0 2
44 PLACES el ol el o

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitabllity of its products for any particular purpose, nor does Motorola assume any llabllity arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, Including without limitation consequential or incidental damages. “Typical® parameters can and do vary in different
applications. All operating parameters, including “Typicals® must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor tha rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant Into the body, or other applications intended to support or sustain life, or for any other application in which the fallure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employess, subsidiaries, affliiates, and distributors harmless
agalnst all claims, costs, damages, and expenses, and reasonable attoney fees arising out of, directly or indirectly, any clalm of personal injury or death
assoclated with such unintended or unauthorized use, even if such claim alieges that Motorola was negligent regarding the design or manutacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. Is an Equal Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuk,
P.O. Box 20912; Phosenix, Arizona 85036. 1-800-441-2447 6F Selbu-Butsuryu-Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAXO0 @email.sps.mot.com — TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors HK. Ltd.; 8B Tal Ping Industrial Park,
INTERNET: http.//Design—NET.com 51 Ting Kok Road, Tal Po, N.T., Hong Kong. 852~-26629298
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