FUJITSU SEMICONDUCTOR
0505112262

MEMORY
Un-Buffered

1Mx64BIT
HYPER PAGE MODE DRAM SO-DIMM

MB8501E064AB-60/-70/-60L/-70L

144-pin, 1 M x 64 BIT Hyper Page Mode SO-DIMM, 3.3V, 1-bank, 4 KR

m DESCRIPTION

The Fujitsu MB8501E064AB is a fully decoded, CMOS Dynamic Random Access Memory (DRAM) module
consisting of four MB81V16165A devices. The MB8501E064AB is optimized for those applications requiring small
size package, low power consumption, enhanced performance. The operation and electrical characteristics of
the MB8501E064AB are the same as the MB81V16165A which features hyper page mode (EDO) operation. For
ease of memory expansion, the MB8501E064AB is offered in an 144-pin Small Outline Dual In-line Memory
Module package (SO-DIMM).

m PRODUCT LINE & FEATURES

MB8501E064AB
Parameter
-60 -60L -70 -70L

RAS Access Time 60 ns max. 70 ns max.
Random Cycle Time 104 ns min. 124 ns min.
Address Access Time 30 ns max. 35 ns max.
CAS Access Time 15 ns max. 17 ns max.
Hyper Page Mode Cycle Time 25 ns min. 30 ns min.

o Operating Mode 1296 mW 1152 mW
Power Dissipation (max.)

Standby Mode 28.8 mW 14.4 mwW 28.8 mW ‘ 14.4 mwW

Conformed to 144-pin SO-DIMM JEDEC 4,096 Refresh Cycles/65.6 ms
standard « Hyper Page Operation (EDO)
¢ Organization: 1,048,576 words x 64 bits  Serial Presence Detect (Serial EEPROM)
Module Size: 1.00” (height) x 2.66” RAS Only Refresh/CAS-before-RAS Refresh
(length) x 0.15” (thick) Package and Ordering Information:

Memory: MB81V16165A 144-pin SO-DIMM, order as

(1M x16,4Kref, 3.3V), 4pcs MB8501E064AB-xxDG (DG = Gold Pad)
3.3V 0.3V Supply Voltage



MB8501E064AB-60/-70/-60L/-70L

m PACKAGE

Plastic SO-DIMM Package

(MDS-144P-P01)

Package and Ordering Information
— 144-pin SO-DIMM, order as MB8501E064AB-xxDG (DG = Gold Pad)
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Fig.1 — BLOCK DIAGRAM
Aoto Auir O
RAS, O
WE O
OE O
CASo O CASs O
CAS: o—l CASs o—l
LCAS UCAS RAS UCAS LCAS RAS
DQo O— I/O DQs2 O— /O
DQ: O— I/0 DQss O— I/0
DQ:2 O— I/O DQss O— 1/O
DQs O— I/O DQss O— /O
DQs O— I/O WE DQss O— 1/IO WE
DQs O— I/O DQsr O— 1O
DQs O— I/O Chip 0 DQss O— 1/O Chip 2
DQ» O— IO (1M x16) OE DQsx O—{ /O (1M x16) OE
DQs O— /O DQswo O—— I/O
DQs O— I/O DQa O— /O
DQwo O— I/IO DQs«2 O— 1/IO
DQu O— I/O DQss O— /O
DQi:z O— I/O Ao to A1z DQa O— /O Ao to A1r
DQizs O—— /O DQs O—— 1/O
DQi« O— 1/O DQs O— I/O
DQis O— /O DQ4sz O— /IO
CAS: O CASs O
CAS: O—l CASy O—l
LCAS UCAS RAS UCAS LCAS RAS
DQi O— /0 DQw O— 1/0
DQw O— 110 DQis O— 1/0
DQis O— 1/O DQs O— 1/O
DQis O— I/O DQs: O0— I/0
DQ2 O—— I/O WE |- DQs2 O— I/0 WE
DQz O— I/O DQss O— I/0
DQ2 O— I/0 Chip 1 DQss O— I/0 Chip 3
DQzs O— 110 (1M x16) OE DQss O— I/0 (1M x16) OE
DQz o— IO DQss O— I/O
DQx»s O— I/O DQss O—— /IO
DQzx O— 110 DQss O— I/O
DQzr O0— I/O DQss O—— IO
DQzs O—- /O Ao to Au DQso O—— /O Ao to A1
DQz2s O— I/O DQss O—— IO
DQx» O— IO DQs2 O— /O
DQs1 O— /O DQss O— /O
SCL — SDA
SAo SA1 SA:
Serial EEPROM (256 x 8) I —
Vss




MB8501E064AB-60/-70/-60L/-70L

m PIN ASSIGNMENTS

Pin No. | MB8501EO064AB | Pin No. | MB8501E064AB | Pin No. | MB8501E064AB | Pin No. | MB8501E064AB
1 Vss 37 DQs 73 OE 109 As
2 Vss 38 DQuo 74 N.C. 110 N.C.
3 DQo 39 DQs 75 Vss 111 Ao
4 DQs2 40 DQa 76 Vss 112 N.C.
5 DQ: 41 DQuo 77 N.C. 113 Vee
6 DQss 42 DQa2 78 N.C. 114 Vee
7 DQ:2 43 DQu 79 N.C. 115 CAS:
8 DQa4 44 DQas 80 N.C. 116 CASs
9 DQs 45 Vce 81 Vce 117 CAS:
10 DQss 46 Vce 82 Vce 118 CAS,
11 Vee 47 DQu2 83 DQus 119 Vss
12 Vee 48 DQua 84 DQas 120 Vss
13 DQ4 49 DQas 85 DQar 121 DQ24
14 DQss 50 DQus 86 DQus 122 DQss
15 DQs 51 DQa4 87 DQ:us 123 DQzs
16 DQs7 52 DQus 88 DQso 124 DQs7
17 DQs 53 DQss 89 DQuo 125 DQzs
18 DQss 54 DQa47 90 DQs1 126 DQss
19 DQ~ 55 Vss 91 Vss 127 DQ27
20 DQso 56 Vss 92 Vss 128 DQso
21 Vss 57 N.C. 93 DQ:zo0 129 Vce
22 Vss 58 N.C. 94 DQs2 130 Vce
23 CASo 59 N.C. 95 DQa 131 DQzs
24 CAS: 60 N.C. 96 DQss 132 DQeo
25 CAS: 61 N.C. 97 DQ22 133 DQ29
26 CASs 62 N.C. 98 DQsa 134 DQs1
27 Vce 63 Vce 99 DQzs 135 DQso
28 Vee 64 Vce 100 DQss 136 DQe2
29 Ao 65 N.C. 101 Vce 137 DQsa1
30 As 66 N.C. 102 Vee 138 DQes3
31 A1 67 WE 103 As 139 Vss
32 Aa 68 N.C. 104 A7 140 Vss
33 Az 69 RASo 105 As 141 SDA
34 As 70 N.C. 106 Au 142 SCL
35 Vss 71 N.C. 107 Vss 143 Vee
36 Vss 72 N.C. 108 Vss 144 Vee




m PIN DESCRIPTIONS

MB8501E064AB-60/-70/-60L/-70L

Symbol Function Input/Output Pin Count
Ao to Aur Address Input Input 12
RASo Row Address Strobe Input 1
CASo to CASy Column Address Strobe Input 8
WE Write Enable Input 1
OE Output Enable Input 1
DQo to DQss Data-input/Data-output Input/Output 64
SCL Serial PD Clock Input 1
SDA Serial PD I/O Input/Output 1
Vee Power Supply — 18
Vss Ground — 18
N.C. No Connection
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m SERIAL PRESENCE DETECT (SPD) TABLE

Byte Function Described Bit 7|Bit 6 | Bit 5|Bit 4 |Bit 3|Bit 2| Bit 1|Bit 0
0 | pramber of Bytes Used by Module | yoBytes | 0 | 0 0 0| 1 1 00
1 Total SPD Memory Size 256 Bytes 0 0 0 0 1 0 0 0
2 Memory Type EDO 0 0 0 0 0 0 1 0
3 Number of Row Addresses 12 Addresses| O 0 0 0 1 0 0 0
4 Number of Column Addresses 8 Addresses | O 0 0 0 1 0 0 0
5 Number of Banks 1 Bank 0 0 0 0 0 0 0 1
6 Module Data Width (1) 64 Bits 0 1 0 0 0 0 0 0
7 Module Data Width (2) +0 Bits 0 0 0 0 0 0 0 0
8 Module Interface Levels LVTTL 0 0 0 0 0 0 0 1
9 RAS Access Time (trac) o0ns 0 0 ! ! ! ! 0 0
70 ns 0 1 0 0 0 1 1 0
10 CAS Access Time (tcac) 1ons 0 0 0 0 ! ! ! !
17 ns 0 0 0 1 0 0 0 1
1 e g e P Noe 0 0 0 0 0 0 0 0
12 Refresh Rate/ | Normal, Self Refresh 1 0 0 0 0 0 0 0
Type Low Power, Self Refresh 1 0 0 0 0 0 1 1
13to 31 |Reserved for Future Offerings — —_— - = = = = = | =
32 to 63 | Superset Information — el e e e e et B
64 to 127 | Manufacturer’s Information — e e e e e B B
128 to 255 | Unused Storage Locations — —_- - = = = = | =] —

Note: Any write operation must NOT be executed into the addresses of Byte 0 to Byte 127. Some or all data stored
into Byte 0 to Byte 127 may be broken.
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Parameter Symbol Value Unit
Supply Voltage Vee -0.5t0 +4.6 \%
Input Voltage Vin -0.5to0 +4.6 Y
Output Voltage Vour —-0.5t0 +4.6 \%
Short Circuit Output Current lout -50 to +50 mA
Power Dissipation Po 4 w
Storage Temperature Tstc -551t0 +125 °C

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

m RECOMMENDED OPERATING CONDITIONS

(Referenced to Vss)

Value ]
Parameter Symbol . Unit
Min. Typ. Max.
Supply Voltage Vee 3.0 3.3 3.6 \
Ground Vss — 0 0 \Y,
Input High Voltage, All Inputs ViH 2.0 — Vec + 0.3V \Y,
Input Low Voltage, All Inputs* Vio -0.3 — 0.8 \%
Ambient Temperature Ta 0 — +70 °C

Note: * Undershoots of up to —2.0 volts with a pulse width not exceeding 20 ns are acceptable.

WARNING: Recommended operating conditions are normal operating ranges for the semiconductor device. All
the device’s electrical characteristics are warranted when operated within these ranges.

Always use semiconductor devices within the recommended operating conditions. Operation outside

these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses , operating conditions, or combinations not represented on
the data sheet. Users considering application outside the listed conditions are advised to contact their

FUJITSU representative beforehand.
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m CAPACITANCE

(Ta=25°C, f=1 MHz, Vcc = +3.3 V)

Value )
Parameter Symbol - Unit
Min Max.
Ao to A Cina — 28 pF
RASo Cinz — 23 pF
. CASo to CASy Cing — 12 pF
Input Capacitance —

WE Cina — 24 pF
OE Cins — 24 pF
SCL Cine — 8 pF
DQo to DQss Cobq — 13 F

1/0 Capacitance Q 2 P
SDA Cspa — 8 pF
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m DC CHARACTERISTICS
(At recommended operating conditions unless otherwise noted.)

Max.
Parameter Notes Test Condition Symbol | Min. Unit
-60/-70 | -60L/-70L
Output High Voltage *1 lon =—-2.0 mA Vo 2.4 — \%
Output Low Voltage *1 lo. =+2.0 mA VoL — 0.4 \%
CAS 0V <V < Ve, -10 10
3.0V<Vec<36V,
Input Leakage Current Others Vss = 0V, all other pins 1) _30 30 HA
not under test=0V
0V < Vour € Vcc,
Output Leakage Current 3.0V<Veecg36V, low) -10 10 KA
Data out disabled
. MB8501E064AB
Operating Current -60/-60L BAE o FAC . — 360
(Average power 2 \BB501E0B4AB tRR’cA‘E rf;igAS yeing lect mA
supply current) ~70/-70L — 320
Standby Current TTL Level RAS = CAS = Vi — 8 4
(Power supply *2 — lec2 mA
current) CMOS Level RAS =CAS = Vcc-0.2V — 4 0.6
Refresh Current #1 _I\glg/ifggiEOMAB CAS =V, — 360
(Average power *2 MBBS0LEOGAAR RAS = cycling, lecs mA
supply current) 701701 trc = min. — 320
MB8501E064AB | ==
RAS =V — 360
-60/-60L il !
Hyper Page Mode *2 CAS = cycling, lcca mA
Current MB8501E064AB |1 . = min . 320
-70/-70L )
Refresh Current #2 _'\ggﬁggtEOMAB RAS = cycling, — 360
(Average power *2 VBSS0LEOB4AR CAS-before-RAS, lccs mA
supply current) 701701 tre = min. — 320
RAS = cycling,
CAS-before-RAS,
[\(/lslgﬁgglEOMAB tras = min. to 300 ns — 4 — mA
Battery Backup ViH2Vee-0.2V,
Current » ViL<0.2V, tre = 16 us |
(Ave:age FJOW()af RAS = cycling, .
supply current CAS-before-RAS,
MBES0LE064AB | tps = min. to 300 ns — | = 12 | mA
ViH2Vee—-0.2V,
ViL< 0.2V, trc = 32 Us
Refresh Current #3 )
verage power su current : o
(A ge p oply ) Self Refresh lcco 4 1 mA

Notes: *1. Referenced to Vss.
*2. lecc depends on the output load conditions and cycle rate. The specific values are obtained with the
output open.
lcc depends on the number of address change as RAS = Vi. and CAS = Vin and Vie > -0.3 V.
lcct, lees, leca and lecs are specified at one time of address change during RAS = Vi and CAS = V.
lcc2 are specified during RAS = Vik and Vic > 0.3 V. Iccs is measured on condition that all address
signals are fixed steady state.
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m AC CHARACTERISTICS
(At recommended operating conditions unless otherwise noted.) Notes 1, 2, 3

MB8501E064AB-60/-60L | MB8501E064AB-70/-70L
No. Parameter Notes | Symbol - - Unit
Min. Max. Min. Max.

N Time between |-60/-70 s — 65.6 — 65.6 ms
Refresh -60L/-70L — 128 — 128 | ms

2 |Random Read/Write Cycle Time tre 104 — 124 — ns
3 | Read-Modify-Write Cycle Time trwe 138 — 162 — ns
4 | Access Time from RAS *4, 7|  trac — 60 — 70 ns
5 |Access Time from CAS *5, 7| teac — 15 — 17 ns
6 |Column Address Access Time *6, 7 taa — 30 — 35 ns
7 | Output Hold Time ton 3 — 3 — ns
8 |Output Hold Time from CAS torc 5 — 5 — ns
9 | Output Buffer Turn On Delay Time ton 0 — 0 — ns
10 |Output Buffer Turn Off Delay Time *8 torr — 15 — 17 ns
11 f(?g;ﬁ)l%]ﬁermrn Off Delay Time 8 tors . 15 . 17 ns
12 f(?grtﬁl\jvt_guﬁermrn Off Delay Time 8| twes . 15 . 17 ns
13 | Transition Time tr 1 50 1 50 ns
14 |RAS Precharge Time trp 40 — 50 — ns
15 |RAS Pulse Width tras 60 100000 70 100000 | ns
16 |RAS Hold Time trsH 15 — 17 — ns
17 | CAS to RAS Precharge Time tcre 5 — 5 — ns
18 |RAS to CAS Delay Time *9,10| trep 14 45 14 53 ns
19 | CAS Pulse Width tcas 10 — 13 — ns
20 | CAS Hold Time tesk 40 — 50 — ns
21 | CAS Precharge Time (Normal) *17|  teen 10 — 10 — ns
22 |Row Address Set Up Time tasr 0 — 0 — ns
23 |Row Address Hold Time trAH 10 — 10 — ns
24 | Column Address Set Up Time tasc 0 — 0 — ns
25 | Column Address Hold Time tcan 10 — 10 — ns
o | £olumn Address Hold Time from tar o4 - 24 . ns

RAS
27 ?mseto Column Address Delay 11| treo 12 30 12 35 ns
28 | Column Address to RAS Lead Time trAL 30 — 35 — ns
(Continued)
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No. Parameter Notes | Symbol MBS?01E064AB-60/-60L MBS?01E064AB-70/-7OL Unit
Min. Max. Min. Max.
29 | Column Address to CAS Lead Time tea 23 — 28 — ns
30 |Read Command Set Up Time tres 0 — 0 — ns
31 | Read Gommand Hold Time 12| tern 0 — 0 —  Ins
32 |Read command Hold Time 12| trow 0 — 0 — s
33 |Write Command Set Up Time *13,18| twcs 0 — 0 — ns
34 |Write Command Hold Time tweH 10 — 10 — ns
35 |Write Command Hold Time from RAS twer 24 — 24 — ns
36 |WE Pulse Width twe 10 — 10 — ns
37 | Write Command to RAS Lead Time trwi 15 — 17 — ns
38 | Write Command to CAS Lead Time tewe 10 — 13 — ns
39 |DIN Set Up Time tos 0 — 0 — ns
40 |DIN Hold Time toH 10 — 10 — ns
41 |Data Hold Time from RAS toHR 24 — 24 — ns
42 | RAS to WE Delay Time *18| trwp 77 — 89 — ns
43 | CAS to WE Delay Time *18|  tewp 32 — 36 — ns
44 _Cl_:i?:]lémn Address to WE Delay 18| taws 47 . 54 . ns
45| ctve Time (Reftesh Cycies) tee |5 - 5 — |
46 | CAS Set Up Time (C-B-R Refresh) tcsr 0 — 0 — ns
47 | CAS Hold Time (C-B-R Refresh) tcHr 10 — 12 — ns
48 | Access Time from OE *7|  toea — 15 — 17 ns
49 %tput Buffer Turn Off Delay from 8 toes . 15 . 17 ns
50 | OE to RAS Lead Time for Valid Data toet 10 — 10 — ns
51 |OE to CAS Lead Time tcoL 5 — 5 — ns
52 |OE Hold Time Referencedto WE ~ *14|  toen 5 — 5 — ns
53 | OE to Data in Delay Time toen 15 — 17 — ns
54 |RAS to Data in Delay Time troD 15 — 17 — ns
55 |CAS to Data in Delay Time tcop 15 — 17 — ns
56 |DIN to CAS Delay Time *15|  tozc 0 — 0 — ns
57 |DIN to OE Delay Time *15|  tozo 0 — 0 — ns
(Continued)
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(Continued)
MB8501E064AB-60/-60L | MB8501E064AB-70/-70L )
No. Parameter Notes | Symbol - - Unit
Min. Max. Min. Max.

58 |OE Precharge Time toep 8 — 8 — ns

59 | OE Hold Time Referenced to CAS toecH 10 — 10 — ns

60 | WE Precharge Time twez 8 — 8 — ns

61 |WE to Data in Delay Time tweb 15 — 17 — ns

62 |Hyper Page Mode RAS Pulse Width trasP — 100000 — 100000 | ns
Hyper Page Mode Read/Write . .

63 Cycle Time thrc 25 30 ns
Hyper Page Mode Read-Modify- o .

64 Write Cycle Time thPrRWC 69 79 ns
Access Time from CAS "

65 Precharge 7,16 tcra — 35 — 40 ns
Hyper Page Mode CAS

66 Precharge Time tee 10 o 10 o ns
Hyper Page Mode RAS Hold

67 Time from CAS Precharge tRricp 35 - 40 - ns
Hyper Page Mode CAS . . .

68 | precharge to WE Delay Time 18| terwo 52 59 ns

69 |RAS Pulse Width (Self Refresh) *19| trass 100 — 100 — us
RAS Precharge Time (Self

70 Refresh) *19|  tres 104 — 124 — ns

71 | CAS Hold Time (Self Refresh) *19|  tows -50 — -50 — ns




Notes: *1.

*5.
*6.
*7.
*8.
*9.

*10.
*11.

*12.
*13.
*14.
*15.
*16.

*17.
*18.

*19.

MB8501E064AB-60/-70/-60L/-70L

An initial pause (RAS = CAS = V) of 200 ps is required after power-up followed by any eight RAS-
only cycles before proper device operation is achieved. If an internal refresh counter is used, a minimum
of eight CAS-before-RAS initialization cycles are required instead of eight RAS cycles.

AC characteristics assume tr = 5 ns.

Vi1 (min) and Vi (max) are reference levels for measureing the timing of input signals. Transition times
are measured between Vi (min) and ViL (max).

Assumes that treo < trep (Max), trao < trap (Max). If treo and/or tranis greater than the maximum
recommended value shown in this table, trac Will be increased by the amount that treo and/or trap
exceeds the value shown.

If trep = trep (Max), trap = trap (Max), and tasc = taa - tcac - tr, access time is tcac.

If trap= trap (Max) and tasc < taa- tcac - tr, access time is taa.

Measured with a load equivalent to two TTL loads and 100 pF.

torr, toez, torr and twez are specified that output buffer change to high-impedance state.

Operation within the treo (Max) limit ensures that trac (max) can be met. treo (Max) is specified as a
reference point only; if treo is greater than the specified treo (Max) limit, access time is controlled
exclusively by tcac or taa.

trep (MiN) = tran (MiN)+ 2 tr + tasc (Min).

Operation within the trap (max) limit ensures that trac (max) can be met. trao (max) is specified as a
reference point only; if trap is greater than the specified trao (max) limit, access time is controlled
exclusively by tcac or taa.

Either trrn OF tren must be satisfied for a read cycle.

twes is specified as a reference point only. If twes = twes (min) the data output pin will remain High-Z
state through entire cycle.

Assumes that twcs < twes (min).

Either tozc or tozo must be satisfied.

tcea is access time from the selection of a new column address (caused by changing CAS from “L” to
“H"). Therefore, if tce become long, tcra also become longer than tcea (Max).

Assumes that CAS-before-RAS refresh.

twcs, tcwp, trwo, tawp, and tcpwo are not restrictive operating parameters. They are included in the data
sheet as an electrical characteristic only. If twes = twes (min), the cycle is an early write cycle and Dour
pin will maintain high-impedance state thoughout the entire cycle. If tcwp = tcwo (Min), trwo = trwo
(min), tawo = tawo (min), and tcewo = tcrwo (Min), the cycle is a read-modify-write cycle and data from
the selected cell will appear at the Dourt pin. If neither of the above conditions is satisfied, the cycle is
a delayed write cycle and invalid data will appear the Dout pin, and write operation can be executed
by satisfying trwi, tcwi, traL and tca. specifications.

Assumes that self refresh.

*Source: See MB81V16165A Data Sheet for details on the electricals.
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m SERIAL PRESENCE DETECT (SPD) FUNCTION
1. PIN DESCRIPTIONS

SCL (Serial Clock)

SCL input is used to clock all data input/output of SPD.

SDA (Serial Data)

SDA is a common pin used for all data input/output of SPD. The SDA pull-up resistor is required due to the
open-drain output.

SAo, SA1, SA2 (Address)

Address inputs are used to set the least significant three bits of the eight bits slave address. The address inputs
must be fixed to select a particular module and the fixed address of each module must be different each other.
For this module, any address inputs are not required because all addresses (SAo, SA1, SA?) are driven to Vss
on the module.

2. SPD OPERATIONS

CLOCK and DATA CONVENTION

Data states on the SDA can change only during SCL = Low. SDA state changes during SCL =High are indicated
start and stop conditions. Refer to Fig.2 below.

START CONDITION

All commands are preceded by a start condition, which is a transition of SDA state from High to Low when SCL
= High. SPD will not respond to any command until this condition has been met.

STOP CONDITION

All read or write operation must be terminated by a stop condition, which is a transition of SDA state from Low
to High when SCL = High. The stop condition is also used to make the SPD into the state of standby power

mode after a read sequence.

Fig.2 — START AND STOP CONDITIONS
St | | m
SDA N / NS

START ' " STOP

START = High to Low transition of SDA state when SCL is High
STOP = Low to High transition of SDA state when SCL is High
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ACKNOWLEDGE

Acknowledge is a software convention used to indicate successful data transfer. The transmitting device, either
master or slave, will release the bus after transmitting eight bits. During the ninth clock cycle the receiver will
put the SDA line to Low in order to acknowledge that it received the eight bits of data.

The SPD will respond with an acknowledge when it received the start condition followed by slave address issued
by master.

In the read operation, the SPD will transmit eight bits of data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no stop condition is issued by master, the SPD will continue
to transmit data. If anacknowledge is not detected, the SPD will terminated further data transmissions. The
master must then issue a stop condition to return the SPD to the standby power mode.

In the write operation, upon receipt of eight bits of data the SPD will respond with an acknowledge, and await
the next eight bits of data, again responding with an acknowledge until the stop condition is issued by master.

SLAVE ADDRESS ADDRESSING

Following a start condition, the master must output the eight bits slave address. The most significant four bits
of the slave address are device type identifier. For the SPD this is fixed as 1010[B]. Refer to the Fig.3 below.

The next three significant bits are used to select a particular device. A system could have up to eight SPD
devices—namely up to eight modules— on the bus. The eight addresses for eight SPD devices are defined by
the state of the SAO, SA1 and SA2 inputs. For this module, the three bits are fixed as 000[B] because all
addresses are driven to Vss on the module. Therefore, no address inputs are required.

The last bit of the slave address defines the operation to be performed. When R/W bit is “1”, a read operation
is selected, when R/W bit is “0”, a write operation is selected.

Following the start condition, the SPD monitors the SDA line comparing the slave address being transmitted
with its slave address (device type and state of SAo, SA1, and SA: inputs). Upon a correct compare the SPD
outputs an acknowledge on the SDA line. Depending on the state of the R/W bit, the SPD will execute a read
or write operation.

Fig.3 — SLAVE ADDRESS

DEVICE TYPE DEVICE
IDENTIFIER ADDRESS
I I I
1 0 1 0 SA: SA: SAo | RIW
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3. READ OPERATIONS

CURRENT ADDRESS READ

Internally the SPD contains an address counter that maintains the address of the last data accessed,
incremented by one. Therefore, if the last access (either a read or write operation) was to address(n), the next
read operation would access data from address(n+1). Upon receipt of the slave address with the R/W bit = “1",
the SPD issues an acknowledge and transmits the eight bits of data during the next eight clock cycles. The
master terminates this transmission by issuing a stop condition, omitting the ninth clock cycle acknowledge.

Refer to Fig.4 for the sequence of address, acknowledge and data transfer.

Fig.4 — CURRENT ADDRESS READ

s s

A SLAVE T

= ADDRESS o)
BUS ACTIVITY: I I P
MASTER T

|_||||II IIIIIIII_I
SDA LINE

[ LIt

BUS ACTIVITY: é I |
SPD K DATA

RANDOM READ

Random Read operations allow the master to access any memory location in a random manner. Prior to issuing
the slave address with the R/W bit = “1”, the master must first perform a “dummy” write operation on the SPD.
The master issues the start condition, and the slave address followed by the word address. After the word
address acknowledge, the master immediately reissues the start condition and the slave address with the R/
W bit =“1". This will be followed by an acknowledge from the SPD and then by the eight bits of data. The master
terminates this transmission by issuing a stop condition, omitting the ninth clock cycle acknowledge. Refer to

Fig.5 for the sequence of address, acknowledge and data transfer.

Fig.5 — RANDOM READ
S S
T T S
A SLAVE WORD A SLAVE T
BUS ACTIVITY: R ADDRESS ADDRESS R ADDRESS o
MASTER N | ] | 1] | P
SDA LINE |_||||II [TTTTT]1 |||II IIIIIIII_I
LIttt [ LI
BUS ACTIVITY: é é é | |
SPD
K K K DATA
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SEQUENTIAL READ

Sequential Read can be initiated as either a current address read or random read. The first data are transmitted
as with the other read mode, however, the master now responds with an acknowledge, indicating it requires
additional data. The SPD continues to output data for each acknowledge received. The master terminates this
transmission by issuing a stop condition, omitting the ninth clock cycle acknowledge. Refer to Fig.6 for the
sequence of address, acknowledge and data transfer.

The data output is sequential, with the data from address (n) followed by the data from address (n+1). The
address counter for read operations increments all address bits, allowing the entire memory contents to be
serially read during one operation. At the end of the address space (address 255), the counter “rolls over” to
address 0 and the SPD continues to output data for each acknowledge received.

Fig.6 — SEQUENTIAL READ
SLAVE S
ADDRESS A A A T
BUS ACTIVITY: c c c o
MASTER K K K P
]_IIIIIIII HERERR IIIIIII|’IIIIIIII|_|
SDA LINE
.. [ [ [ NEEEEREEN
BUS ACTIVITY: él | | | | | | |
SPD K DATA (n) DATA (n+1) DATA (n+2) DATA (n+X)
4. DC CHARACTERISTICS
Parameter Note Test Condition Symbol Min. Max. Unit
Input Leakage Current OV <Vin<Vee S -10 10 HA
Output Leakage Current 0V < Vour £ Vce Sito -10 10 HA
Output Low Voltage *1 | loo=3.0 mA SvoL — 0.4 \%

Note: *1.Referenced to Vss.
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5. AC CHARACTERISTICS

No. Parameter Symbol Min. Max. Unit
1 |SCL Clock Frequency fscL 0 100 KHz
Noise Suppression Time
2 | Constant at SCL, SDA Inputs i - 100 ns
3 | SCL Low to SDA Data Out Valid taa 0.3 35 us
Time the Bus must be Free before
4 | a New Transmission can Start tour 4.7 - HS
5 | Start Condition Hold Time tHp:sTA 4.0 — us
6 | Clock Low Period tow 4.7 — [VES
7 | Clock High Period tHiGH 4.0 — Hs
8 | Start Condition Set Up Time tsu:sTA 4.7 — us
9 |Data In Hold Time tHD:DAT 0 — Hs
10 |DataIn Set Up Time tsu:pat 250 — ns
11 |SDA and SCL Rise Time tr — 1 us
12 | SDA and SCL Fall Time tr — 300 ns
13 | Stop Condition Set Up Time tsussto 4.7 — ys
14 | Data Out Hold Time tow 100 — ns
15 | Write Cycle Time twr — 15 ms
Fig.7 — TIMING WAVEFORM
tr tr
tHiGH |
SCL ’.‘
"- -----
tsu:sta
tHD : DAT tsu: pAT
tsu:sto
tHD : STA reeem
SDA /
(input)
mmmm- tBur
taa toH
SDA
(output)
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m PACKAGE DIMENSIONS

144-PIN SMALL OUTLINE DUAL IN-LINE MEMORY MODULE
(CASE No.: MDS-144P-P01)

67.60+0.13(2.661+.005)

- 3.80(.150)MAX

2.10+0.10 =~
(.083+.004)

4.00+0.10

00000000000 000000000nn

_ {(157£.004)

0
NOTCHES FULL R /P

© 1996 FUJITSU LIMITED M144001SC-2-2

o
LULLLULLBL LU L

UL L

0 0 —q o0
gy k T |
. I+ TUTTUUIOU0T — DUOTUU0Io0T TUTTUUIOU0T — DUOTOU0To0T . +0.
" W | (787+.004) } - (_%gg:%(l)g) i
? ,E\ ? } NOTHES FULLR |
(oo mo oD ﬂHﬂﬂﬂﬂﬂMﬂﬂﬂﬂﬂmHHHHHHHHHHHHHHHHHHHHHHHHHHHHH143 i \ }
3.30£0.13 23.200.05 T 32.8040.05 3.20(.126)MIN } 4.00£0.10 |
(.130+.005) (.913+.002) (1.291+.002) 4.00( 157MIN ‘(-157;ﬁ1) U }
' 24.50(.965)TYP — \ |
Pin No.1 INDEX, 29.00+0.10(1.142+.004)_| } J—Li(_ldggi%ég) I
63.60+0.10(2.504+.004) 1.00£0.10 } 4.60+0.13 }
i (.039+.004) | (.181+.005) }
e -
3.70£0.13 23.20+0.05 32.80£0.05 [ !
(.146+.005) (.913+.002) (1.291+.002) | Details of "B" part \
4.60+0.13 | }
6.00+0.08 2.10+0.10 <] (-181%.005 0.80+0.03

(.236+.003) (.083+.004) ‘ ( ) (.031.001) | (%ggfoo'gg) |
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| |
| |
|

Dimensions in mm (inches)
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