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Description

The HB54A89FM, HB54A169FN belong to 8-byte DIMM (Dual In-line Memory Module) family, and
have been developed as an optimized main memory solution for 8-byte processor applications.  The
HB54A89FM is a 8M × 72 × 1-bank Double Data Rate (DDR) SDRAM Module, mounted 9 pieces of 64-
Mbit DDR SDRAM (HM5464801DTT) sealed in TSOP package, and 1 piece of serial EEPROM (2-kbit
EEPROM) for Presence Detect (PD).  The HB54A169FN is a 8M × 72 × 2-bank Double Data Rate (DDR)
SDRAM Module, mounted 18 pieces of 64-Mbit DDR SDRAM (HM5464801DTT) sealed in TSOP
package, and 1 piece of serial EEPROM (2-kbit EEPROM) for Presence Detect (PD).  Read and write
operations are performed at the cross points of the CK and the CK.  This high speed data transfer is realized
by the 2-bit prefetch piplined architecture.  Data strobe (DQS) both for read and write are available for high
speed and reliable data bus design.  By setting extended mode register, the on-chip Delay Locked Loop
(DLL) can be set enable or disable.  An outline of the products is 184-pin socket type package (dual lead
out).  Therefore, they make high density mounting possible without surface mount technology.  They
provide common data inputs and outputs.  Decoupling capacitors are mounted beside each TSOP on the
module board.
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Features

• 184-pin socket type package (dual lead out)

 Lead pitch:  1.27 mm

• Power supply

 VDD pin:  2.5 V ± 0.2 V

 VDDQ pin:  2.5 V ± 0.2 V

 V33 pin:  3.3 V ± 0.3 V

• SSTL-2 interface for all inputs and outputs

• Clock frequency:  125 MHz/100 MHz

• DLL “ON” and “OFF” mode

• Data inputs, outputs, and DM are synchronized with DQS

• 4 banks can operate simultaneously and independently

• Burst read/write operation

• Programmable burst length:  2/4/8

 Burst read stop capability

• Programmable burst sequence

 Sequential/interleave

• Start addressing capability

 Even and Odd

• Programmable CAS latency:  2/2.5

• 4096 refresh cycles:  64ms

• 2variations of refresh

 Auto refresh

 Self refresh

Ordering Information

Type No. Frequency Package Contact pad

HB54A89FM-8D
HB54A89FM-10D

125 MHz
100 MHz

184-pin dual lead out socket type Gold

HB54A169FN-8D
HB54A169FN-10D

125 MHz
100 MHz
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Pin Arrangement

1 pin

Front side

Back side

52 pin 53 pin 92 pin

93 pin 144 pin 145 pin 184 pin

Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name

1 VREF 47 DQS8 93 VSS 139 VSS

2 DQ0 48 A0 94 DQ4 140 DM8

3 VSS 49 CB2 95 DQ5 141 A10

4 DQ1 50 VSS 96 VCCQ 142 CB6

5 DQS0 51 CB3 97 DM0 143 VCCQ

6 DQ2 52 BA1 98 DQ6 144 CB7

7 VCC 53 DQ32 99 DQ7 145 VSS

8 DQ3 54 VCCQ 100 VSS 146 DQ36

9 NC 55 DQ33 101 NC 147 DQ37

10 NC 56 DQS4 102 NC 148 VCC

11 VSS 57 DQ34 103 NC 149 DM4

12 DQ8 58 VSS 104 VCCQ 150 DQ38

13 DQ9 59 BA0 105 DQ12 151 DQ39

14 DQS1 60 DQ35 106 DQ13 152 VSS

15 VCCQ 61 DQ40 107 DM1 153 DQ44

16 CK0 62 VCCQ 108 VCC 154 RAS

17 CK0 63 WE 109 DQ14 155 DQ45

18 VSS 64 DQ41 110 DQ15 156 VCCQ

19 DQ10 65 CAS 111 NC (CKE1)*1 157 S0

20 DQ11 66 VSS 112 VCCQ 158 NC (S1)*2

21 CKE0 67 DQS5 113 NC 159 DM5

22 VCCQ 68 DQ42 114 DQ20 160 VSS

23 DQ16 69 DQ43 115 NC 161 DQ46

24 DQ17 70 VCC 116 VSS 162 DQ47

25 DQS2 71 NC 117 DQ21 163 NC
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Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name

26 VSS 72 DQ48 118 A11 164 VCCQ

27 A9 73 DQ49 119 DM2 165 DQ52

28 DQ18 74 VSS 120 VCC 166 DQ53

29 A7 75 CK2 121 DQ22 167 NC

30 VCCQ 76 CK2 122 A8 168 VCC

31 DQ19 77 VCCQ 123 DQ23 169 DM6

32 A5 78 DQS6 124 VSS 170 DQ54

33 DQ24 79 DQ50 125 A6 171 DQ55

34 VSS 80 DQ51 126 DQ28 172 VCCQ

35 DQ25 81 VSS 127 DQ29 173 NC

36 DQS3 82 VCCID 128 VCCQ 174 DQ60

37 A4 83 DQ56 129 DM3 175 DQ61

38 VCC 84 DQ57 130 A3 176 VSS

39 DQ26 85 VCC 131 DQ30 177 DM7

40 DQ27 86 DQS7 132 VSS 178 DQ62

41 A2 87 DQ58 133 DQ31 179 DQ63

42 VSS 88 DQ59 134 CB4 180 VCCQ

43 A1 89 VSS 135 CB5 181 SA0

44 CB0 90 WP 136 VCCQ 182 SA1

45 CB1 91 SDA 137 CK1 183 SA3

46 VCC 92 SCL 138 CK1 184 V33

Notes: 1. NC:  HB54A89FM, CKE1:  HB54A169FN
2. NC:  HB54A89FM, S1:  HB54A169FN
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Pin Description (HB54A89FM)

Pin name Function

A0 to A11 Address input

 Row address A0 to A11

 Column address A0 to A8

A13/A12 Bank select address    BA0/BA1

DQ0 to DQ63 Data input/output

CB0 to CB7 Check bit (Data input/output)

RAS Row address strobe command

CAS Column address strobe command

WE Write enable

S0 Chip select

CKE0 Clock enable

CK0 to CK2 Clock input

CK0 to CK2 Differential clock input

DQS0 to DQS8 Input and output data strobe

DM0 to DM8 Input mask

SCL Clock input for serial PD

SDA Data input/output for serial PD

WP Write protect for serial PD

SA0 to SA2 Serial address input

VCC Power for internal circuit

VCCQ Power for DQ circuit

V33 Power for serial EEPROM

VREF Input reference voltage

VSS Ground

VCCID VCC indentication flag

NC No connection
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Pin Description (HB54A169FN)

Pin name Function

A0 to A11 Address input

 Row address A0 to A11

 Column address A0 to A8

A13/A12 Bank select address    BA0/BA1

DQ0 to DQ63 Data input/output

CB0 to CB7 Check bit (Data input/output)

RAS Row address strobe command

CAS Column address strobe command

WE Write enable

S0, S1 Chip select

CKE0, CKE1 Clock enable

CK0 to CK2 Clock input

CK0 to CK2 Differential clock input

DQS0 to DQS8 Input and output data strobe

DM0 to DM8 Input mask

SCL Clock input for serial PD

SDA Data input/output for serial PD

WP Write protect for serial PD

SA0 to SA2 Serial address input

VCC Power for internal circuit

VCCQ Power for DQ circuit

V33 Power for serial EEPROM

VREF Input reference voltage

VSS Ground

VCCID VCC identification flag

NC No connection

Serial PD Matrix

TBD
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Block Diagram (HB54A89FM)

DQ

DQS DM

DQ0 to DQ7

* D0 to D8:  HM5464801

U0:  2-kbit EEPROM

RS:  22 Ω

V33Serial PD

SDA

A0 A1 A2

SA0 SA1 SA2

CK

CK

CLK

CLK WP

SCL

WP

SCL U0Dn
SDA

Notes:


1. The SDA pull-up resistor is required due to  


    the open-drain/open-collector output.


2. The SCL pull-up resistor is recommended
     because of the normal SCL line inacitve 
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DQS0 DM0
RS RS

RS
CS

D0

S0

"high" state.

DQDQ8 to DQ15
8

DQS1 DM1
RS RS

RS

D1

DQDQ16 to DQ23
8

DQS2 DM2
RS RS

RS

D2

DQDQ24 to DQ31
8

DQS3 DM3
RS RS

RS

D3

DQDQ32 to DQ39
8

DQS4 DM4
RS RS

RS

D4

DQDQ40 to DQ47
8

DQS5 DM5
RS RS

RS

D5

DQDQ48 to DQ55
8

DQS6 DM6
RS RS

RS

D6

DQDQ56 to DQ63
8

DQS7 DM7
RS RS

RS

D7

DQCB0 to CB7
8

DQS8 DM8
RS RS

RS

D8

A0 to A11 (D0 to D8)A0 to A11

A13, A12 (D0 to D8)BA0, BA1

RAS (D0 to D8)RAS

CAS (D0 to D8)CAS

WE (D0 to D8)WE

CKE (D0 to D8)CKE0

VCCQ D0 to D8

D0 to D8

D0 to D8

D0 to D8, U0

VCC

VSS

VREF VCCID VSS
open

Clock wiring

Note:  CK to CK clock net termination resistor is 60 Ω.

60 Ω

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

Clock input


CK0, CK0


CK1, CK1


CK2, CK2

DDR SDRAMS


D0, D1, D2


D3, D4, D8


D5. D6, D7
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Block Diagram (HB54A169FN)

DQ

DQS DM

DQ0 to DQ7

* D0 to D17:  HM5464801

U0:  2-kbit EEPROM

RS:  22 Ω

V33Serial PD

SDA

A0 A1 A2

SA0 SA1 SA2

CK

CK

CLK

CLK
WP

SCL

WP

SCL U0Dn
SDA

Notes:


1. The SDA pull-up resistor is required due to  


    the open-drain/open-collector output.


2. The SCL pull-up resistor is recommended
     because of the normal SCL line inacitve 
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DQS0 DM0RS
RS

RS
CS

D0

S0 S1

"high" state.

DQDQ8 to DQ15
8

DQS1 DM1RS
RS

RS

D1

DQDQ16 to DQ23
8

DQS2 DM2
RS RS

RS

D2

DQDQ24 to DQ31
8

DQS3 DM3RS
RS

RS

D3

DQDQ32 to DQ39
8

DQS4 DM4RS
RS

RS

D4

DQDQ40 to DQ47
8

DQS5 DM5RS
RS

RS

D5

DQDQ48 to DQ55
8

DQS6 DM6RS
RS

RS

D6

DQDQ56 to DQ63
8

DQS7 DM7RS
RS

RS

D7

DQCB0 to CB7
8

DQS8 DM8RS
RS

RS

D8

A0 to A11 (D0 to D17)A0 to A11

A13, A12 (D0 to D17)BA0, BA1

RAS (D0 to D17)RAS

CAS (D0 to D17)CAS

WE (D0 to D17)WE

CKE (D0 to D8)CKE0

CKE (D9 to D17)CKE1

VCCQ D0 to D17

D0 to D17

D0 to D17

D0 to D17, U0

VCC

VSS

VREF

VCCID VSS
open

Clock wiring

Note:  CK to CK clock net termination resistor is 60 Ω.

60 Ω

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQ

DQS DMCS

D9

DQ D10

DQ D11

DQ D12

DQ D13

DQ D14

DQ D15

DQ D16

DQ D17

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

DQS DMCS

Clock input


CK0, CK0


CK1, CK1


CK2, CK2

DDR SDRAMS


D0, D1, D2, D9, D10, D11


D3, D4, D8, D12, D13, D17


D5, D6, D7, D14, D15, D16
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Pin Functions (1)

CK (CLK), CK (CLK) (input pin):   The CK and the CK are the master clock inputs to the device.  All
inputs except DMs, DQSs and DQs are referred to the cross point of the CK rising edge and the VREF level.
When a read operation, DQSs and DQs are referred to the cross point of the CK and the CK.  When a write
operation, DMs and DQs are referred to the cross point of the DQS and the VREF level.  DQSs for write
operation are referred to the cross point of the CK and the CK.

S (CS) (input pin):  When S is Low, commands and data can be input.  When S is High, all inputs are
ignored.  However, internal operations (bank active, burst operations, etc.) are held.

RAS, CAS, and WE (input pins):  These pins define operating commands (read, write, etc.) depending on
the combinations of their voltage levels.  See "Command operation".

A0 to A11 (input pins):  Row address (AX0 to AX11) is determined by the A0 to the A11 level at the
cross point of the CK rising edge and the VREF level in a bank active command cycle.  Column address is
loaded via the A0 to the A8 at the cross point of the CK rising edge and the VREF level in a read or a write
command cycle.  This column address becomes the starting address of a burst operation.

A10 (AP):  A10 defines the precharge mode when a precharge operation, a read operation or a write
operation.  When A10 = High in a precharge command cycle, both banks are precharged.  When A10 =
Low in a precharge command cycle, only the bank that is selected by A12 (BA1)/A13 (BA0) is precharged.
When A10 = High in a read or a write operation, auto-precharge function is enabled.  While A10 = Low,
auto-precharge function is disabled.

A12 (BA1)/A13 (BA0) (input pin):  A12 (BA1)/A13 (BA0) are bank select signals.  The memory array is
divided into bank 0, bank 1, bank 2 and bank 3.  If A12 = Low and A13 = Low, bank 0 is selected.  If A12=
High and A13 = Low, bank 1 is selected.  If A12 = Low and A13 = High, bank 2 is selected.  If A12 = High
and A13 = High, bank 3 is selected.

CKE (input pin):   CKE of the DDR SDRAM module has the similar function with CKE of regular
SDRAMs.  CKE controls power down and self-refresh while all banks are in idle.  The power down and the
self-refresh commands are entered when the CKE is driven Low and exited when it resumes to High.

The CKE level must be kept for 1 CK cycle (= LCKEPW) at least, that is, if CKE changes at the cross point of
the CK rising edge and the VREF level with proper setup time tIS, at the next CK rising edge CKE must be
kept with proper hold time tIH.
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Pin Functions (2)

DM (input pins):   DM is the reference signals of the data input mask function.  DMs are sampled at the
cross point of DQS and VREF.

DQ, CB (input and output pins):  Data are input to and output from these pins.

DQS (input and output pin):  DQS provide the read data strobes (as output) and the write data strobes (as
input).

VCC and VCCQ (power supply pins):  2.5 V is applied.  (VCC is for the internal circuit and VCCQ is for the
output buffer.)

V33 (power supply pin):  3.3 V is applied (For serial EEPROM).

VSS (power supply pin):  Ground is connected.
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Absolute Maximum Ratings

Parameter Symbol Value Unit Note

Voltage on any pin relative to Vss VT –1.0 to +4.6 V 1

Supply voltage relative to VSS VCC, VCCQ –1.0 to +4.6 V 1

Short circuit output current Iout 50 mA

Power dissipation PT 9 W

Operating temperature Topr 0 to +70 °C

Storage temperature Tstg –55 to +125 °C

Note: 1. Respect to VSS

DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes

Supply voltage VCC, VCCQ 2.3 2.5 2.7 V 1, 2

VSS 0 0 0 V

Input reference voltage VREF 1.15 1.25 1.35 V 1

Termination voltage VTT VREF – 0.04 VREF VREF + 0.05 V 1

DC input high voltage VIH VREF + 0.18 — VCCQ + 0.3 V 1, 3

DC input low voltage VIL –0.3 — VREF – 0.18 V 1, 4

Notes: 1. All parameters are referred VSS, when measured.
2. VCCQ must be lower than or equal to VCC.
3. VIH is allowed to exceed VCC up to 4.6 V for the period shorter than or equal to 5 ns.
4. VIL is allowed to outreach below VSS down to –1.0 V for the period shorter than or equal to 5 ns.
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DC Characteristics (Ta = 0 to +70°C, VCC, VCCQ = 2.5 V ± 0.2 V, VS S = 0 V)
(HB54A89FM)

HB54A89FM

-8D -10D

Parameter Symbol Min Max Min Max Unit Test conditions Notes

Operating current ICC1 — TBD — TBD mA Burst length = 2
tRC = min

1, 2, 4

Standby current (IDLE) ICC2 — TBD — TBD mA CKE = VIL, tCK = min

— TBD — TBD mA CK = VIL  or  VIH 

Fi x ed

— TBD — TBD mA CKE = VIH, tCK = min
NOP command

3

Active standby current
(One Bank active)

ICC3 — TBD — TBD mA CKE = VIL, tCK = min
DQ = High-Z

1, 2

Burst operating current
   (CAS latency = 2) ICC4 — TBD — TBD mA tCK = min, BL = 8 1, 2, 5

   (CAS latency = 2.5) ICC4 — TBD — TBD mA

Auto refresh current ICC5 — TBD — TBD mA tRC = min, Address
= VIL or VIH Fixed

Self refresh current ICC6 — 18 — 18 mA VIH ≥ VCC – 0.2
VIL ≤ 0.2 V

Input leakage current ILI –10 10 –10 10 µA 0 ≤ Vin ≤ VCC

Output leakage current ILO –10 10 –10 10 µA 0 ≤ Vout ≤ VCC

DQ = High-Z

Output high voltage VOH VTT +
0.38

— VTT +
0.38

— V IOH = –15.2 mA

Output low voltage VOL — VTT –
0.38

— VTT –
0.38

V IOL  = 15.2 mA

Notes: 1. This ICC data is measured under condition that DQ pins are not connected.
2. One bank operation.
3. Input signal transition is once per two clock cycles.
4. Input signal transition is once per one clock cycle.
5. Input signal transition is once per eight clock cycles.
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DC Characteristics (Ta = 0 to +70°C, VCC, VCCQ = 2.5 V ± 0.2 V, VS S = 0 V)
(HB54A169FN)

HB54A169FN

-8D -10D

Parameter Symbol Min Max Min Max Unit Test conditions Notes

Operating current ICC1 — TBD — TBD mA Burst length = 2
tRC = min

1, 2, 4

Standby current (IDLE) ICC2 — TBD — TBD mA CKE = VIL, tCK = min

— TBD — TBD mA CK = VIL  or  VIH 

Fi x ed

— TBD — TBD mA CKE = VIH, tCK = min
NOP command

3

Active standby current
(One Bank active)

ICC3 — TBD — TBD mA CKE = VIL, tCK = min
DQ = High-Z

1, 2

Burst operating current
   (CAS latency = 2) ICC4 — TBD — TBD mA tCK = min, BL = 8 1, 2, 5

   (CAS latency = 2.5) ICC4 — TBD — TBD mA

Auto refresh current ICC5 — TBD — TBD mA tRC = min, Address
= VIL or VIH Fixed

Self refresh current ICC6 — 36 — 36 mA VIH ≥ VCC – 0.2
VIL ≤ 0.2 V

Input leakage current ILI –10 10 –10 10 µA 0 ≤ Vin ≤ VCC

Output leakage current ILO –10 10 –10 10 µA 0 ≤ Vout ≤ VCC

DQ = High-Z

Output high voltage VOH VTT +
0.38

— VTT +
0.38

— V IOH = –15.2 mA

Output low voltage VOL — VTT –
0.38

— VTT –
0.38

V IOL  = 15.2 mA

Notes: 1. This ICC data is measured under condition that DQ pins are not connected.
2. One bank operation.
3. Input signal transition is once per two clock cycles.
4. Input signal transition is once per one clock cycle.
5. Input signal transition is once per eight clock cycles.
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Capacitance (Ta = 25°C, VCC, VCCQ = 2.5 V ± 0.2 V)

Parameter Symbol Max Unit Notes

Input capacitance (Address, RAS, CAS, WE) CI1 TBD pF 1

Input capacitance (S, CKE) CI2 TBD pF 1

Input capacitance (CK, CK) CI3 TBD pF 1

Input capacitance (DM) CI4 TBD pF 1

Input/output capacitance (DQ, CB, DQS) CO TBD pF 1, 2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. Dout circuits are disabled.
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AC Characteristics (Ta = 0 to +70°C, VCC, VCCQ = 2.5 V ± 0.2 V, VSS = 0 V)

HB54A89FM/HB54A169FN

-8D -10D

Parameter Symbol Min Max Min Max Unit Notes

Clock cycle time
   (CAS latency = 2) tCK 8 15 10 15 ns 1, 8

   (CAS latency = 2.5) tCK 7 15 8 15 ns

Input clock high level time
   (CAS latency = 2) tCH 3.6 — 4.5 — ns 1, 5

   (CAS latency = 2.5) tCH 3.2 — 3.6 — ns

Input clock low level time
   (CAS latency = 2) tCL 3.6 — 4.5 — ns 1, 5

   (CAS latency = 2.5) tCL 3.2 — 3.6 — ns

CK to DQS skew
   (CAS latency = 2) tDQSCK –0.4 1.2 –0.6 1.4 ns

3, 4, 5

   (CAS latency = 2.5) tDQSCK

DLL = ON
–0.3 1.1 –0.4 1.2 ns

tDQSCK

DLL = OFF
2.4 6.9 2.4 7.4 ns

DATA to CK skew
   (CAS latency = 2) tAC –0.4 1.2 –0.6 1.4 ns

3, 4, 5

   (CAS latency = 2.5) tAC

DLL = ON
–0.3 1.1 –0.4 1.2 ns

tAC

DLL = OFF
2.4 6.9 2.4 7.4 ns

DOUT to DQS skew
   (CAS latency = 2) tDQSQ -0.6 0.6 -0.8 0.8 ns

3, 4, 6

   (CAS latency = 2.5) tDQSQ -0.5 0.5 -0.6 0.6 ns

DOUT valid window
   (CAS latency = 2) tDV 2.4 — 3 — ns

4

   (CAS latency = 2.5) tDV 2.1 — 2.4 — ns

DQS valid window
   (CAS latency = 2) tDQSV 2.4 — 3 — ns

4

   (CAS latency = 2.5) tDQSV 2.1 — 2.4 — ns

DQS read preamble
   (CAS latency = 2) tRPRE 7.2 8.8 9 11 ns 3, 4, 5,

6

   (CAS latency = 2.5) tRPRE 6.3 7.7 7.2 8.8 ns
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HB54A89FM/HB54A169FN

-8D -10D

Parameter Symbol Min Max Min Max Unit Notes

DQS read postamble
   (CAS latency = 2) tRPST 3.2 4.8 4 6 ns

3, 4, 5,
6

   (CAS latency = 2.5) tRPST 2.8 4.2 3.2 4.8 ns

Data to data strobe setup time
   (CAS latency = 2) tQDQSS 0.6 — 0.7 — ns

1, 6

   (CAS latency = 2.5) tQDQSS 0.5 — 0.6 — ns

Data to data strobe hold time
   (CAS latency = 2) tQDQSH 0.6 — 0.7 — ns

1, 6

   (CAS latency = 2.5) tQDQSH 0.5 — 0.6 — ns

Data mask to data strobe setup
time
   (CAS latency = 2) tDMDQSS 0.6 — 0.7 — ns

1, 6

   (CAS latency = 2.5) tDMDQSS 0.5 — 0.6 — ns

Data mask to data strobe hold
time
   (CAS latency = 2) tDMDQSH 0.6 — 0.7 — ns

1, 6

   (CAS latency = 2.5) tDMDQSH 0.5 — 0.6 — ns

Clock to DQS write preamble
setup time tWPRES 0 — 0 — ns

1, 5

Clock to DQS write preamble hold
time
   (CAS latency = 2) tWPREH 2 — 2.5 — ns

1, 5

   (CAS latency = 2.5) tWPREH 1.7 — 2 — ns

DQS last edge to High-Z time
(DQS write postamble)
   (CAS latency = 2) tWPST 3.2 4.8 4 6 ns

3, 6, 7

   (CAS latency = 2.5) tWPST 2.8 4.2 3.2 4.8 ns

Clock to DQS first edge for write
delay
   (CAS latency = 2) tDQSS 6 10 7.5 12.5 ns

1, 5

   (CAS latency = 2.5) tDQSS 5.3 8.8 6 10 ns

DQS high pulse width (DQS write)
   (CAS latency = 2) tDQSH 3.2 4.8 4 6 ns

   (CAS latency = 2.5) tDQSH 2.8 4.2 3.2 4.8 ns
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HB54A89FM/HB54A169FN

-8D -10D

Parameter Symbol Min Max Min Max Unit Notes

DQS low pulse width (DQS write)
   (CAS latency = 2) tDQSL 3.2 4.8 4 6 ns

   (CAS latency = 2.5) tDQSL 2.8 4.2 3.2 4.8 ns

Input command and address
setup time
   (CAS latency = 2) tIS 2.7 — 3.0 — ns

1, 5

   (CAS latency = 2.5) tIS 2.5 — 2.7 — ns

Input command and address hold
time
   (CAS latency = 2) tIH 0.7 — 1.0 — ns

1

   (CAS latency = 2.5) tIH 0.5 — 0.7 — ns

Ref/Active command period tRC 64 — 80 — ns 1, 5

Active to Precharge command
period

tRAS 40 120000 50 120000 ns 1, 5

Active to column command period tRCD 16 — 20 — ns 1, 5

Precharge to active command
period

tRP 16 — 20 — ns 1, 5

Write recovery tWR 7 — 8 — ns 1, 5

Active to active command period tRRD 16 — 20 — ns 1, 5

Refresh period tREF — 64 — 64 ms

CKE pulse width for reset tRESET 0.2 — 0.2 — ms

SSTK input transition time tTSS — 0.7 — 0.7 ns

Notes: 1. AC measurement regarding input signal assumes tT(SS) = [VIH(ac)-VIL(ac)]/SLEW.  Timing
reference voltage level for this AC parameter is VREF.

2. Min.  specifications are given, assuming min.  tCK with the CAS latency in general.
3. Both the min. and the max. of this spec.  is proportional to tCK, values are appeared on the table

assume tCK min.
4. AC measurement regarding output signal assumes load capacitor CL = 30 pF with current

source.  See "Test conditions".  Timing reference voltage level for this AC parameter is VTT.
5. As for this AC parameter, timing is measured from the cross point of the CK and CK.
6. As for this AC parameter, timing is measured from the point where DQS rising or falling edge

crosses VTT.
7. Transition from 'High impedance' to 'Low' of DQS pin is defined to occur when the level of DQ pin

changes from VTT to beyond VTT ± 0.1 V or vice versa.
8. tCK max. is determined by the lock range of the DLL.  Beyond the max.  limitation of tCK, the DLL

does not work.
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Test Conditions

Parameter Symbol Value Unit

Input reference voltage VREF VCCQ × 0.5 V

Termination voltage VTT VREF V

AC input high voltage VIH (ac) VREF + 0.35 V

AC input low voltage VIL (ac) VREF − 0.35 V

Input signal slew rate SLEW 1.0 V/ns

CK

(input)

tCH

VTT

tCK

VREF

VTT

tCL

tTSS

VIH(ac)
VIL(ac)

Output

VTT

Z

Z

RS

RT

RT

DDR SDRAM

DIMM

RS = 22 Ω

RT = 50 Ω

Z = 50 Ω

SSTL-2 class II Interface
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Timing parameter measured in clock cycle (L-SPEC.)

Number of clock
cycle

Parameter Symbol Min Max Note

Write to pre-charge command delay (same bank) LWPD 2 + BL/2

Read to pre-charge command delay (same bank) LRPD BL/2

Write to read command delay (to input all data) LWRD 2 + BL/2

Burst stop command to write command delay
   (CAS latency = 2)

LBSTW 2

   (CAS latency = 2.5) 3

Burst stop command to DQ high-Z
   (CAS latency = 2)

LBSTZ 2

   (CAS latency = 2.5) 2.5

Read command to write command delay (to output all data)
   (CAS latency = 2)

LRWD 2 + BL/2

   (CAS latency = 2.5) 3 + BL/2

Pre-charge command to High-Z
   (CAS latency = 2)

LHZP 2

   (CAS latency = 2.5) 2.5

Write command to data in latency LWCD 1

DM to data in latency LDID 0

Register set command to active or register set command LRSA 2

Self refresh exit time LSREX

DLL = OFF
[tRC] + 1 1

LSREX

DLL = ON
200

Power down entry LPDEN 1

Power down exit to command input LPDEX 1

CKE minimum pulse width LCKEW 1

Note: 1. [tRC] means the lager one of the two closest integer to tRC/ tCK.
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Command Operation

Command Truth Table

The DDR SDRAM module recognizes the following commands specified by the S, RAS, CAS, WE and
address pins.  All other combinations than those in the table below are illegal.

CKE

Function Symbol n – 1 n S RAS CAS WE A12 A13 A10
A0
to A11

Ignore command DESL H × H × × × × × × ×

No operation NOP H × L H H H × × × ×

Burst stop in read command BST H × L H H L × × × ×

Column address and read command READ H × L H L H V V L V

Read with auto-precharge READA H × L H L H V V H V

Column address and write command WRIT H × L H L L V V L V

Write with auto-precharge WRITA H × L H L L V V H V

Row address strobe and bank active ACTV H × L L H H V V V V

Precharge select bank PRE H × L L H L V V L ×

Precharge all bank PALL H × L L H L × × H ×

Refresh REF H H L L L H × × × ×

SELF H L L L L H × × × ×

Mode register set MRS H × L L L L L L L V

EMRS H × L L L L L H L V

Note: H:  VIH.  L: VIL. ×: VIH or VIL.  V:  Valid address input

Ignore command [DESL]:  When S is High at the cross point of the CK rising edge and the VREF level,
every input are neglected and internal status is held.

No operation [NOP]:  As long as this command is input at the cross point of the CK rising edge and the
VREF level, address and data input are neglected and internal status is held.

Burst stop in read operation [BST]:  This command stops a burst read operation, which is not applicable
for a burst write operation.

Column address strobe and read command [READ]:  This command starts a read operation.  The start
address of the burst read is determined by the column address and the bank select address (BA).  After the
completion of the read operation, the output buffer becomes High-Z.

Read with auto-precharge [READA]:  This command starts a read operation.  After completion of the
read operation, the precharge is automatically executed.
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Column address strobe and write command [WRIT]:  This command starts a write operation.  The start
address of the burst write is determined by the column address and the bank select address (BA).

Write with auto-precharge [WRITA]:   This command starts a write operation.  After completion of the
write operation, the precharge is automatically executed.

Row address strobe and bank activate [ACTV]:  This command activates a bank selected by A12/A13
(BA) and determines a row address (AX0 to AX11).  When A12 = A13 = Low, bank 0 is activated.  When
A12 = High and A13 = Low, bank 1 is activated.  When A12 = Low and A13=s High, bank 2 is activated.
When A12 = A13 = High, bank 3 is activated.

Precharge selected bank [PRE]:  This command starts the pre-charge operation for the bank selected by
A12/A13.

Precharge all banks [PALL]:  This command starts the precharge operation for all banks.

Refresh [REF/SELF]:  This command starts the refresh operation.  There are two types of refresh
operation, the one is auto-refresh, and the other is self-refresh.  For details, refer to the CKE truth table
section.

Mode register set/Extended mode register set [MRS/EMRS]:  The DDR SDRAM module has the two
mode registers, the mode register and the extended mode register, to defines how it works.  The both mode
registers are set through the address pins (the A0 to the A13) in the mode register set cycle.  For details,
refer to "Mode register and extended mode register set".



HB54A89FM Series, HB54A169FN Series

22

CKE Truth Table

CKE

Current state Function n – 1 n S RAS CAS WE Address Notes

Idle Auto-refresh command (REF) H H L L L H × 2

Idle Self-refresh entry (SELF) H L L L L H × 2

Idle Power down entry (PDEN) H L L H H H × 2

H L H × × × ×

Self refresh Self refresh exit (SELFX) L H L H H H ×

L H H × × × ×

Power down Power down exit (PDEX) L H L H H H ×

L H H × × × ×

Notes: 1.  H:  VIH.  L: VIL. ×: VIH or VIL.
2. All the banks must be in IDLE before executing this command.

Auto-refresh command [REF]:  This command executes an auto-refresh command. The banks and the
ROW addresses to be refreshed are internally determined by the internal refresh controller.  The refresh
cycle is 4096 cycles/64ms.  The output buffer becomes High-Z after auto-refresh start. Precharge has been
completed automatically after the auto-refresh.  The ACTV or MRS command can be issued tRC after the
last auto-refresh command.

Self-refresh entry [SELF]:  This command starts the self-refresh operation.  The self-refresh operation
continues as long as CKE is held Low.  During the self-refresh operation, all ROW addresses are repeated
refreshing by the internal refresh controller.  A self-refresh is terminated by a self-refresh exit command.

Power down mode entry [PDEN]:  LPDEN (= 1 cycle) after issuing [PDEN] or changing CKE from High
to Low in all-banks-IDLE mode, the SDRAM enters into power-down mode.  In power down mode, power
consumption is suppressed by deactivating the input initial circuit.  Power down mode continues while
CKE is held Low.  No internal refresh operation occurs during the power down mode.

Self-refresh exit [SELFX]:  This command is executed to exit from self-refresh mode.  After the exit, in
case DLL = ON, keeping NOP condition for 200 cycles (= LSREX) to lock the DLL, then start activating a
bank or rewrite the mode register.  While in case DLL = OFF, keeping NOP condition for [tRC]+1 (= LSREX)
cycles after the exit, then start activating a bank.  After the exit, 4096 cycles of auto-refresh should be
executed within 64 ms at least. [tRC] is the larger one of the two closest integers to tRC/tCK.

Power down exit [PDEX]:  When this command is executed at the power down mode, the SDRAM can
exit from power down mode.  The DDR SDRAM module resumes IDLE state and LDEX (= 1 cycle min.)
after the exit, the MRS command or a ACTV command can be accepted.
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Function Truth Table

The following table shows the operations that are performed when each command is issued in each mode of
the DDR SDRAM module.

Function Truth Table (1)

Current state S RAS CAS WE Address Command Operation Next state

Precharging*2 H × × × × DESL NOP ldle

L H H H × NOP NOP ldle

L H H L × BST ILLEGAL*10 ldle

L H L H BA, CA, A10 READ/READA ILLEGAL*10 —

L H L L BA, CA, A10 WRIT/WRITA ILLEGAL*10 —

L L H H BA, RA ACTV ILLEGAL*10 —

L L H L BA, A10 PRE, PALL NOP ldle

L L L × × ILLEGAL —

Idle*3 H × × × × DESL NOP ldle

L H H H × NOP NOP ldle

L H H L × BST ILLEGAL*10 —

L H L H BA, CA, A10 READ/READA ILLEGAL*10 —

L H L L BA, CA, A10 WRIT/WRITA ILLEGAL*10 —

L L H H BA, RA ACTV Active*12 Activating

L L H L BA, A10 PRE, PALL NOP ldle

L L L H × REF, SELF Refresh/
Selfrefresh*12

ldle/
Selfrefresh

L L L L MODE MRS Mode register set ldle

Refresh
(auto-refresh)

H × × × × DESL NOP ldle

L H H H × NOP NOP ldle

H H H L × BST ILLEGAL —

L Η L × × ILLEGAL —

L L × × × ILLEGAL —
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Function Truth Table (2)

Current state S RAS CAS WE Address Command Operation Next state

Activating*4 H × × × × DESL NOP Active

L H H H × NOP NOP Active

L H H L × BST ILLEGAL*10 —

L H L H BA, CA, A10 READ/READA ILLEGAL*10 —

L H L L BA, CA, A10 WRIT/WRITA ILLEGAL*10 —

L L H H BA, RA ACTV ILLEGAL*10 —

L L H L BA, A10 PRE, PALL ILLEGAL*10 —

L L L × × ILLEGAL —

Active5 H × × × × DESL NOP Active

L H H H × NOP NOP Active

L H H L × BST ILLEGAL Active

L H L H BA, CA, A10 READ/READA Starting read
operation

Read/READ
A

L H L L BA, CA, A10 WRIT/WRITA Starting write
operation

Write
recovering/pr
echarging

L L H H BA, RA ACTV ILLEGAL*11. —

L L H L BA, A10 PRE, PALL Pre-charge Idle

L L L × × ILLEGAL —

Read*6 H × × × × DESL NOP Active

L H H H × NOP NOP Active

L H H L × BST BST Active

L H L H BA, CA, A10 READ/READA Interrupting burst
read operation to
start new read

Active

L H L L BA, CA, A10 WRIT/WRITA ILLEGAL*13 —

L L H H BA, RA ACTV ILLEGAL*10 —

L L H L BA, A10 PRE, PALL Interrupting burst
read operation to
start pre-charge

Precharging

L L L × × ILLEGAL —
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Function Truth Table (3)

Current state S RAS CAS WE Address Command Operation Next state

Read with auto-
pre- charge*7

H × × × × DESL NOP Precharging

L H H H × NOP NOP Precharging

L H H L × BST ILLEGAL —

L H L H BA, CA, A10 READ/READA ILLEGAL —

L H L L BA, CA, A10 WRIT/WRITA ILLEGAL —

L L H H BA, RA ACTV ILLEGAL*10. —

L L H L BA, A10 PRE, PALL ILLEGAL*10. —

L L L × × ILLEGAL —

Write*8. H × × × × DESL NOP Write
recovering

L H H H × NOP NOP Write
recovering

L H H L × BST ILLEGAL —

L H L H BA, CA, A10 READ/READA Interrupting burst
write operation to
start read operation.

Read/ReadA

L H L L BA, CA, A10 WRIT/WRITA Interrupting burst
write operation to
start new write
operation.

Write/WriteA

L L H H BA, RA ACTV ILLEGAL*10. —

L L H L BA, A10 PRE, PALL Interrupting write
operation to start
pre-charge.

Idle

L L L × × ILLEGAL —

Write
recovering*8.

H × × × × DESL NOP Active

L H H H × NOP NOP Active

L H H L × BST ILLEGAL —

L H L H BA, CA, A10 READ/READA Starting read
operation.

Read/ReadA

L H L L BA, CA, A10 WRIT/WRITA Starting new write
operation.

Write/WriteA

L L H H BA, RA ACTV ILLEGAL*10. —

L L H L BA, A10 PRE/PALL ILLEGAL*10. —

L L L × × ILLEGAL —
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Function Truth Table (4)

Current state S RAS CAS WE Address Command Operation Next state

Write with auto-
pre-charge*9.

H × × × × DESL NOP Precharging

L H H H × NOP NOP Precharging

L H H L × BST ILLEGAL —

L H L H BA, CA, A10 READ/READA ILLEGAL —

L H L L BA, CA, A10 WRIT/WRIT A ILLEGAL —

L L H H BA, RA ACTV ILLEGAL*10. —

L L H L BA, A10 PRE, PALL ILLEGAL*10. —

L L L × × ILLEGAL —

Notes: 1. H:  VIH.  L: VIL. ×: VIH or VIL.
2. The DDR SDRAM module is in the "Precharging" state for tRP after the precharge command are

issued.
3. The DDR SDRAM module reaches IDLE state tRP after the precharge command are issued.
4. The DDR SDRAM module is in the "Activating" for tRCD after the ACTV command are issued.
5. The DDR SDRAM module is in the "READ" state until burst data have been output and DQ

output circuits are turned off.
6. The DDR SDRAM module is in the "READ with auto-precharge" from the READA command until

burst data has been output and DQ output circuits are turned off.
7. The DDR SDRAM module is in the "WRITE" state from the WRIT command to the last burst data

are input.
8. The DDR SDRAM module is in the "Write recovering" for tWR after the last data are input.
9. The DDR SDRAM module is in the "Write with auto-precharge" until tWR after the last data has

been input.
10. This command may be issued for other banks, depending on the state of the banks.
11. For the bank for which the current state is defined, this command cannot be issued, or ILLEGAL.

For the other banks, depending on the state of the banks, this command can be issued tRRD after
the preceded active command.

12. All banks must be in the IDLE.
13. Before executing a write command to stop the preceding burst read operation, BST command

must be issued
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Simplified State Diagram

PRECHARGE

   ROW
ACTIVE

IDLE

  IDLE
POWER
 DOWN

   AUTO
REFRESH

    SELF
REFRESH

    MODE
REGISTER
     SET

POWER
    ON

WRITEA READA

SR ENTRY

SR EXIT

MRS REFRESH

CKE
CKE_

ACTIVE

WRITE READ

WRITE
WITH AP

READ
WITH AP

POWER
APPLIED

PRECHARGE

AP
READ

WRITE

WRITE
WITH
AP

READ
WITH

READ
WITH AP

WRITE
WITH AP

PRECHARGE

PRECHARGE PRECHARGE

*1

READ

Read

WRITE

Write

Automatic transition after completion of command.

Transition resulting from command input.

Note:  1.  After the auto-refresh operation, precharge operation is performed automatically 

and enter the IDLE state.
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Operation of the DDR SDRAM module

Power-up sequence:

The following sequence is recommended for Power-up.

(1) The CK, CKE, S, DM and I/O pins keep low till stable power is achieved.

(2) The CK and the CK inputs need to be stabilized within 100 µs after power is stabilized.

(3) 100 µs or later after power is stabilized, the CKE is driven high to set the NOP condition.

(4) Maintain stable power, stable clock and the NOP condition for more than 200 µs.

Power-up sequence ((1)-(4))

VCC, VCCQ

Initialization sequence

100 µs (min) 200 µs (min)

0 V

Low

Low

Low

CKE

CK, CK

Command

Stable power

NOP EMRS

(5) Issue the extended mode register set command for "DLL Enable/Reset". An additional 200 cycles of
clock input are required to lock the DLL.  In case DLL "off" mode is used, by executing EMRS, DLL
must be disabled.

(6) All banks must be precharged using the precharge command.

(7) After tRP delay, set 2 or more auto refresh commands.

(8) Issue the mode register set command to set parameter onto the mode register.

Initialization ((5)-(8))

CK

CK

Command EMRS

DLL enable/reset

PALL REF REF Any 

commandMRS

200 cycles (min) tRP tRC tRC 2 cycles (min)
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Mode Register and Extended Mode Register set

There are two mode registers, the mode register and the extended mode register so as to define the
operating mode.  Parameter are set to both through the A10 to the A13 pins by the mode register set
command [MRS] or the extended mode register set command [EMRS].  The mode register and the
extended mode register are set by inputting signal via the A0 to the A13 during mode register set cycles.
AY13 (BA0) and AY12 (BA1) determine which one of the mode register or the extended mode register are
set.  Prior to a read or a write operation, the mode register must be set.
When all banks are idle, by executing EMRS, DLL can be disabled.  In order to set DLL on again, execute
EMRS to enable DLL.  200 cycles after EMRS command is issued, ACTIVE or MRS command can be
executed
Remind that no other parameters are shown in the table bellow are allowed to input to the registers.

Mode Register Set [MRS] (A13 = 0, A12 = 0)

A2 A1 A0
Burst Length

0 0 1 2

0 1 0 4

0 1 1 8

BT=0 BT=1
2

4

8

A3

0 Sequential

1 Interleave

Burst TypeA6 A5 A4 CAS Latency

0 1 0 2

2.51 1 0

A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

00 0 0 0DR LMODE BT BL

A8

0 No

1 Yes

DLL Reset

A11 A10A12

(BA1)

A13

(BA0)

0

MRS

Extended Mode Register Set [EMRS] (A13 = 1, A12 = 0)

A0

0 DLL Enable

1 DLL Disable

DLL Control

A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

00 0 0 00 00 0 0 0 DLL0

A11 A10A12

(BA1)

A13

(BA0)

1

EMRS
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Burst operation

The burst type (BL) and the first three bits of the column address determines the order of a data out.

A2 A1 A0

Addressing(decimal)

0 0 0

0 0 1

0 1 0

0 1 1

1 1 1

InterleaveSequence

1 0 0

1 1 0

1 0 1

Starting Ad.

0, 1, 2, 3, 4, 5, 6, 7,

1, 2, 3, 4, 5, 6, 7,

2, 3, 4, 5, 6, 7,

3, 4, 5, 6, 7,

4, 5, 6, 7,

5, 6, 7,

6, 7,

7,

0,

0, 1,

0, 1, 2,

0, 1, 2, 3,

0, 1, 2, 3, 4,

0, 1, 2, 3, 4, 5,

0, 1, 2, 3, 4, 5, 6,

0, 1, 2, 3, 4, 5, 6, 7,

1, 0, 3, 2, 5, 4, 7,

2, 3, 0, 1, 6, 7,

3, 2, 1, 0, 7,

4, 5, 6, 7,

5, 4, 7,

6, 7,

7,

6,

4, 5,

6, 5, 4,

0, 1, 2, 3,

6, 1, 0, 3, 2,

4, 5, 2, 3, 0, 1,

6, 5, 4, 3, 2, 1, 0,

Burst length = 8

A1 A0

Addressing(decimal)

0 0

0 1

1 0

1 1

InterleaveSequence

Starting Ad.

0, 1, 2, 3,

1, 2, 3, 0,

2, 3, 0, 1,

3, 0, 1, 2,

0, 1, 2, 3,

1, 0, 3, 2,

2, 3, 0, 1,

3, 2, 1, 0,

Burst length = 4

A0

Addressing(decimal)

0

1

InterleaveSequence

Starting Ad.

0, 1,

1, 0,

0, 1,

1, 0,

Burst length = 2
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Read/Write Operations

Bank active:  A read or a write operation begins with the bank active command [ACTV].  The bank active
command determines a bank address (AX13, AX12) and a row address (AX0 to AX11).  For the bank and
the row, a read or a write command can be issued tRCD after the ACTV is issued.

Read operation: The burst length (BL), the CAS latency (CL) and the burst type (BT) of the mode register
are referred when a read command is issued.  The burst length (BL) determines the length of a sequential
output data by the read command which can be set to 2, 4, or 8.  The starting address of the burst read is
defined by the column address, the bank select address (AX13, AX12) which are loaded via the A0 to A13
pins in the cycle when the read command is issued.  CAS latency (CL) determines the latency of the data
output from the read command, which can be set to 2 or 2.5.  The DDR SDRAM module output the data
strobe simultaneously. tRPRE prior to the first rising edge of the data strobe, the DQS is driven LOW from
VTT level.  The burst data are output coincidentally at both the rising edge and the falling edge of the data
strobe.  The DQ pins become High-Z in the next cycle after the successive burst data has been completed.
tRPST from the last falling edge of the data strobe, the DQS pins become High-Z.

Read Operation (CAS Latency)

CK
CK

DQS

DQ

DQS

DQ

CL = 2

CL = 2.5

Command

t0 t0.5 t1 t1.5 t2 t2.5 t3 t3.5 t4 t4.5 t5 t5.5

D0 D1 D2 D3

D0 D1 D2 D3

Read

tRPSTtRPRE

tRPRE tRPST

tAC,tDQSCK

tAC,tDQSCK
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Read Operation (Burst Length)

D0 D1

D0 D1 D2 D3

D0 D1 D2 D3 D4 D5 D6 D7

CK

CK

Address

DQS

Dout

BL = 2

BL = 4

BL = 8

Command

CAS latency = 2

BL:  Burst length

t1t0 t2 t3 t4 t5 t6 t7 t8

ACTV READ

Row Column

tRCD

tRPRE

tRPST
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Write operation :  The burst length (BL) and the burst type (BT) of the mode register are referred when a
write command is issued.  The burst length (BL) determines the length of a sequential data input by the
write command which can be set to 2, 4, or 8.  The latency from write command to data input is 1.  The
starting address of the burst read is defined by the column address, the bank select address (AX13, AX12)
which are loaded via the A0 to A13 pins in the cycle when the write command is issued.  DQS should be
input as the strobe for the input-data and DM as well during burst operation.  tWPREH prior to the first rising
edge of the DQS should be set to LOW and tWPST after the last falling edge of the data strobe should be set
to high-Z.

Write operation

in1

in0 in1 in2 in3

in0 in1 in2 in3 in4 in5 in6 in7

CK

CK

Address

DQS

Din

BL = 2

BL = 4

BL = 8

Command

BL:  Burst length

t1t0 t2 t3 t4 t5 t6 t7 t8

ACTV WRITE

Row Column

tRCD

tWPREH

tDQSLtDQSH

tWPST
tQDQSS

tWPRES

in0

tQDQSH
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Burst stop

Burst stop command during burst read:  The burst stop (BST) command is used to stop data output
during a burst read.  The BST command stops the burst read and sets the output buffer to High-Z.  LBSTZ (=
CL) cycles after a BST command issued, the DQ pins become high-Z.  The BST command is not supported
for the burst write operation.

Burst stop during a read operation

CK
CK

DQS

DQ

DQS

DQ

CL = 2

CL = 2.5

Command

t0 t0.5 t1 t1.5 t2 t2.5 t3 t3.5 t4 t4.5 t5 t5.5

D0 D1

D0 D1

Read BST

2 cycles

2.5 cycles

CL: CAS latency

tAC,tDQSCK

LBSTZ

LBSTZ

tAC,tDQSCK
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Auto Precharge

Read with auto-precharge:  The precharge is automatically performed after completing a read operation.
The precharge starts LRPD (BL/2) cycle after READA command input. tRCD for READA should be
determined so that tRC (ACTV to ACTV) spec. is obeyed when READA is issued successively after a bank
active command, that is tRCD (READA) ≥ tRC (min.)-tRP (min.)-LRPD.  A column command to the other active
bank can be issued the next cycle after the last data output.

D0 D1 D2 D3

CK

CK

DQ

Command

tRAS (min) tRP (min)

tRCD (min) LRPD

ACTV

Note:  Internal auto-precharge starts at the timing indicated by "     ".

NOP or DESL

2 cycles (= BL/2)

READAACTV

DQS

tAC,tDQSCK
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Write with auto-precharge:  The precharge is automatically performed after completing a burst write
operation.  The precharge operation is started LWPD (= BL/ 2 + 2) cycles after WRITA command issued.
tRCD for WRITA should be determined so that tRC (ACTV to ACTV) spec. is obeyed when WRITA is issued
successively after a bank active command, that is tRCD (WRITA) ≥ tRC(min.)-tRP(min.)-LWPD.  A column
command to the other active command can be issued the next cycle after the internal precharge command
issued.

Burst Write (Burst Length = 4)

�����
D1 D2 D3 D4

CK

CK

DQ

Command

DM

tRAS (min)

tRCD (min)

����
tRP

NOP or DESL

DQS

ACTV WRITA ACTV

BL/2 + 2 cycles

LWPD

Note:  Internal auto-precharge starts at the timing indicated by "     ".
Burst length = 4
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Command Intervals

A Read command to the consecutive Read command Interval

Destination row of the
consecutive read command

Bank
address

Row
address State Operation

 1. Same Same ACTIVE The consecutive read can be performed after an interval of no less
than 1 cycle to interrupt the preceding read operation.

2. Same Other — Precharge the bank to interrupt the preceding read operation.  tRP after
the precharge command, issue the ACTV command.  tRCD after the
ACTV command, the consecutive read command can be issued.  See
‘A read command to the consecutive precharge interval’ section.

3. Other Any ACTIVE The consecutive read can be performed after an interval of no less
than 1 cycle to interrupt the preceding read operation.

IDLE Precharge the bank without interrupting the preceding read operation.
tRP after the precharge command, issue the ACTV command.  tRCD after
the ACTV command, the consecutive read command can be issued.

READ to READ Command Interval (same ROW address in same bank)

����������
A0 A1 B0 B1 B2 B3

CK

CK

Address

BA

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

ACTV
NOP or

 DESL READ

Row

Bank0

Active

Column A

READ

Column B

Column = A

Read

Column = B

Read

Column = A

Dout

Column = B

Dout ��� ��������

CAS latency = 2

Burst length = 4

Bank0

NOP or DESL
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READ to READ Command Interval (different bank)

�����������
A0 A1 B0 B1 B2 B3

CK
CK

Address

BA

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8 t9

ACTV NOP or

 DESL ACTV NOP or 


DESL
READ

Row0 Row1

Bank0

Active

Bank3

Active

Bank0

Read

Bank3

Read

Column A

READ

Column B

Column = A

Read

Column = B

Read

Bank0

Dout

Bank3

Dout �������������

CAS latency = 2

Burst length = 4




NOP or DESL
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A Write command to the consecutive Write command Interval:

Destination row of the
consecutive write command

Bank
address

Row
address State Operation

1. Same Same ACTIVE The consecutive write can be performed after an interval of no less
than 1 cycle to interrupt the preceding write operation.

2. Same Other — Precharge the bank to interrupt the preceding write operation.  tRP after
the precharge command, issue the ACTV command.  tRCD after the
ACTV command, the consecutive write command can be issued.  See
‘A write command to the consecutive precharge interval’ section.

3. Other Any ACTIVE The consecutive write can be performed after an interval of no less
than 1 cycle to interrupt the preceding write operation.

IDLE Precharge the bank without interrupting the preceding write operation.
tRP after the precharge command, issue the ACTV command.  tRCD after
the ACTV command, the consecutive write command can be issued.

WRITE to WRITE Command Interval (same ROW address in same bank)

��� �������
A0 A1 B0 B1 B2 B3

CK

CK

Address

BA

Din

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

ACTV
NOP or

 DESL WRIT

Row

Bank0

Active

Column A

WRIT

Column B

Column = A

Write

Column = B

Write� �� �������

Burst length = 4

Bank0

NOP or DESL

DQS
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WRITE to WRITE Command Interval (different bank)

�����
�����

A0 A1 B0 B1 B2 B3

CK
CK

Address

BA

Din

Command

t1t0 t2 t3 t4 t5 t6 t7 t8 t9

ACTV
NOP or 

DESL ACTV WRIT

Row0 Row1

Bank0

Active

Bank3

Active

Column A

WRIT

Column B

Bank0

Write

Bank3

Write ���������

Burst length = 4

Bank0, 3

NOP or DESL

DQS
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A Read command to the consecutive Write command interval with the BST command

Destination row of the
consecutive write command

Bank
address

Row
address State Operation

1. Same Same ACTIVE Issue the BST command.  LBSTW (≥ LBSTZ) after the BST command, the
consecutive write command can be issued.

2. Same Other — Precharge the bank to interrupt the preceding read operation.  tRP after
the precharge command, issue the ACTV command.  tRCD after the
ACTV command, the consecutive write command can be issued.  See
‘A read command to the consecutive precharge interval’ section.

3. Other Any ACTIVE Issue the BST command. L BSTW (≥ LBSTZ) after the BST command, the
consecutive write command can be issued.

IDLE Precharge the bank without interrupting the preceding read operation.
tRP after the precharge command, issue the ACTV command.  tRCD after
the ACTV command, the consecutive write command can be issued.

READ to WRITE Command Interval

A2 A1 A0

Addressing(decimal)

0 0 0

0 0 1

0 1 0

0 1 1

1 1 1

InterleaveSequence

1 0 0

1 1 0

1 0 1

Starting Ad.

0, 1, 2, 3, 4, 5, 6, 7,

1, 2, 3, 4, 5, 6, 7,

2, 3, 4, 5, 6, 7,

3, 4, 5, 6, 7,

4, 5, 6, 7,

5, 6, 7,

6, 7,

7,

0,

0, 1,

0, 1, 2,

0, 1, 2, 3,

0, 1, 2, 3, 4,

0, 1, 2, 3, 4, 5,

0, 1, 2, 3, 4, 5, 6,

0, 1, 2, 3, 4, 5, 6, 7,

1, 0, 3, 2, 5, 4, 7,

2, 3, 0, 1, 6, 7,

3, 2, 1, 0, 7,

4, 5, 6, 7,

5, 4, 7,

6, 7,

7,

6,

4, 5,

6, 5, 4,

0, 1, 2, 3,

6, 1, 0, 3, 2,

4, 5, 2, 3, 0, 1,

6, 5, 4, 3, 2, 1, 0,

Burst length = 8

A1 A0

Addressing(decimal)

0 0

0 1

1 0

1 1

InterleaveSequence

Starting Ad.

0, 1, 2, 3,

1, 2, 3, 0,

2, 3, 0, 1,

3, 0, 1, 2,

0, 1, 2, 3,

1, 0, 3, 2,

2, 3, 0, 1,

3, 2, 1, 0,

Burst length = 4

A0

Addressing(decimal)

0

1

InterleaveSequence

Starting Ad.

0, 1,

1, 0,

0, 1,

1, 0,

Burst length = 2
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A Write command to the consecutive Read command interval: To complete the burst operation

Destination row of the
consecutive read command

Bank
address

Row
address State Operation

1. Same Same ACTIVE To complete a burst operation, the consecutive read command should
be performed LWRD (= BL/ 2 + 2) after the write command.

2. Same Other — Precharge the bank LWRD after the preceding write command.  tRP after
the precharge command, issue the ACTV command.  tRCD after the
ACTV command, the consecutive read command can be issued. See
‘A read command to the consecutive precharge interval’ section.

3. Other Any ACTIVE To complete a burst operation, the consecutive read command should
be performed LWRD (= BL/ 2 + 2) after the write command.

IDLE Precharge the bank without interrupting the preceding write operation.
tRP after the precharge command, issue the ACTV command.  tRCD after
the ACTV command, the consecutive read command can be issued.

WRITE to READ Command Interval

D0 D1 D2 D3 Q2Q0 Q1

CK
CK

DM

DQ

Command

t1t0 t2 t3 t4 t5 t6

READWRIT

���
�� �� �

BL = 4

CL = 2

LWRD (min)

DQS

INPUT OUTPUT

BL/2 + 2 cycle
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A Write command to the consecutive Read command interval: To interrupt the write operation.

Destination row of the
consecutive read command

Bank
address

Row
address State Operation

1. Same Same ACTIVE DM, DMU/DML must be input 1 cycle prior to the read command input
to prevent from being written invalid data.  In case, the read command
is input in the next cycle of the write command, DM, DMU/DML is not
necessary.

2. Same Other — —

3. Other Any ACTIVE DM, DMU/DML must be input 1 cycle prior to the read command input
to prevent from being written invalid data.  In case, the read command
is input in the next cycle of the write command, DM, DMU/DML is not
necessary.

IDLE —

WRITE to READ Command Interval (Samebank, same ROW address)

[WRITE to READ delay = 1 clock cycle]

D0 D1 D2 Q0 Q1 Q2 Q3

CK
CK

DM

DQ

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

READWRIT �� ��� ���
BL = 4

CL= 2

High-Z

High-Z

DQS

CL=2

Data masked by read command,

DOS input ignored

1cycle
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[WRITE to READ delay = 2 clock cycle]

D0 D1 D2 D3 Q0 Q1 Q2 Q3

CK
CK

DM

DQ

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

�� BL = 4

CL= 2

High-Z

High-Z

DQS

CL=2

Data masked by read 

command, DQS input 

ignored

Data masked by 

DM, DQS input 

ignored

2cycle

READWRIT�
� ����

��� �

[WRITE to READ delay = 3 clock cycle]

D0 D1 D2 D3 Q0 Q1 Q2 Q3

CK
CK

DM

DQ

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

�� BL = 4

CL= 2

DQS

CL=2

Data masked by 

DM, DQS input 

ignored

3cycle

READWRIT��
���
�� �� �
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A Read command to the consecutive Precharge command interval (same bank):

To output all data:  To complete a burst read operation and get a burst length, programmed, of data, the
consecutive precharge command must be issued LRPD (= BL/ 2 cycles) after the read command is issued.

READ to PRECHARGE Command Interval (same bank):  To output all data

CAS Latency = 2, Burst Length = 4

A0 A1 A2 A3

CK
CK

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

READ NOP or DESL PRE/

PALL

LRPD = BL/2

CAS Latency = 2.5, Burst Length = 4

A0 A1 A2 A3

CK
CK

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

READ NOP or DESL PRE/

PALL

LRPD = BL/2
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READ to PRECHARGE Command Interval (same bank):  To stop output data

A burst data output can be interrupted with the precharge command.  The output buffer becomes High-Z
LHZP (= CL) cycles after the precharge command.

CAS Latency = 2, Burst Length = 2, 4, 8

A0
High-Z

High-Z

A1

CK

CK

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

READNOP or DESL PRE/PALL

LHZP = CL + 1

CAS Latency = 2.5, Burst Length = 2, 4, 8

A0 A1

CK
CK

Dout

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7 t8

READNOP or DESL PRE/PALL

High-Z

High-Z

LHZP = CL + 1

CL = 2.5
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Write command to Precharge command interval (same bank):  The minimum interval LWPD ((BL/ 2 +
2) cycles) is needed between the write command and the precharge command.

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4

A0 A1 A2 A3

CK
CK

Din

DM

DQS

Command

t1t0 t2 t3 t4 t5 t6 t7

WRIT PRE/PALL

Last data input

LWR

LWPD

BL/2 +2 cycles�
���
�� ��
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Bank active command interval:

Destination row of the
consecutive ACTV command

Bank
address

Row
address State Operation

1. Same Any ACTIVE tRC after a ACTV command, the next ACTV command can be issued.

2. Other Any ACTIVE Precharge the bank.  tRP after the precharge command, the
consecutive ACTV command can be issued.

IDLE tRRD after a ACTV command, the next ACTV command can be issued.

Bank Active to Bank Active

CK
CK

Command

BA

NOP or

 DESL

tRC

tRRD

ACTV ACTV ACTV

Address NOP or 

DESL

ROW:  0 ROW:  1 ROW:  0

���
�
�������

Bank0

Active

Bank0

Active

Bank3

Active

Mode register set to Bank-active command interval:  The interval between setting the mode register and
executing a bank-active command must be no less than tRSA.

CK
CK

Command NOP or DESL

LRSA

MRS ACTV

Address NOP or DESLCODE BS and ROW

Mode Register Set Bank3

Active



HB54A89FM Series, HB54A169FN Series

49

DM Control

DM can mask input data.  By setting DM to Low, data can be written.  When DM is set to High, the
corresponding data is not written, and the previous data is held.  The latency between DM input and
enabling/disabling mask function is 0.  The set up and hold time of DM are referred to DQS.

Mask Mask

Even Odd Even Odd Even Odd Even Odd Even Odd

DQS

DQ

DM

t1 t2 t3 t4 t5 t6

Write mask latency = 0
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Timing Waveforms

Detailed Waveforms

tDQSCK, tAC, tDQSQ, tDQSV, tDV

CK

CK

DQS

(Read )

DQ

n n+1 n+2

tDQSCK

tDQSQ tAC

tDQSV tDQSV

Qn – 2 Qn – 1 Qn

tCK

tDV tDV

Qn + 1 Qn + 2

tDQSS, tWPRES, tWPREH, tWPST, tDQSH, tDQSL

CK


CK

DQS

(Write)

Din

tDQSS

tWPRES

tDQSL

tWPREH

tDQSH

High-Z

High-Z

Qn Qn+1 Qn+2 Qn+3

tWPST

Preamble
Postamble
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tDMDQSS, tDMDQSH, tQDQSS, tQDQSH

DQS

DM

DQ

tDMDQSS tDMDQSH




tDMDQSS tDMDQSH

tQDQSS tQDQSH tQDQSStQDQSH

Dn Dn+1 Dn+2 Dn+3 Dn+4
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Read Cycle

Bank 0

Active

Bank 0

Read

Bank 0

Precharge

����
�
� �
�
�
�
�
� �
�
�
��
��
�
�
�
�
�
� ���CAS latency = 2


Burst length = 4

Bank0 Access

         = VIH or VIL�Bank 0


Active
Bank 0

Read

Bank 0

Precharge

�� �����
���
�
�������������
���
� �
�
� ��
��
���
�
��
�
���


tIS tIH

tCH

tCK

tCL

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS

tRPRE tRPSTtDQSVtDQSV

tDV tDV

tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

RAS

A10

Address

High-Z

High-Z

S

CKE

CK
CK

CAS

WE

BA

DQS

DQ (output)

DM

VIH

tRCD
tRAS tRP

tRC

�
��
�
�
�
�

�
�

�
�
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Write Cycle

Bank 0

Active

�
� �
�

�
����
��
�
�
��
�������
�
�
�
� �

CAS latency = 2

Burst length = 4

Bank0 Access

         = VIH or VIL

�
�

Bank 0

Active

Bank 0

Write

Bank 0

Precharge

��

������

��
�����
�
����
�
�
�
������
�
���
� �
�
�
���
��

���
��
�
����

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

tIS tIH

VIH

tRCD

tRAS

tRC

tRP

tDQSS

tDQSL

tDQSL tWPST

tWR

S

CK
CK

CKE

RAS

CAS

WE

BA

A10

Address

DQ (input)

 DM

DQS

(input)

tCK

tCH tCL

tDMDQSStDMDQSS

tQDQSS

tQDQSH

tDMDQSH

tDMDQSH
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Mode Register Set Cycle

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CK
CK

CKE

S

RAS

CAS

WE

BA

Address

DM

DQ (output) ��
�
��
�
�
�
�
�
�
�
������������
�
��
�
�
���
����b

valid code

code

tRP

Precharge

If needed

Mode 

register

set

Bank 3

Active

Bank 3

Read

�
������������������
�
�����
�
������R: b C: b

VIH

Bank 3

Precharge

LRSA

High-Z

High-Z ����CAS latency = 2

Burst length = 4

       = VIH or VIL�
�

DQS

�
�
�� �
�
�



HB54A89FM Series, HB54A169FN Series

55

Read Cycle/Write Cycle

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

��
�

��

CKE

RAS

S

CAS
WE

Address

DM

DQS

DQ (output)

DQ (input)

CK

BA

��
�
� ��
��
�

��
��
�
��
�
���
�
�
�
��
�
�
�
�
��
�
�
�
���������������������������Bank0


Active
Bank0

Read

Bank3

Active

Bank3

Read

Bank3

Read

Bank3

Read

Bank0

Pre-

charge

Bank3

Precharge

Bank0

Active

Bank0

Write

Bank3

Active

Bank3

Write

Bank3

Write

Bank3

Write

Bank0

Pre-

charge

Bank3

Precharge

CKE

�
� ��

VIH

VIH

CAS latency = 2

Burst length = 4

       = VIH or VIL

��
CAS latency = 2.5

Burst length = 4

       = VIH or VIL

��

CK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15CK
CK

R:a C:a R:b C:b C:b' C:b"

a b b' b"

High-Z

��
�

�
�

��
RAS

S

CAS
WE

Address

DM

DQS

DQ (output)

DQ (input)

BA

���
�
�

��
�

���
��
�

��
�

�
����������������
�
�����������
��
�
�
�
�
���
��
� �
�
� �
�
�
�
�
�

R:a C:a R:b C:b C:b' C:b"

a b b' b"

High-Z

Read Cycle

Write Cycle
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Read/Write Cycle

��
�
��������������
�
�
�
��
�
�

R:a C:a C:bR:b C:b''

��
�

��
�
�

�
�

�
�
��

��
�

�
�
�� ��������������
�

b’’ 


Bank 0

Active

Bank 3

Active

Bank 0

Read

Bank 3

Read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CKE

RAS

S

DQS

CAS

WE

Address

CK

BA

DQ (output)

DQ (input)

CK

Bank 3

Write

LWRD

High-Z

VIH

LRWD

��
�� b

Read cycle

CAS latency = 2

Burst lenght = 4

       =VIH or VIL ��

DM �
�
�
���

a
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Auto Refresh Cycle

�
�
�
�
�

�
�

�
�
�
�
�

��
�

���
�
������
�

����
�

�
�

�
�
�

�����
�

��
��
����
�
�
��
��
����
���
��

Precharge

If needed

Auto

Refresh

Bank 0

Active

Bank 0

Read

�
�

�

CK

CK

CKE

S

CAS

WE

BA

Address

DM

DQ (output)

DQ (input)

RAS

��� �
�
�����
�

�
�

� �
�

�� ��� � ���
�
�

�
�

�
�
�

CAS latency = 2

Burst length = 4

       = VIH or VIL

��

VIH






tRP

A10=1 R:  b C:  b

b
High-Z

tRC

DQS
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Self Refresh Cycle

�
�
�� �
�

�
�

�
�
�

�
Self 

refresh 

entry

Self refresh 

exit 

High-Z

��
�
��
�
�
��
�������������
�
�

�
�

�
�
�

�
�
�

���
�
�
����
�
� �
���

�� �
�

��������
�
�

CK

CKE

S

RAS

CAS

WE

BA

Address

DM

DQ (output)

DQ (input)

CK

Precharge

If needed

Bank 0

Active

Bank 0

Read

tRP LSREX���
�

�
�

A10=1 R: b

�
��

C: b

DQS

CKE = low

CAS latency = 2.5

Burst length = 4

       = VIH or VIL

��

�
tIS tIS
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Power Down Mode

�
�
�
�
���
�
������

�
�

� ��
�
�
�

� �
�

�
�
�

�

��� �� �
�
� ��

�
�
�

�
�
� �� �
�
��� ��
�
�

�

�����
�
����� ���
�
� �
�
�
�
� �
�
�����������
�

�
��
� ��

�
�

�
�

High-Z

A10=1 R: cR: b

CK

CKE

S

RAS

CAS

WE

BA

Address

DM

DQ (output)

DQ (input)

DQS

CK

Precharge

If needed

Power down

entry

Power 

down

exit

Bank 0

Active

Bank 0

Read 

LPDEX

CAS latency = 2.5

Burst lenght = 4

       =VIH or VIL��

LPDEN

CKE = low

�
�
��

�
�

�
�
�

tRP

tIS

LCKEW

tIH
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Physical Outline
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics.  Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges.  Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.

Hitachi, Ltd.
Semiconductor & IC Div.
Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan
Tel: Tokyo (03) 3270-2111 Fax: (03) 3270-5109

Copyright © Hitachi, Ltd., 1998. All rights reserved.  Printed in Japan.

Hitachi Asia Pte. Ltd.
16 Collyer Quay #20-00
Hitachi Tower
Singapore 049318
Tel: 535-2100
Fax: 535-1533

URL	 NorthAmerica  	 :  http:semiconductor.hitachi.com/
	 Europe		 :  http://www.hitachi-eu.com/hel/ecg
	 Asia (Singapore)	 :  http://www.has.hitachi.com.sg/grp3/sicd/index.htm
	 Asia (Taiwan)	 :  http://www.hitachi.com.tw/E/Product/SICD_Frame.htm
	 Asia (HongKong)	 :  http://www.hitachi.com.hk/eng/bo/grp3/index.htm
	 Japan		 :  http://www.hitachi.co.jp/Sicd/indx.htm

Hitachi Asia Ltd.
Taipei Branch Office
3F, Hung Kuo Building. No.167, 
Tun-Hwa North Road, Taipei (105)
Tel: <886> (2)  2718-3666
Fax: <886> (2)  2718-8180

Hitachi Asia (Hong Kong) Ltd.
Group  III (Electronic  Components)
7/F., North Tower, World Finance Centre,
Harbour City, Canton Road, Tsim Sha Tsui,
Kowloon, Hong Kong
Tel: <852> (2)  735  9218
Fax: <852> (2)  730  0281 
Telex: 40815 HITEC HXHitachi Europe Ltd.

Electronic Components Group.
Whitebrook Park
Lower Cookham Road
Maidenhead
Berkshire  SL6 8YA, United Kingdom
Tel: <44> (1628)  585000
Fax: <44> (1628)  778322
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