MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA

Advance Information

16M CMOS Wide DRAM Family
Fast Page Mode, x16 and x18

The family of 16M Dynamic RAMs is tabricated using 0.551 CMOS high-speed sili-
con-gate process technology. It includes devices organized as 1,048,576 sixteen- and
eighteen-bit words. Advanced circuit design and fine line processing provide high per-
formance, improved reliability, and low cost.

The x16 and x18 devices with 4096 cycle refresh (MCM516160A and
MCMB516180A) require 12 address lines (12 rows, 8 columns), while the x16 and x18
devices with 1024 cycle refresh (MCM518160A and MCM518180A) require only 10
address lines (10 rows, 10 columns).

These devices are packaged in a standard 400 mil J-lead small outline package
(80J) and a standard 400 mil thin-small-outline package (TSOP).

¢ Single 5 V £ 10% Power Supply

* Three-State Data Outputs, x16 and x18 Configurations

» Fast Page Mode

e TTL-Compatible Inputs and Qutputs

» RAS-Only Refresh

» CAS Before RAS Refresh

+ Hidden Refresh

* 4096 Cycle Refresh:

MCM516160A and MCM516180A = 64 ms

* 1024 Cycle Refresh:

MCM518160A and MCM518180A = 16 ms

* Fast Access Time (tRAC):

MCM51xxxxA-60 = 60 ns (Max)
MCM51xxxxA-70 = 70 ns (Max)

* Low Active Power Dissipation:
MCM516160A-60 = 550 mW (Max)
MCM516160A-70 = 468 mW (Max)
MCM518160A-60 = 1018 mW (Max)
MCM518160A-70 = 853 mW (Max)
MCM516180A-60 = 605 mW (Max)
MCM516180A-70 = 523 mW (Max)
MCM518180A-60 = 1100 mW (Max)
MCM518180A-70 = 935 mW (Max)

¢ Low Standby Power Dissipation:

All Devices = 11 mW (Max, TTL Levels)
All Devices = 5.5 mW (Max, CMOS Levels)

1M x 16

MCM516160A

Fast Page Mode
4096 Cycle Refresh

MCM518160A

Fast Page Mode
1024 Cycle Refresh

1M x 18

MCM516180A

Fast Page Mode
4096 Cycle Refresh

MCM518180A

Fast Page Mode
1024 Cycle Refresh

J PACKAGE
400 MIL SOJ
CASE 986-01

\ﬁMT PACKAGE
400 MIL TSOP Il

CASE 985-01

This document contains information on a new product. Specifications and information herein are subject to change without nolice.
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PIN ASSIGNMENTS

400 MIL SOJ 400 MIL TSOP
vee vecll1e 2] vsg Veg vVee Vee Qe 501 vgs  Vss
DOo pao 2 49 1 DQ15 pQ17
Dae paof} 2 4t [Joass  pat7 Dot Dot 3 40 DQ14  DOI6
Da oo1l] 3 w[loai4  0Q16 DQ2 pQ2 O 4 47 DQ13  DQi5
DQ3 pa3 0 s 46 [1 DQ12  DQ14
DQ2 pQ2[] 4 39} DQ13  DQIS Voc vec 16 45 ] Vgg Vss
DO3 pQ3f] 5 38 [] DQ12 Q14 DQ4 D047 44 0 pan DQ13
Qs pos O 8 4D oot paR2
vee vecl 6 s7llvss Vs Das oos 09 2P pa  oaon
DQ4 DQ4f] 7 3 [] batt  DQ13 oy pQ7 4 10 41 P DO DQ1o
DQB Ne O 11 400 NC DQY
hlels pas{] 8 350 caww  DO12
DQ6 pas() @ 34 [] pag Datf
n ba7 a7l 1o sl oes DA NC NC 015 BUNC  NC
NC NG [ 16 3 [ ICAS  [CAS
olel} Ne ] 11 32} NC DQg W w17 34 UCAS  UCAS
[ N RAS RAS ) G
NC NC[] 12 31 ) (CAS  [CAS s RAS [ 18 spa G
AMRINC'  AIRINC' [ 19 32 0 AGR/AG"  AQR/AG*
W wll s 30|l UCAS  UCAS AIORNC*  ATDRINC® [] 20 310 ABR/AB" ABR/AS®
S s [l 14 ik 5 AQ A0 [ 21 300 A7 A7
Al A1 022 29 0 A6 AB
ATIRING'  ATIRING™[] 15 28 [] ASRIAS"  AIR/AY" A2 a2 0 23 280 A5 A5
MORNC'  AORNG' ] 16 27 [] ABRIAS"  ABRIAG" A3 A3 Qe TPM A
Vee Voo 425 26 1 Vgg Vss
A0 aof] 17 26 [] A7 A7 |
Al At} 18 25 [] A6 I x16
A2 A2(] 19 24 [] A5 A5 «18
A3 A3} 20 23 (] A4 A4
vee vee(] 2t 2 vss Vs
|—— x16
x18
*4096 Cycle Refresh or 1024 Cycle Refresh (R Suffix = Row Address)
PIN NAMES
AO-A11 ... .... AddressInput | LCAS ....... Column Address Strobe
DQO -DQ17. . Data Input/Qutput | UCAS ...... Column Address Strobe
G i OutputEnable | VoG v vvvvvnnns Power Supply (+ 5 V)
W oo ReadMfrite Enable | V&G . oovvviiiiiiniiinnn Ground
RAS ........... Row Address Strobe NC ...l No Connection
MCM516160A«MCM518160AsMCM516180A«MCM518180A MOTOROLA DRAM
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BLOCK DIAGRAMS

MCM516160A BLOCK DIAGRAM
1M x 16, 4096 CYCLE REFRESH

DO DQ3 DQ5 DQ7 DQ8 DQ10 DQ12 D14
o)

pQo | pa2 [ a4 | pos 0ge | 0Q11f 0g13/DQ1s

Vee Vss
G

8 8 T 8 8
VOLTAGE DOWN DATAIN DATA OUT s DATA OUT DATAIN
CONVERTER BUFFERS BUFFERS BUFFERS BUFFERS

<<
Q
(2]

Wo—‘jD_La_t /A 8 8
| II__‘ |

UCAS O—>1 nNp.20LOCK
[CAS 0—w GENERATOR [©
COLUMN COLUMN
8 ADDRESS 8 DECODER
A0 O—] BUFFERS (8) SENSE AMP l
Al O—] 0 GATE
REFRESH [
A2 O— CONTROLLER  |u-
A3 O—] 7 256 x 16
.00
A4 O—»] REFRESH
COUNTER (12) \
A5 Ot >
[sd
O—» 12
A8 2 MBS [ $ 405 | MEMORY ARRAY
A7 O— ROW EQ| e 4096 X256 x 16
8 ADDRESS o
BUFFERS (12)
ASR O—
4 SUBSTRATE BIAS Vsg
AIR O—nn 5 GENERATOR Voo
AIORO— | __ ) — |
oo Lo
AR O—a{ __|
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MCM518160A BLOCK DIAGRAM
1M x 16, 1024 CYCLE REFRESH

D01 DQ3 DQ5 DQ7 DQ8 DQ10 DQ12 DQ14

noo | pg2 [ Dg4 | DG6 po9 | pati| pQi3|oa1s
vee Vss
G
8 8 T 8 8
VOLTAGE DOWN DATAIN DATA OUT - DATA OUT DATAIN
CONVERTER BUFFERS BUFFERS BUFFERS BUFFERS
W o4 8 | A 48\ 8
Vee
— —
UCAS O—  NO.2CLOCK
[CAS O—w| GENERATOR [©
COLUMN COLUMN
A0 O—» 10 ADDRESS 10 DECODER
BUFFERS (10)
Al O—>] SENSE AMP 6
110 GATE
A2 O—» REFRESH  [* Y
3 CONTROLLER  juty
o 7 1024 16
[ 217
A O—> REFRESH
AS O] COUNTER (10) 1
A6 O— 10 S8 MEMORY
A7 O— oW 10 28| 1w ARRAY
" ADDRESS bt 1024 x 1024 x 16
BUFFERS (10)
A9 O— 10
SUBSTRATEBIAS [+ VsS
} GENERATOR  |w—o Vg
. NO.1CLOCK [
RAS © ™ GENERATOR
MCM516160A«MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM

4-32

B 5367251 0090018 777 WA
e




MCM516180A BLOCK DIAGRAM
1M x 18, 4096 CYCLE REFRESH

DQ1 DQ3 DQs 0Q7 DQ9 DQ11 DQ13 DQ15 DQ17

DQO | DQ2 | DQ4 | DQ6 | DQ8 DQ10] DQ12| DQ14|DQ16

OLHL L

vVee Vss
G
9 9 9 9
VOLTAGE DOWN DATAIN DATA OUT * DATA OUT DATAIN
CONVERTER BUFFERS BUFFERS | BUFFERS BUFFERS

Ww»j:)_l_‘ ’ ——1 'Tovee ? ?
—] [ I

UCAS =1 no.zClOCK [
[CAS 0—» GENERATOR [T
COLUMN COLUMN
8 ADDRESS 8 DECODER
A0 O— BUFFERS (8) SENSE AMP /!
Al O—mf 1/C GATE
REFRESH  [* y
A2 O— CONTROLLER ety
A3 O— ‘ 256 x 18
Ab O— REFRESH eot
COUNTER (12) y
A5 O—»
AG O—mt 12 &
12 N ES |8 angs| MEMORY ARRAY
A7 O——2- ROW a5 I 4096 x 256 X 18
8 ADDRESS e
BUFFERS (12)
ABR O—
4 SUBSTRATEBIAS |*—O Vss
AR O—a } GENERATOR  [w—0 V(g
AORO— | _ ) —
o] acl
AR O—m=|
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MCM518180A BLOCK DIAGRAM
1M x 18, 1024 CYCLE REFRESH

DQ1 DG3 BQ5 DQ7 DQ9 DA DQ13 DQ15 DQ17

DQe | DQ2 | DQ4 | DQE | DQB CQ10| DQ12| DQ14{DQ16

|

Voo Vss
G
9 9 T 9 9
VOLTAGE DOWN DATAIN DATACUT DATA OUT DATAIN
CONVERTER BUFFERS BUFFERS BUFFERS BUFFERS
o T TN LTS :

<
(o]
(9]

— |___J |

UCAS NO. 2 CLOCK
[CAS 0—] GENERATOR [©
COLUMN COLUMN
A0 O—] 10 ) ADDRESS 1(> DECODER
N BUFFERS (10) SENSE AMP /l
110 GATE
A2 O—1 REFRESH [ YY)
CONTROLLER  |atq
A3 O—» 1 1024 x 18
(X 1]
A O—> [ RerResH
A5 O—»] COUNTER (10)
A5 O— 10 =51 MEMORY
A7 O—> 101231 @ 1024 ARRAY
ROW o 1024 x 1024 % 18
A3 O—» ADDRESS
BUFFERS (10)
Ag O—> 10
SUBSTRATEBIAS [*+—O V§$
} GENERATOR  fe—0 VoG
= NO.1CLOCK  {—
RAS © ™ GENERATOR
MCM516160A«MCM518160AsMCM516180A«MCM518180A MOTOROLA DRAM
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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
P ly Vol =0
ower Supp y tage Vee 08t0+7 M static voltages or electric fields; however, it
Voltage Relative to Vgg for Any Pin Vin: Vout | -0.5t0 Voo +0.5 A is advised that normal precautions be
Except Voo taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to this
_ high-impedance circuit.
Soldering Temperature x Time Tsolder 260x 10 °Cxs
Power Dissipation MCM516160A Pp 950 mw
MCM518160A 1100
MCM516180A 950
MCM518180A 1100
Operating Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg —-551t0+ 150 °C

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

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec =5.0V+10%, TA = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All voltages referenced to Vas)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vee 45 5.0 5.5 v
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — Vee + 0.5*
Logic Low Voltage, All Inputs ViL -0.5" — 0.8

*Vge + 2.0V at pulse width < 20 ns.
** —2.0 V at pulse width < 20 ns.

MCM516160A+MCM518160A«MCM516180A«MCM518180A
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DC CHARACTERISTICS AND SUPPLY CURRENTS (All voltages referenced to Vgg)
MCM51xxxxA-60 | MCM51xxxxA-70

Characteristic Symbol Min Max Min Max Unit | Notes

Ve Power Supply Current (trc = trc Min) MCM516160A-xx | ICC1 — 100 — 85 mA 1,2
MCM518160A-xx — 185 — 155
MCM516180A-xx — 110 — 95
MCM518180A-xx — 200 - 170

Vee Power Supply Current (Standby) {(RAS = UCAS = LCAS = ViH) lccz — 2 — 2 mA

Vg Power Supply Current During RAS Only Refresh Cycles (UCAS = | lcea mA 1,2

LCAS = V|y, tpg = trc Min) MCM516160A-xx — 100 - 85
MCM518160A-xx — 185 — 155
MCM516180A-xx — 10 — 95
MCM518180A-xx — 200 — 170

Vo Power Supply Current During Fast Page Mode Cycle lcca mA 1,2

(RAS = V(L) MCM516160A-xx — 90 — 80
MCMB518160A-xx — 90 — 80
MCM516180A-xx — 95 — 85
m MOCM518180A-xx — 95 — 85
Vo Power Supply Current (Standby) lces — 1 — 1 mA
(RAS = UCAS =LCAS =Vgc—-02V)

Vi Power Supply Current During CAS Before RAS Refresh Cycle Iccs mA 1

(tre = tre Min) MCM516160A-xx — 100 — 85
MCM518160A-xx — 185 — 155
MCM516180A-xx — 110 — 95
MCM518180A-xx — 200 _ 170

Input Leakage Current (0 V < Vin £ Vel ltkg(l) -10 10 -10 10 pA

Output Leakage Current (0 V < Vgt < Vo, Qutput Disable) 'Ikg(O) -10 10 -10 10 RA

Qutput High Voltage (IoH = — 5 MA) Vonr 24 — 2.4 — \

Output Low Voltage (IgL = 4.2 mA) VoL — 0.4 — 0.4

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|(. In the case of Ioc4, it can be changed once or less during tpc.

CAPACITANCE (f = 1.0 MHz, Tp = 25°C, V¢ = 5 V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Max Unit

Input Capacitance AO - A1t Cin 5 pF
G, RAS, UCAS, LCAS, W 7

Input/Output Capacitance (UCAS, LCAS = V| to Disable Output) DQO - DQ17 Cout 7 pF

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

MCM516160A«MCM518160AsMCM516180A«MCM518180A MOTOROLA DRAM
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(VCC =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)

MCM5161x0A-60 | MCM5161x0A-70
Symbol MCM5181x0A-60 | MCM5181x0A-70
Parameter Std Alt Min Max Min Max Unit | Notes

Random Read or Write Cycle Time RELREL RC 10 — 130 — ns 5
Read-Write Cycle Time tRELREL tRWC 156 — 180 — ns 5
Access Time from RAS tRELQV tRAC — 60 — 70 ns 6,7
Access Time from CAS tCELQV tCAC — 15 — 20 ns 6,8
Access Time from Column Address tavav tAA — 30 — 35 ns 6,9
Access Time from Precharge CAS tCEHQY tcPA — 35 — 40 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF Q 15 0 15 ns 10
Transition Time (Rise and Fall) T tT 3 50 3 50 ns

RAS Precharge Time tREHREL tRp 40 — 50 — ns

RAS Pulse Width 'RELREH | tRAS 60 10k 70 10K ns

RAS Hold Time tCELREH | tRSH 15 — 20 - ns

CAS Hold Time tRELCEH tesH 60 - 70 — ns

CAS Pulse Width tCELCEH | tcas 15 10k 20 10k ns

RAS to CAS Delay Time tRELCEL | tRCD 20 45 20 50 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 30 15 35 ns 12
CAS to RAS Precharge Time tceHREL | tcrp 5 — 5 — ns

CAS Precharge Time {CEHCEL tcp 10 — 10 — ns

Row Address Setup Time tAVREL tASR 0 — 0 — ns

Row Address Hold Time tRELAX tRAH 10 — 10 — ns

Colurmnn Address Setup Time TAVCEL tASC 0 — 0 — ns

Column Address Hold Time tCELAX tCAH 10 — 15 — ns

Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — ns

Read Command Setup Time WHCEL tRcs 0 — 0 — ns

Read Command Hold Time Referenced to CAS tcEHWX | tRcH 0 — 0 — ns 13

NOTES: (continued)

1. ViH (min) and V|_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V| and V).

2. Aninitial pause of 200 us 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 Vi and Vj_ (or between V)_and V) in a monotonic manner.

AC measurements tt = 5.0 ns.

The specification for tre (min} is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Tp

£ 70°C) is ensured.

Measured with a current load equivalent ta 2 TTL (-~ 200 iA, + 4 mA) loads and 100 PF with the data output trip points setat Vo = 2.0 V

andVpL =08V.

Assumes that trcp < tRep (max).

Assumes that tacp > tRep (max).

Assumes that tgap 2 tRaAD (Mmax).

tOFF (max) and/or {5z (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 trgp (Mmax) limit ensures that tgac (Max) can be met. tRCD (max) is specified as a reference point only; if tRop
is greater than the specified tyop (max) limit, then access time is controlled exclusively by tcac.

12. Operation within the trap (max) limit ensures that tRAC (max) can be met. tgap (Max) is specified as a reference point only; if tRAD
is greater than the specified tRap (max), then access time is controlled exclusively by taa.

13. Either tRRH or tRcH must be satisfied for a read cycle.

oo~

@

-
0@~
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ALL DEVICES: READ, WRITE, AND READ-WRITE CYCLES (Continued)

MCM5161x0A-60 } MCM5161x0A-70
Symbal MCM5181x0A-60 | MCM5181x0A-70
Parameter Std Alt Min Max Min Max Unit | Notes

Read Command Hold Time Referenced to RAS trREHWX | 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 | tRWL 15 — 20 — ns

Write Command to CAS Lead Time twWLCEH | towL 15 — 20 — ns

Data In Setup Time IDVCEL tps ] —_ 0 —_ ns 14

Data In Hold Time tCELDX tDH 10 — 15 — ns 14

Refresh Period MCM516xxxA tRVRV tRFSH — 64 —_ 64 ms

MCM518xxxA -— 16 — 16

Write Command Setup Time tWLCEL twes o] — 0 — ns 15
m CAS 1o Write Delay tCELWL tcwD 40 — 45 — ns 15

RAS to Write Delay tRELWL tRWD 85 — 95 — ns 15

Column Address to Write Delay tAVWL tAWD 55 — 60 — ns 15

TAS Precharge to Write Delay tcerwL | tcPwbD 60 — &5 — ns 15

TAS Setup Time for CAS Before RAS Refresh tcELCEL | tCSR 5 — 5 — ns

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

RAS Precharge to CAS Active Time tREHCEL | IRPC 5 — 5 — ns

TAS Precharge Time for CAS Before RAS Counter Test | {CEHCEL | 'CPT 20 — 30 — ns

RAS Hold Time Referenced to G tGLREH | 'ROH 10 — 10 — ns

G Access Time tgLQV tGA - 15 — 20 ns 6

G to Data Delay tGLHDX taD 15 — 15 — ns

Output Buffer Tum-Off Delay from G tGHQZ gz 0 15 0 15 ns 10

G Command Hold Time WLGL 1GH 15 — 15 — ns

Output Disable Setup Time {GHCEL teDS 0 — 0 — ns

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

RAS Hold Time from CAS Precharge (Fast Page Mode} | {CEHREH | tRHCP 35 — 40 — ns

Fast Page Mode Read-Write Cycle Time tCELCEL | 'PRWC 85 — 90 — ns

RAS Pulse Width (Fast Page Mode) MCMS516xxxA | tRELREH | RASP 60 100k 70 100k ns

MCM518xxxA 60 100 k 70 200k

NOTES:
14. These parameters are 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: tcwD. tawp, and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; If twcs 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if icwp 2 towD {(min), tRWD 2 tRwD (min), tawp 2 tAWD (min), and topwp 2 tcpwp (min) (page
mods), 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.

MCM516160A«MCM518160AsMCM516180A«MCM518180A MOTOROLA DRAM
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TIMING DIAGRAMS

READ CYCLE

tRC

Vy — ———————
Ras M \

Vi —

‘Ras

 fe—lpp

tosH ———

'cRp tRCD 'RSH e—tcRp —
UCAS, [CAS ViH — \ * 'cas / 7
vV, —
IL _/ et /
RAD —-L ;
RAL
AR t/asc—>l -~
~] h— tHAH caH
VIH — e
ADDRESSES ROW COLUMN
V”_ — k__ b
—=  le-TRcy
t
‘RS RRH
W Viu—
e O
| -t 'AA
, <—tGA—>
g Y- /Z
ViL— . YA

tRac

[e—— 1CAC———m

DQO - DQ15 Voy —

Pt

I‘—T 'oFF

lgz——

OR HIGH Z
0ao-0a17 VoL —

NOTE: Dj, = Open

le—tcLz
VALID DATA OUT
.

MOTOROLA DRAM
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UPPER BYTE READ CYCLE

e tRC
IRAS [e—— 1R ——
S \ N
RAS Vi — P
e ———————— IcsH ——> _.]
tCRP = le——— 1RCD IRSH [«+— ICRP

e— tcAS —

VIH —
UCAS / \\
viL —
CRP <——1—?RPC
= X OO
ViL — le— tRAD —

IRAH —j» |e— RAL —————™

1ASR tASC — e ICAH
Vi — . >
ADDRESSES ROW COLUMN ><><></
viL — B =+
—4 l«—{RCH

RCS »— IRRH

e~ XXOQOX RUOXXL

W
[e—— tROH —=
[e—|!ar >
tGa
_ VYH—
N AOCOOOKXXXXX,
DQO-DQ7 Vor —
OR OH OPEN
pao-pag YOL —
re— 1CAC —» tOFF
re——— IRAC e—— Gz —»
DQA8-DA1S voy — N B
OR OPEN DATA OUT
pag-pat7 VoL — * 4
CLZ
NOTE: Dj, (DQO - DQ7 or DQO — DQ8) = Don't Care
Dip, (DQ8 — DQ15 or DQY - DQ17) = Open
MCM516160A«MCM518160A+MCM516180A«MCM518180A MOTOROLA DRAM
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LOWER BYTE READ CYCLE

R
e——— —  BAS — e le—— AP —

—T
VIH

RS iL — X / \—

tCRP tRPC
ViH — F
UCAS
ViL —
CSH
IcRp » — IRCD N 'RSH le— 1CRP —a
Vi — le— ICAS —mm
LCAS /
ViL — _/ [e— tRAD — /
tRAH —Jom  ja— IRAL —————
TASR—t—» tASC— st — fcaH
VIH — 3 3 \
viL — . S /
— 1RCH
tRes RRH
VH —
" 4y OO XX XXXX
iL — [e— tROH —»
1AA | ———nn
lGA
5 s XXXXXXK)
ViL — /<
[e— ICAC = |- toFF
RAC Gz —m
DQO-DQ7 Yoy —
OR OPEN DATA OUT >_‘
poo-pos Ot T "~
tclz
DO8-DAI5 yoy —
or OH OPEN
oag-par7 VoL —

NOTE: Dj, (PQQ — DQ7 or DQO — DQ8) = Open
Din (DQ8 - DQ15 or DQY — DQ17) = Don't Care

MOTOROLA DRAM MCM516160A«MCM518160A+MCM516180A«MCM518180A
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WRITE CYCLE (EARLY WRITE)

RC
{RAS RP ——
S
- Vi — \ N
viL — A
le—— ICSH ———————m]
tCRP—T«——— l«—— RCD tRSH I«— {CRP —

le— 1CAS —

VIH —

UCAS, LCAS v / \\ / J
* 1ASR — o le—1tRAH tRAL
1AsC fe— |t lcAH
Vi —
e o KOO o KX IIIIRK
ViL — _

'4— tRAD —
towL
“ wes WCH
VIH — twp| ——»
tRWL 4——1

- 0000000 DOOXXXXXXXXXAL

DS —<—>| H_ tDH
DQO-CQ15 Vo — r |
. YO e HXXKXRRRXRXKAR
pao-oar? VoL — 7

NOTE: Doyt = Open

=l
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ADDRESSES

=

@

D08 -DQts
OR
DQ9-DQ17

UPPER BYTE WRITE CYCLE (EARLY WRITE)

RC

ViH — 3

ViL — &“

1RAS

r‘—TRP—D

N

tCSH

tCRP [e—— RCD ——wl—— IRSH f'— iCRP AJ
ViH —
viL —

N~ VT
=

IcRP —'4—»

- 1RPC

iL — tRAH —1™ le—

1SR tasc

V —
= SO0
L —

|<— IRAD

—— IRAL

= TXXXOCOT0N

[-— =1 {CAH
cam KX XXX QOO
towL
o +—WCH

| UK

TRwL

" TRXRXKKKKR

KXXRKIRRKKIRKD

ips

s

r~ 1OH

DATAIN

 — XOOOKXKXX

_ XEXXXXOOOCONRKK

NOTE: Dj, (DQO - DQ7 or DQO - DQ8) = Don't Care
Dout = Open
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LOWER BYTE WRITE CYCLE (EARLY WRITE)

A

tRC
- tRAS le—— tRp

Vi — 3

a
|
Za
N
N

ViL

lcnp-f——» »|—RPC
e XURXKAXX
viL — tosK
'cRP le—— 'RCD {RSH ,-— ICRP ——l
oV — [e— tcAS —
LCAS / \\ f
ik —

1RAH —o~ |a— - tRAL
1SR 1asC }1— - ICAH

VIH — 3

posesss 1 = (XXX cousn XOXOQQORXKAAA,
Vi — 7 b,

l« tRAD !

owL —————»f

wes |<—>— tweH
ViH — - Wp ——»
= QLY XXAN OOCRXRXKAKXIKXKXX
IRWL »]
>
w— LOQOOOCXXXXX DORXIHRAXIARNS
Vit —
ps —4—4 Id—b—tDH

DQO-DA7 vy — — y

o~ OO amn BOOROKXIAX
pao-pas  VIL — 7
NOTE: Dj, (DQB - DQ15 or DQY - DQ17) = Don'’t Care

Doyt = Open

c
)
P
i

=|

[2]]

MCM516160A«MCM518160A«MCM516180A+sMCM518180A MOTOROLA DRAM
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WRITE CYCLE (G CONTROLLED WRITE)

tRC
RAS RP ——»
ViH — 3
s N \
ViL —
icrRP —'-—— RCD 1RSH 1CRP —~
UCAS [CAS VH — re— 1CAS —» I‘_
UCAS,[CAS 'H 7 \\ / il
ViL —

le— 1RAD
RAH —io{  fa— “.' RAL

1ASR —fe= tASC - 1CAH

Vi — h
L — >
le— fowl —>|

" [ ?4>o<><>o<x><>«><><><><>
TR wmxwm
R AN ST, GO

NOTE: Doyt = Open

=|

[o]]
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UPPER BYTE WRITE CYCLE (G CONTROLLED WRITE)

Re
- tRAS le— tRP —

—_—)

ms M7 N ) \

ViL —
IcsH

le—— 'RCO ——wfat————— tRSH > ICRP —|
tcrp ‘1‘—"
Vi — le—— tCAS ——» I‘_
UCAS / \\ / /f
viL —

|¢ {CRP RPC

VIH — A
o . W . W
viL — lt— 15aD —]

(RAH —1»  ft— 'RAL
“ tASR tasc —> (e fcAH
V p—
iL—

— lowL ——‘

tRWL

e twp
" Y URIIIIIIIT
_ tGDs—-| — | =ty ><><>O<><><
" RO 1| RIKXXRRR

= 1DH ™

=

(o]

Ipg—™ [
DQ8-DAI5 Ve —
OR DATA IN
pa9-pa17 VoL —

NOTE: Dj, (DQO — DQ7 or DQO - DQ8) = Don't Care
Doyt = Open

MCM516160A«MCM518160A«MCM516180AsMCM518180A MOTOROLA DRAM
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LOWER BYTE WRITE CYCLE (G CONTROLLED WRITE)

tRC
1RAS le— tRp —

|

A
pza
e

VH —
ViL —

Icrp RPC
o XK NLXXXXX,
Vil — tcsH

IcRP re«—— IRCD - tRSH r« Icrp 4

\\4— 1CAS ——— / /“
VIH — B

ADDRESSES ROW COLUMN ><><><><><><><><>C
ViL — N

[— towL *»]

- RWL ————f

M@@WM
DS ——[ r—-

e 000G "Q(XXXXXXXW

[e— 1tDH

)

<
p ¢
wl

I

g

ViL re— 1RAD —
tRAK —{m  fw— IRAL
lASR 1ASC — fe— {CAH

=
/|

viL —

[o]]

ipg — ] pt—
DQo - DQ7 Vi —
OR DATAIN
Doo-DO8 VIL —

NOTE: Dj (DQ8 — DQ15 or DQY - DQ17) = Don't Care
Doyt = Open

MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180A+MCM518180A
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READ-WRITE CYCLE

RWC
< RAS trp
—
RAS Y= \ Z ﬁ—\
iL — K 7
1CRP re
IcsH
l«—— IRCD tRSH tCRP
Vi — - tcas
UCAS, LCAS / \\ /
viL — le— tRAD —»
'ASR_’i lat—  IASC—ae  fw—

RAH—™] g—— — le— tCAH

ViH — X
ADDRESSES ROW COLUMN

viL — x A +#
0
tawD -———l—tCWL
Lo} le— tRWL —»]

RCS la— WP
VIH —
i — QOOOOXXY \ 1(?5(??%(

W
fe— tap —l
tRWD
le— 1GA
5 §O<><>O<><><><><><X>& A
G
ViL— A IGD
'DH
RAC s -
VIR —
OPEN DATAIN
ViL —
DQO - DQ17 teac ™ elaz
oz —™ -
Yo — OPEN DATAOUT
VoL — £
MCM516160A+MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM
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UPPER BYTE READ-WRITE CYCLE

fRWC
{RAS tRp
VIH — B AL
RAS / |
viL — \ 4
ICRP™ [T
1CSH
le——— RCD RSH tCRP
VIH — r . IcAS ——————»
UCAS / \\ / /
L —
tcre ™ e —™ r-—lﬂpc
ViH — i
& - XX KKK
ViL — e— tRAD
tASR™™] e — tasc
1Ran ™ le— —» le— tCAH
Viy — -
ADDRESSES |, m ROW COLUMN

tawp -——l—icWL
- WD ———» [— AL —»]
tRCS i‘ e WP
ViH —
" — XXX \
ViL — e 1an —» =
tRwD
[— tGA
_VH—7 ¥
G
VIL — ) 6D
DH
1RAC 1ps h—
Vi —
viL — L
DQB - DQ15 ICAC —» |le—ig7
CR
DQ9 - D017 tcz =™ B
Vi — —
or OPEN DATAOUT [
VoL — I 7
NOTE: Dj, {DQO — DQ7 or DQO — DQB) = Don't Care
Doyt (DQO - DQ7 or DQO — DQAB) = Open
MOTOROLA DRAM MCM516160AsMCM518160A«MCM516180A+MCM518180A
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LOWER BYTE READ-WRITE CYCLE

fRWC
RAS Irp
o VIH — R 2 N
RAS Rr ,_/ \
lCFIP_-I - tRpc ™ l"—
= - XX XXX
UCAS
viL —
icRR™™
IcsH
tReo tRSH icRP
__ — = tcas
cAg M 7 \ /
Vip — tat— {RAD —»{
1 | 1
/ ASR ——1 e — ASC
tRAH—— g—— — __tCAH
VIH — r I
ADDRESSES | :><><>§ ROW §®< COLUMN
0
tAWD <————L'CWL
'cWD le— tRWL —m]
RCS ae— twp
VH —
" — OOOXRXXXY \
viL — — tAA
IRWD
l— 1GA
e~ JOOOOXXXX ‘
s /|
ViL — lcb
1DH
RAC DS el
VIH — 3 X
ViL — o 7
DQO-0Q7 <
oR 1CAC —w |e—igZ
DGO - D08 oz ™ i
VoH —
OPEN DATAOUT [}
VoL — 7
NOTE: Dj, (DQ8 ~ DQ15 or DQY - DQ17) = Don't Care
Dout (DQ8 - DQ15 or DQ9 — DQ17) = Open
MCM516160A«MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM
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FAST PAGE MODE READ CYCLE

trp—™
V- \ RASP
RAS /
viL —
le— 'RSH —m
[— tRCD - tRHCP ——
-—-1 le— iCRP lcRp
. _ r—\ e« icas
UCAS, [cAS VM f ot AR ] /
ViL — 1RAD e 0P -
ic RAL ——
—m re— 1ASC
tasp—> |e— i B
VlH — r X Ty
AODRESSES ROW >®§ COLUMN 1 COLUMN N W
L~
‘*—'ncs
ft— —p ,-tRCH

viL —

W
>\S l- 1ROH
le— 1Ay — ] A —] tRRH
1CPA
GA
_ VK —
G
“« - AXXXX
‘«‘ tRAC 'cAC —F——
loFF
fcac 6z
oLz ™
0Q0-DQ15 v,
o Doyt 1 Dout2
DQO-DbQ17 VoL — L 7
NOTE: Djp = Open
MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180A«MCM518180A
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FAST PAGE MODE BYTE READ CYCLE

rp
RASP N
ms !\ /N
iL —
I Y — je— 1RSH —w
l— 1RCD 1—~ ht———— IRHCP ———
4>| le—{CRP - tcp icrRp 'r—F e
Vi — e tcas = |- et 1CAS
UCAS \\
viL — f 7] le—————— ——D\
1RAD Pe
%R tcasT i 1« 'op = tape— ™ |~
Vig — 1
[CAS 97 —* [*tRaH \
ViL — % fcsH - tRAL
1CAH—™] he— | ICAH—> f— tasc
MsR—=l fep| e iasc = s et

ViH — o - R ra
ADDRESSES ROW COLUMN 1 Km COLUMN 2 COLUMNN
ViL — - A » | 2
‘ T l*— tRCS l*—lncs
tRCs —>{ tren ™ [T then ™ [T tacn 1 [~

:
4

iL —

F— tAA Aﬂ tan —»] f— A —» — RAH
le—— CPA ——» |e—— lCPA|—
1GA ‘ l([5/‘\ - tGA
_ Vi — ' y—\
G viL — \ / \r /
1cAC l«—»— 10FF
tcd 6z
DQO-DA7 Vgy — -
OR o Dout 2 ﬁ
pao-pag VoL — Fe——— tRAC 3
1GAC » — |e—IlOFF tcac — |e—tOFF
torz ™ ‘6z oLz oz
DQ8-DAIS vy — ( F—
OR Dout 1 Doyt N >—
oas-DQ17 VoL — S e
NOTE: Djp Open
MCM516160A«MCM518160A«MCM516180AsMCM518180A MOTOROLA DRAM
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRP
Vi — 3.\~ 'RASP —f
RAS N\
Vi —~ k__ 4
1PC ———»d la— RSH —m
l— 1RCD = tcRP -—
—>| [— ICRP e tCAS -
UCAS, [CAS VIH — j A o /
viL — 7
- 1o tRAL
—> — tasC
SR> ™ IcaH
ViH —
ADDRESSES ROW }@X COLUMN 1 E@XX COLUMN2 XXXX COLUMN 3 X><><>OO<><>(
VIL — __

RAD -‘4—— towt ~>| L[ towL ——J a1 fCWL ——I
RWL —»
wes ™™ [ twes i twos—= e~
weH WCH tWeH
Vi — Wp —m twp — - [ twp -»
"y XXXXXN LOON] | JOOOOKX
ViL — L
- ViH —
i —

1DH {DH lq——— iDH

s Ds > '0s
VoH — ' p
VoL — - A

NOTE: Doyt = Open

MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180AsMCM518180A
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE)

RP
vy — : RASP
RES )
L —
trC tec
le— tRCD = tcp lt- ICP - |la— IRSH —
e T [ 1CAS - le 1cAS -] --PI [e—tCRP
—__ VH —
UCAS j \\ Z \ /‘
viL — X —4
—*l - iCRP 1CAS ™ f=—RPC
V4 — ~
[CAS &Y — e tRAH N Z W
ViL — - tcsH K [
RAL
—»  fa—-tASC —m»  fe— IASC — leed— 1ASC

tasR™ ™ I - 1caH 1clAH et 1CAH
Vi — 2 N - s X X
ADDRESSES XX ROW GOLUMN 1 COLUMN 2 XXZX COLUMN 3 X><><><><><><><
ViL — K A X E * e k =
{RAD 'l*—’ towL —4 — 1CWL ——! {1 foWL ——‘

e TRWL —
twes ™™ twes ~r twes— e
tweH - tWeH - e
t t -t
w .~ OO ™ IO IOOOKK
ViL — k 2 4
_ YH —
¢ ViL —
oS ‘k"l I“ IpH
DQO-DQ7 vy — i
OR Din2
pao-pog YiL — 4

lDS_‘_’I l<—>—tDH 1DS*“’| L—-—‘DH
DQ8-DQ15 Vi ~ Fas
pae-pa17 ViL — X 7

NOTE: Doyt = Open

MCM516160A«MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM
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FAST PAGE MODE READ-WRITE CYCLE

trp
RASP -
___VH - s ———»
RAS H \ N
viL -
tRCD ™ e tcr IcRp
PRWC IPRWC IRSH
ViH - [ tcas — > j— fe—— tcas —— _— le—— tcas ———
UCAS, LCAS \\ Z \ Z \ CAH //
ViL - tRAD K A X b -
1RAH —1™ cp
1ASR —» —= e tcaH tCAH 1RAL
«—t-tasC tasc tasc
V — B
ADDRESSES couX><>< coL. 2 X><><>O< COLN X><><><><
ViL -
ROW IRWD [—— lcwp ——»| cPwD
- CWD —» | = icpwp [— tcwp ——» tRwL
RCS —1re—lowL
W OO N % \
ViL - tawp —» X3 lAWD K 1YY p—
taa OWL— & [ A — (oWl e e tan
1GA— - [*—1GA iGA
twep—p~  fre— twp—p=  |re— ™ wp
GVlH - A 7 VL
ViL - —» |d—1ipg
1GD | le— tcPa
l*— traC |<—- Ips e B
tcac - t
VIH — CAC p
v o2 [} | o —
L -
0Q0 - oLz —™ -—I le— tpH —.I la—tDH
b7 {14 oLz — e Y4
VOH —
VoL -
Douyt2 DoutN
MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180AsMCM518180A
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FAST PAGE MODE BYTE READ-WRITE CYCLE

RP
RASP
Vi - f—— o —™ N
RAS N / \
ViL - b
le- trcD tcp CRP
1PRMW tPRMW l——— 1RSH
la— — tcAS
___VH - lcas
UCAS \\ »—1CAH //
ViL - X 1/ \r
1RAD tcp
VH - tcas ———»
o | \ /
I B |*—tRaH 7
T 1ASR || f=— CAH tcaH 1RAL
4 —] [—1-tASC —»{ jar—1tASC 1 re—I1ASC
ViH -
ADDRESSESV,L _ COL.1 coL.2 COL.N )
ROW tRWD - tcPwo 1CPWD
[« fcwD le—— tcwp ——! ra—— CWD — RwL
lgcg] —~ re—icwL
X \ A
- -t tawp —> 1AWD — tawp ——*
le- fan = towi— e le 1A = lowL—pejle- e tan — - wp
16A re— —  [re—tWP) [e— 1GA —p= I-—twp [e— 1GA
_ViH -
viL -
[— tRAC [ tcPA — tcPA —™
tCAC tcaC = cAC
ViH -
DQo- | ViL -
Dg; oLz ] ton—> ke
DQO- - 6z
DG8 | Vou -
VoL -
Dout
taD ™ i ™ [l
[—1ips re—1ips
ViH — —
DinN }-——
pas- | ViL - Dint
DQ15 t
R 1oLz "l IDH oLz — "I r#—1DH
DQ9- —™ taz — 62
DQ17 | VoM -
VoL - A
Dout! DoutN
MCMS516160A«MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM
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RAS-ONLY REFRESH CYCLE

RC
lt—— thp ——»
'RAS
—_VIH -
RAS \
viL - \L /
1CRP IRPC
——__VH -
UCAS, [CAS / \_/
ViL -
1ASR T IRAH

VIH — R
ViL - x

NOTE: W, G = “H" or "L"
Din = Don't Care
Dout = Open
Addresses: MCM516xxxA — AQ to A11; MCM518xxxA — AQ to AQ.

CAS BEFORE RAS REFRESH CYCLE

- tRC
le— tpp — IRP ——]
RAS
Yy - p| —\
RAS H \
VL = e/ 3 -
trpc T ICHR ———————»

tcp ICSR

e N KXXXRXXRITX,
viL -

DOO-DQ17 Vo - ————\ e
voo-—/

NOTE: W, G, Addresses= “H” or “L"
Djp, = Don't Care
CAS before RAS refresh is performed when either UCAS or LCAS meets this timing.

MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180A«MCMS518180A
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HIDDEN REFRESH CYCLE (READ)

tRC Re
e——— 1RAS ————— j——— RP ——
VW - 3 2
mas N \ /
viL - b
tCRP l— tRCD ——sefe— 1RSH -
S N
UCAS, LCAS 'H X
v - tRAD - tcAH
1ASR_> [— e—-1ASC|

—h
V —_
s 1~ X0y e XXX XXX
ViL -
e
tRes—f* "l“tRRH
" - XXX —
!
iL - AR

l oA I

te— 1CAC —w ——I [— 1OFF
oz ™ [e— G2 —

DATA OUT }——

DQO-DQ1S vy —
R

pas-pa17 VoL -

e—— 'RAC —
NOTE: Djn = Open

HIDDEN REFRESH CYCLE (WRITE)

i RC RC
[&——— tRAS ———» i‘ RP
—_VH — B
RAS x
iL - -
torp lt— IRCD —dfaa— tRSH —y

UCAS, [cAs VH “—/ "\\
VI~ g |
—] tRAH <—>'—‘CAH

tasp —™ — | — - 1aSC

V - -
iL - K c

Wes F twWeH  —
wp
vV —_
viL - 4
_ Vi -
g W
ViL -

tDs—d—bl lq— 1DH —=
DQO-DQ5 yq,, —
Do~ D17 VoL ~ 7

NOTE: Doyt = Open

MCM516160A+MCM518160A«MCM516180A«MCM518180A MOTOROLA DRAM
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ADDRESSES

=

[2]]

DQ0-DQ15
OR
DQO - DQ17

VIH
ViL

ViH
ViL

VH
ViL

VIH
ViL

ViK
viL

VoH
VoL

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

’4— Rp —a
'RAS / ~
r— CHR
icsh I* (CPT-» 'RSH {CRP
A [ tcas > / n'a
N\ /|
tRAL -
AsC T > |- ICAH
| 1RRH
—-" te—tRCS - tRCH
[ l¢——————— IROH ———————» m
N XXXX
le— 1CAC —»] ~>| toFF
taa le— g7
DATA OUT

tcLz

NOTE: Addresses: MCM516xxxA — AO to A7; MCM518xxxA — AD to A9

Din = Open
CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
, RP
VN - RAS
ms N
ViL -
=— ICHR
1csrR [+ tepT--] RSH - topp
[
UCAS,[CAS VIH — *’\ CAS / /‘
ViL - 2
- RAL
tasc re— 1CAH
Vi — r
viL - =
RWL =l\
towL -
twes —* i
\'i —
viL -
tos ] f«e— 1y
0QO-DQ15 vy ~
DQo-Dai7 VL -
NOTE: Addresses: MCM516xxxA — A0 to A7; MCM518xxxA — AD to A9
Djn = Open
MOTOROLA DRAM MCM516160A«MCM518160A«MCM516180A-MCM518180A
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CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE

IRP -
VI - {RAS "_
RAS /f N
ViL -
le— ICHR
IcsR ]* 1CPT-» 1RSH »l—tCRP
JE VR, L lcas r
UCAS,ICAS YH \ / /
VIL - L
{RAL
tasc e ‘oad
ViH -
ADDRESSES COLUMN
ViL - —
tAWD >t fowL
-t tcwD le— TRWL -
IRCS twp
W VIH — - L
viL - - \ —/<><><><><><><><
5 Vin - y ",\A >
ViL - \
tDH
tos e
VIH - p
X OO0
ViL -
pao-oas CAC tD
DQO - DQ17 oz = — G2
VOH - 3
Dout E
VoL - K
NOTE: Addresses: MCM516xxxA — A0 to A7; MCM518xxxA — A0 to A9.
ORDERING INFORMATION
(Order by Full Part Number)
51x160A
or
MTM 51x180A X XX X
Motorola Memory Prefix L— Shipping Method (R = Tape and Reel, Blank = Rails for SOJ,
Trays for TSOP il)
Part Number
Speed (60 = 60 ns, 70 = 70 ns)
Package (J = 400 mil SOJ, T = 400 mil TSOP )
MCM516160AJ60 MCM516160AJ60R  MCMS516160AT60 MCM516160AT60R
MCM516160AJ70 MCM516160AJ70R  MCMS518160AT70 MCM516160AT70R
MCM518160AJ60  MCM518160AJ60R MCM518160AT60  MCM518160ATE0R
MCM518160AJ70 MCM518160AJ70R  MCMS518160AT70 MCM518160AT70R
MCM516180AJ60  MCMS516180AJ60R  MCM516180AT60  MCM5161B0ATE0R
MCM516180AJ70  MCMS516180A470R  MCMS516180AT70  MCM516180AT70R
MCM518180AJ60 MCMS518180AJ60R  MCM518180AT60 MCM518180AT60R
MCM518180AJ70  MCMS18180AJ70R  MCM518180AT70  MCM518180AT70R

MCM516160A«MCM518160A+MCM516180A«MCM518180A
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