MOTOROLA

"SEMICONDUCTOR

Order this document
by 3VEDOU64D/D

TECHNICAL DATA

DRAM Dual-In-Line Memory

Module (DIMM)
8, 16, and 32 Megabyte

JEDEGC-Standard 168-Lead Dual-In—Line Memory Module (DIMM)
Single 3.3 V Power Supply, LVTTL-Compatible Input and Output

Extended Data Out (EDO)

RAS-Only Refresh, CAS Before RAS Refresh, Hidden Refresh

8MB/16MB: 1024 Cycle Refresh: 16 ms (Max)

32MB: 2048 Cycle Refresh: 32 ms (Max)

Keys Prevent Accidental Insertion into 5 V Systems

Serial Presence Detect (SPD) Provides Module Configuration

Information

PART NUMBERS (See Last Page of Data Sheet for Definitions)

Organization 60 70
1M x 64 MB641BT18TADG60 MB641BT18TADG70
2M x 64 MB642BT18TADG60 MB642BT18TADG70
4M x 64 MB644CT10TADGE0 MB644CT10TADG70

KEY TIMING PARAMETERS

Speed trc (ns) | tRAC (ns) | tcac (ns) | taA (ns) | tepc (ns)
60 104 60 17 30 25
70 124 70 20 35 30

ADDITIONAL PARAMETERS

Active P Standby Power
clive Fower Dissipation (mW) (Max)
Dissipation
Configuration Speed (mW) (Max) TTL CMOS
8MB 60 2,520 144 7.2
70 2,088
16MB 60 2,534 28.8 144
70 2,102
32MB 60 5,760 57.6 28.8
70 5,184

11/1/96

1,2,4M x 64

3.3V, EDO, Unbuffered

1M x 64 (8MB), 2M x 64 (16MB)
168-LEAD DIMM
CASE 1115C—01
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4M x 64 (32MB)
168-LEAD DIMM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

PIN ASSIGNMENTS

Front Side Back Side

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name

1 Vss 22 NC 43 Vss 64 Vss 85 Vss 106 NC 127 Vss 148 Vss
DQo 23 Vss 44 G2 65 DQ21 86 DQ32 | 107 Vss 128 NC 149 | DQ53
DQ1 24 NC 45 RAS2 66 DQ22 87 DQ33 | 108 NC 129 | RAS3* | 150 | DQ54
DQ2 25 NC 46 CAS2 67 DQ23 88 DQ34 | 109 NC 130 | CAS6 | 151 DQ55
DQ3 26 Vce 47 CAS3 68 Vgg 89 DQ35 110 Vce 131 CAS7 | 152 Vgs
Vece 27 WEO 48 WE2 69 DQ24 90 \ele) 111 NC 132 NC 153 | DQ56
DQ4 28 CASO 49 Vece 70 DQ25 91 DQ36 | 112 | CAS4 | 133 Vece 154 | DQ57
DQ5 29 CAS1 50 NC 71 DQ26 92 DQ37 | 113 | CAS5 | 134 NC 155 | DQ58
DQ6 30 RASO 51 NC 72 DQ27 93 DQ38 | 114 |[RAS1*| 135 NC 156 | DQ59
DQ7 31 GO 52 NC 73 Vece 94 DQ39 | 115 NC 136 NC 157 | Vo
11 DQs 32 Vgg 53 NC 74 DQ2s 95 DC40 116 Vgg 137 NC 158 | DQ60
12 Vgg 33 A0 54 Vgg 75 DQ29 96 Vgs 117 Al 138 Vgg 159 | DQ61
13 DQ9 34 A2 55 DQ16 76 DQ30 97 DQ41 118 A3 139 | DQ48 | 160 | DQ62
14 DQ10 35 Ad 56 DQ17 77 DQ31 98 DQ42 | 119 A5 140 | DQ49 | 161 DQ63
15 DQ11 36 A6 57 DQ18 78 Vgs 99 DQ43 | 120 A7 141 DQ50 | 162 Vgg
16 DQ12 37 A8 58 DQ19 79 NC 100 | DQ44 | 121 A9 142 | DQ51 163 NC
17 DQ13 38 A10™* 59 Veo 80 NC 101 DQ45 | 122 NC 143 Veo 164 NC
18 Vece 39 NC 60 DQ20 81 NC 102 \ele) 123 NC 144 | DQ52 | 165 SAQ
19 DQ14 40 Vece 61 NC 82 SDA 103 | DQ46 | 124 Vece 145 NC 166 SAT
20 DQ15 41 Vece 62 NC 83 SCL 104 | DQ47 | 125 NC 146 NC 167 SA2
21 NC 42 NC 63 NC 84 \ele) 105 NC 126 NC 147 NC 168 Vece

*NC on the 8MB and 32MB.
**NC on the 8MB and 16MB.

Clo|w|IN]JlOO|JO]|BA~| W] N

PIN NAMES
AO—A1Q .............. Address Inputs | DQ0O—-DQ63 ....... Data Input/Output
CASO—CAS7 .. Column Address Strobe | RASO — RAS3 . ... Row Address Strobe
WEO,WE2 .............. Write Enable | GO, G2 ............... Output Enable
SA0-SA2 ... ........... SPDAddress | SCL ..................... SPD Clock
SDA ... SPDDatal/lO| Voo .- Power
VSS oo Ground | NC ................... No Connection

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

3VEDOU64D MOTOROLA DRAM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

8MB BLOCK DIAGRAM

GO G2
WEO WE2
RAso—l RA82—|
RAS WE G RAS WE G
CAS0 — LCAS CAS4 ——— LCAS
o— Do o— DQO
o—| Dai o—| bai
o0— D2 O— DQ2
o—{ p@3 O— D@3
o—| DQs O— D5
o—| Ds o—] DQs
o—{ Dar o0— DQ7
CAST UCAS CAS5 UCAS
o—| Das o—  DG8
o— DQ9 o— DQ9
o0— DQio o— DQ1o
o— DQti o0— DQ11
DA8-DAI5 o1 poto DQ40-DQ47 o | poro
o— DQi3 o— DaQi3
o— DQi4 o—] Dai4
o— DQ15 o— DQ15
RAS WE G RAS WE G
CAS2 ™ LCAS CAS6 —] LCAS
0— DQo 0— DQo
0— DQi 0— DQ1
0—| pa? 0—] D@2
O— D@3 O—1 DQ3
DQ16-DQ23 o 084 DQ48-DQ55 o] 084
O— DQ5 O— DQ5
0—] DQ6 0— D6
O— DQ7 00— DQ7
CAS3 UCAS CAS7 UCAS
0— DQ8 o— DQ8
o— DQ9 o— DQ9
o—] Dato 0— DQ1io
o0— DAt o—] DaQit
DQ24-DA31 o | poo DQS6-DQ63 ¢ Q12
o0—| DQ13 0— DQi3
o—| DQi4 o— DQi4
o—| Dats o— DQi5
vee _T_ » DRAMs, SPD SERIALPD
Vss » DRAMs, SPD AO AlOA2
A0-A9 > DRAMs SA0  SA1  SA?
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

16MB BLOCK DIAGRAM

RAS1 RAS3
GO G2
WEO WE2
RASO ] RAS2 —————]
RAS WE G RAS WE G RAS WE G RAS WE G
CASO — LCAS LCAS CAS4 LCAS LCAS
O— bpao — DQO O— pao — DQo
06— pat — DQ1 0— pat — DQ1
O— pae — DQ2 O—1 b2 — DQ2
O0— ba3 — DQ3 O— b3 — DQ3
DQO - DQ7 DQ32 - DQ39
W0-DA7 o] DQ4 — DQ4 @ 39 o— DQ4 — DQ4
O— pos — DQs5 O—1 bos — Das
0 pas —| D06 0 pos —| D6
O— oar — pa7 0— por — Da7
CAS1 UCAS —1 UCAS CAS5 UCAS — UCAS
00— DQs — D@8 O— D08 — DQs
O— DQ9 — DQ9 O— D9 — DQ9
O— bpQio — DQ10 O— Dpa1o — DQ10
O— pait — DQ11 O— pan —1 DQ11
DQ8 - DQ15 DQ40 - DQ47
a8-DAts - o0 DQi2 — DQi2 Q A7 o— DQ12 — DQi2
O— po13 —| DQ13 O— Dpai3 — DQ13
00— pQi4 — DQi4 0— DQi4 — DQi4
O— Dpais — DQ15 O— DQi5 — DQ15
L _ _RAS WE G| |__RAS WE G L __RAS WE G| |__RAS WE G
CAS2 — LCAS LCAS CAS6 ™ LCAS LCAS
O—1 bao — DQO O—1 pao — DQO
O0—1 pat — DQ1 O— pat — DQf
O—1 b2 — DQ2 O— b2 — DQ2
oO— ] oO— —
pats-pazs | D% oo bads-pass | D% o
00— bos — DQs5 O— pos — DQs
©—1 bas — DQ6 O—1 pws — DQ6
O— bar — DQr7 O— par — DQ7
CAS3 UCAS — UCAS CAS7 UCAS — UCAS
0— DQs — Dos o0—| Das — DQs
O—1 DQY —| DQo 0— DQY —] DQ9
O— pato — DQto O— DQ1o — DQto
O— pait — DQ1 O— paii — Dot
DQ24 - DQ3H DQ56 - DQ63
@ B o— DQ12 — Da12 Q 63 o— DQ12 — Dat2
O— po13 —| DQ13 O— paQ13 — DQ13
00— DQi4 — DQi4 0— D14 — DQ14
O— pois —1 DQ15 O— paQts — DQ15
vee _T_ » DRAMs, SPD SERIALPD
C1-C16 T 0.22 LLF (MlN) SCL— SsCL SDA —— SDA
Vss ® » DRAMs, SPD A0 A A
AO-A9 > DRAMs SA0 SA1  SA
3VEDOU64D MOTOROLA DRAM
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32MB BLOCK DIAGRAM

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

GO G2
WED WE2
RASO RAS2
CASO CAS4
O—{ DQ0 CAS RAS WE OF O—{ DQ0 CAS RAS WE OF
o— pat o— bai
DQO - DQ3 DQ2 DQ32 - DQ35 Do
o—1 a3 o—1 b
O— DQ0 CAS RAS WE OF O— DQ0 CAS RAS WE OF
o— pat o— bt
DQ4 - DQ7 D2 DQ36 - DQ39 Do
o—] Das o— pas
CAST ! CAS5 ,
O— pQo CAS RAS WE OF O— pao CAS RAS WE OF
O— bt Oo— pai
DQ8 - DA Do DQ40 - DQ43 -~
o— a3 o— Das
O— b0 CAS RAS WE OF O— pao CAS RAS WE OF
DQ12-DQ15 bai DQ44— DQA7 O DO
- O— DQ2 - O0— DQ2
o— pas3 o— Dpa3
CAS? | CAS6 |
O— pQo CAS RAS WE OF O— ba0 CAS RAS WE OF
DQ16-DQ19 © Dat DQ4s-Das1 © pat
o— b2 o—1 b
o—] pas o— Das
O— pQo CAS RAS WE OF O— pao CAS RAS WE OF
DQ20-DQ23 © Dat DQ52 - DQs5 © DQt
o— b2 o— b
o— a3 o— Da3
CAS3 | CAS7 I
O— pQo CAS RAS WE OF O— pao CAS RAS WE OF
0— pai o bQr
DQ24 - DQ27 o DQs6- DQSY Do
o—] pas o— Da3
O— pao CAS RAS WE OF O— b CAS RAS WE OF
DQ28—Da31 © DQ1 D060 - D063 © e
o— b2 o—1 b
o— Da3 o— D@3
AO—A10 » DRAMs SERIAL PD
scL— scL SDA — SDA
A Al A2
Voe _T_ » DRAMs, SPD | | |
ci-C16 TO.ZEuF(MIN) SA0  SA1  SA?
Vss e » DRAMs, SPD
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vce —-03to+46 \
Voltage Relative to Vgg Vin, Vout | —0.3to Voo +0.3 \
(For Any Pin Except Vg i)
SPD Pins Vin. Vout -031t06.5 \
Data Output Current per DQ Pin lout 50 mA
Power Dissipation 8MB Pp 3.2 w
16MB 6.4
32MB 14.4
Operating Temperature Range TA Oto+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.

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 this high—-impedance

circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Ve =3.3V+=0.3V, Tp =0to 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 3.0 3.3 3.6 \Y
Vss 0 0 0

Logic High Voltage, All Inputs VIH 22 — Vgg +0.3” \
Logic Low Voltage, All Inputs ViL -0.3* — 0.8 \
SPD Pins ViL -03 — Voo +0.3 \
SPD Pins VIH Vee x 0.7 — Voo +0.5 \
SPD (lyoL =2.1 mA) VoL — — 0.4 \
Input Leakage Current (Vgg < Vinh < Vo) likg(l) —-160 — 160 A
Output Leakage Current (CAS at Logic 1, Vgg < Vout < VCC) likg(O) -20 — 20 pA
Output High Voltage (IopH =—2 mA) VoH 2.4 — —

Output Low Voltage (IoL =2 mA) VoL — — 0.4

*Vgogo + 1.2V at pulse widths <20 ns.

**—1.2 V at pulse widths < 20 ns.
3VEDOU64D MOTOROLA DRAM
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DC CHARACTERISTICS AND SUPPLY CURRENTS (All Voltages Referenced to Vgg)

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

8MB 16MB 32MB
Characteristic Symbol | Min Max Min Max Min Max Unit | Notes
Vg Power Supply Current  (tRC = tRCMIN) 60| Icci — 700 — 704 — 1600 mA 1,2
70 — 580 — 584 — 1440
Ve Power Supply Current (Standby) lcco — 4 — 8 — 16 mA
(RAS = CAS =V|H)
Vg Power Supply Current (tRC = tRCMIN) 60| Iccs — 700 — 704 — 1600 mA 1,2
During RAS—-Only Refresh 70 — 580 — 584 — 1440
Cycles
Vg Power Supply Current  (tRC = tRCMIN) 60| Icca — 440 — 444 — 1280 mA 1,2
During EDO Cycle 70 — 400 — 404 — 1200
Ve Power Supply Current (Standby) lccs — 2 — 4 — 8 mA
(RAS=CAS =V —-0.2V)
Ve Power Supply Current  (tRc =tRCMIN) 60| Iccs — 700 — 704 — 1600 mA 1
During CAS Before RAS 70 — 580 — 584 — 1440
Refresh Cycle

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 = V4.

CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Vg = 3.3 V, Periodically Sampled Rather Than 100% Tested)

Input Capacitance Symbol 8MB Max 16MB Max 32MB Max Unit

Addresses GCin 30 50 90 pF
WE, G Cin 24 38 66 pF
RAS Cin 24 24 66 pF
CAS Cin 17 24 24 pF
SPD Cin 18 18 18 pF
DQ Cout 17 24 17 pF

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

MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=3.3V10.3V, Ta =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 {RELREL Rc 104 — 124 — ns 5

Read—Write Cycle Time tRELREL tRWC 135 — 157 — 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 t{CEHQV tcPA — 35 — 40 ns 6

CAS to Output in Low—Z tCcELQX tcLz 0 — 0 — ns

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

Transition Time (Rise and Fall) T T 1 50 1 50 ns

RAS Precharge Time tREHREL RP 40 — 50 — ns

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

RAS Hold Time t{CELREH tRSH 10 — 12 — ns

CAS Hold Time tRELCEH tcsH 40 — 50 — ns

CAS Pulse Width t{CELCEH tcAS 10 10k 12 10k ns

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

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

CAS to RAS Precharge Time {CEHREL tCRP 5 — 5 — ns

CAS Precharge Time {CEHCEL tcp 10 — 12 — ns

Row Address Setup Time tAVREL tASR 0 — 0 — ns

Row Address Hold Time IRELAX tRAH 10 — 10 — ns

Column Address Setup Time tAVCEL tASC 0 — 0 — ns

Column Address Hold Time t{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

NOTES: (continued)

1.
2.

3.

10.
1.

12

13.

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

. AC measurements tT=5.0 ns.
. The specification for tgg (min), trwc (min), and tgpc (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 equivalentto 1 LVTTL (—2 mA, + 2 mA) loads and 100 pF with the data output trip points setat Voq=2.0V

and VoL =038V.

. Assumes that tgcp < trcp (max).
. Operation within the tRgp (max) limit ensures that tRac (max) can be met. tRgp (max) is specified as a reference point only; if tRgD

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

. Operation within the tRaD (max) limit ensures that tRac (max) can be met. tRaD (max) is specified as a reference point only; if tRaAD

is greater than the specified tgap (max), then access time is controlled exclusively by tpa.
Assumes that tRcp 2 trcD (max).
Assumes that tRaD 2 tRAD (max).

. oFF (max), tRez (max), twez (max), and tGz (max) define the time at which the output achieves the open circuit condition and is not

referenced to output voltage levels.
If RAS goes high before CAS goes high, the open circuit condition is controlled by CAS going high (toFF). If CAS goes high before RAS
goes high, the open circuit condition is controlled by RAS going high (tREZ).

3VEDOU64D MOTOROLA DRAM

8



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

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit | Notes
Read Command Hold Time Referencedto CAS | {cEHWX tRCH 0 — 0 — ns 14
Read Command Hold Time Referenced to RAS | tREHWX tRRH 0 — 0 — ns 14
Write Command Hold Time Referencedto 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 15
Data In Hold Time t{CELDX tDH 10 — 12 — ns 15
Refresh Period 8MB, 16MB tRVRV tRFSH — 16 — 16 ms
32MB 32 32
Write Command Setup Time tWLCEL twecs 0 — 0 — ns 16
CAS to Write Delay tCELWL tcwD 36 — 39 — ns 16
RAS to Write Delay tRELWL tRWD 79 — 89 — ns 16
Column Address to Write Delay tAvwL tAWD 49 — 54 — ns 16
CAS Precharge to Write Delay tCEHWL tcPWD 54 — 59 — ns 16
CAS Setup Time for CAS Before RAS Refresh t{CELCEL ticsr 5 — 5 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH t{CHR 10 — 15 — ns
RAS Precharge to CAS Active Time tREHCEL tRPC 5 — 5 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL tcPT 20 — 20 — ns
Counter Test
RAS Hold Time Referenced to G {GLREH tROH 10 — 10 — ns
G Access Time tcLaQv 1GA — 15 — 20 ns 6
G to Data Delay tGLHDX teD 15 — 15 — ns
Output Buffer Turn—Off Delay from G tGHQZ taz 0 15 0 15 ns 12
G Command Hold Time tWLGL tGH 10 — 12 — ns
Output Disable Setup Time {GHCEL tGDs 0 — 0 — ns
RAS Hold Time from CAS Precharge (EDO) tCEHREH | RHCP 35 — 40 — ns
RAS Pulse Width (EDO) {RELREH tRASP 60 100 k 70 100k ns
RAS to Next CAS Delay (EDO) tRELCEL tRNCD 60 — 70 — ns
EDO Cycle Time t{CELCEL tEPC 25 — 30 — ns
EDO Read-Write Cycle Time tCELCEL | 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 12,13
Output Buffer Turn—Off Delay from WE twLaz tWEZ 0 15 0 15 ns 12
WE to Data Delay twLDV tWED 15 — 15 — ns
G to Pulse Width {GLGH e} 15 — 20 — ns
G Precharge Time tGHGL tap 10 — 12 — ns
CAS to G Precharge Time {CEHGL tcpG 5 — 5 — ns

NOTES:

14. Either tRRH or tRcH must be satisfied for a read cycle. _
15. These parameters arereferenced to UCAS or LCAS leading edge in early write cycles andto W leading edge in late write or read—write cycles.
16. twes. tRwD: tcwD: tAwD. and tcpwD are not restrictive operating parameters. They are included in the data sheet as electrical char-
acteristics only; if twcs = twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughouttheentirecycle;iftcwp =tcwp (min). tRwD 2tRwD(min),andtawD =t awD (min),andtcpwp =tcpwD (min) (extendeddataout),
the cycle is a read—write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminate.

MOTOROLA DRAM

3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

SERIAL PRESENCE DETECT DATA

Field Description Byte Number Byte Value (Hex) Byte Value Meaning
8MB
SPD Size 0 80 128 bytes
Total SPD Memory Size 1 08 256 bytes
Fundamental Memory Type 2 02 EDO
Number of Rows 3 0A 10 rows
Number of Columns 4 0A 10 columns
Number of Banks 5 01 1 bank
Module Data Width 6 40 64 bits wide
Module Data Width (Continued) 7 00 None
Supply Voltage 8 01 3.3V (LVTTL)
RAS Access Time 60/70 9 3C/46 60 ns/70 ns
CAS Access Time 60/70 10 1114 17 ns/20 ns
Error Detection 11 00 None
Refresh Rates 12 00 15.625 us
Primary DRAM Organization 13 10 x16 DRAMs
16MB
SPD Size 0 80 128 bytes
Total SPD Memory Size 1 08 256 bytes
Fundamental Memory Type 2 02 EDO
Number of Rows 3 0A 10 rows
Number of Columns 4 0A 10 columns
Number of Banks 5 02 2 banks
Module Data Width 6 40 64 bits wide
Module Data Width (Continued) 7 00 None
Supply Voltage 8 01 3.3V (LVTTL)
RAS Access Time 60/70 9 3C/46 60 ns/70 ns
CAS Access Time 60/70 10 1114 17 ns/20 ns
Error Detection 11 00 None
Refresh Rates 12 00 15.625 us
Primary DRAM Organization 13 10 x16 DRAMs
32MB
SPD Size 0 80 128 bytes
Total SPD Memory Size 1 08 256 bytes
Fundamental Memory Type 2 02 EDO
Number of Rows 3 0B 11 rows
Number of Columns 4 0B 11 columns
Number of Banks 5 01 1 bank
Module Data Width 6 40 64 bits wide
Module Data Width (Continued) 7 00 None
Supply Voltage 8 01 3.3V (LVTTL)
RAS Access Time 60/70 9 3C/46 60 ns/70 ns
CAS Access Time 60/70 10 1114 17 ns/20 ns
Error Detection 11 00 None
Refresh Rates 12 00 15.625 us
Primary DRAM Organization 13 04 x4 DRAMs
3VEDOU64D MOTOROLA DRAM
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TIMING DIAGRAMS

READ CYCLE

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

RAS

tRC
tRAS

tcgy ———»

g/ PN \\

tcRp e« tpgp —»le——————— fRgy le—— tcRp ——
% VIH _ \\q— tCAS —>/ /_
ViL— la—tpap —» =
tRAL
tASR IASC—»  |e—

> l«— tRAH tcaH

\' H— -
ADDRESSES ><><><>< ROW COLUMN

Vi — S =

tRecs

e tRCH
'RRH

N VS
Vi —

e tRoH —————»]

OAXXXX

AA
e T 7
G XX
Vi — /<
«— IcAC——» le—>1-torr
I Y <~ {REZ
17 — ~——laz—»
Von — / N
DQ HIGH-Z { VALID DATA OUT
VoL — 4
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

READ CYCLE (E CONTROLLED READ)

tRC
tRAS «—— RP —
— VH p
RAS X / \
.
tcsH
tcrp «— iRgp ———»}«———— 1RSH le— {CRP —»
— VN Ir ~ \4— {cAS ——
CAS
4/ — tRAD —> \ /
tRAH —o»]  |e— - tRAL
taAsk tASC—  [w— |- tCAH
V r
u
——I l—tRCH
tRcS < fROH tRRH
— ViH—7
WE A\ iQ
1GA <—tcpg
& 000000000000N. I \
G
K A
tea
tcac
Vo < IRac
DQ HIGH-Z Dout }_®§
VoL
17 —wf
3VEDOU64D MOTOROLA DRAM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

WRITE CYCLE (EARLY WRITE)

tRC
tRAS le—— tRP ——»

T N / N
Vi — =

{CRP l«——— tReD ———»le——— tRSH «— ICRP —]
% ViH — r \1— tcas —P/ =" 2
ViL — / \ 3 /
t
ASR —»| |e—tRAH | tRAL

VIH — 7
ADDRESSES ROW COLUMN §<><><><><><><><><><><><><><><><
ViL — A
—

towL ———»
twes tweH
— VH— twp| ——
WE
. — SIXXXXXHXXN LXKIXXHIXIANXHXXX
tRWL 44

& = OQOOQOXKX JOXXXXXIXKAXKLR)
Ds ] fe—nt-on

o 2~ ORRXRRXRRRH e KRXCKXOCKX XK

WRITE CYCLE (E CONTROLLED WRITE)

tRC
tRAS le——— tRP ——»

= \ / (-

tcsH ——————»f
tcrp e—— tRCD ——»r«—— 1RSH |<— tCRP —
- VH — X e—— {CAS —o
CAS / \\ / /
ViL — «— tRAD ——|
tRAH fe— - tRAL
tASR —J tasc t— {CAH

VIH — 3 3
ViL — A
le—— tCwL —»I

le—— RWL ——
VIH —

" N MXXXXWXXXX>

taDs

o I®<><><><X>O<><X>7 JWWXXXXXXXX)@
o | _XXXWXXXXXX o X XKXKXXXXXXXXAX

Le”

MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

READ-WRITE CYCLE

tRwe

_ L
RAS Vi — Xr tRas ,Z \

t -
CRP tosH tRp
e ZE— tRCD B e — tRSH tCRP

— VH — t -
7 CAS
CAS v — «— tRAD —» \\ /
e s e
tRAH ™ t— — lee— tCcAH
ViH — r 3
ADDRESSES ROW §®§ COLUMN §<><><>O<><><>< ><><><><><><>
ViL — *x -
[
tawp towl
tRCS «——— ICWD ————»f |«— tRWL —DV\(
% N IOOOKKXK
- OO0 o — \
viL — M c
tRwWD
- 1GA
— VU—7 ¥
G /
VIL — A - (e tpH

y I«—tRAC —> <—tps
H—

— oo XXOOOKK
viL —

tCAC tGz—» |-

ba v oz —™ o
OH—
— OPEN DATA OUT
VoL — 3

N7

3VEDOU64D MOTOROLA DRAM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

EXTENDED DATA OUT READ CYCLE
tRP™
ViH — N tRASP —

Vi — _\ IRNCD Z

RAS

\_

" A

l«———— tFPC —————m@——— IEPC ——»] |@— RSH —f
<— 1RCD tRHCP ——
—-I le— ICRP cp —» tcrp -
s Vi — N \\— \*tCASj g—;_\<— tcas /L
ViL — tRAD T N
{GSH - i ot B
— el — tASC — lei— tASC
tasR— <—t(%AH — o <—tCIAH le— tcAH
VIH — r p I m r m 's m
ADDRESSES ROW }®§ COLUMN 1 XXXX COLUMN 2 XXXX COLUMN N
V||_ — b - b b

1 - {RCH
RCs ™ [~
e ViH —
VL — |<— ROH -»»
Ay —m

—> 1RRH

je——— tcPA —»  ja— ICPA
'GA —> | fe—tREez

|<— tRAC tcAC tcac
—»| «—1OFF

IcAC T e

tocLz — tcLz tgz
Vo4 — 2 —_

DQ Dout 1 Dout 2 Doyt N
VoL — out 7§®§r out i out 2_
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

EXTENDED DATA OUT WRITE CYCLE (EARLY WRITE)

Vi — \ tRASP > -

RAS

a———— FpC ———»] f«—tRSH—»

CAS

|
ADDRESSES v X>§ ROW §®§ COLUMN 1 m COLUMN 2 §<XX>§ COLUMN 3 X><><><><><><><
L — - K

o)

— XOOOXXX
viL —
DS DS 'Ds

VOH — = 3
VoL — k . /

tDH tDH tDH

3VEDOU64D MOTOROLA DRAM
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EXTENDED DATA OUT READ-WRITE CYCLE

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

tRp
tRASP
mas M T R\
X<— tcgH ——— /
viL -
tReD —1> — tcp tcrp
tERWC ttRWG ————— | |«—— tRsH
— VY - «— 1CAS —— e tCAS ————» «— ICAS ——»
\ \ [N
VIL = tgap \ b 7 7 k 2
tRAH —™] tcp
tasR = — |<— tcAH icAH tRAL
— tASC tasc —> <1—1Asc
V —
viL -
ROW tRWD — ™ l«—— tcwp ——» tcPWwD ————»
re—{CWD— tCPWD ————— -« (WD —— tRWL
tRCS —p [e—towL
Y Ny
G \ \
ViL - tAWD —— "N tAWD ——— N tAWD ———»
tAA > oWl . A —» oWl e e tan —>
tGA fot— le— tGA l—iGA
twp—m=  |f— twp — ™ — twp
_VH - \ r
G / / /
ViL -
taD M — (¢ tGD
la——iCPA—— IL la——tCpPA ——
[*— tRAC —» [w—ipg — — DS —»| |=—1ipg
(Vi - tcac r - ICAC - — - {CAC > \
Din1 Din2 E DinN E_
ViL - N - A N 7
pa< oLz — —FI <«—{DH | |1y —»I «—1pH
—  fw—icy toLz— —» |=—tg7 toLz— — gz
VoH — N N
Voo — 4 \ 4
\' o — Dout! O Dout2 DoutN
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

EXTENDED DATA OUT READ-WRITE MIXED CYCLE

- trASP »|
— le tRp
Vg —
IL
|
T tcRP «— {fpc—»(«—— {fpg—»>@—— ttpg—— tcRP
«—1RCD — <~ lop >-icp e icp  [e—=ricp
—CAG—™ - tcas » {CAS tcAS tcas
CAS Vi — \ \ Z _\\ / \ / \
ViL— tRAD bt 7 ~
t
RAH—T®) [—
tASR—9| le1— 1pl la—tcan T™ |=rtasc 1 |e—tasc | > e—tasc | |=-tasc
Vi —
IH
ADDRESSES y *_ROW§®< coum coL 2 §®< coL.3 }@{ coL 4 }@g COL N ROW
IL— |
tR(fS tRCH —>| |<— ‘
—_— V. —
XX Ly
V) —
IL
twes— e
Vv > iGA T tWTH
c " tcpn — tcpa —] < — tcpy —»
v 1 |—tpy
L — N
<> IcAC - tcac | 1 tCAC e
-~ <—tAA—> - tAA—D —tAA_> > —ipg - tAA_>
ViH — - RAC 1o N tol 7=
n
VL — \ /
pa < tCoH tCOH = | tyep ey —
oLz —» -]
—»| .— tWEz
VOH —
v @g Dout 1 §®§ Dout 2 §®§Doms} Dout h}_
g oL
3VEDOU64D MOTOROLA DRAM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

RAS-ONLY REFRESH CYCLE

tRC
le—tRp———
1
V- RAS
RAS \ Z \
viL -
tcRP tRPC
CAS 7
viL -
tASR tRAH
VH — y R
ViL - 2
NOTE: WE, G=Hor L.
DQ = Open.
CAS BEFORE RAS REFRESH CYCLE
n tRe
«— RAS___ " o tRP
— Viu— ;
RAS x
viL— IcsR - \
- tRpc-»
tcp
VA — i« {CHR ——
CAS / \ /
ViL— 2
twRp tWRH
ViL—
tOFF —e—]
VA —
pa O } HIGH-Z
VoL—

NOTE: Addresses = H or L.
8MB, 16MB: W=Hor L.

32MB: W must be as shown to avoid switching into component test mode.

MOTOROLA DRAM

3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

HIDDEN REFRESH CYCLE (READ)

- R tRC ————»
l«———— 1RAS ————»| l@——— IRP ———» tRp
— vy - T r = RAS —]
RAS \ Z Z N\
viL -
{CRP «— RCD —fee— IRSH —»f {CHR - ICRP —»
Vi -
cas M / \\
ViL - X
tagp™™ I~ ™ tasc
VIH —_ A - - -
s~ OO oo X RKIIITKKK
VIL - K
tRAH—™ M*—
tRGS tRRH
— ViH =7 i
WE v - iap
| tROH | |
G H- \ tGA jCCCCOCCOCC(
ViL - K
le— {CAC — oFF |<—>— tREZ
toLz - 1GZ ——»
V — r
pQ 'OH ZEXX DATA OUT 57
VoL — K
la— tRAC ————
HIDDEN REFRESH CYCLE (WRITE)
tRC R ———»
l«—  RAS ———— ] |@———— IRp —— - »— {RP
—Vy == 3 tRAS —| _ir
RAS \ Z Z N\
viL - - r
tcRP «— tRCD —le— tRSH —] fCHR |<— {CRP —o=
—ViH - 7
CAS y .
IL — tRAD —l -
— tRAH <—FI—tCAH
tasg ™ re—| —™ tasC

VIH
ADDRESSES
ViL

COLUMN

oo JXXAXXXXIXKKAXX XXX XXX

l— tWwCH —

— Vi

_ twp ———»
e T OO AX KX KX KX KX XHXK
viL - =

_ Vg —
ViL -
tDs-<—'| |<—tDH—>
Vou — s
VoL - N y
3VEDOU64D MOTOROLA DRAM
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

lat— tRp —
_ tRAS
vy — ir =\
rAs UH /
ViL - \
«— ICHR
—> icsR ICPT-»| |- tRsH » | | = {cRp
-«
_ V||_| - | CAS 4
CAS A\ /
ViL - K
tRAL
tASC - fCAH
VIH — r
ADDRESSES v COLUMN
IL =
tRRH
——>| «—tRCS tRCH
Vi - N
= U0
ViL = | tROH
tGA
— oV =
I \ AXXXXXXXX
viL -
«— {CAC — j <—:0FF
le—{REZ
tAA : e—— g7 —
vV, — r N
DQ OH DATA OUT }7
VoL —- C J
tcLz—
CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE iRp ]
_ tRAS
ViH — =
Ras M N\
viL -
— {CHR
—> tcsR icPT»| |[—— tRSH - tcRP
__ VH - _ —— {cAS ="
CAS \ /
VIL - K
tRAL
VIH - &
VIL - r
tRWL =|,
- towL »
twecs —™ il
— Vy - «—— tWCH ——
e - XXXXXXXOON LXXOQOUXXIAX
ViL - x
— Vg -
g M
viL -
tps —<—>| |<— iDH —»
VIH - F 3
viL - .
MOTOROLA DRAM 3VEDOU64D
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1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE

tRP —o
_ tRAS
\' —
rAs H
ViL - —

«— {CHR
—> csR ICPT-»] |« tRSH » | = {cRp
vy - | (e— 1CAS s
CAS \ /
VL - K | K .
tRAL
t
tASC - tCAH
VIH —
wosss 1~ XOOOOOOCOOL e KOO K XXX
viL -
tawp ——————— towL
-« towp ————> tRWL -
tRcs
ﬁ VH — ¥ J\—\ C :: :: C :: :: i><
VIL = iGA -

— VH -
e \
VIL = N iDH

tps -
- 7 _
" o KXXXXXX)
L —
tcAC -— tGD
DQ< toLz —™ [-— taz
Von ~ 7:X>§F Dout |}
Lo - pAV S
3VEDOU64D MOTOROLA DRAM
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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 for the 8MB and 16MB, 32 ms for
the 32MB with the device powered up), a wake up sequence
of eight active cycles is necessary to ensure proper opera-
tion.

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 8MB and 16MB modules a
total of 20 address bits, 10 rows and 10 columns, will decode
one of the word locations in the device. For the 32MB module
22 address bits, 11rows and_11 columns, decode one of the
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 address-
es into the RAM. o

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 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 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. _
__Both CAS and output enable (G) control read access time:
CAS must be active before or at tRcp maximum and G must
be active tRAC-tGA (both minimum) after RAS active transi-
tion to guarantee valid data out (Q) attRa G- If the trcp maxi-
mum is exceeded and/or G active transition does not occur in
time, read access time is determined by either the CAS or G
clock active transition (tcAC or tGA)-

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

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
(VIL). 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, tpH) 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 us after
CASactivetransition, ({RCD +tCWD + tRWL +2tT) <tRAS, if
othertiming minimums (tRcD,tRWL. and tT)aremaintained.
D timing parameters are referenced to W active transition in
a late write cycle. Output buffers are enabled by CAS active
transition. Outputs are switched off by G inactive fransition,
which is required to write to the device. RAS and CAS must
remain active for trw| and tgwL, respectively, after W active
transition to complete the write cycle. G devices must remain
inactive for tqH 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 taywp minimum,
to guarantee valid Q before writing the bit.

EDO MODE CYCLES

EDO mode allows fast successive data operations at all
column locations on a selected row. Read access time in page
mode (tcAC) is typically half the regular RAS clock access
time, tRAC- EDO mode operation consists of keeping RAS ac-
tive while toggling CAS between V|H and Vj. The row is
latched by RAS active transition, while each CAS active tran-
sition allows selection of a new column location on the row.

An EDO mode cycle is initiated by a hormal 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 tgp, while RAS_remains low (V).
The second CAS active transition while RAS is low initiates
the first EDO mode cycle (tEpc or tERWC). Either a read,
write, or read—write operation can be performed in an EDO
mode cycle, subject to the same conditions as in normal oper-
ation (previously described). These operations can be inter-
mixed in consecutive EDO mode cycles and performed in any
order. The maximum number of consecutive EDO mode
cycles islimitedby tragp. EDO mode operationisendedwhen
RAS transitions to inactive, coincident with or following CAS
inactive transition.

MOTOROLA DRAM
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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 require refresh every tRFSH.

This is accomplished by cycling through the 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 us. Burst
refresh, arefresh of all rows consecutively, must be performed
every tRFSH-

Anormal read, write, or read—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 be-
fore RAS refresh, and hidden refresh are available on this
device for greater system flexibility.

RAS-Only Refresh -

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(VIH) throughout the cycle. An external counter 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 tyyRp before andtime tyyrH after RAS active transition
to prevent switching the device into a test mode cycle.

MEMORY

CYCLE

CAS

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 completing one cycle for each 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 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 for ev-
ery column.

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 outand write 0 into the cell by performing the CAS
before RAS refresh counter test, read—write cycle.
Repeat this operation for every column.

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

6. Repeat steps one through five using complement data.

REFRESH REFRESH
CYCLE CYCLE

DQ —HIGH-Z-

VALID DATA-OUT

wso N/ "/ ST
T\ a
— -

Figure 1. Hidden Refresh Cycle

PRESENCE DETECT OPERATION

LEXICON

This lexicon will describe some terms used in this serial
interface description.

MASTER: The device that initiates the serial transmission
is designated as master. In general, it is the device gener-
ating the clock. The SPD device can never function as a
master.

SLAVE: The SPD device always operates as a slave.

TRANSMITTER: The device with its SDA pin in output is
a data transmitter. In the case of multiple devices in output,
the device sending a low level will win due to the Open—Drain
connection.

RECEIVER: A device that has been properly selected by
a chip address followed by a write bit is a receiver, and will
shift data present on the SDA pin in internal registers.

3VEDOU64D
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MSB: The Most Significant Bit is the first bit transmitted
and received.

START CONDITION: The start condition is defined as a 1
to O transition of SDA when SCL is high. The first byte of data
following a start condition includes the chip address followed
by the Read/Write bit. All devices connected on the same
bus receive this data to check if they are addressed.

STOP CONDITION: The stop condition is defined as a 0
to 1 transition of SDA when SCL is high. In this circuit, the
stop condition is never mandatory. An EEPROM program-
ming can be initiated by the STOP or also by any following
START condition.

A STOP after a serial read sequence will put the device in
standby state.

CHIP ADDRESS: The first byte transmitted after a
START contains the chip address followed by the Read/Write
bit. The 7-bit chip address is formed of 4 fixed bits followed
by 3 chip select bits.

Fixed bits are 1010 for this device. The three chip select
bits must correspond to the three SA0 — SA2 inputs for prop-
er chip selection.

READ/WRITE BIT: The eighth bit transmitted by the mas-
ter after the 7-bit chip address will indicate the direction of
transfer for the next bytes (until a new start or stop). If low,
the following bytes are transmitted by the master. If high, the
following bytes are transmitted by the SPD device.

BYTE ADDRESS: The first byte of data received by the
memory after the chip address, will be latched in the byte
address register and is used to select one of the 256
EEPROM bytes.

ACKNOWLEDGE BIT: This bit is sent by the selected
receiver on the data line after a byte reception. Due to the

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

open drain structure, a valid acknowledge bit corresponds to
a low level. While operating as a transmitter, sending a
sequence of data bits, this device will check the acknowl-
edge bit generated by the master. The absence of this bit will
stop the transmission of data.

PROTOCOL

At the protocol level, the transmission of data is defined in
the form of sequences of Start (STA), Stop (STO) conditions,
and bytes followed by acknowledge bits.

Standby State

When no serial transmission and no programming are
made, the SPD is in standby. A STOP condition following a
read sequence or a write byte address sequence (without
data write), will put the SPD in standby. A new START condi-
tion will wake up the SPD, to get the chip address. If the chip
address is not valid, the SPD will return to standby.

The power consumption is minimum in standby.

Write Sequence

The serial write to the memory includes a serial trans-
mission of the byte address and the data to be written. When
this is completed by a stop, the programming sequence is
initiated.

During the write cycle, the SPD inputs and the SDA pin are
disabled for the time (tyyR) and the SPD will not respond to
any requests from the master.

It is possible to program simultaneously up to eight bytes,
provided the five most significant bits of their addresses are
identical. The byte address is incremented after each new
data byte shifted in.

WRITE ONE BYTE
Frrriri L UL LI LI
A A A|STO
STA CHIP ADDR 0 BYTE ADDR DATAIN
L1 1 1 1 1 S | I T N T I | S 11 L1 1 1 S| STA
PROGRAM START PROGRAM
Frrriri
Rl A
STA ICHIIP ,IADIIJRI wl's
STOP PROGRAM
WRITE UP TO EIGHT BYTES
Frrriri Frrrriri Frrrruri Frrrrirri Frrrriuri
sTA[ ~ CHPADDR |o|A BYTEADDR |4 DATAIN A DATAIN A DATA IN o\ R
1 1 1 1 1 L1 1 1111 L1 11111 L1 1 1111 I T T T I |
PROGRAM START PROGRAM
Frrriri
Rl A
STA ICHIIP ,IADIIJRI wl's
STOP PROGRAM
STA: Start Condition R/W Bit: 1 = Read/0 = Write AS: Slave Acknowledge (SPD)
STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge
Figure 2. SPD Write Protocol
MOTOROLA DRAM 3VEDOU64D
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Read Sequence

Reading data from the memory is made in two steps. First
the byte address must be loaded in the byte address register.
Then data can be read out of the memory. The first step is
only required to define the byte address. If this address was
predefined from a previous read, this step can be skipped.

The byte address is automatically incremented after each

READ ONE BYTE (INCREMENT WRITE BYTE ADDRESS)

data byte transmitted.

This is also valid after the last byte of a transmission.
Therefore, the next read sequence without any byte address
specified will transmit data of the next byte. A read sequence
will transmit data bytes of successive addresses until the
absence of the acknowledge bit from the master. In this case,
the SDA output driver will switch off and the circuit will go to
standby.

T T T 111 PN BLBLILL N ALE T T T 1T 11 Al T T T T T 11 STO
STA CHIP ADDR 0 S BYTE ADDR S STA CHIP ADDR 1 S DATA OUT 1 STA
L1 1 1 11 L1 1 1 1 11 111 1 1111
I
INC
READ ONE MORE BYTE (BYTE ADDRESS DEFINED)
T T T 111 T T T T T 11
A STO
STA CHIP ADDR 1 DATA OUT 1
[ I i I A I STA
"\
INC  OPTIONAL
READ MANY BYTES
T T T 111 Al T LI T T T T T, T T T 1T 11 A
STA CHIPADDR |0 BYTE ADDR STA CHIPADDR |1 (CONT)
[ 2 I I e [ S
OPTIONAL
T T T T 111 | I I I N T T T T T 11
A A STO
CONT. DATA OUT DATA OUT DATA OUT 1
( )IIIIIII';/IIIIIIII';/IIIIIIIIISTA
INC INC INC
STA: Start Condition R/W Bit: 1 = Read/0 = Write AS: Slave Acknowledge (SPD)
STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge
Figure 3. SPD Read Protocol
NO MASTER
START oHip READ i ACK. sTop
|| ADDRESS BIT SPD |
| LN / NN N NN |
spA | \| X X \ / X X X X / | |
| NS/ Ne oA N AN AN N |
SCLM 7 8 9 1 2 7 8 9 | ]
I —= —= |
SDA Control: Master =77 7 SPD
Figure 4. SPD Read Detail
3VEDOU64D MOTOROLA DRAM
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tHD: DAT
tsu: sTA L tHD: STA ’-— tsu: DAT tsu: sTO lt—— tpUF——»]
: =y
| ] EX
I I
lt— tF — R — +1R I |
- ’ | 1
7 \§—7 (—/ . |
t ) L L
START < Low—> DH STOP START
ZHIGH
SDA
OUTPUT
tAA
Figure 5. SPD Timings
PRESENCE DETECT READ AND WRITE CYCLE
Parameter Symbol Min Max Unit
SCL Clock Frequency FscL 100 kHz
Noise Suppression Time Constant at SCL, SDA Inputs T 100 ns
SCL Low to SDA Data Out Valid tAA 0.1 4.5 us
Time Bus Must be Free Before a New Transmission Can Start 1BUF 47 us
Start Condition Hold Time tHD:STA 4.0 us
Clock Low Period tLow 47 us
Clock High Period tHIGH 4.0 us
Start Condition Setup Time (for a Repeated Start Condition) tSU:STA 47 us
Data In Hold Time tHD:DAT 0 us
Data In Setup Time tSU:STA 250 ns
SDA and SCL Rise Time R 1 us
SDA and SCL Fall Time tF 300 ns
Stop Condition Setup Time tSU:-STO 47 us
Data Out Hold Time tDH 100 ns
Write Cycle Time — NM24Cxx twR” 10 ms

* The write cycle time (tyyR) is the time from a valid stop condition of a write sequence to the end of the internal erase/program cycle.

Signal Levels The acknowledge bit is provided by the device receiving
data. Therefore, during this time the data transmitter must
During a transmission, SDA line transitions must occur leave the SDA line at high impedance.
when SCL is low. A negative transition of SDA with SCL high This memory has an open drain SDA output, so an exter-
is recognized as a START condition, the positive transition as nal pull-up resistor to Vg should be included on the SDA
a STOP condition. line.
MOTOROLA DRAM 3VEDOU64D
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PACKAGE DIMENSIONS

1M x 64 (8MB), 2M x 64 (16MB)

168-LEAD DIMM
CASE 1115C-01

l«— R

A
¢

N

[Fl—» le VIEW AH
X 2 PLACES
VIEW AG
—
1ET
- L] >
FRONT VIEW

BACK VIEW

168X D

[ 0004 0.0) @[] Y] x]

r

\
NOTE 4

4
1
e
l«— J NOTE 6

o004 @]

i

SIDE VIEW

NOTES:

. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994,

. CONTROLLING DIMENSION: INCH.

. CARD THICKNESS APPLIES ACROSS TABS AND
INCLUDES PLATING AND/OR METALLIZATICON.,

. DIMENSIONS C AND V DEFINE A DOUBLE-SIDED
MODULE.

. DIMENSION AB DEFINES OPTIONAL
SINGLE-SIDED MODULE.

. STRAIGHTNESS CALLOUT APPLIES TO TAB
AREA ONLY.

. R DIMENSION DEFINES SLOT END AND EDGE OF
COMPONENT AREA.

[SEN]

~

o

o

~

INCHES | MILLIMETERS

DM[ WIN | MAX | MIN | max
ox FULLR A | 5245 | 5065 [1o300 [133.48
ox N B | 1025 | 1255 [ 3160 | 3108
c | — o [ — | a0
D | oo0s7 [ oo4t | oes | 105

E| 2507BSC | 63675B5C

F | 005085C 6,35 BSG

F1 | 012585C 318BSC

2x AF G | 0050B5C 127 B5C
[0.004(0.1) @[ T[] Y| H] —Tooo [ —1T oz
- ox M J | oos [oose [ 117 | 137
Koo | — [ osa] —

V, [ [0.004 0.1) @[ T]x] Y] L | »5014BsC | 1pr3sBsC
M| oors o083 | 1e0 [ 210
¥ VIEW AH N [ 018 [ 0083 | 200 | 325
Plows| — [ 40| —
2x ox R ots | — [ 300 —
_{ s | 17008C 4318 BSC
(O —— v ows [ — | a0 [ —
] W [ oita [ o2 | 290 | 310
AB| — [ois | — [ 270

X OW AC| 0118BSC 3.00B5C

AD | 0.700BSC 17.78 BSC
|| @ 0004 0.1) @[ T[] Y] AF | 0t6s [ 061 | 590 | 410

VIEW AG
3VEDOU64D MOTOROLA DRAM
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4M x 64 (32MB)
168-LEAD DIMM
CASE 1115D-01

VIEW AH
2 PLACES

VIEW AG

VIEW AA

FRONT VIEW

BACK VIEW

168X D

[ 0.004 0.1) @ 1] ] x|

1M, 2M, 4M x 64 ¢ 3.3V « EDO o U

]

i

AB

NOTE 5 J NOTE 6

—| 0.016(0.4) ®

SIDE VIEW

!

NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1894,

2. CONTROLLING DIMENSION: INCH.

3. CARD THICKNESS APPLIES ACROSS TABS AND
INCLUDES PLATING AND/OR METALLIZATION.

4. DIMENSIONS C AND V DEFINE A DOUBLE-SIDED
MODULE.

5. DIMENSION AB DEFINES OPTIONAL
SINGLE-SIDED MODULE

8. STRAIGHTNESS CALLOUT APPLIES TO TAB

AREA ONLY,
7. RDIMENSION DEFINES SLOT END AND EDGE OF
168X H EXTENDED ¢ COMPONENT AREA.
——i 2x FULLR ox N INCHES | MILLIMETERS
16@8 168X K piM[ MIN | MAX | MIN | MAX
C A | 5245 | 5055 [13302 | 13348
f B | 0095 | 1.005 | 2507 | 2553
c | — [ose| — | o
162X |§| D | 0037 | 0.041 0.95 1,05
E | 2507BSC 63,675 BSC
VIEW AA F 0.250 BSC 6.35 BSC
FL | 0.125BSC 3,175 BSC
2x M G | oosoBsc 127BSC
[]0.004 (0.1) @[ T]x] Y] W] — Jooo| — ] om
J | oose [ oosa | 17 [ 137
VIEW AH K | 0.100 — 2.54 —
L | 5014BsC 127.35B3C
M | o075 [ 0083 | 190 | 210
FULL R 2x AF N | 0118 | 0128 | 300 | 325
P lomss | — | 400 ] —
[&0.004 0.) @[ T]x] Y] P — . —
s | 170085C 43.18B5C
4. v [ote [ — [ 400 —
+ — W | 0114 | 0dz2 | 290 | 310
AB| — |oz5 | — | 520
AC | 0118BSC 300 BSC
AD | 0.700BSC 1778 BSC
2x [AD] 2x [AC] AF | 0154 [ ots1 | 300 | 410
X W
vEwae  |[©[@0001) @[T[x[Y|
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ORDERING INFORMATION
(Order by Full Part Number)

MB64 XB X XXX X X X XX

Motorola Memory Prefix 4—,_ —l__ Speed (60 = 60 ns, 70 = 70 ns)
Extended Data Out (EDO) Pad Metal (N = Tin-Lead, G = Gold)
Width D = DIMM
Depth (1 = 1M, 2 = 2M, 4 = 4M) A = Board Type/Revision
Component Die Revision Fab (T = TSB/TSC)

B—Revision — 1M x 16

C—Revision —4M x 4 Data Characters

18 = Commercial, Unbuffered, 3.3V, x16

Component Package (T = TSOP) DRAM-Based, Square Refresh

10 = Commercial, Unbuffered, 3.3V, x4
DRAM-Based, Square Refresh

Full Part Numbers — MB641BT18TADG60
MB641BT18TADG70

MB642BT18TADG60
MB642BT18TADG70

MB644CT10TADG60
MB644CT10TADG70

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.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD—-JLDC, 6F Seibu—Butsuryu—Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800—441—2447 or 602—-303-5454 3—14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602—244—-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 8B Tai Ping Industrial Park,
INTERNET: http://Design—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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