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TECHNICAL DATA

Advance Information

16M CMOS Dynamic RAM Family
Extended Data Out, x4, 2K and 4K Refresh

The family of 16M dynamic RAMs is fabricated using 0.5 CMOS high—speed sili-
con—gate process technology. It includes devices organized as 4,194,304 four-bit
words. Advanced circuit design and fine line processing provide high performance,
improved reliability, and low cost.

The x4 devices with 4096 cycle refresh (MCM516405C) require 12 address lines
(12 rows, 10 columns), while the x4 devices with 2048 cycle refresh (MCM517405C)
require only 11 address lines.

These devices are packaged in a standard 300 mil J-lead small outline package
(SOJ) and a 300 mil thin—small-outline package (TSOP).

¢ Three—State Data Output

¢ Extended Data Out

¢ TTL-Compatible Inputs and Outputs

* RAS-Only Refresh

¢ CAS Before RAS Refresh

¢ Hidden Refresh

® 2048 Cycle Refresh: MCM517405C = 32 ms

¢ 4096 Cycle Refresh: MCM516405C = 64 ms

¢ Fast Access Time (tRAC):
MCM51x405C—60 = 60 ns (Max)
MCM51x405C—70 = 70 ns (Max)

¢ Low Active Power Dissipation:

MCM516405C—60 = 440 mW (Max)
MCM516405C—70 = 385 mW (Max)
MCM517405C—60 = 605 mW (Max)
MCM517405C-70 = 523 mW (Max)

¢ Low Standby Power Dissipation:
All Devices = 11 mW (Max, TTL Levels)
All Devices = 5.5 mW (Max, CMOS Levels)

PIN NAMES
AO—-A1T ... Address Input |CAS ........... Column Address Strobe
DQO-DQ3.......... Data Input/Qutput Ve ..ot Power Supply (+ 5 V)
G . OutputEnable |[Vgs ...l Ground
W .. Read/Write Enable |[INC .................... No Connection
RAS ............. Row Address Strobe

4M x 4

MCM516405C

Extended Data Out
4096 Cycle Refresh

MCM517405C
Extended Data Out
2048 Cycle Refresh

J PACKAGE
300 MIL SOJ
CASE 880A-02

il

A T PACKAGE
300 MIL TSOP I
CASE 892A—02

PIN ASSIGNMENT

300 MIL SOJ
300 MIL TSOP
vee O 1 26 [] vgg
po [ 2 251 D3
pot O 3 24 [l DQ2
wi s 23 [ CAS
RAS [l 5 2a
A1ROR[ 6 21 [1 A9
NG *
AOROR[ 8 191 A8
A10 *
a9 18 [J A7
Al 0 10 171 ne
A2 Il 11 16 [1 A5
A3l 12 15 [1 A
Ve [ 13 14 1 vgg

* 4096 Cycle Refresh or
2048 Cycle Refresh
(R suffix = Row Address)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAMS
4096 CYCLE REFRESH BLOCK DIAGRAM
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2048 CYCLE REFRESH BLOCK DIAGRAM
MCM517405C
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee —-05t0+7 \
Voltage Relative to Vgg for Any Pin Vin: Vout | —0.5t0+7 \

Except Voo

Data Output Current lout 50 mA
Power Dissipation Pp 900 mwW
Operating Temperature Range Ta Oto+70 °C
Storage Temperature Range Tstg —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.

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is ad-
visedthat normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to these high—impedance

circuits.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 VE10%, Ta =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All Voltages Referenced To Vgs)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vce 45 5.0 5.5 \
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — Veo+05V
Logic Low Voltage, All Inputs ViL -0.5* — 0.8

*—2.0V at pulse width <20 ns.

MOTOROLA DRAM
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DC CHARACTERISTICS AND SUPPLY CURRENTS (See Note 1)

Characteristic Symbol Min Max Unit Notes
Ve ¢ Power Supply Current (Operating) MCM516405C—60, tRc = 104 ns lcc — 80 mA 2,3,4
MCM516405C—70, tRc = 124 ns — 70
MCM517405C-60, tRc = 104 ns — 110
MCM517405C—70, tRc = 124 ns — 95
Vi Power Supply Current (Standby) (RAS = CAS = V|H) Output Open lcco — 2 mA
Ve Power Supply Current During RAS—Only Refresh Cycles lccs mA 2,4
(CAS = V|H) Output Open MCM516405C-60, tRc = 104 ns — 80
MCM516405C-70, tRc = 124 ns — 70
MCM517405C—60, tRc = 104 ns — 110
MCM517405C-70,tRc = 124 ns — 95
V¢ Power Supply Current During Extended Data Out Cycle (RAS = V||), lcca mA 2,38,4
(CAS cycling) Output Open MCM516405C—-60, MCM517405C—60, tpc = 25 ns — 95
MCM516405C—70, MCM517405C-70, tpc =30 ns — 80
Vg Power Supply Current (Standby) (RAS = CAS = Vg —-0.5V) lccs — 1.0 mA
V¢ Power Supply Current During CAS or Before RAS Refresh Cycle, Output Open lcce mA 2,4
MCM516405C—60, tRc = 104 ns — 80
MCM516405C-70, tRc = 124 ns — 70
MCM517405C—60, tRc = 104 ns — 110
MCM517405C—70, tRc = 124 ns — 95
Input Leakage Current (0 V < Vj, <6.0 V, Other Input Pins = 0 V) likg(l) -10 10 uA
Output Leakage Current (0 V < Vgt <, 5.5V, Q Floating) likg(O) -10 10 A
Output High Voltage (IoH =— 5 mA) VOH 2.4 —
Output Low Voltage (loL = 4.2 mA) VoL — 0.4

NOTES:
1. All voltages are referenced to Vgg.

2. lcc1. Iccs. lcc4. and Icce depend on cycle rate.
3. Icc1, lcc4., depend on output loading. Specified values are obtained with the output open.
4. Address can be changed once or less while RAS = V). In case of Igc4. it can be changed once or less during an extended data out

cycle (teg)-

CAPACITANCE (f= 1.0, Ta = 25°, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Max Unit
Input Capacitance A0O-A11,D Cin 5 pF
G, RAS, CAS, W 7
|/O Capacitance (CAS = V|H to Disable Output) DQO0-DQ3, Q Ciio 7 pF

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

MCM516405C*MCM517405C MOTOROLA DRAM
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16M FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 VE10%, Ta =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM51x405C-60 | MCM51x405C—70
Parameter Std Alt Min Max Min Max Unit | Notes
Random Read or Write Cycle Time tRELREL {=T¢} 104 — 124 — ns
Read—Write Cycle Time tRELREL | tRWC 135 — 157 — ns
Access Time from RAS tRELQV | RAC — 60 — 70 ns 8,13,
14
Access Time from CAS tceLqv | tcac — 17 — 20 ns 8,13
Access Time from Column Address MCM516405C | tavqQv tAA — 30 — 35 ns 8, 14
MCM517405C — 30 — 30
Access Time from Precharge CAS tcEHQV | tcPa — 35 — 35 ns 8
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 8
Output Buffer and Turn—Off Delay tcEHQZ | tOFF 0 15 0 15 ns 9
Transition Time (Rise and Fall) T T 1 50 1 50 ns 7
RAS Precharge Time tREHREL | IRP 40 — 50 — ns
RAS Pulse Width tRELREH | RAS 60 10k 70 10k ns
RAS Pulse Width (Extended Data Out) tRELREH | tRASP 60 200 k 70 200 k ns
RAS Hold Time tCELREH | tRSH 10 — 12 — ns
CAS Hold Time tRELCEH | tcSH 40 — 50 — ns
CAS Precharge to RAS Hold Time tCEHREH | tRHCP 35 — 40 — ns
CAS Pulse Width tCELCEH | tcas 10 10k 12 10k ns
RAS to CAS Delay Time tRELCEL | tRCD 14 45 14 50 ns 13
RAS to Column Address Delay Time tReLav | tRAD 12 30 12 35 ns 14
CAS to RAS Precharge Time t{CEHREL | iCRP 5 — 5 — ns
CAS Precharge Time tCEHCEL | tcP 10 — 12 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — ns

NOTES:

1

4]

© 0~ o

1

13.

14.

. EithertycH or tRrH must be satisfied for a read cycle.
. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in Read—Modify—Write cycles.
12.

. All voltages are referenced to Vgs.
2. lcc1, lcess lccd. lcce depend on cycle rate.

3.

4. Address can be changed once or less while RAS = V|_. In case of Igc4, it can be changed once or less during an extended data out cycle

Icc1. lcc4 depend on output loading. Specified values are obtained with the output open.

(tec)-

. An initial pause of 200 ps is required after power—up followed by 8 RAS only refresh cycles before proper device operation is achieved. In

case of using internal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

. AC measurements tT =5.0 ns.

. VIH (min) and V|| (max) are reference levels for measuring timing of input signals. Transition times are measured between V| and V).
. Measured with a load equivalent to 2 TTL loads and 100 pF.

. toFF (max) and tgz (max) define the time at which the output achieves the open circuit condition and are not referenced to output voltage

levels.

twes. tcwD: tRwWD: taAwD and tgcpwp are specified as reference points only. If tywcs = twes (min), the cycle is an early write cycle
and the DQ pins remain high impedance throughout the entire cycle. If tcywp = tcwD (min), tRwD = tRwD (min), tawD = tawD (min),
andtcpwD 2 tcpwD (min) (for extended data out cycle only), the cycle is a read—modify—write cycle and the DQ pins will contain the data
read from the selected address. If neither of these conditions are met; delayed write or at access time and until CAS or OE goes back to
VIH. DQ is indeterminate.

Operation within the tRcp (max) limit ensures that tRac (max) can be met. tRgp (max) is specified as a reference point only. If tRcD
is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcAc.

Operation within the tRap (max) limit ensures that tRac (max) can be met. tRap (max) is specified as a reference point only. If tRaD
is greater than the specified tRAD (max), then access time is controlled exclusively by taa.

MOTOROLA DRAM MCM516405C*MCM517405C
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ALL DEVICES, READ, WRITE, AND READ-WRITE CYCLES (continued)

Symbol MCM51x405C-60 | MCM51x405C—70
Parameter Std Alt Min Max Min Max Unit | Notes
Column Address Setup Time taAvCEL | tasc 0 — 0 — ns
Column Address Hold Time tceLax | tcaH 10 — 12 — ns
Column Address to RAS Lead Time tAVREH RAL 30 — 35 — ns
Read Command Setup Time tWHCEL | Rcs 0 — 0 — ns
Read Command Hold Time Referenced to CAS tcEHWX | tRCH 0 — 0 — ns 10
Read Command Hold Time Referenced to RAS tREHWX | RRH 0 — 0 — ns 10
Write Command Hold Time Referenced to CAS tcELWH | tWCH 10 — 12 — ns
Write Command Pulse Width twWLWH twp 10 — 12 — ns
Write Command to RAS Lead Time tWLREH | tRwL 10 — 12 — ns
Write Command to CAS Lead Time tWLCEH | tcwL 10 — 12 — ns
Data In Setup Time tDVCEL iDs 0 — 0 — ns 1
Data In Hold Time t{CELDX tDH 10 — 12 — ns 1
Write Command Setup Time tWLCEL | twecs 0 — 0 — ns 12
CAS to Write Delay tceELwL | tcwD 36 — 39 — ns 12
RAS to Write Delay tRELWL | tRwWD 79 — 89 — ns 12
Column Address to Write Delay tAvwL tAWD 49 — 54 — ns 12
CAS Precharge to Write Delay tcEHWL | tcPwD 54 — 59 — ns
Refresh Period MCM516405C | tRvRV | tRFSH — 64 — 64 ms
MCM517405C — 32 — 32
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tCSR 5 — 5 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | 1CHR 10 — 15 — ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 5 — 5 — ns
CAS Precharge Time for CAS Before RAS Counter {CEHCEL | tCcPT 20 — 20 — ns
Time
Write Command Setup Time (Test Mode) tWLREL | twTs 10 — 10 — ns
Write Command Hold Time (Test Mode) tRELWH | twTH 10 — 10 — ns
Write to RAS Precharge Time (CAS Before RAS tWHREL | tWRP 10 — 10 — ns
Refresh)
Write to RAS Hold Time (CAS Before RAS Refresh) IRELWL | tWRH 10 — 10 — ns
MCM516405C*MCM517405C MOTOROLA DRAM
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DEVICE-SPECIFIC AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 VE10%, Ta =0 to 70°C, Unless Otherwise Noted)

4M x 4 CONFIGURATION-SPECIFIC READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol MCM51x405C-60 | MCM51x405C-70
Parameter Std Alt Min Max Min Max Unit | Notes
RAS Hold Time Referenced to G {GLREH | tROH 10 — 10 — ns
G Access Time tcLqQv tcAa — 15 — 20 ns 5
G to Data Delay taLHDX | teD 15 — 15 — ns 6
Output Buffer Turn—Off Delay Time from G tGHQzZ ez 0 15 0 15 ns
G Command Hold Time twLGL tGH 10 — 12 — ns
Output Disable Setup Time tGHCEL | tGDS 0 — 0 — ns

NOTES:

1. V|H (min) and V||_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V..
2. An initial pause of 200 ps 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 V|H) in a monotonic manner.

4. AC measurements t7=5.0 ns.

5. Measured with a current load equivalent to 2 TTL (— 200 pA,+ 4mA) loads and 100 pF with the data output trip points set at Voy=2.0V

andVpo =08 V.

6. toFF (max) and/or tGgz (max) define the time at which the output achieves the open circuit condition and is not referenced to output

voltage levels.

EXTENDED DATA OUT MODE ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

Symbol MCM51x405C-60 | MCM51x405C-70
Parameter Std Alt Min Max Min Max Unit | Notes
RAS to next CAS Delay Time (EDO mode) tRELCEL | IRNCD 60 — 70 — ns
Extended Data Out Cycle Time tEPC tEc 25 — 30 — ns
Extended Data Out Read—Modify—Write Cycle Time t{cELCEL | tERWC 68 — 75 — ns
Output Data Hold Time tcELQz | tCOH 5 — 5 — ns
Output Buffer Turn—Off Delay from RAS tREHQZ tREZ 0 15 0 15 ns
Output Buffer Turn—Off Delay from W twLaz tWEZ 0 15 0 15 ns
W to Data Delay twLDz tWED 15 — 15 — ns
G Pulse Width {GLGH e} 15 — 20 — ns
G Precharge Time {GHGL tgp 10 — 12 — ns
CAS to G Precharge Time tcEHGL | tcPG 5 — 5 — ns

MOTOROLA DRAM
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TIMING DIAGRAMS
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READ CYCLE (E CONTROLLED READ)
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WRITE CYCLE (E CONTROLLED WRITE)
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EXTENDED DATA OUT READ CYCLE
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EXTENDED DATA OUT WRITE CYCLE (EARLY WRITE)
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EXTENDED DATA OUT READ-WRITE CYCLE
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EXTENDED DATA OUT READ WRITE MIXED CYCLE
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— V. —
" XXX Y/
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twes—= *—L
v tga ™ tweH
G H— \ tcpA —™ tcpA — \ |e—— tcpa —
1 .-—
Vi — K DH
tcac tcac | == tcac > tcAC
< tap —> - tan — -t —=  [T]™ DS - g —>
ViH — tRAC y, o 4( T b m—
n
VL — 5 /
DQO -
DQ3 t tcon tcoH > = YWED tREz —>  -—
CcLz ™
— — tWEZ
VoH — \ AR
v Dout 1 Dout 2 Dout 3 / Dout N
\_'OL =
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RAS-ONLY REFRESH CYCLE

tRc

le—— BRp ——»

tRAS

tRPC

— VIH -
RAS

viL -

tcrp

— VIH -
CAS 7

viL -

tASR

tRAH

\_/

ADDRESSES

viL -

ROW

IRAXIKHKXXQUXXXIHXXK

NOTE:W, G=HorL
DQO - DQ3 = Open

e— tRp —=

tRc

CAS BEFORE RAS REFRESH CYCLE

«— P ——»

RAS

VIH — 7
viL -

tRPC

tcp
cas VH -
viL -

VoH -7\

DQ0-DQ15

tRAS

tcsr

lj«———— ICHR ————

OPEN

VoL -/

NOTE: W, G, Addresses= H or L
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HIDDEN REFRESH CYCLE (READ)

< tRC » tRC ————»f
l«————— IRAS —————— ] [ @——— IRp ——— tRp
— V- T r n tRAS —]
RAS \ Z Z \
viL - - 7
icRP l«— tRCD —}e— IRSH —»» tCHR
— VHy - m
CAS \\
iL - _/ X . oap
tasg™™ ¢ ™ tasc
VIH — I
ADDRESSES ><><>§ ROW COLUMN
V||_ - . 7 -
tRAH—™ [*—
RS tRRH
= ViH =7 i
" viL - tAA >
| tROH | ]
= VIH - t y
e N T AKX IKXHXX
VL - u
e {CAC —» orr |e—— tREZ
oLz T ™ - Gz ——»
V, —
DQo-pa3 ' oN {XX DATA OUT H
VoL -
l«——— tRAC ————»!

HIDDEN REFRESH CYCLE (WRITE)

- tRC tRC ———»
jl¢—————— tRAS —————»] |@«——— IRp ———» - »— IRP
— Vg -

W TN I TN

tcRP e— {RCD —»ta— IRSH —»] fCHR |<— tcRP —»

S/ IR\
OAS A\

>
—™ tRAH tcAH

jt— — tASC

V —
s OO o XOORTTIIHKKIKX
viL -

twes <— twCH —>
twp ————»

"o - QXN IXXXXXXXXIIAIAXXXXXXXXS

G

viL -

tps -<—>| |<— tDH —
A

VoH -
VoL - N 7
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CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

lt— tRp —
tRAS
— Vy - + B
Ras M / N\
viL -
le— {CHR
—> tcsR CPT-] tRSH tcRP
— VH - | le—— 1CAS b
CAS \ /
VIL - K
- tRAL >
tASC le— tCAH
Vi — '
wrcses 1~ OOOOOOCO_uom YOO
viL -
tRRH
—> «—1RCS tRCH
— VH -
L WX
Vie - | tROH
tGA
— VH -
c \ AXXXHXXXXX
ViL -

e 1CAC — <—:OFF
j «—REZ

tAa ! e—— g7 —

-

V - -
DQO -DQ3 OH DATA OUT >—
C 7

VoL -
toLz+
CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
tRp —™1
—_ tRAS
ViH — B
Ras M N\
viL -
[— {CHR
—> tcsR tCPT-» | tRSH tcRP
-———————
_VH - T\ -\ fcas / 7
CAS VIL - K K /
tRAL >|
tASC - tCAH —‘
VIH - &
ADDRESSES ><><>OO<>O<><><><>§ COLUMN
VL - ~
- tRwWL =!
towL
twes — -
— V- le——— tWwCH ————»
W
- JOXXOON, LOOORRRXXXON
— Vg —
g 'K
viL -
<—>| |<— iDH —

o 1~ RXRXKRXTON w0 HXXXCKXXKKRR
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CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE

tRp —
_ tRAS
\' —
mas H J,;
ViL - | -
«— {CHR
—> iCSR tcpT-» |e———— fRSH tCRP
t
viL - N K . /
RAL
e ~ ‘o
Vig —
s 1!~ KOOOCCOOOOLamm JOOKXXKHIXX
IL =
tawp ——————» towL
«— tcwp ———> tRWL >
tRCS
— VH - 7 S
z N UXXXAXXN
ViL - icA -
|<— A | ——m
|
g W= \
VIL = N iDH
ips I~
(Vh - 3
X o 000000
ViL -
tCAC ~<— GD
DQO - DA3 < e R - o
VOH — y £ 3
Ver — {X>§ Dout /
N .
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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 32 milliseconds or
64 milliseconds, for MCM517405C and MCM516405C, re-
spectively), a wakeup sequence of eight active cycles is nec-
essary to ensure proper operation.

ADDRESSING THE RAM

MCM516405C: The twelve address pins on the device are
time multiplexed at the beginning of a memory cycle by two
clocks, row address strobe (RAS) and column address strobe
(CAS), into two separate address fields. A total of twenty two
address bits, twelve rows and ten columns, will decode one of
the 4,194,304 four bit word locations in the device. RAS active
transition is followed by CAS active transition (active = V|,
trcp minimum) for all read or write cycles. The delay between
RAS and CAS active transitions, referred to as the multiplex
window, gives a system designer flexibility in setting up the
external addresses into the RAM. _

The external 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
trRcD minimum). The multiplex window can be used to absorb
skew delays in switching the address bus from row to column
addresses and in generating the CAS clock.

MCM517405C: The eleven address pins on the device are
time multiplexed at the beginning of a memory cycle by two
clocks, row address strobe (RAS ) and column address strobe
(CAS), into two separate 11-bit address fields. A total of
twenty two address bits, eleven rows and eleven columns, will
decode one of the 4,194,304 four bit word 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 transitions,
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
tRcD minimum). The multiplex window can be used to absorb
skew delays in switching the address bus from row to column
addresses and in generating the CAS clock.

There are three other variations in addressing the _16M
DRAM_Family per device: RAS—only refresh cycle, CAS
before RAS refresh cycle, and page mode. All are discussed
in separate sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal
random read cycle, extended data out read cycle, read—write
cycle, and extended data out read—write cycle. The normal
read cycle is outlined here,while the other cycles are dis-
cussed 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 or active transition,
to enable read mode.

Both the RAS and CAS clocks trigger a sequence of events
that 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 multi-
plex window. _

For MCM516405C and MCM517405C, both CAS and out-
put enable (G) control read access time: CAS must be
active before or at tggp maximum and G must be active
tRAC—GA (both minimum) after RAS active transition toguar-
antee valid data out (Q) attRaC. If the tRcpD maximum is ex-
ceeded 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)-

WRITE CYCLE

The user can write to the DRAM with any of four cycles:
early write, late write, extended data out early write, and ex-
tended data out read—write. Early and late write modes are
discussed here, while extended data out write operation is
covered in a separate section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(VILD)- Early and late write modes are_distinguished by the
active transition of W, with respect to CAS. Minimum active
time tRAS and tCAS, and precharge time tRp, apply to write
mode, as in the read mode. _

An early write cycle is characterized by W active transition
at minimum time tycs before CAS active transition. Column
address setup and hold times (tASC, tCAH) and data in (D)
setup and hold times (tps, tDH) are referenced to CAS in an
early write cycle. RAS and CAS clocks must stay active for
tRWL and tcwL, respectively, after the start of the early write
operation to complete the cycle. __

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 microsec-
onds after CASactivetransition, tRCD +tCWD + tRWL +2tT)
<tRAS, if other timing minimums (tRCD, tRWL, and_tT) are
maintained. D timing parameters are referenced to W active
fransition in a late write cycle. Output buffers are enabled by
CAS active transition. 4M x 4 outputs are switched off by G in-
active transition, which is required to write to the device. Q
may be indeterminate_(see note 12 of AC Operating Condi-
tions table). RAS and CAS must remain active for tRw and
tcwL, respectively, after W active transition to complete the
write cycle. G (4M x 4) devices 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 tgywp and/or taywD minimum,
to guarantee valid Q before writing the bit.

MCM516405C*MCM517405C
20

MOTOROLA DRAM



PAGE MODE CYCLES

Page mode allows fast successive data operations at all
column locations (MCM516405C: 1024 columns; and
MCM517405C: 2048 columns) on a selected row of the 16M
DRAM family. Read_access time in page mode (tCAC) is typi-
cally halfthe regular RAS clock access time, tRAC. Page mode
operation consists of keeping RAS active while toggling CAS
between V|H and Vy; . The row is latched by RAS active transi-
tion, while each CAS active transition allows selection of a new
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read—write cycle, as described in prior sections. Once the
timing requirements for the first cycle_ are met, CAS transitions
to inactive for minimum tcp, while RAS_remains low (V).
The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tpRwWC)- Either a read,
write, or read—write operation can be performed in a page
mode cycle, subject to the same conditions as in normal oper-
ation (previously described). These operations can be inter-
mixed in consecutive page mode cycles and performed in any
order. The maximum number of consecutive page mode
cycles is limited by trRasP. Page mode operation is ended
when RAS transitions to inactive, coincident with or following
CAS inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Each bit must be periodi-
cally refreshed (recharged) to maintain the correct bit state.
Bits in the MCM516405C require refresh every 64 millisec-
onds, while refresh time for the MCM517405C is 32 millisec-
onds.

This is accomplished by cycling through the 4096 and 2048
row addresses in sequence within the specified refresh time.
All the bits on a row are refreshed simultaneously when the
row is addressed. Distributed refresh implies a row refresh
every 15.6 microseconds for the 16M DRAM device family.
Burst refresh, a refresh of all rows consecutively, must be
performed every 64 milliseconds on the MCM516405C, and
32 milliseconds on the MCM517405C.

Anormalread, write, or read—write operation to the RAM will
refresh all the bits (4096 or 2048) associated with the
particular row decodes. Three gther methods of refresh,
RAS-only refresh, CAS before RAS refresh, and hidden
refresh are available on this device for greater system flexibil-

ity.

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 should be
employed to ensure that 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. Exter-
nal 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
fortime tywRp before andtime tyyrH after RAS active transition
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 tRp
and back to active starts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
entry) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with
a CAS before RAS refresh counter test. This test is per-
formed with a read—write operation. During the test, the inter-
nal refresh counter generates the row address, while the
external address supplies the column address. The entire
array is refreshed after 4096 or 2048 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 Os into all memory cells with normal write mode.

2. Select a column address, read 0 out and write 1 into the
cell by performing the CAS before RAS refresh count-
er test, read—write cycle. Repeat this operation 4096 or
2048 times, depending on device type.

3. Readthe 1s that were written in step two in normal read
mode.

4. Using the same starting column address as in step_two,
read 1 out and write 0 into the cell by performing the CAS
before RAS refresh counter test, read—write cycle.
Repeat this operation 4096 or 2048 times, depending on
device type.

5. Read 0s which were written in step four in normal read
mode.

6. Repeat steps one through five using complement data.

TEST MODE

The internal organization of the MCM516405C and
MCM517405C allows the device to be tested as if it were a
1M x 16 DRAM. In Test Mode operation, column addresses
A1 and A0 are ignored. A test mode cycle reads and/or writes
data to a bitin each of the sixteen 1M blocks in parallel. During
a write cycle, data is written using only DQO, while during a
read cycle, if all 16 bits are equal (all 0s or all 1s), DQ3 will
indicate a 1. Otherwise, DQ3 will indicate a 0. DQO, DQ1, and
DQ2 always indicate a 1 during test mode read cycle. See Test
Mode_block diagram. _

W, CAS before RAS timing puts the device in Test Mode,
as shown in the test mode timing diagram. A CAS before RAS
refresh cycle or a RAS only refresh cycle places the device
back in normal mode. Refresh is performed in test mode by
using a W, CAS before RAS refresh cycle which uses the
internal refresh address counter.

MOTOROLA DRAM
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CAS BEFORE RAS CAS BEFORE RAS

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE
CAS \ /
DQ0-DQ3 — HIGH-Z —4< VALID DATA OUT >——
ORQ

Figure 1. Hidden Refresh Cycle

TEST MODE AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 VE10%, Ta =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES

Symbol MCM51x405C-60 | MCM51x405C—70

Parameter Std Alt Min Max Min Max Unit Notes
Random Read or Write Cycle Time {RELREL tRc 109 — 129 — ns
Extended Data Out Cycle Time tEpC tec 30 — 35 — ns
Access Time from RAS tRELQV tRAC — 65 — 75 ns 1,2,3
Access Time from CAS tCELQV tcac — 22 — 25 ns 1,2
Access Time from Column Address tavav tAA — 35 — 40 ns 1,8
Access Time from CAS Precharge tcEHQV tcpa — 40 — 45 ns 1
RAS Pulse Width IRELREH | tRAS 65 10k 75 10k ns
RAS Pulse Width (Extended Data Out) IRELREH | tRASP 65 200 k 75 200 k ns
RAS Hold Time {CELREH | tRSH 15 — 17 — ns
CAS Hold Time tRELCEH | tCSH 45 — 55 — ns
CAS Precharge to RAS Hold Time tCEHREH | tRHCP 40 — 45 — ns
CAS Pulse Width {CELCEH | tcAs 15 10k 17 10k ns
Column Address to RAS Lead Time tAVREH RAL 35 — 40 — ns

NOTES:
1. Measured with a load equivalent to 2 TTL loads and 100 pF.
2. Operation within the tRcp (max) limit ensures that tRaoc (max) can be met. tRcpD (max) is specified as a reference point only. If tRcD
is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcAc.
3. Operation within the tRap (max) limit ensures that tRac (max) can be met. tgap (max) is specified as a reference point only. If trap
is greater than the specified tRAD (max), then access time is controlled exclusively by taa.

MCM516405C*MCM517405C MOTOROLA DRAM
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TEST MODE TIMING DIAGRAMS

WRITE OR CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

(G and A0 — A10 or 11 are Don’t Care)

tRc

tRAS

je——— tRp ———m

/

v

tRPC <— {CHR
_ - tcp tcsR

-

MWWWX

twrs — tWTH
" 0000 DOCLXXRIXXHKHXXX
V"_ - K
le—> tor
Vo, — —
DQ0-DQ3 Y OH N\ _
ORQ y . — > HIGH-Z
oL _—7

NOTE: Once the device is put into Test Mode with the Test Mode Entry Cycle, any of the standard cycles (Read, Write, Extended Data Out,
etc.) may be used to test the pant, providing that the timing parameters are modified as described in the Test Mode AC Operating
Conditions and Characteristics table. The timing diagrams previously presented are valid for all cycles performed in Test Mode.

MODE DEPENDENT ON CAS AND W WHEN RAS FALLS

Mode CAS w*
Read, Write, RMW, FPM 1 0
CBR Refresh, Test Mode Exit 0 1
Test Mode Entry 0 0

*Logic state when RAS transitions low.

MOTOROLA DRAM
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TEST MODE BLOCK DIAGRAM
(MCM516405C, MCM517405C)

AOC, A1C 1M BLOCK AOC, AIC
O
) 1M BLOCK g
Normal °_|_ m
9
[] 1MBLOCK —— Normal
*
Test o
1M BLOCK %— Test
AOC, AIC 1M BLOCK AOC, AIC
O
1M BLOCK °
Normal o o Qi
DQ1 Q 1M BLOCK } Normal
¢+ |/
Test '
1M BLOCK 5:>— Test
*
AOC, A1C 1M BLOCK AOC, AIC
O
1M BLOCK o
Normal |u © Q2
DQ2 Q 1M BLOCK } Normal
¢ |/
Test ' T
1M BLOCK é>— Test
o
AOC, AIC 1M BLOCK AOC, AIC
O
1M BLOCK g
Normal — DQ3
DQ3 Q 1M BLOCK Normal
“ ) = )
Test o —
1M BLOCK Test
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ORDERING INFORMATION
(Order by Full Part Number)

516405
MCM 517405 X X XX

Motorola Memory Prefix T—Shipping Method (R = Tape and Reel, Blank = Rails for SOJ,
Trays for TSOP II)

Part Number

Speed (60 = 60 ns, 70 = 70 ns)

Die Revision
Package (J = 300 mil SOJ, T = 300 mil TSOP 1)

16M DEVICE NUMBERS

MCM516405CJ60 MCM517405CJ60 MCM516405CT60  MCM517405CT60
MCM516405CJ70 MCM517405CJ70 MCM516405CT70 MCM517405CT70

MCM516405CJ60R  MCM517405CJ60R MCM516405CT60R MCM517405CT60R
MCM516405CJ70R  MCM517405CJ70R MCM516405CT70R MCM517405CT70R
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PACKAGE DIMENSIONS

J PACKAGE
300 MIL SOJ
CASE 880A-02

1 1 1 —1 1

_-|

B

|| 0.007 018 @[T] Y O[O

le— C
la— E
A -
B
Y—
y
] —
24X RADIUS S
12X R—

[@] 0007 0.18®[T]Y ®]2 @]

NOTE 3

NOTES:

1

‘ I K ‘
_r A 0.004(0.100) §3

. DIMENSIONS A AND B DO NOT INCLUDE MOLD

26 21 19 14

Q 6 8 13

| NNy NN [y NN G NN G SN S | | NN [y NN [ SNy SN R NN g
L A |

¢
{ . FaY
20X G — ax L T
DETAIL AA
24x F

[@] 0.007 0.1 @[ 1| Y ©[|z ® |

SEATING
PLANE

i

o

o

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

CONTROLLING DIMENSION: INCH.

TO BE DETERMINED AT PLANE -T—

PROTRUSION. MOLD PROTRUSION SHALL NOT
EXCEED 0.008 (0.150) PER SIDE.

. DIMENSIONS A AND B INCLUDE MOLD

MISMATCH AND ARE DETERMINED AT THE
PARTING LINE.

. DIMENSION F DOES NOT INCLUDE DAMBAR

PROTRUSIONS. DAMBAR PROTRUSION SHALL
NOT CAUSE THE F DIMENSION TO EXCEED 0,037
(094).

. FOR LEAD IDENTIFICATION PURPOSES, PIN

POSITIONS 7 AND 20 ARE NOT USED.

INCHES | MILLIMETERS

piM[ MIN | MAX | MIN | MAX

A | 0670 [ o680 [ 1701 | 1728

B | 0295 | 0305 | 750 | 774

2x N C | o128 o148 | 326 | 375

D | 0015 | 0020 | 038 | 051

D E | 0103 | 0.116 | 262 | 295

24X F | 0026 | 0032 | 086 | 0481
G | 00508SC 1270 BSC

|$| 0.007 (0.18)®|T| Y ©| Z©| K | 0031 [ 0045 | 080 | 114
L | oos0BsC 1270B3C

NOTE 3 N | 0035 [ 0045 | 080 | 114

DETAIL AA P [ 0328 [0340 [ 835 | 883

R | 0260 | 0275 | 661 | 699

s | 0030 [ 0040 | 077 | 101
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T PACKAGE
300 MIL TSOPIII
CASE 892A-02

DETAIL AA \/

N
2 21 19 14 l\’é)

»

B 12x S
v [] 0.008 0.200) ®[T[ Y O]

\
A

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,

; | | | | | | | | | | | | Q| 0.004 (0.100) | 2. CONTROLLING DIMENSION: INCH.
bt} T 3. DIMENSIONS A AND B DO NOT INCLUDE MOLD

—I—=| SEATING PROTRUSION. ALLOWABLE MOLD PROTRUSION

ax R—>| |<— PLANE I 0.006 (0.160) PER SIDE

4. DIMENSION D DOES NCT INCLUDE DAMBAR
20X G — e— PROTRUSIONS. DAMBAR PROTRUSION SHALL
BASE NOT CAUSE THE LEAD WIDTH TO EXCEED 0.025
METAL F (0.635),
I* > 5. FOR LEAD IDENTIFICATION PURPOSES, PIN
POSITIONS 7 AND 20 ARE NOT USED.

»

J INCHES MILLIMETERS
M| MIN MAX MIN | MAX

RADIUS V | DIM
¢ T 4 5 ‘ 0.671 0679 | 17.04 | 17.25

N A Q ‘f 0.296 | 0304 | 7.520 | 7.720

NN k ’ — {07 [ — [ 12w

P . 0.014 | 0.020 | 0350 | 0510

T RADIUS T 0014 | 0,018 | 0.350 | 0.480
0.050 BSC 1270BSC

0.004 | 0.008 | 0.100 | 0.200
0016 | 0.024 | 0.400 | 0.600
0002 | 0008 | 0.050 | 0.200
0.0045 10.0055 | 0.100 | 0.140

——
je—— D —»
L W

|| 0.008 0.200) @[ 7]z ®]

—» K 0050 BSC 1270 BSC

0355 | 0371 | 9.020 | 9.420
SECTION AB-AB DETAIL AA 0.004 REF 0.100 REF
24 PLACES ROTATED 90° CLOCKWISE 0.004 REF. 0.100 REF

sl<|d|w|m|Z|r x|l |®|n|o|0|wm >

0o 10° 0°] 10°

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability 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 which may be provided in Motorola
datasheets and/or specifications can and dovary in different applications and actual performance may vary overtime. Alloperating 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 the 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
applicationsintended to support or sustain life, or for any other application in which the failure 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, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.
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