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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

DRAM Small Outline
Dual-In-Line Memory

Module (SO-DIMM)
4, 8, and 16 Megabyte

1,2, 4M x 32

3.3V, EDO, Unbuffered

1M x 32 (4MB), 2M x 32 (8MB)
72-LEAD SMALL OUTLINE DIMM
CASE 992A-01

¢ JEDEC-Standard 72-Lead Small Outline Dual~In-Line Memory Module
(SO-DIMM)

* Single 3.3 V Power Supply, LVTTL-Compatible Inputs and Outputs -

s Extended Data Out Capability (EDO)

» RAS-Only Refresh, CAS before RAS Refresh, Hidden Refresh
-» 4MB/8MB: 1024 Cycle Refresh: 16 ms (Max)

* 16MB: 2048 Cycle Refresh: 32 ms (Max) = -

¢ Ideal for Portable System Applications

* Reduced Size (2.35” Length) Achieved by Using Separate Front/Back
Contacts

* Allows 0.227” Three-Tiered Memory Solution When Using Horizontal
Sockets

BACK FRONT

|
?

(000000e00oo0RNO00NnDGO0NaI0anIno0a0

(AD0000C0noCI0noo0nonOnaNa0noDOnaoD

L\ 7 n

M

BACK NOT POPULATED ON 1M x 32 (4MB)
PART NUMBERS (See Page 18 for Definitions)

Organization 60 70
1M x 32 MB321BT18TADGE0 MB321BT18TADG70 o LE:': ;;ZA(L‘ fﬂgB)T NE
MB321BT18TADNGO MB321BT18TADN70 a DIMM MODUSE U
2M x 32 MB322BT18TADG60 MB322BT18TADG70 CASE 992A-01
4M x 32 MB324CT10TBDGE0 MB324CT10TBDG70 BACK FRONT
KEY TIMING PARAMETERS ~ A _ ~
Speed | tRc(ns) | tRac(ns) [tcac(ns) | taa(ns) | tepc (ns) . g2 '8 .
= =
60 104 60 17 30 25 = =i
= =
70 124 70 20 35 30 = =
| = = |
ADDITIONAL PARAMETERS = =
s ]
Active Power _ Standby Power i % E i
Dissipation Dissipation (mW) (Max) = E
Configuration | Speed (mW) (Max) TTL CMOS = =
— =
4MB 60 1,260 7.2 3.6 ] = = ]
70 1,044 =S nis
8MB 60 2,520 14.4 7.2 Lo~ ~
70 2,088
16MB 60 2,880 28.8 14.4
70 2,592
SIDE VIEW
HORIZONTAL LOW PROFILE APPLICATION
SOCKET 0.227”
PC BOARD B
REV 1
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1M, 2M,4M x 32 3.3V« EDO s U

PIN ASSIGNMENTS
Front Side Back Side
Pin | Name | Pin | Name | Pin | Name | Pin [ Name
1 vss 37 | DQ16 2 DQo 38 | DQ17
3 | pa1 {3 | vgs | 4 | D@2 | 40 | CASO
5 DQ3 | 41 | CAS2 | 6 | DQ4 | 42 | CAS3
7 DQ5 43 | CAS1 8 DQ6 44 | RASO
9 pa7 | 45 [RAST | 10 | Voo | 46 NC
11 PD1 47 w 12 A0 48 NC
13 Al 49 DQ18 14 A2 50 DQ19
15 A3 51 DQ20 16 A4 52 | DQ21
17 A5 53 DQ22 18 A6 54 | DQ23
19 Al10” 55 NC 20 NC 56 DQ24
21 DQs 57 | DQ25 | 22 DQ9 58 | DQ26
23 | DQ1o 59 | DQ28 | 24 DQ11 60 | DQ27
25 DQ12 61 Vece 26 DQ13 62 DQ29
27 | DQ14 63 | DQ30 | 28 A7 64 | DQ31
29 | NC |65 | NC |30 | vec | 66 | PD2
31 A8 67 PD3 32 A9 €8 PD4
33 |RAS3* | 69 | PD5 | 34 | RAS2 | 70 | PD6
35 | DQ15 71 PD7 36 NC 72 Vgs
*NC on 4MB, 8MB.
**NC on 4MB, 16MB.
PRESENCE DETECT
Pin Name Speed 4MB 8MB 16MB
PD1 NC NC NC
PD2 Vss Vss NC
PD3 vss Vss Vss
PD4 NC Vss NC
PDS 60 NC NC NC
70 Vss Vss Vss
PD6 60 NC NC NC
70 NC NC NC
PD7 NC NC NC
PIN NAMES
AO—A10 ...cvvnvines Address Inputs | DQO-DQ31 ........ Data Input/Output
CASO - CAS3 .. Column Address Strobe | PD1-PD7 ........... Presence Detect
RASO—-RAS3 .... RowAddressStrobe | W .................. Read/Write Input
o v Power | VS - v vvvrvrnrieeaiaiinees Ground
NC ..........ooienele, No Connection

All power supply and ground pins must be connected for proper operation of the device.
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4MB BLOCK DIAGRAM

LCAS

1

RAS

[
P
(7,

WE

HO1
1102
/03
1104
1105
1106
o7
/o8
/09
1f010
o1
11012
11013
11014
11015
11016

A0 - A3

LCAS

1

UCAS

WE

/o1
1102
/03
1104
1105
1106
o7
1108
1109
Vo10
1011
1012
1013
1014
1015
/o186

A0- A9

1M, 2M,4M x 32 3.3 Ve EDO e U

DQo
DO
DQ2
DQ3

DQ5
DQs
DQ7
DQ8
DQ9
DQ10
bQtt
DQ12
DQ13
DQ14
DQ15

DQ16
DQ17
DQ18
DQ19
DQ20
DQ21
DQ22
DQ23
DQ24
DQ25
DQ26
DQ27
DQ2s
DQ29
DQ30
DQ31

C1,C2,C5,C6

0.2 uF (MIN)

T
1

» DRAMs

» DRAMs

MOTOROLA DRAM
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1M, 2M,4M x 32¢3.3V+EDO U

8MB BLOCK DIAGRAM

CASD
DQO - DQ15
LCAS Vo1 o 1101 LCAS
/o2 -0 1102
AASO RAS vo3 O o3 RAS RAST
1104 'ol 1104
105 o 1105
1106 O 1106
o7 e} yo7
/o8 To} 1o
/09 -0 o9
/010 -0 1010
G Vot1 O yont G —]
-é— 11012 O 11012 =
11013 O- 11013
11014 O 1014
11015 f——0———- 11015
L 11016 O 1016 L
UCAS @WE  Ao-A9 WE  A0-Ag UCAS
CAS1
CAS2
DQ16 - DQ31
LCAS /o1 Yo 1101 [CAS
o2 O 102
RAS2 RAS /o3 O Vo3 RAS RAS3
1104 -0 /04
1105 O- 105
/06 O 1106
o7 O 1107
108 O /o8
1109 o— 1108
11010 -0 11010
S G 11011 O 1o G —
= 11012 e} 11012 =
1013 O 1013
yo14 ‘o] 11014
Vo15 O 11015
11016 O 1016 L
UCAS @WE  A0-A9 WE  A0—npg UCAS
CAS3
WE
AO - A9
C1-C8 T 0.22 uF (MIN)
Vss < —» DRAMS
3VEDOU32D B L3L725)1 0099058 579 WA MOTOROLA DRAM
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16MB BLOCK DIAGRAM

1M, 2M,4M x 32 3.3V« EDO o U

o _ V01 DQO
CASO CAS 02 DQi
RASO RAS 103 DQ2

¢ W AO-A10 V04| DQ3
= I |
— Vo1 f————— pQa4
CAS 02 p————— DQ5
RAS /03 f———— DQB
—1°¢ W AO-A10 104 f————— DQ7
= | |
_ 01 f———— DG
CAS 1102 ————— DQg
RAS /03 f—————— DQ10
[ G w AO-A10 104 p—————— DQ11
CASI = I I
— 101 f———o— DQ12
CAS 1102 ————— DQ13
RAS WO3 f—— — DQi4
—16¢ W  AO-Af0 VO4l——— pats
= ] |
— 1101 ————— Dat6
CAS2 CAS 02— Q17
RAS2 RAS 1108 f———— DaQi8
—¢ W AD-A10 104 —————— DQig
= I I
_ 101 F———— D20
CAS 102 ————— DQ21
RAS VO3 f————— DQ22
o W AO-A10 V04 F————— pa23
= ] |
— 01 f———— DOQ24
%‘2 102 ————— Q25
s B 103 ———————— DQ26
— W AD-A10 V04— D@27
CAS3 = I I
e 101 DQ28
%: 102 f————— DQ29
c B 1103 ————— DQ30
— W A0-010 1O4 ———r DQ3t
W
A0-A10
Vee i —» DRAMs
c1 -caT 0.22 uF (MIN)
Vss ¢ » DRAMs
MOTOROLA DRAM BB L3t7251 0099059 405 1R 3VEDOU32D
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1M, 2M,4M x 32« 3.3V EDO e U

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage vee -03io+4.6 \
Voltage Relative to Vgg Vin: Vout | —0.3toVcg+0.3 v

{for Any Pin Except VC()
Data Output Current per DQ pin lout 50 mA
Power Dissipation 4MB/8MB Pp 2.6/5.2 w
16MB 7.2

Operating Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg —-55t0 + 150 °C

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

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
(Voo =3.3V 0.3V, Tp =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All Voltages Referenced to Vgg)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vce 3 3.3 36 \
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 2.2 — Vee+03Vv* \'
Logic Low Voltage, All Inputs ViL -0.3" — 0.8 \
Input Leakage Current (Vgs < Vinh £V¢e) likg(i) - 80 — +80 pA
Output Leakage Current (Outputs Disabled, Vgg < Vin < Vo) likg(o) -20 — +20 pA
Output High Voltage (lpH = — 2 mA) VOH 24 — — v
Qutput High Voitage (g = 2 mA) VoL — — 0.4 \
*Voeo + 1.2V at pulse width <20 ns.
**— 1.2 V at pulse width <20 ns.
DC CHARACTERISTICS AND SUPPLY CURRENTS (All Voltages Referenced to Vgs)
4aMmB 8MB 16MB
Characteristic Symbol | Min Max Min Max Min Max Unit | Notes
Ve Power Supply Current (tRc=tRcMIN) 60| Icci -— 350 — 352 —_ 800 mA 1,2
70 —_ 290 — 292 — 720
Vo Power Supply Current (Standby) lcc2 — 2 — 4 — 8 mA
(RAS=CAS =V|H)
Ve Power Supply Current (trRc=trcMin) 60| Icca — 350 - 352 — 800 mA 1,2
During RAS only Refresh Cycles 70 — 290 — 292 — 720
Vg Power Supply Current  (iepc =tgpc Min) 60 [ Icca — 220 — 222 — 720 mA 1,2
During EDO Cycle 70 — 200 — 202 — 640
Ve Power Supply Current (Standby) lccs — 1 — 2 — 4 mA
(RAS=CAS=Vcc-0.2V)
Ve Power Supply Current (trc =trc Min) 60| lcce —_ 350 — 362 — 800 mA 1
During CAS Before RAS Refresh Cycle 70 — 290 —_ 292 _ 720

NOTES:

1. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.

2. Column Address can be changed once or less while RAS = V|_and CAS = V|4.

3VEDOU32D
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1M,2M,4M x32¢3.3Ve EDO - U

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

Input Capacitance Symbol 4MB Max 8MB Max 16MB Max Unit
Addresses Cin 20 30 50 pF
WE Cin 24 38 66 pF
RAS Cin 17 17 38 pF
CAS Cin 17 24 24 pF
DQ Cout 17 24 17 pF

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

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcec =33V £0.3V, Tp =0to 70°C, Unless Otherwise Noted)

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

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit | Notes

Random Read or Write Cycle Time tRELREL tRc 104 — 124 — ns 5

Access Time from RAS tRELQV tRAC — 60 — 70 ns 6,7,
8,9

Access Time from CAS tcELQV tcAC — 17 — 20 ns 6,8,
10

Access Time from Column Address tavav tAA — 30 — 35 ns 6,9,
11

Access Time from Precharge CAS tcEHQV tcPA — 35 — 40 ns 6

CAS to Output in Low-Z tcELQX fcrz 0 —_ 0 — ns

Output Buffer and Turn—Off Delay t{CEHQZ tOFF 0 15 0 15 ns 12,13

Transition Time (Rise and Fall) tr tT 1 50 1 50 ns 1

RAS Precharge Time tREHREL tRP 40 — 50 — ns

RAS Pulse Width {RELREH tRAS 60 10k 70 10k ns

RAS Hold Time {CELREH tRSH 10 - 12 — ns

CAS Hold Time tRELCEH toSH 40 — 50 — ns

CAS Pulse Width tCELCEH tcas 10 10k 12 10k ns

RAS to CAS Delay Time tRELCEL tRCD 14 43 14 50 ns 8

RAS to Column Address Delay Time tRELAV tRAD 12 30 12 35 ns 9

NOTES:
1.
2,

3.

10.
11,
12.

13.

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

An initial pause of 200 us is required after power—up followed by 8 RAS cycles before proper device operation is guaranteed. if using the
internal refresh counter, a minimum of 8 CAS before RAS refresh cycles, instead of 8 RAS only refresh cyces are required.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V4 and Vj_ (or between Vj_and V|H) in a monotonic manner.

. AC measurements tT = 5.0 ns.
- The specification for trg (min), trwe (min), and tepC (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 to 1 LVTTL (—2mA, + 2 mA) loads and 100 pF with the data output trip points setat Vo = 2.0V

andVg =08 V.

. Assumes that tRcp < tRop (max).
- Operation within the tycp (max) limit ensures that tRAC (max) can be met. tgcp (max) is specified as a reference point only; if tRcp

is greater than the specified tggp (max) limit, then access time is controlled exclusively by tcac.

- 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 taAa.

Assumes that trcp 2 trep (max).

Assumes that tRAD = tRAD (Max).

tOFF (max), trez (max), and tyygz (max) define the time at which the output achieves the open circuit condition and is not referenced
to output voltage levels.

It RAS goes high before CAS goes high, the open circuit condition is controlled by CAS going high (tofr). It CAS goes high before RAS
goes high, the open circuit condition is controiled by RAS going high (tRgz).

MOTOROLA DRAM B L3L7251 00990L1 OL3 WM 3VEDOU32D
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1M,2M,4M x 3233V «EDO o U

ALL DEVICES: READ, WRITE, AND READ-WRITE CYCLES (continued)

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit | Notes

CAS to RAS Precharge Time tCEHREL | ‘CRP 5 — 5 — ns

CAS Precharge Time tCEHCEL top 10 — 12 — 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 {CELAX tcAH 10 —_ 12 — ns

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

Read Command Setup Time tWHCEL tRCs 0 — 0 — ns

Read Command Hold Time Referenced to CAS | 1CEHWX tRCH 0 —_ 0 — ns 14
Read Command Hold Time Referenced to RAS | tREHWX tRRH 0 — 0 — ns 14
Write Command Hold Time Referenced to CAS | tCELWH twCH 10 — 12 — ns

Write Command Pulse Width tWLWH wp 10 — 12 — ns

Write Command to RAS Lead Time tWLREH tRWL 10 - 12 — ns

Write Command to CAS Lead Time tWLCEH towL 10 — 12 — ns

Data In Setup Time tDVCEL tps 0 —_ 0 — ns 15
Data In Hold Time tCELDX tDH 10 — 12 —_ ns 15
Refresh Period 4MB,8MB | tRVRV tRFSH — 16 — 16 ms

16MB 32 32

Write Command Setup Time tWLCEL twes 0 — 0 -— ns 16
TAS Setup Time for CAS Before RAS Refresh | tCELCEL tosR 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

TAS Precharge Time for CAS Before RAS tcEHCEL | tCPT 20 — 20 — ns

Counter Test

RAS Hold Time from CAS Precharge (EDO) tCcEHREH | tRHCP 35 — 40 — ns

RAS Pulse Width (EDO) tRELREH | tRASP 60 100 k 70 100 k ns

RAS to Next CAS Delay (EDO) tRELCEL | tRNCD 60 - 70 — ns

EDO Cycle Time tCELCEL tepC 25 — 30 — ns

Output Data Hold Time tcELQZ tCOH 5 - 5 —_ ns

Output Butfer Tum-Off Delay from RAS tREHQZ tREZ 0 15 ] 15 ns 12,13
Output Buffer Tumn—Off Delay from W twLQz tweEzZ ] 15 ] 15 ns 12
W to Data Delay twLDV tWED 15 — 15 — ns
NOTES:

14. Either tyRH or trcH Must be satisfied for a read cycle.

15. These parameters are referenced to CAS leading edge in write cycles.

16. twes: tRWD. tcwD: tawD. and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if s = twcss (min), the cycle is a write cycle and the data out pin will remain open circuit (highimpedance) throughout
the entire cycle. If this condition is not satisfied, the condition of the data out (at access time) is indeterminate.

3VEDOU32D B L3L?251 00990k2 TTT HN MOTOROLA DRAM
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1M, 2M,4M x32¢ 3.3V e EDO e U

READ CYCLE
- tRe >
t————— tRP —
— T ————
mAs | H \‘ tRAS = f iR
VL — - i \
- tesH
tcRP ~—'RCD———f«————— Ry = | fe—tcrRR—=
. VIH —_ —————— 1 CAS——— —r
N / \ /
L= la— t RAD — |
- tRAL -
'ASR —|« tasC—e  je—
tRAH e »—1CAH
Vig — 4
ADDRESSES M ROW COLUMN
Vi — | ADDRESS ADDRESS
— a— tpoy
Tpcs—t= «——»— {RRH
Vv —
W H F
ViL—
A
«—lcac—» torF
- 'Rac >
Veay —
pa H HIGH-Z d VALID DATA OUT N—
VoL — \ N L /
WRITE CYCLE
<——inp*>
- VIH — 3\‘ tRAS /L —
ViL— |
- tCSH >
tocrp —t ——tgep tRsH a—tCRP——»]
V- r X e 1{cAs——— 2
CAS \ \ /
YIL— —/ taay -— S
tRaL
TASP — et tAsc—> -— »—tcaH
Viyg — D
H ROW COLUMN
D
|<—‘ RAD—™
towL -
twes —f t »— weH
v - D000 | zO<><>O<>O<><><>O<>O<>O<><><>O<
Vi — 9
YRwL
tps—» | -ty ]
v — -
H A N
DQ VALID DATA IN HIGH-Z
ViL— y /
MOTOROLA DRAM B L3b7251 0099063 93 WA
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1M,2M,4M x 32 3.3V<EDO« U

EDO READ CYCLE
trp — |—
ViH — N [ RASP » _—
RS\ — \‘ tANCD JZ \
«————tFPC—————— e f—————{EPC———] tRSH
le——tRCD —— tRHCP ——!
—D1 a1 — tCRP top —! iCRP Je—
ViH — X0\ [<lCAS a—toaS—> —\ (=—ICAs r
oA > et \\ N N /
v — . I
IL tRAD o e lCP >
SH— fRAL —
—» |la—1ASC — «—ASC -—ASC
tASR—™ F~ » <—tc;|\H <—1CA|H »  |e—IiCAH
ViH — 3 B F & e
ADDRESSES ROW }@X COLUMN 1 W COLUMN 2 X><><>§ COLUMNN ><><
ViL — A < A o r A

tncs—>| [ - r—tRCH

ViL —

w
[et—— tAA ——] '(AA—-W tAA__-p{ e tRRH
e——1CPA re——1CPA
«———'RAC > tCAC +=— ICAC {e——» —> tREZ
(CAC —e— —»{ [«10FF
oLz —» tCOH—™ g —
VoH — i F ﬁ
0Q Dout 1 §®Z Dout2 DoutN
VoL — 7
EDO WRITE CYCLE
. tRp
e e 7N
ViL — K A
e tFpC—— ol tEPC———m] |——tRSH—
e——tRCD a—1CP— icp—> {CRP -
—>1 lat— ICRP —tCAS l-1CAS a—{CAS—]
e YH— 7 F N
CAS NN % N \ /
viL — <
-t tCSH— - tRAL >
—»| |=—tASC —» tASC — «— tASC
iASR H_ loaH Al 1CAH
Vi — i
ADDRESSES ROW COLUMN 1 §<><><><r COLUMN 2 XXXX COLUMN N
L —

5
1RAD —L——- = tCWL—»‘ - ‘CWL—>| tCWL——>l

tRWL—
twos > e —»  le—tWCS . twes
- twcH - tweH »—tWCH
VK — - WP —» - TP —= WP
ViL — X 3
tDH |ee—{DH—»
- ips »—1Dg
Vo — — n
VoL — v L
3VEDOU32D B L3L7251 00990k4 a7 W MOTOROLA DRAM
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EDO READ-WRITE MIXED CYCLE

1M, 2M, dM x32¢ 3.3V EDO s U

- tRASP e
Vg — |
S IH \<—ICSH—> /
viL —
1 ICRP «——{EPC —-fa—— tEPC —wla——— IEPC——» {CRP >
e tRCD —» icp i CP - tCP icp r
e— tCAS— «—»[CAS j‘cAs «—»}CAS »-ICAS
_VH — Y ) p—
A
oS ViL — tRAD > \ Z / \ \ Z ]
Hﬁi e m do| la—tcAH T™ [T 'ASC = |=-tasc e~ tASC ] —1ASC
—»{ |e{1tasc =i~ [CAH <>-lopH - topw tcAH
Viy —
ADDRESSES vIH xnow§®< COL.1}O<><><X coL.2 }@( CoL. 3 }@icou COL.N ROW
IL—
! *J ’
RCS tRCH
V i -
" XXX N
viL —
twes *—L
—1 WCH
<——(IcPA—»] || —|cPA —»] la—— tcPA ——»]
1 re—1ipH
tCAC -« ICAC - » ICAC tcac
rat—| tAA —m» e tA A — - tAA — | «a—1DS tAA ——
Vih — —— tRAC
v 7Din 4 (L
L~
DQ coH T tCOH T+ > [=—WED REZ —™ |
tcLz —» - [—tWEZ
Von —
e e 0 =S
MOTOROLA DRAM I L3L7251 009905 709 A 3VEDOU32D
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1M, 2M,4M x 32 3.3VeEDO« U

RAS-ONLY REFRESH CYCLE
(WisHorL)
- tRC
o tRAS (e——RpP——
- ViH— \ &
Vi —
— tcRp —» |<—tnPc
o W \QQ/
ViL —
»  |a—{RAH

[—

ADDRESS

Vg — r
ADDRESSES V'H W ROW

XXOOOOORXXXKHXXN

L

NOTES:
WE=HorL.
PQ = Open.

CAS BEFORE RAS REFRESH CYCLE

P

tRAS

tre

I T e
RAS y icsR
L trrc

tcp
— VYH— r
CAS /
ViL—

twrp

\

r—_—tap__>

¢—— {CHR ———»

oy

<—»—tywRH

_Vip—
ViL—

NOOOOOOXXXXXXXXAX

{OFF —la—
vV —
pg OH }
VoL—
NOTES:

Addresses =Hor L.
4MB, 8MB: W =HorL.

16MB: W must be as shown to avoid switching into component test mode.

HIGH-Z

3VEDOU32D
12
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HIDDEN REFRESH CYCLE (READ)

tRe

1M,2M,4M x 32 3.3V+EDO« U

< -l HRC—
f«————RAS——— ) je——— tgp_ o RP
VIH . | 'a — tRAS——D
RS \ / \
viL - c 7
torP T ™| [ 'ACD —>iw— tASH —» tCHR
—VH - _/ X
CAS ! 'CRP
viL - tRAD - - tCAH
tAsp™™] ¢~ —= [e—rtasc
VIH - N )
ADDRESSES ROW COLUMN
ViL - 7 -
tRAH ™
lAcs <> {RRH
V —
w H :xngzgy
ViL -
-t A —— o
e —ICAC—»] 'REZ
_ 1OFF
oLz T
Vi ‘ B
bg " {EK DATA OUT E_
VoL - X 4
je—— tRAC ————
MOTOROLA DRAM B L3k7251 00990L7 541 WA
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1M, 2M, M x 32 3.3VeEDO U

HIDDEN REFRESH CYCLE (WRITE)

- {RC - RC
ja— IRAS——— > &——tRP——>] »— tRP
D TE e 2 1RAS
FAS H \ Z N
viL -
tcrp—{*—*| [<— IRCD —»l=a— tRSH —» tCHR tcRp —
__ViH - B
CAS _/ . \\
VIL - 1RAD > X
o tRAH «—'—tCAH
tAgg ™| re—| —> = tASC
V _ B
VIL - K -
twes > [ tweH —>
S 0T M
w
viL - =
DS [t—tpH —»
VoH - a
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DEVICE INITIALIZATION

On power—up, an initial pause of 200 us is required for the
internal substrate generator to establish the correct bias volt-
age. This must be followed by a minimum of eight active
cycles of the row address strobe (clock) to initialize all dy-
namic nodes within the module. During an extended inactive
state (greater than 16 ms with the device powered up for the
4MB and 8MB, 32 ms for the 16MB), a wake up sequence of
eight active cycles is necessary to ensure proper operation.

ADDRESSING THE RAM

The 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. For the 4MB and 8MB a total of 20
address bits, 10 rows and 10 columns, will decode one of the
word locations in the device. For the 16MB a total of 22 ad-
dress bits, 11 rows and 11 columns, will decode one of the
word locations in the device. RAS active transition is followed
by CAS active transition (active = V|, tRcD _minimum) for
alt 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
tRc D 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 module:
RAS-only refresh cycle, CAS before RAS refresh cycle,
and page mode. All three are discussed in separate sections
that follow.

READ CYCLE

The DRAM may be read with either a “normal” random
read cycle or an EDO read cycle. The normal read cycle is
outlined here, while the EDO mode cycle is discussed in a
separate section.

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 (ViR), tRcS (minimum) before the CAS 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 mul-
tiplex window. CAS controls read access time: CAS must be
active before or at tggp maximum to guarantee valid data
out (DQ) at tRAC (access time from RAS active transition).
If the tRgp maximum is exceeded, read access time is
determined by the CAS clock active transition (tCAC)-

The RAS and CAS clocks must remain active for a mini-
mum time of tRAS and tCAS, respectively, to complete the
read cycle. W must remain high throughout the cycle, and for
time tRRH or tRCH after RAS or CAS inactive transition,
respectively, to maintain the data at that bit location. Once

RAS transitions to inactive, it must remain inactive for a mini-
mum time of tRp to precharge the internal device circuitry for
the next active cycle.

WRITE CYCLE

The user can write to the DRAM with either a write or an
EDO mode write cycle. The write mode is discussed here,
while EDO mode write operations are 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
(ViL). Write mode is  is distinguished by the active transition of
W, with respect to CAS. Minimum active time tRAS andtCAS,
and precharge time trp apply to write mode, as in the read
mode.

A write cycle is characterized by W active transition at
minimum time twcg before CAS active transition. Data in
(DQ) is referenced to CAS in a write cycle. RAS and CAS
clocks must stay active for trwi and tcwL, respectively,
after the start of the write operation to complete the cycle.

EDO MODE CYCLES

EDO mode allows fast successive data operations at all
column locations on a selected row of the module. Read
access time in EDO mode (tcAC) is typically half the regular
RAS clock access time, tRAC. EDO mode operation consists
of keeping RAS active while e toggling CAS between ViH and
ViL. The row is latched by RAS active transition, while each
CAS active transition allows selection of a new column loca-
tion on the row.

An EDO mode cycle is initiated by a normal read or write
cycle, as described in prior sections. Once the timing require-
ments for the first cycle are met, CAS transitions to inactive
for minimum tcp, while RAS remains low (V)L). The second
CAS active transition while RAS is low initiates the first EDO
mode cycle (tgpc). Either a read or write operation can be
performed in an EDO mode cycle, subject to the same con-
ditions as in normal operation (previously described). These
operations can be intermixed in consecutive EDO mode
cycles and performed in any order. The maximum number of
consecutive EDO mode cycles is limited by tRaAsp. EDO
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 peri-
odically refreshed (recharged) to maintain the correct bit
state. Bits require refresh every tRFSH-.

This is accomplished by cycling through the row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is
addressed. Distributed refresh implies a row refresh every
15.6 pus. Burst refresh, a refresh of all rows consecutively,
must be performed every tRFSH-

A normal read or write operation to the RAM will refresh all
the bits associated with the particular row decodes. Three
other methods of refresh, RAS—only refresh, CAS before
RAS refresh, and hidden refresh are available on this
device for greater system flexibility.

3VEDOU32D
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RAS-Only Refresh

RAS-only refresh consists of RAS transition to active,
fatching the row address to be refreshed, while CAS remains
high (V|H) throughout the cycle. An external counter is
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. External address lines are ignored during the au-
tomatic refresh cycle. The output buffer remains at the same
state it was in during the previous cycle (hidden refresh).

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
IRP 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 cycie) as in CAS before RAS refresh.

lee——— MEMORY CYCLE_____ ]

CAS

CAS BEFORE RAS
“ REFRESH CYCLE > REFRESH CYCLE >

1M,2M,4M x32¢3.3Ve EDO S U

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of the device can be tested
with a CAS before RAS refresh counter test. This refresh
counter test is performed with read and write operations.
During this test, the internal refresh counter generates the
row address, while the external address input supplies the
column address. The entire array is refreshed after complet-
ing one cycle for every column, 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 only after a minimum of 8 CAS
before RAS initialization cycles. The test procedure is as
follows:

1. Write Os into all memory cells (normal write mode).

2. Select a column address, and read 0 out of the cell by
performing CAS before RAS refresh counter test,
read cycle. Repeat this operation for every column.

3. Select a column address, and write 1 into the cel| by per-
forming CAS before RAS refresh counter test, write
cycle. Repeat this operation for every column.

4. Read 1s (normal read mode), which were written at step
three.

5. Repeat steps one through four using compiement data.

CAS BEFORE RAS

DQ — HIGH-Z —

VALID DATA OUT

= N/ N/ N /S
T\
-

/___
3_

Figure 1. Hidden Refresh Cycle
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ORDERING INFORMATION
(Order by Full Part Number)

M B3 X X X XX XXX X XX

T
Motorola Memory Prefix ____]_ ‘lr ’ L Speed (60 = 60 ns, 70 = 70 ns)
EDO Pad Metal (N = Tin—Lead, G = Gold)
Width D = DIMM

Depth (1 = 1M, 2 = 2M, 4 = 4M)

A = Board Type/Revision

Component Die Rev Fab (T = TSB/TSC)
B—-Revision — 1M x 16
C-Revision — 4M x 4 Data Characters
10 = Commercial, Unbuffered, 3.3 V,
Component Package (T = TSOP) x4 DRAM—Based, Square Refresh

18 = Commercial, Unbuffered, 3.3 V,
x16 DRAM-Based, Square Refresh

Full Part Numbers — MB321BT18TADNGO
MB321BT18TADN70

MB321BT18TADGS&0
MB321BT18TADG70

MB322BT18TADGE0
MB322BT18TADG70

MB324CT10TBDG60
MB324CT10TBDG70

3VEDOU32D B 6367251 0099072 949 W MOTOROLA DRAM
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PACKAGE DIMENSIONS
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' INGLUDES PLATING AND/OR METALIZATION.
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