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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 8Mx 72 x 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 ax8M x 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 ar@&heThis 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.



HB54A89FM Series, HB54A169FN Series

Features

» 184-pin socket type package (dual lead out)
[ Lead pitch: 1.27 mm
» Power supply
O Vpp pin: 25V£0.2V
0 Vppgpin: 25V+£0.2V
O Vgpin: 3.3V+0.3V
» SSTL-2 interface for all inputs and outputs
e 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
e Burst read/write operation
* Programmable burst length: 2/4/8
O Burst read stop capability
* Programmable burst sequence
O Sequential/interleave
» Start addressing capability
0 Even and Odd
« Programmabl€AS latency: 2/2.5
e 4096 refresh cycles: 64ms
e 2variations of refresh
O Auto refresh
O Self refresh

Ordering Information

Type No. Frequency Package Contact pad
HB54A89FM-8D 125 MHz 184-pin dual lead out socket type Gold
HB54A89FM-10D 100 MHz

HB54A169FN-8D 125 MHz

HB54A169FN-10D 100 MHz
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HB54A89FM Series, HB54A169FN Series

Pin Arrangement

Front side

1 pin 52 pin53 pin 92 pin

0 I£ Ii] é[::::él o

O? 0 ?Z::::EI o

93 pin 144 pin 145 pin 184 pin

Back side

Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 Veer 47 DQS8 93 Ves 139 Ves
2 DQO 48 A0 94 DQ4 140 DM8
3 Vs 49 CB2 95 DQ5 141 A10
4 DQ1 50 Vs 96 Veeo 142 CB6
5 DQS0 51 CB3 97 DMO 143 Veeo
6 DQ2 52 BA1 98 DQ6 144 CB7
7 Vee 53 DQ32 99 DQ7 145 Vs
8 DQ3 54 Veeo 100 Vs 146 DQ36
9 NC 55 DQ33 101 NC 147 DQ37
10 NC 56 DQS4 102 NC 148 Vee
11 Vs 57 DQ34 103 NC 149 DM4
12 DQ8 58 Vs 104 Veeo 150 DQ38
13 DQ9 59 BAO 105 DQ12 151 DQ39
14 DQS1 60 DQ35 106 DQ13 152 Vs
15 Veeo 61 DQ40 107 DM1 153 DQ44
16 CKO 62 Veeo 108 Vee 154 RAS
17 CKO 63 WE 109 DQ14 155 DQ45
18 Vs 64 DQ41 110 DQ15 156 Veeo
19 DQ10 65 CAS 111 NC (CKE1)*' 157 S0
20 DQ11 66 Ves 112 Veeo 158 NC (S1)*
21 CKEOQ 67 DQS5 113 NC 159 DM5
22 Veeo 68 DQ42 114 DQ20 160 Ves
23 DQ16 69 DQ43 115 NC 161 DQ46
24 DQ17 70 Vee 116 Vo 162 DQ47
25 DQS2 71 NC 117 DQ21 163 NC
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HB54A89FM Series, HB54A169FN Series

Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
26 Ve 72 DQ48 118 All 164 Veeo
27 A9 73 DQ49 119 DM2 165 DQ52
28 DQ18 74 Ves 120 Vee 166 DQ53
29 A7 75 CK2 121 DQ22 167 NC
30 Veeo 76 CK2 122 A8 168 Ve
31 DQ19 77 Veeo 123 DQ23 169 DM6
32 A5 78 DQS6 124 Ve 170 DQ54
33 DQ24 79 DQ50 125 A6 171 DQ55
34 Ve 80 DQ51 126 DQ28 172 Veeo
35 DQ25 81 Ves 127 DQ29 173 NC
36 DQS3 82 Veen 128 Veeo 174 DQ60
37 A4 83 DQ56 129 DM3 175 DQ61
38 Vee 84 DQ57 130 A3 176 Ves
39 DQ26 85 Ve 131 DQ30 177 DM7
40 DQ27 86 DQS7 132 Vgs 178 DQ62
41 A2 87 DQ58 133 DQ31 179 DQ63
42 Vs 88 DQ59 134 CB4 180 Veeo
43 Al 89 Vs 135 CB5 181 SAO0
44 CBO 90 wP 136 Veeo 182 SA1
45 CB1 91 SDA 137 CK1 183 SA3
46 Vee 92 SCL 138 CKT 184 Vs,

Notes: 1. NC: HB54A89FM, CKE1l: HB54A169FN
2. NC: HB54A89FM, S1: HB54A169FN
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HB54A89FM Series, HB54A169FN Series

Pin Description (HB54A89FM)

Pin name Function
A0 to A1l Address input
O Row address A0 to A1l
O Column address A0 to A8
A13/A12 Bank select address BAO/BAL
DQO to DQ63 Data input/output
CBO to CB7 Check bit (Data input/output)
RAS Row address strobe command
CAS Column address strobe command
WE Write enable
S0 Chip select
CKEO Clock enable
CKO to CK2 Clock input
CKO to CK2 Differential clock input
DQSO0 to DQS8 Input and output data strobe
DMO to DM8 Input mask
SCL Clock input for serial PD
SDA Data input/output for serial PD
WP Write protect for serial PD
SAOQ to SA2 Serial address input
Ve Power for internal circuit
Veeo Power for DQ circuit
Vi, Power for serial EEPROM
Vier Input reference voltage
Vg Ground
Veen V. indentication flag
NC No connection
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HB54A89FM Series, HB54A169FN Series

Pin Description (HB54A169FN)

Pin name Function
A0 to A1l Address input
O Row address A0 to A1l
O Column address A0 to A8
A13/A12 Bank select address BAO/BAL
DQO to DQ63 Data input/output
CBO to CB7 Check bit (Data input/output)
RAS Row address strobe command
CAS Column address strobe command
WE Write enable
S0, ST Chip select
CKEO, CKE1 Clock enable
CKO to CK2 Clock input
CKO to CK2 Differential clock input
DQSO0 to DQS8 Input and output data strobe
DMO to DM8 Input mask
SCL Clock input for serial PD
SDA Data input/output for serial PD
WP Write protect for serial PD
SAOQ to SA2 Serial address input
Ve Power for internal circuit
Veeo Power for DQ circuit
Vi, Power for serial EEPROM
Vier Input reference voltage
Vg Ground
Veen V. identification flag
NC No connection

Serial PD Matrix

TBD
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HB54A89FM Series, HB54A169FN Series

Block Diagram (HB54A89FM)

S0

Rs Rs
DQS0e—AN— —V\\——eDMoO
8 Rs DQS CS DM
DQO to DQ7 e—/—ANN— DQ DO

Rs Rs
DQSlo—/\/\/\/—‘ ’—\/\/\/‘—-DMl

DQS CS DM

8 R
DQ8 to DQlSo—/—/\/\i\ﬁ po D1
Rs Rs
DQS2e—AANN— ‘

’—‘/\/\/\—- DM2

DQS CS DM

8 Rs
DQ16 to DQ23 e—/—AAN—] DQ D2

Rs Rs
DQSSO—/\/\/\/—‘ ’—\/\/\/‘—-DMS

8 Rs DQS CS DM
DQ24 to DQ31e—/—AAN—] DQ D3
Rs Rs
DQS4e—AN— ‘ ’—\/\A/\—-DM4

DQS CS DM

8 R
DQ32to DQ390—/—/\/\7\,— b0 D4

Rs Rs
DQSSO—/\/\/\/—‘ ’—\/\/\/‘—'DMS

DQS CS DM

8 R
DQ40 to DQ47.—/—/\/\S/\h DO D5
Rs Rs
DQSG.—/\/\/\,—‘ ‘

’—‘/\/\/\—- DM6

DQS CS DM

8 R
DQ48 to DQ55.—/—W DO D6
Rs Rs
DQS70—/\/\/\/—‘ ‘

’—‘/\/\/\—-DM7

8 Rs DQS CS DM
DQS56 to DQE3e——ANN—{pg D7

Rs Rs
DQSSO—/\/\/\/—‘ ’—\/\/\/‘—-DMS

DQS CS DM

8 Rs
CBO to CB7 e—/—AAN\— DQ D8

A0 to A1l ———— AQ to A11 (DO to D8)

*DOto D8:_ HM5464801 BAO, BAlL ———— A13, A12 (DO to D8)
U0: 2-kbit EEPROM BAS RAS
Re: 220 RAS ——» _S(DO to D8)
CAS ——» CAS (DO to D8)
Veeq 1 1 DO to D8 WE ——— WE (DO to D8)
Vce <+ - —— DO to D8 CKEQ ———— CKE (DO to D8)
VReF T 44— D0to D8 Vecp —o0  o— Vss
Vss 3 DO to D8, U0 open
Serial PD Va3
D S
CK CLK WP ——| WP SDA [ SDA
60 Q Dn scL—{scL U0
CK CLK A0 Al A2
Clock wiring S,!AO Sl\l S,!AZ
Clock input | DDR SDRAMS Notes:
CKO, CKO | DO, D1, D2 1. The SDA pull-up resistor is required due to

the open-drain/open-collector output.

CK1,CK1 [ D3, D4, D8 . .

Ck2.CR2 | D5. D6, D7 2. The SCL pull-up resistor is re_corr?merjded
L because of the normal SCL line inacitve

Note: CK to CK clock net termination resistor is 60 Q. "high" state.
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HB54A89FM Series, HB54A169FN Series

Block Diagram (HB54A169FN)

S0 4’R 1
Rs S
DQSO .« T pmo
8 Rs DQS CS DM DQS CS DM
DQO to DQ7 e—/—ANN— po DO pQ D9
R
o || | :
DQs1 — ! 1t DML
8 Rs |PQS TS DM DQS CS DM
DQ8 to DQ15e—/—AAAN— po D1 po D10
Rs ‘ Rs
DQS2 l ! 1 1 bm2
8 Rs DQS CS DM DQS CS DM
DQ16 to DQ23e—/—"A\\—pg D2 pQ D11
R
Rs J ‘ ‘ S
DQs3 — ! 1 pm3
8 Rs DQS CS DM DQS CS DM
DQ24 to DQ31e—/—AAN—] pQ D3 pQ D12
R
Rs ‘ Y
DQs4 l ! ; T B pma
8 Rs |pQs CS DM DQS CS DM
DQ32t0 DQ39e—/—AN\—pg D4 pQ D13
R
Rs l ‘ ‘ S
DQss — ! 1 M3
8 Rs DQS CS DM DQS CS DM
DQ40 to DQ47e——"A\A\—pq D5 pQ D14
R
Rs ‘ Y
DM
DQS6 l L : ¢t e
8 Rs DQS CS DM DQS CS DM
DQ48 to DQ55 e—/—AAN— po D6 po D15
R
Rs ‘ S
DQs? L ! ; T B M7
8 Rs DQS CS DM DQS CS DM
DQ56 to DQE3e——A\\—pg D7 pQ D16
R
Rs ‘ S
DQs8 i 1 ! T B pvg
8 Rs DQS CS DM DQS CS DM
CBO to CB7 e—/—AAN\— po D8 pQ D17
A0 to A1l ———m= AQ to A1l (DO to D17)
* 88 t02 E;t_?:EI;r\FCIggS’GSOl BAO, BAL —— A13, A12 (DO to D17)
: 2-kbit = -
Rs: 22 Q @ —_— @(Do to D17)
CAS ——» CAS (DO to D17)
Veeq <+ T DO to D17 WE ——» WE (DO to D17)
Vee ——- ——— DO to D17 CKEQ ——— CKE (DO to D8)
VREF ‘i‘ < 3 DO to D17 CKEl ———» CKE (D9 to D17)
Vss <+ DO to D17, UO Veeip—o0  o— Vss
open
Serial PD Va3
CK ——————»|CLK
WP —— WP SDA [ SDA
o 600 Dn scL—| SCcL U0
CK LK
c A0 Al A2
Clock wiring | | |
Clock input | DDR SDRAMS Notes: SAO SAL SA2
CKO, CKO | Do, D1, D2, D9, D10, D11 1. The SDA pull-up resistor is required due to
CK1,CK1 | D3, D4, D8, D12, D13, D17 the open-drain/open-collector output.
CcK2,CK2 | D5, D6, D7, D14, D15, D16 2. The SCL pull-up resistor is recommended
— — - . because of the normal SCL line inacitve
Note: CK to CK clock net termination resistor is 60 Q.

"high" state.
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HB54A89FM Series, HB54A169FN Series

Pin Functions (1)

CK (CLK), CK (CLK) (input pin): The CK and th€K 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 apdltwel
When a read operation, DQSs and DQs are referred to the cross point of the CKGIRd Wben a write
operation, DMs and DQs are referred to the cross point of the DQS angghleweél. DQSs for write
operation are referred to the cross point of the CK an@khe

S (CS) (input pin): WhenS is Low, commands and data can be input. WSiés 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 All (input pins): Row address (AX0 to AX11) is determined by the AO to the A1l level at the
cross point of the CK rising edge and thg-Mevel in a bank active command cycle. Column address is
loaded via the AO to the A8 at the cross point of the CK rising edge ang,ghke¥el 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 (BAO) 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 (BAO) (input pin): A12 (BA1)/A13 (BAO) 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 SDRAMmodule 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 (g«kew) at least, that is, if CKE changes at the cross point of
the CK rising edge and theg¥- level with proper setup timest at the next CK rising edge CKE must be
kept with proper hold time,t

HITACHI



HB54A89FM Series, HB54A169FN Series

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 -

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).

Ve and Ve (power supply pins): 2.5 V is applied. (¥ is for the internal circuit andoY, is for the
output buffer.)

V45 (power supply pin): 3.3 V is applied (For serial EEPROM).

Vs (power supply pin): Ground is connected.

10
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HB54A89FM Series, HB54A169FN Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to V Vi, -1.0to +4.6 \Y 1
Supply voltage relative to Vg Veer Veco -1.0to +4.6 \Y 1
Short circuit output current lout 50 mA

Power dissipation P, 9 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg -55to +125 °C

Note: 1. Respectto Vg

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

Parameter Symbol Min Typ Max Unit Notes

Supply voltage Veer Voo 2.3 25 2.7 \ 1,2
Ve 0 0 0 \Y

Input reference voltage Veee 1.15 1.25 1.35 \% 1

Termination voltage Vo Viee —0.04 Vi Vieee +0.05  V 1

DC input high voltage Vi, Viee +0.18 — Vet 03V 1,3

DC input low voltage V. -0.3 — Vier —0.18  V 1,4

Notes: 1. All parameters are referred Vs5, when measured.
2. Vo must be lower than or equal to V.
3. V,, is allowed to exceed V. up to 4.6 V for the period shorter than or equal to 5 ns.
4. V, is allowed to outreach below V¢ down to —1.0 V for the period shorter than or equal to 5 ns.

11
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HB54A89FM Series, HB54A169FN Series

DC Characteristics (Ta = 0 to +70C, V¢, Voo = 25 V£ 0.2V, V5= 0 V)

(HB54A89FM)
HB54A89FM
-8D -10D
Parameter Symbol Min Max Min Max Unit  Test conditions Notes
Operating current lees — TBD — TBD mA Burst length = 2 1,2,4
tge = MiN
Standby current (IDLE) leca — TBD — TBD mA  CKE=V,, ty =min
— TBD — TBD mA  CK =\ oV,
Fixed
— TBD — TBD mA CKE=V,, t,=min3
NOP command
Active standby current lecs — TBD — TBD mA CKE=V,, tyx=min 1,2
(One Bank active) DQ = High-Z
Burst operating current
(CAS latency = 2) leca — TBD — TBD mA  ty =min, BL=8 1,2,5
(CAS latency = 2.5) leca — TBD — TBD mA
Auto refresh current lecs — TBD — TBD mA  tzc = min, Address
=V, orV,, Fixed
Self refresh current lccs — 18 — 18 mA V2V, -02
VvV, <02V
Input leakage current I -10 10 -10 10 HA 0<Vins V.
Output leakage current lo -10 10 -10 10 LA 0 <Vout <V,
DQ = High-Z
Output high voltage Vou Vit — Vo+ — \Y, loy =—=15.2 mA
0.38 0.38
Output low voltage Vo, — Vip—  — Vip— V lop =15.2 mA
0.38 0.38

Notes:

. One bank operation.

Input signal transition is once per one clock cycle.

Input signal transition is once per eight clock cycles.

12

1.
2
3. Input signal transition is once per two clock cycles.
4
5
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This I.. data is measured under condition that DQ pins are not connected.



HB54A89FM Series, HB54A169FN Series

DC Characteristics (Ta = 0 to +70C, V¢, Voo = 25 V£ 0.2V, V5= 0 V)
(HB54A169FN)

HB54A169FN
-8D -10D
Parameter Symbol Min Max Min Max Unit  Test conditions Notes
Operating current lees — TBD — TBD mA Burst length = 2 1,2,4
tge = MiN
Standby current (IDLE) leca — TBD — TBD mA  CKE=V,, ty =min
— TBD — TBD mA  CK =\ oV,
Fixed
— TBD — TBD mA CKE=V,, t,=min3
NOP command
Active standby current lecs — TBD — TBD mA CKE=V,, tyx=min 1,2
(One Bank active) DQ = High-Z
Burst operating current
(CAS latency = 2) leca — TBD — TBD mA  ty =min, BL=8 1,2,5
(CAS latency = 2.5) leca — TBD — TBD mA
Auto refresh current lecs — TBD — TBD mA  tzc = min, Address
=V, orV,, Fixed
Self refresh current lccs — 36 — 36 mA V2V, -02
VvV, <02V
Input leakage current I -10 10 -10 10 HA 0<Vins V.
Output leakage current lo -10 10 -10 10 LA 0 <Vout <V,
DQ = High-Z
Output high voltage Vou Vit — Vo+ — \Y, loy =—=15.2 mA
0.38 0.38
Output low voltage Vo, — Vip—  — Vip— V lop =15.2 mA
0.38 0.38
Notes: This I.. data is measured under condition that DQ pins are not connected.

1.
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.

13
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HB54A89FM Series, HB54A169FN Series

Capacitance(Ta = 25C, V¢, Vo =2.5V10.2V)

Parameter Symbol Max Unit Notes
Input capacitance (Address, RAS, CAS, WE) C, TBD pF 1
Input capacitance (S, CKE) C, TBD pF 1
Input capacitance (CK, CK) Cs TBD pF 1
Input capacitance (DM) C. 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.

14

2. Dout circuits are disabled.
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HB54A89FM Series, HB54A169FN Series

AC Characteristics (Ta = 0t0 +70C, V., Vo= 2.5V 0.2V, V= 0V)

HB54A89FM/HB54A169FN
-8D -10D
Parameter Symbol Min Max Min Max Unit Notes
Clock cycle time
(CAS latency = 2) tek 8 15 10 15 ns 1,8
(CAS latency = 2.5) te 7 15 8 15 ns
Input clock high level time
(CAS latency = 2) ten 3.6 — 4.5 — ns 1,5
(CAS latency = 2.5) ten 3.2 — 3.6 — ns
Input clock low level time
(CAS latency = 2) te 3.6 — 4.5 — ns 1,5
(CAS latency = 2.5) ta 3.2 — 3.6 — ns
CK to DQS skew 3,4,5
(CAS latency = 2) toosck -0.4 1.2 -0.6 14 ns
(CAS latency = 2.5) togsck -0.3 11 -0.4 1.2 ns
DLL = ON
tooscx 2.4 6.9 2.4 7.4 ns
DLL = OFF
DATA to CK skew 3,4,5
(CAS latency = 2) tac -0.4 1.2 -0.6 14 ns
(CAS latency = 2.5) tac -0.3 1.1 -0.4 1.2 ns
DLL =ON
tac 24 6.9 24 7.4 ns
DLL = OFF
DOUT to DQS skew 3,4,6
(CAS latency = 2) tooso -0.6 0.6 -0.8 0.8 ns
(CAS latency = 2.5) thoso -0.5 0.5 -0.6 0.6 ns
DOUT valid window 4
(CAS latency = 2) tov 2.4 — 3 — ns
(CAS latency = 2.5) tov 2.1 — 2.4 — ns
DQS valid window 4
(CAS latency = 2) toosv 2.4 — 3 — ns
(CAS latency = 2.5) toosv 21 — 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) trere 6.3 1.7 7.2 8.8 ns

15
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HB54A89FM Series, HB54A169FN Series

HB54A89FM/HB54A169FN
-8D -10D
Parameter Symbol Min Max Min Max Unit Notes
DQS read postamble 3,4,5,
(CAS latency = 2) trpst 3.2 4.8 4 ns 6
(CAS latency = 2.5) trest 2.8 4.2 3.2 4.8 ns
Data to data strobe setup time 1,6
(CAS latency = 2) toposs 0.6 — 0.7 — ns
(CAS latency = 2.5) tonoss 0.5 — 0.6 — ns
Data to data strobe hold time 1,6
(CAS latency = 2) toposn 0.6 — 0.7 — ns
(CAS latency = 2.5) tonosH 0.5 — 0.6 — ns
Data mask to data strobe setup 1,6
time
(CAS latency = 2) tomposs 0.6 — 0.7 — ns
(CAS latency = 2.5) tomposs 0.5 — 0.6 — ns
Data mask to data strobe hold 1,6
time
(CAS latency = 2) tomposh 0.6 — 0.7 — ns
(CAS latency = 2.5) tomposH 0.5 — 0.6 — ns
Clock to DQS write preamble 1,5
setup time tweres 0 — 0 — ns
Clock to DQS write preamble hold 1,5
time
(CAS latency = 2) tweren 2 — 25 — ns
(CAS latency = 2.5) twpren 17 — 2 — ns
DQS last edge to High-Z time 3,6,7
(DQS write postamble)
(CAS latency = 2) twest 3.2 4.8 ns
(CAS latency = 2.5) typst 2.8 4.2 3.2 4.8 ns
Clock to DQS first edge for write 1,5
delay
(CAS latency = 2) tooss 10 7.5 12.5 ns
(CAS latency = 2.5) thoss 5.3 8.8 6 10 ns
DQS high pulse width (DQS write)
(CAS latency = 2) toosk 3.2 4.8 4 ns
(CAS latency = 2.5) toosH 2.8 4.2 3.2 4.8 ns
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HB54A89FM Series, HB54A169FN Series

HB54A89FM/HB54A169FN
-8D -10D

Parameter Symbol Min Max Min Max Unit  Notes
DQS low pulse width (DQS write)

(CAS latency = 2) toost 3.2 4.8 4 6 ns

(CAS latency = 2.5) toost 2.8 4.2 3.2 4.8 ns
Input command and address 1,5
setup time

(CAS latency = 2) tis 2.7 — 3.0 — ns

(CAS latency = 2.5) tis 25 — 2.7 — ns
Input command and address hold 1
time

(CAS latency = 2) t 0.7 — 1.0 — ns

(CAS latency = 2.5) t 0.5 — 0.7 — ns
Ref/Active command period tre 64 — 80 — ns 1,5
Active to Precharge command tras 40 120000 50 120000 ns 1,5
period
Active to column command period tg., 16 — 20 — ns 1,5
Precharge to active command trp 16 — 20 — ns 1,5
period
Write recovery twr 7 — 8 — ns 1,5
Active to active command period  tgrp 16 — 20 — ns 1,5
Refresh period trer — 64 — 64 ms
CKE pulse width for reset treser 0.2 — 0.2 — ms
SSTK input transition time trss — 0.7 — 0.7 ns
Notes: 1. AC measurement regarding input signal assumes ty g, = [V\,(ac)-V, (ac)/SLEW. Timing

reference voltage level for this AC parameter is V..
Min. specifications are given, assuming min. t., with the CAS latency in general.

Both the min. and the max. of this spec. is proportional to t.,, values are appeared on the table
assume t., min.

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 V.

As for this AC parameter, timing is measured from the cross point of the CK and CK.

As for this AC parameter, timing is measured from the point where DQS rising or falling edge
crosses V.

Transition from 'High impedance’ to 'Low' of DQS pin is defined to occur when the level of DQ pin
changes from V,; to beyond V; £ 0.1 V or vice versa.

te« max. is determined by the lock range of the DLL. Beyond the max. limitation of t.,, the DLL
does not work.
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Test Conditions

Parameter Symbol Value Unit
Input reference voltage Vieer Vi X 0.5 \Y,
Termination voltage Vi Vieer \Y
AC input high voltage Vv, (ac) Viger +0.35 \%
AC input low voltage V, (ac) Viger — 0.35 \Y,
Input signal slew rate SLEW 1.0 V/ins
ek _
tecw  _ _to
—-Vu(ac
CK VIH( ) Veer
(input) 1 Vi(ac)
o lliss
Output X X VT
Ry
’L—/\/\/\/_O Vrr
i z
Rg ! Rg=22Q
DDR SDRAMJ\/\/\/Z—E Rr=50Q
. Z=50Q

SSTL-2 class Il Interface

Zz
L’V\N—" VT
Rt

18
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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) Lyeo 2 +BL/2
Read to pre-charge command delay (same bank) Leeo BL/2
Write to read command delay (to input all data) Luro 2 +BL/2
Burst stop command to write command delay Lostw 2
(CAS latency = 2)
(CAS latency = 2.5) 3
Burst stop command to DQ high-Z Lasrs 2
(CAS latency = 2)
(CAS latency = 2.5) 2.5
Read command to write command delay (to output all data) Lgy,p 2 +BL/2
(CAS latency = 2)
(CAS latency = 2.5) 3+ BL/2
Pre-charge command to High-Z L,z 2
(CAS latency = 2)
(CAS latency = 2.5) 25
Write command to data in latency Lyeo 1
DM to data in latency Loo 0
Register set command to active or register set command Lz, 2
Self refresh exit time Lgrex [tee] +1 1
DLL = OFF
Lorex 200
DLL =ON
Power down entry Looen 1
Power down exit to command input Lopex 1
CKE minimum pulse width Lexew 1

Note: 1. [tgc] means the lager one of the two closest integer to tg./ toy.
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Command Operation

Command Truth Table

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

CKE
. - A0

Function Symbol n-1n S RAS CAS WE A2 A13 Al0 toAll
Ignore command DESL H x H X X X X X X X
No operation NOP H x L H H H X X X X
Burst stop in read command BST H x L H H L X x x x
Column address and read command READ H x L H L H V V L Y
Read with auto-precharge READA H x L H L H \% vV H \%
Column address and write command WRIT H x L H L L v V L \Y
Write with auto-precharge WRITA H x L H L L \% vV H \%
Row address strobe and bank active ACTV H x L L H H \Y, vV Vv \Y
Precharge select bank PRE H x L L H L \% VvV L X
Precharge all bank PALL H x L L H L X X H X
Refresh REF H H L L L H X X X X

SELF H L L L L H x X X x
Mode register set MRS H x L L L L L L \%

EMRS H X L L L L L H L \%

Note: H: V,,. L:V,.x:V,orV, V: Valid address input

Ignore command [DESL]: WhensS is High at the cross point of the CK rising edge and the Mvel,
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
Vrer 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 (AXO0 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".
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CKE Truth Table

CKE
Current state  Function n-1 n 3 RAS CAS WE Address Notes
Idle Auto-refresh command (REF) H H L L L H X 2
Idle Self-refresh entry (SELF) H L L L L H X 2
Idle Power down entry (PDEN) H L L H H H X 2

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

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

L H H X X X X

Notes: 1. H: V.. L:V,.xV,orV,.
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 jssiftedl 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 {z}) to lock the DLL, then start activating a

bank or rewrite the mode register. While in case DLL = OFF, keeping NOP conditiogJoL [t= Lggey)

cycles after the exit, then start activating a bank. After the exit, 4096 cycles of auto-refresh should be
executed within 64 ms at leastdtis the larger one of the two closest integersdtd.

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)

Currentstate S  RAS CAS WE Address Command Operation Next state
Precharging® H x x x x DESL NOP Idle

L H H H X NOP NOP Idle

L H H L X BST ILLEGAL*"® Idle

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*™® —

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

L L L x X ILLEGAL —
Idle*® H x x X x DESL NOP Idle

L H H H X NOP NOP Idle

L H H L X 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 Active**? Activating

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

L L L H x REF, SELF Refresh/ Idle/

Selfrefresh** Selfrefresh

L L L L MODE MRS Mode register set  Idle
Refresh H x x X x DESL NOP Idle
(auto-refresh)

L H H H X NOP NOP Idle

H H H X BST ILLEGAL —

L H L X X ILLEGAL —

L L x X x ILLEGAL —
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Function Truth Table (2)

Currentstate S  RAS CAS WE Address Command Operation Next state
Activating** H x x x x DESL NOP Active
L H H H X NOP NOP Active
L H H L X 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*"® —
L L H L BA, A10 PRE, PALL ILLEGAL*® —
L L L x X ILLEGAL —
Active® H x x x x DESL NOP Active
L H H H X NOP NOP Active
L H H L X BST ILLEGAL Active
L H L H BA, CA, A10 READ/READA  Starting read Read/READ
operation A
L H L L BA, CA, A10 WRIT/WRITA Starting write Write
operation recovering/pr
echarging
L L H H BA, RA ACTV ILLEGAL*™" —
L L H L BA, A10 PRE, PALL Pre-charge Idle
L L L X X ILLEGAL —
Read*® H x x x x DESL NOP Active
L H H H X NOP NOP Active
L H H L X BST BST Active
L H L H BA, CA, A10 READ/READA Interrupting burst  Active
read operation to
start new read
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL*" —
L H BA, RA ACTV ILLEGAL*™® —
L L BA, A10 PRE, PALL Interrupting burst  Precharging
read operation to
start pre-charge
L L L x X ILLEGAL —
24
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Function Truth Table (3)

Currentstate S  RAS CAS WE Address Command Operation Next state
Read with auto- H X X X X DESL NOP Precharging
pre- charge*’
L H H H X NOP NOP Precharging
L H H L x 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* —
L L H L BA, A10 PRE, PALL ILLEGAL*® —
L L L x X ILLEGAL —
Write*® H X x X x DESL NOP Write
recovering
L H H H x NOP NOP Write
recovering
H L x BST ILLEGAL —
L H L H BA, CA, A10 READ/READA Interrupting burst Read/ReadA
write operation to
start read operation.
L H L L BA, CA, A10 WRIT/WRITA Interrupting burst Write/WriteA
write operation to
start new write
operation.
L L H H BA, RA ACTV ILLEGAL*® —
L L H L BA, A10 PRE, PALL Interrupting write Idle
operation to start
pre-charge.
L L L X X ILLEGAL —
Write H X X X X DESL NOP Active
recovering*®
L H x NOP NOP Active
L x BST ILLEGAL —
L H L H BA, CA, A10 READ/READA  Starting read Read/ReadA
operation.
L H L L BA, CA, A10 WRIT/WRITA Starting new write  Write/WriteA
operation.
L L H BA, RA ACTV ILLEGAL*® —
L L BA, A10 PRE/PALL ILLEGAL*® —
L L X X ILLEGAL —

HITACHI
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Function Truth Table (4)

Currentstate S  RAS CAS WE Address Command Operation Next state
Write with auto- H X X X X DESL NOP Precharging
pre-charge**

L H H H X NOP NOP Precharging

L H H L X 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*' —

L L H L BA, A10 PRE, PALL ILLEGAL*® —

L L L X X ILLEGAL —

Notes: 1.
2.

&

10.
11.

12.
13.

26

H: V. LLV,.xV,orV,.

The DDR SDRAM module is in the "Precharging" state for t,, after the precharge command are
issued.

The DDR SDRAM module reaches IDLE state t, after the precharge command are issued.

The DDR SDRAM module is in the "Activating" for ty, after the ACTV command are issued.

The DDR SDRAM module is in the "READ" state until burst data have been output and DQ
output circuits are turned off.

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.

The DDR SDRAM module is in the "WRITE" state from the WRIT command to the last burst data
are input.

The DDR SDRAM module is in the "Write recovering"” for t,, after the last data are input.

The DDR SDRAM module is in the "Write with auto-precharge" until t,; after the last data has
been input.

This command may be issued for other banks, depending on the state of the banks.

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 t.g, after
the preceded active command.

All banks must be in the IDLE.

Before executing a write command to stop the preceding burst read operation, BST command
must be issued
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Simplified State Diagram

SR ENTR
SREXIT
REFRESH [ auTo ™t
REFRESH
CKE
CKEN
ACTIVE
ROW
ACTIVE
WRITE, \ READ
Write, WRITE | READ Read
WITH WITH
/AP AP \
READ:!
WRITE L WRITE READ
READ WRITE
WRITE WITH AP WITH AP READ
WITH AP WITH AP
PRECHARGE
READA
RRECHARGE | PRECHARGE
POWER
APPLIED PO(;I\II\‘ER PRECHARGH
PRECHARGE

-  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, CKES, DM and I/O pins keep low till stable power is achieved.

(2) The CK and th€K inputs need to be stabilized within 1,0 after power is stabilized.

(3) 100ps 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 thars200

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

= Stable power = Initialization sequence
i 100 ps (min) ; 200 ps (min) |
| : : (( 3
Vee, VeceQ _OV._ 7 ! )) ;
b | (( |
cKE —Low / ’ |
CK,CK _tow | . o
Command _ oW L / NOP 59 XEMBSK

(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 tz, 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 <, -t ARV &N : R EEDN ‘L, RN IERERY 2e% : S it |
oK rANANAALN A A BN SR N/ S D N/ S N S N/ S
command X EN;RS)K I \ PALL X I SS>< REF X SS>< REF X I SS>< MRS X I Xco@ri)énd
f 2oodesm ©iowe ©o 1 i e ©of i e | i 2ocesm) ||

DLL enable/reset
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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 AO to the A13 during mode register set cycles.
AY13 (BAO) 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)

Al3 |Al12
(BAO)|(BAL) All | A10| A9 | AB | A7 | A6 | A5 | A4 A3 A2 | A1 | AO
0 0 0 0 0 |DR| O LMODE BT BL
N/
MRS
A8|DLL Reset||A6|A5|A4|CAS Latency| |A3|Burst Type Burst Length
2 - A2 | A1[AO
No 0/1]0 0 | Sequential BT=0|BT=1
1 |Yes 1(1]0 2.5 1 |Interleave | [0 | 0|1 ] 2 2

o(1|0| 4 | 4
0|1|1| 8 | 8

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

Al3 |Al12
(BAO)|(BAL) Al11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

1 0 0 0|0 0|0 00| O 0 0| 0 |DLL

EMRS

AO|DLL Control
DLL Enable
1 |DLL Disable
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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.

Burst length = 2 Burst length = 4
Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
AO Sequence | Interleave Al | AO [ Sequence Interleave
0 0, 1, 0, 1, 0 0|0 1, 2, 3 0, 1, 2, 3
1 1, 0, 1, 0O, 0 111 2 30, 1, 0, 3, 2
1 0]2 301 2,3 0 1,
1 113 0,1, 2 3, 2, 1, O,
Burst length = 8
Starting Ad. Addressing(decimal)
A2 | Al | AO | Sequence Interleave
0| O 0|0 1, 2 3, 45,6, 7 |0 1, 2 3,45, 6, 7,
0| O 111, 2 3,45 6,7 0, 1, 0,38 2,5 4 7,6
0 1 0| 2 3,465,670 1, 2,3 0, 1 6,7 4,5,
0 1 1] 3, 4,5 6, 7,0 1, 2, 3, 2,1, 0, 7, 6,5 4,
1| O 0| 4 5,6, 7,0, 1, 2, 3, 4,5 6, 7, 0,1 2, 3
11 0 115 6, 7,01, 2 3, 4 54, 7, 6,1, 0, 3, 2
1 1 0|6 7,0 1, 2, 3, 4, 5, 6, 7, 4, 5 2, 3,0, 1,
1 1 117, 0,1, 2 3, 4 5, 6, 7, 6,5 4, 3 2, 1,0,
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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 (AXO0 to AX11). For the bank and
the row, a read or a write command can be issygéatfter the ACTV is issued.

Read operation: The burst length (BL), th€AS 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 issu®4lS 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 simultaneouslygdxe prior to the first rising edge of the data strobe, the DQS is driven LOW from

V.7 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.
trpstfrom the last falling edge of the data strobe, the DQS pins become High-Z.

Read Operation (CAS Latency)

t0 t0.5 t1 t15 t2 t25 t3 t35 t4 t45 t5 55

Command

DQS

CL=2 tAc:vtDQs:CK . I I I : :
DQ . . : I T\ PO @@ D3 : | Lo
: RPRE I
DQS N : '
CL=25 ' tactbgsck
DQ S R
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Read Operation (Burst Length)

i X

><REA;\D ><

Xoe

Command

Address

—

(&)

o o
..... o ol
W
x
o
L&

DQS
Dout

=2

CAS latency

BL: Burst length
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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 operatioR,, drior to the first rising

edge of the DQS should be set to LOW apd-tafter the last falling edge of the data strobe should be set

to high-Z.

Write operation

>

Nacry X Xwere

Command
paress Y rm X WemmX T
:tWPREH ' ' ' ' '
: :  tweres|\ : : : :
1 1 1 e 1 1 1 1
A A A T in0 Ainl )— A A A
. P BL=2 ! +lopgss Vot . .
DQS | | | | — —=<—toposy_ 2T | |
oi RN N\ T
: : : : in0 Xin1 Xin2 X in3 )— : :
 BL=4 '
' ' ' ! logsHi~—=—lpgsL | i i

. - O B0 OO0
] y BL=8 | ] T T T T ]

BL: Burst length
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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. L

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

L e B2 plooydles | 1 1

DQS ST N S N
CL=2 i i i b i i i i i i
| iacdoosex A S N N B

DQ : : O : O O O : : O 1

o e Z L pioscydest | ||

DQs e N
CL=25 ! ! ! ; ! ! ; Lo
DQ e T

CL: CAS latency
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Auto Precharge

Read with auto-precharge: The precharge is automatically performed after completing a read operation.
The precharge startsghy (BL/2) cycle after READA command inputgd, for READA should be
determined so thatt (ACTV to ACTV) spec. is obeyed when READA is issued successively after a bank
active command, that isd, (READA) = tzc (min.)-tzp(Min.)-Lgpp. A column command to the other active
bank can be issued the next cycle after the last data output.

CK S N . S E R E
e
trcp (Min) ‘LrpD ¢
2 cycles (= BL/2) '
Command AC@G D<READA>1:< . INORorDESLI | | X ACTV
DQS ( L LN
)) P\ : /o
A — ! P
(( ; tactngsck :
DQ ) ) T :

Note: Internal auto-precharge starts at the timing indicated by *
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Write with auto-precharge: The precharge is automatically performed after completing a burst write
operation. The precharge operation is startggh (= BL/ 2 + 2) cycles after WRITA command issued.

trep for WRITA should be determined so that (ACTV to ACTV) spec. is obeyed when WRITA is issued
successively after a bank active command, thatcis (WRITA) = tzc(min.)-ks(min.)-Lypp. 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)

CK N\, . Vo) :
ok XA NS N
tras (Min) ————————
trep (Min) | ' ' ' : :
Command >< ACTV >< ><WRITA >< ENOP or DESL : ! ! g A\ ACTV X
. i1 Lwep: . | : ;
' ! BLI2+2cycles ! ' ' i
DM AL L AV
DQS | v\ : : ' : (s :
/S N b ) '
o0 o2 e oy H——
Burst length = 4
Note: Internal auto-precharge starts at the timing indicated by {
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Command Intervals

A Read command to the consecutive Read command Interval

Destination row of the
consecutive read command

Bank Row
address  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. tg, after
the precharge command, issue the ACTV command. t,., 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.
tgp after the precharge command, issue the ACTV command. t., after
the ACTV command, the consecutive read command can be issued.

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

Address % Ré)W WI%COIU:MH A><:0IU|‘E‘nnB>W
BA % I I I // ;

Dout : : :

! Column=A Column=B , , H H

1 Read 1 Re 1 1 [ 1 1

, , a-ﬂ Column=A, Column =B . ,

H H H Dout H Dout ; 1 :

DQs : : : N N\ N\ :
Bank0 CAS latency = 2
Active Burst length = 4

Bank0
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HB54A89FM Series, HB54A169FN Series

READ to READ Command Interval (different bank)

t0 t1l t2 t3 t4 t5 t6 t7 t8 t9
cK , , , , E o , , , |
CcK ' i oL |
Command A acry X NOP o) acrv X NOE oY reap X ReaD X ! NOP or DESL! :
Address % Row0 W % Rowl Wcmur:nn A><Co|u'mn W /
SN/ AR N &L
Dout : : : : : : ' { 80 ) :
: E E E Colur:mn =A C0|I.Eer'l =B E E 3
5 5 5 A ; Banko ! Bank |
. , ! ! ! ! v Dout Dout !
DQS 5 5 5 : : 5 NSNS\ S/
Bank0 Bank3 Bank0 Bank3 CAS latency = 2
Active Active Read Read Burst length = 4
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HB54A89FM Series, HB54A169FN Series

A Write command to the consecutive Write command Interval:

Destination row of the
consecutive write command

Bank Row
address  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. t., after
the precharge command, issue the ACTV command. t.., 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.

tgp after the precharge command, issue the ACTV command. t.; after
the ACTV command, the consecutive write command can be issued.

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

. 1
,
NiDor :
Command
AGTV DESL WRIT >< W
|
\

Address

BA%

to

'
'
(I
'
'
'
'
T

N

.

Hof--c
5
>

Row

m

Din

DQS

BankO
Active

Burst length = 4
Bank0
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HB54A89FM Series, HB54A169FN Series

WRITE to WRITE Command Interval (different bank)

to t1 t2 t3 t4 t5 té t7 t8 t9
CK . X REEN! TN , o , : K J
CK o N n “__, . " A . A o
| h h h i h \ \ h |
: : : : : : : : : |
: oP : : : "
Command AGTV m ACTV X WRIT X WRIT X . NOP or DESL| .
: : : : : : : ) :
Address % Row0 W % Rowl ><Co|ur:nn A><COIur:nn BW
: : : : : : : } :
| : | :
BA %\ : : :
: : : : : : |
| | | | | |
: : : : : |
| | | | | |
Dln l l l l l l I
: : : : : : |
| | | | | | |
, , , , iBank0 | Bank3 | , , |
' ' ' ' 1Write v Write ' ' ' '
, , , , , , , , , |
| | | | | | | | | |
DQs X X X X ! g g g .
Bank0 Bank3 Burst length =4
Active Active Banko, 3
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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 Row
address  address  State Operation
1. Same Same ACTIVE  Issue the BST command. Lgg, (= Lgsr,) after the BST command, the
consecutive write command can be issued.
2. Same Other — Precharge the bank to interrupt the preceding read operation. t., after

the precharge command, issue the ACTV command. t.., 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 oo, (= Lgsr,) after the BST command, the
consecutive write command can be issued.

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

READ to WRITE Command Interval

Burst length = 2 Burst length = 4
Starting Ad.| Addressing(decimal) Starting Ad.| Addressing(decimal)
A0 Sequence | Interleave Al | AO | Sequence Interleave
0 0, 1, 0, 1, 0 00 1 2 3 0, 1, 2, 3
1 1, O, 1, 0O, 0 111 2 3,0, 1, 0, 3, 2
1 0|2 30 1, 2, 3 0, 1,
1 113 0 1, 2 3, 2, 1, O,
Burst length = 8
Starting Ad. Addressing(decimal)
A2 | Al | AO| Sequence Interleave
0 0 0[O0 1,2 3 45,6, 7 |0 1 2 3,405,617,
0 0 111, 2 3,45 6, 7, 0, 1, 0, 3, 2, 5, 4, 7, 6,
0 1 0| 2, 3, 4,5, 6, 7, 0, 1, 2,3 0, 1 6, 7 4,5,
0 1 1] 3, 45 6, 7,0 1, 2 3,2, 1,0, 7, 6,5, 4
1 0 0| 4, 5,6, 7,0, 1, 2, 3, 4, 5,6, 7, 0, 1, 2, 3,
1 0 115 6, 7,0 1, 2 3, 4, 5 4, 7, 6,1 0, 3, 2
1 1 0]l 6 7,0 1, 2, 3, 4, 5, 6, 7, 4,5 2, 3,0, 1,
1 1 117, 0,1, 2, 3 4,5, 6, 7, 6,5 4, 3 2, 1,0
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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 Row
address  address  State Operation
1. Same Same ACTIVE  To complete a burst operation, the consecutive read command should
be performed L, (= BL/ 2 + 2) after the write command.
2. Same Other — Precharge the bank L, after the preceding write command. t, after
the precharge command, issue the ACTV command. t.., 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 L, (= BL/ 2 + 2) after the write command.

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

WRITE to READ Command Interval

t0 t1 t2 t3 t4 t5 t6
K ~ - N 5 3
CK e i -1 . ) o
Command WRIT E E E ! X READ X E E E
B E E

INPUT OUTPUT

BL=4
CL=2
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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 Row
address  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]

CK - : ' : '
Command ><WRIT A READ X ; ; : : : : : : : : : : :
1cycle cL=2 i A T T T T

DM //// ///://

N L GHighz o
DQ ———————D0 X D1 X D2 ——{Q0 @@ Q3 ———! S
N \ L imehz i
DQs Y i : : : ‘ ; ‘ ‘ ‘ ‘ ‘ ‘ ‘
.+ 0t BL=4
Data masked by read command, CL=2
DOS input ignored
43
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2 clock cycle]

HB54A89FM Series, HB54A169FN Series

[WRITE to READ delay

' ¥ o |
TR I (77 IR RN _— L T S N [ARRERRRRERE NN DU SRR A
! I !
| m O |
| |
R ) [ R - [e0] SRR | N0 D FERSRREDUSE EpRpEp R
l - 1
| |
| |
! |
N 9, IS R - SRNPERE SRR NN N\ [T USRI R
, :
| |
........... RS 77 e VS R VE B S
H = < ,
! 2 2 !
A SN 77 S Ti---E{--- S L N
|
|
U NN P
|
|
\

SRR
4 5 6
Qo E Q1XQ2 X Q3

m ® e\ e B e
: T3 i
RSN ISR 7% IR D . g8 LA T NN\ IR I
, %)
........... I 77 I S =L o - 2
v n_/__ MDy ) _mh
) 22
OV R €83 | —
B u sES o)
a) BN 3 o
< N 83§
< Lo a8% | 2 | o
& e %
SR S g s S
i - \\w/. mm ™ —
P g (M 848 I =
> - oo
. n& mD ) >
DU YN e 7 e - mM'mw m p
3 c
= 885 % =
. a Y a =] o
: = H " =
< x
KAK ° s o % 8 K_K o
olo = &} a o L olo 8
IS = IS
g o g
8] = 8]

HITACHI

Data masked by
DM, DQS input

ignored
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HB54A89FM Series, HB54A169FN Series

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 isspgedE 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

Command

Dout : . A0 @@ A3 X

DQS

Lrep = BL/2

CAS Latency = 2.5, Burst Length =4

t0 t1 t2 t3 t4 t5 t6 t7 8

|

N
[N
I

Command E X%@%wp¢m5%§: '

Dout

DQS

Lrpp = BL/2
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HB54A89FM Series, HB54A169FN Series

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

L,z (= CL) cycles after the precharge command.

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

t0 t1 t2 t3 t4 t5 6 t7 t8
% \: / \ \:
CK AN (A St N AN
Command NOP or DESL >< RHAD XRE/pALL>< ; ; ; ;
: : : b Highz !
Dout A0 X A1 r r r r
DQs : : )4\ L
LHZP =CL+1
CAS Latency = 2.5, Burst Length =2, 4, 8
t0 t1 t2 t3 t4 t5 t6 t7 t8

'
'
A
AR
'

NOP or DESL! X READ )EREPALLX

Command : : : : ; ;
E S — Z E | High-Z |
Dout ' ' ' A0 NAL : ' '
DQS : : : : /_\_ 5 | High-Z i

LHZP =CL+1
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HB54A89FM Series, HB54A169FN Series

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

WRITE to PRECHARGE Command Interval (same bank)

Burst Length =4

t0 t1 t2 t3 t4 t5 t6 t7

DQS

Din

Last data input

a7
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Bank active command interval:

Destination row of the
consecutive ACTV command

Bank Row

address  address  State Operation
1. Same Any ACTIVE  t, after a ACTV command, the next ACTV command can be issued.
2. Other Any ACTIVE  Precharge the bank. t., after the precharge command, the

consecutive ACTV command can be issued.

IDLE trro @fter a ACTV command, the next ACTV command can be issued.

Bank Active to Bank Active

CKA_~

Command X AdTv XNOP oI Acry
Address Y RoWw: 0XNOF or \ro

Bank0
Actjve

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 ghan t

Address i>< CcO

Mode Register Set
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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.

t1 t2 t3 t4 t5 t6

Write mask latency = 0
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Timing Waveforms

Detailed Waveforms

tDQSCK! tACv l:DQSQ! tDQSVl tDV

O|O
PP

(Read)

o0 T B ws K e K o B s N e WK
|- B SE———
tov tov

_____

=

tboss ! fposL ! !
| :

’
_____

'Postamblle

/
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HB54A89FM Series, HB54A169FN Series

tDMDQSS! tDMDQSH! tQDQSS tQDQSH

DQS —\ T
DDess ouDgsH 'oposg ipuogss
DM
toposs [topasH tAQDQSStQDQSH
DQ >‘< Dn ;K Dn+1 >< Dn+2 Dn+3 Dn+4 ><
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HB54A89FM Series, HB54A169FN Series

Read Cycle

CK... | , N,
1
2 ; e
CKE + T T T
: | tras | |
tRCD: i | I
tis [tin I ts|tn | : I s
s\ T\ T B
RNV AN
tis [t ! bsity, | 1 s
<>l ! > L | |
—ZE;X" g - I
RAS |
! ] | ] T
tis |tH ! tis|tin, | | 1 bs|tin : : tIS:tIH
< | <> | ] |l ] | -
T
CAS |
| T T T T T :
tis [tk ! s |ty | : I tis| : : bsitin
bt ! -l h | e ! ! -
o= T
WE Z !
X T T T 1 1 :
tis [t | tis|tiy 1 ! I Us|ty I | tis| tin
-t - - - ==I==
BA ZZ} 1
T i T 7 T ; ;
‘tIS iy I tis |t ! ! ! tis| tin ! ! lis | tiH
- o ] - - -
Al10 Zz;*
; T T 1 T T |
tis [tin I ts|tin ! ! ! I I s tin
|« tar ! <] | ! ! ! ! i
s ZX TN 720 T 7
i 1 1 1 I
| I I | ! | ! ! :
DM
! ! t t t t T T |
| RPRE \f RPST
High-Z | i == | !
DQS ; . /_\_/ ,
° : g A
o T P vt e
oowmo w2 L L L PO
I I I I
! . . I 1 | [
Bank 0 Bank 0 Bank 0 T
Active Read Precharge CAS latency = 2

Burst length = 4
BankO Access

= VlH or V||_
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HB54A89FM Series, HB54A169FN Series

Write Cycle

Gy
G
Gy
iy

tis!
tis

tis
tis

tis| ti
tis|tin

1 i 1

.......................... NLR

ts|t
ts|t

ts| ti

tis |tin

DM

CAS
DQS
(input)

DQ (input)

2
4
53

V|H or V||_

Bank0 Access

CAS latency
Burst length

w4

Bank 0
Precharge

HITACHI

Bank 0

Write

Bank 0
Active




HB54A89FM Series, HB54A169FN Series

Mode Register Set Cycle

TN NP NN

L
<
L
ﬁ(v;;\lld)Vl
H|gth E
H|gth E

WE

BA
Address
DM

DQ (output)

2
4

V|H or V||_

CAS latency
Burst length

7

Bank 3
Precharge

Bank 3
Read

Bank 3
Active
HITACHI

register

Mode
set

Precharge
If needed
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HB54A89FM Series, HB54A169FN Series

Read Cycle/Write Cycle

Read Cycle

15

14

13

12

11

10

9

8

/

\Z

\

Address

DM

DQ (output)
DQ (input)

Bank3

2
4

CAS latency

Bank3 Bank0O Bank3Bank3

BankO Bank3

nk0
Active

Precharge Burst length

Read Read

Read Pre-

Read Active

V|H or V||_

7

charge

Write Cycle

15

14

13

12

11

10

9

8

BA

Address

%

/

DM

DQ (output)
DQ (input)

Bank3

Bank3 BankO Bank3 Bank3

0 Bank3

ki

Write

Ban

ko

Ban
Active

Precharge

Write Write

Write Pre-

Active

n
N -
>
553
IR
T Q>
ﬁqu‘&__
< 5N
CBW
(0]
=g
©
<
[8]
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Read/Write Cycle

TR S NNV NN N T NV N 6 I .
2 (&)
...... ANENENENEN O S -
e]
©
[}
...... NN L =
SUNISES 5 o
o c ©
....... TS N TR S
N < NN
N S e O I
....... NN O O
|W
ENSININE SIS N D
||||||||||||||||| |||..0.|\A| o |||||4.un“.m
O 4 8=
NISEOENES
I BAVERNVEN N L O S
z
© O
NISESRNAN ® g
o <2
.......... TN T T 88
N N < P
.....
NADN AR N L:
|||||| ENENENE [ R ]
[® |
S
N v v N ° 4
.................. INE T
T A<

RAS72\

7777

7777

77\
Address /X R:a )

DQ (output)
DQ (input)

2
4

Vig or Vi

CAS latency
Burst lenght

]

HITACHI
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HB54A89FM Series, HB54A169FN Series

Auto Refresh Cycle

AN
N
N
PANP
SIS
N > \{

" S S S N B S AV
Address I I I I IAV I

DQS

B e N e N

(
)
DQ (output) ! High-Z () : : @CX
_ P : High- (4 -
DQ (input) i — tRp—T——Pr— —treT—— —>
Lo

Precharge ' Auto ' ' ' Bank0 ' BankO '

If needed Refresh Active Read
CAS latency = 2
Burst length = 4

=ViyorV,
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Self Refresh Cycle

CK -,
CK

' ' ' st ' tis! i ! ' '
oK +——— " | (( cke- W e
A W SSC L7 B N

. .

S_\_._/i ;\E//\Y

Bl

e

RASWA Z//// A /AV

AT

IAE/I

/5@

/v AV

T T Wiste

ne

7T

i

BAff"':Av'

7

7z

AL

Address ))V

2t

R

o

DQS _|

DQ (output) '

(

)
I (:
T ).
nghZ ( '

)

d~ I~ I~

I~ U~ U~
o~ T~

DQ (input) = ‘_"IRP_’

Precharge  Self T
If needed refresh
entry

N
~

|
N—'_|
|

Self refresh

exit

LSREX—M

Bank O

Active

Bank 0 '
Read
CAS latency = 2.5
Burst length = 4

=V orV
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HB54A89FM Series, HB54A169FN Series

Power Down Mode

von DB 2 TN D6

DM %

DQS ——t— L b
DQ (output) ————— b (L
DQ (input) ————————— 2 L L L L L
i ——[Rp T—Pie—> : . —> | . | |
[l 1 . [l II—PDEI\‘] i i 'LPDEX 1 Il 1 1

Precharge Power down Power BankO0 Bank 0

If needed entry down  Active Read
exit CAS latency = 2.5

Burst lenght = 4
=ViyorVy

59
HITACHI



HB54A89FM Series, HB54A169FN Series

Physical Outline

Unit: mm
B 133.35 _
A 128.95 _
- - 4.00 max
- (64.48) |
! I
Component area E
3 g
a3 (Front) p:
L BN /1, 4 O L
‘ [P 1 QOO OO OO0 OO OO () QOO OO OO T 92 1
A ]
i
64.77 1272010 ||

93 [ O o o oo OO OO oo UJ UUUUUUUUUUUULUUUUUUUUUUUUUUUUUUUUUUUUUUUlSb

7 I}
Component area
(Ba¢k) - -

2-¢2.50£0.10

10.00
17.80

-
34.925

= // y
3 R200 ! 300min | |
b -
o
<
Detail A Detail B
I o
] LA 2175  R0.90
¥ L e -
g i oa ‘
o - s Y
. . +
y L ‘ Q ! |I| 6.3
| o - | ‘4 .35
L] |I| L &
A @ >l e l80
1.00£0.05,

Note: Tolerance on all dimensions + 0.13 unless otherwise specified.
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HB54A89FM Series, HB54A169FN Series

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. Howeyer,
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 ather
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.
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