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Description

The HM5425161B, the HM5425801B and the HM5425401B are the Double Data Rate (DDR) SDRAM
devices. Read and write operations are performed at the cross points of the CLK and the CLK. 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 resistor, the on-chip
Delay Locked Loop (DLL) can be set enable or disable.

Features

» JEDEC standard compatible devices
e 2.5V power supply
e SSTL-2interface for al inputs and outputs
e Clock frequency: 143 MHz/133 Mhz/125 MHZz/100 MHz
» Datainputs, outputs, and DM are synchronized with DQS
e 4 banks can operate simultaneously and independently
» Burst read/write operation
e Programmable burst length: 2/4/8
O Burst read stop capability
e Programmable burst sequence
O Sequential
O Interleave

Preliminary: The specifications of this device are subject to change without notice. Please contact your
nearest Hitachi’s Sales Dept. regarding specifications.
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HM 54251618, HM 5425801B, HM 5425401B Series

o Start addressing capability

0 Evenand Odd

* Programmable CAS latency: 2/2.5
e 8192 refresh cycles: 7.8 us (8192 row/64 ms)

e 2 variations of refresh
O Auto refresh
O Sef refresh

Ordering Information

Type No.

Frequency

Package

HM5425161BTT-75A
HM5425161BTT-75B
HM5425161BTT-10

143 MHz/133 MHz
133 MHz/100 MHz
125 MHz/100 MHz

400-mill 66-pin plastic TSOP Il (TTP-66D)

HM5425801BTT-75A
HM5425801BTT-75B
HM5425801BTT-10

143 MHz/133 MHz
133 MHz/100 MHz
125 MHz/100 MHz

HM5425401BTT-75A
HM5425401BTT-75B
HM5425401BTT-10

143 MHz/133 MHz
133 MHz/100 MHz
125 MHz/100 MHz
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Arrangement (HM5425161B)

66-pin TSOP
Vee 10O 66 [ Vss
pQo L] 2 65 1 DQ15
Veeo L3 641 Vsso
po1 L] 4 63[ ] DQ14
b2 s 621 DO13
Vsso L] 6 611 Veeo
DQ3 [ 7 60| DQ12
pQ4 [ 8 59| ] DQ11
Veeo L 9 58| Vsso
DQs5 [ 10 57[] DQ10
DQ6 [ 11 56 ] DQ9
Vsso L] 12 551 Veco
pQ7 [ 13 54[] DQ8
Nc [ 14 53] NC
Voog L] 15 52[ ] Vssq
DQSL [] 16 51[ ] DQSU
NC [] 17 50 ] NC
Vee L] 18 49 [] Vrer
NC [] 19 48] Vss
DML [] 20 47[] bMU
WE [ 21 46[ ] CLK
CAS [ 22 45[] CLK
RAS [] 23 44[7] CKE
CS[]24 43[] NC
NC [] 25 42[7] A12
A14 ] 26 41[] A11
A13 [ 27 40[7] A9
A10/AP [] 28 39[] A8
A0 [] 29 38[] A7
A1[]30 37[] A6
A2 []31 36[ ] A5
A3 [ 32 35[] A4
Vee [ 33 34[] Vss
(Top view)
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Description

Pin name Function

A0 to Al4 Address input
O Row address A0 to A12
O Column address A0 to A8
O Bank select address A13 (BA1)/A14 (BAO)

DQO to DQ15 Data-input/output

DQSU Upper input and output data strobe

DQSL Lower input and output data strobe

Ccs Chip select

RAS Row address strobe command

CAS Column address strobe command

WE Write enable

DMU Upper byte input mask

DML Lower byte input mask

CLK Clock input

CLK Differential clock input

CKE Clock enable

Veer Input reference voltage

Ve Power for internal circuit

Vs Ground for internal circuit

Veeo Power for DQ circuit

Vsso Ground for DQ circuit

NC No connection
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Arrangement (HM5425801B)

66-pin TSOP
Vee 10O 66 [ ] Vss
pqo L] 2 651 DQ7
Veco L 3 641 Vsso
NC L4 63 NC
po1 s 621 DQs
Vsso L] 6 61 1 Vo
Nc O] 7 60 ] NC
pQ2 [ 8 59| 1 DQ5
Veeo L 9 58 [] Vsso
Nc [ 10 57 ] NC
DQ3 [ 11 56 ] DQ4
Vsso L] 12 55 1 Vo
Nc [ 13 54[ ] NC
Nc [ 14 53] NC
Veog L] 15 521 Vssq
NC [] 16 51[ ] DQS
NC [ 17 50[_] NC
Vec L] 18 49 [1 Vrer
NC [] 19 48[ ] Vss
NC [] 20 47 ] DM
WE [ 21 46 ] CLK
CAS [] 22 45[] CLK
RAS [ 23 44[] CKE
CS [ 24 43 NC
NC [] 25 42[] A12
A14[] 26 417 A11
A13 [ 27 40[] A9
A10/AP [] 28 39 ] A8
A0 [ 29 38 ] A7
A1 []30 37[] A6
A2 [] 31 36 A5
A3 [] 32 35[] A4
Vee [ 33 34 Vss
(Top view)
HITACHI




HM 54251618, HM 5425801B, HM 5425401B Series

Pin Description

Pin name Function

A0 to Al4 Address input
O Row address A0 to A12
O Column address A0 to A9
O Bank select address A13 (BA1)/A14 (BAO)

DQO to DQ7 Data-input/output

DQS Input and output data strobe

Ccs Chip select

RAS Row address strobe command

CAS Column address strobe command

WE Write enable

DM Input mask

CLK Clock input

CLK Differential clock input

CKE Clock enable

Vier Input reference voltage

Ve Power for internal circuit

Vs Ground for internal circuit

Veeo Power for DQ circuit

Vsso Ground for DQ circuit

NC No connection
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Arrangement (HM5425401B)

66-pin TSOP
Vee L 1O 66 ] Vss
NC L2 65| ] NC
Veeo L3 641 Vsso
NC L4 63| NC
poo s 621 DQ3
Vsso L 6 61 Veeg
Nc O] 7 60| NC
Nc [ s 591 NC
Veeo L9 58 ] Vssq
Nc [ 10 57 ] NC
pQ1 [ 11 56 ] DQ2
Vsso L 12 551 Veco
Nc [ 13 54 ] NC
Nc [ 14 53] NC
Veco L] 15 52 ] Vssg
NC [] 16 51| ] DQS
NC [] 17 50 ] NC
Vee [ 18 49 [ Vger
NC [] 19 48] Vss
NC [] 20 47[] DM
WE [] 21 46 ] CLK
CAS [ 22 45[] CLK
RAS [] 23 44[] CKE
CS [ 24 43[ ] NC
NC [] 25 427 A12
Al4 [ 26 41[] A1L
A13 [] 27 40 A9
A10/AP [] 28 39 ] A8
A0 [] 29 38[] A7
A1 [] 30 37[] A6
A2 31 36 A5
A3 [] 32 35 ] A4
Vee [ 33 34 Vss
(Top view)
HITACHI




HM 54251618, HM 5425801B, HM 5425401B Series

Pin Description

Pin name Function

A0 to Al4 Address input
O Row address A0 to A12
0 Column address AO to A9, A1l
O Bank select address A13 (BA1)/A14 (BAO)

DQO to DQ3 Data-input/output

DQS Output data strobe

Ccs Chip select

RAS Row address strobe command

CAS Column address strobe command

WE Write enable

DM Input mask

CLK Clock input

CLK Differential clock input

CKE Clock enable

Vier Input reference voltage

Ve Power for internal circuit

Vs Ground for internal circuit

Veeo Power for DQ circuit

Vsso Ground for DQ circuit

NC No connection
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HM 54251618, HM 5425801B, HM 5425401B Series

Block Diagram

Address (A0 to A14)

Address register 4

*AYO to AY11 *AXO to AX12 *AXlS, AX14

Column address Row address Refresh Bank
buffer buffer counter select

* A0 to A14

Column address Mode register
counter

—

s
©
c @— c
Row Row Row Row =)
decoder decoder decoder decoder = __
\ 4 - 1 1 1 | £ [d— CK
2] 12} [%2] (2]
]
2 3 3 3 2 l— cxe
g2l g2 g2[] 59 8
Sl = S = Sl = 3| = ©
§ B Bank 0 1023 5 Bank 1 é 5 Bank 2 é 5 Bank 3 § 4_ CSs
Els Els El's El's S &= s
=K 1 3| x1 2| = 1 2| = *1 RAS
(6] g || (6] é | | O 2 || O § ||
3 8 3 3 4 oS
3 3 3 3 et
X 3
DMU/DML
Input
buffer 4 DQS,
v DQSU/DQSL
Output ‘ DQS ‘
buffer buffer DLL 4
DQ*2

Notes: 1. 8192 row x 512 column x 16 bit: HM5425161B
8192 row x 1024 column x 8 bit: HM5425801B
8192 row x 2048 column x 4 bit: HM5425401B
2. DQO to DQ15: HM5425161B
DQO to DQ7: HM5425801B
DQO to DQ3: HM5425401B
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Functions (1)

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

CS (input pin): When CS is Low, commands and data can be input. When CS is High, al 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 Al2 (input pins): Row address (AX0 to AX12) is determined by the AO to the A12 level at the cross
point of the CLK rising edge and the V. level in a bank active command cycle. Column address (AYO to
AY8; the HM5425161B, AY0 to AY 9; the HM5425801B, AY0 to AY9, AY 11; the HM5425401B) is |oaded
viathe A0 to the A9 at the cross point of the CLK rising edge and the V y: level in aread or awrite command
cycle. This column address becomes the starting address of a burst operation.

A10 (AP) (input pin): A10 defines the precharge mode when a precharge command, a read command or a
write command isissued. If A10 = High when a precharge command isissued, all banks are precharged. If

A10 = Low when a precharge command is issued, only the bank that is selected by A13 (BA1)/A14 (BAO) is
precharged. If A10 = High when read or write command, auto-precharge function is enabled. While A10 =

Low, auto-precharge function is disabled.

A13 (BA1)/A14 (BAO) (input pin): A13 (BA1)/A14 (BAO) are bank select signals. The memory array is
divided into bank 0, bank 1, bank 2 and bank 3. If A13 =Low and A14 = Low, bank Ois selected. If A13 =
High and A14 = Low, bank 1isselected. If A13 = Low and A14 = High, bank 2 is selected. If A13 = High
and A14 = High, bank 3 is selected.

CKE (input pin): CKE controls power down and self-refresh. The power down and the self-refresh
commands are entered when the CKE is driven Low and exited when it resumesto High.

The CKE level must be kept for 1 CLK cycle (= tekepy) @t least, that is, if CKE changes at the cross point of
the CLK rising edge and the V e level with proper setup time t,s, by the next CLK rising edge CKE level
must be kept with proper hold timet,,,.

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Pin Functions (2)

DM, DMU/DML (input pins): DM (the HM5425801B and the HM5425401B), DMU/DML (the
HM5425161B) are the reference signals of the data input mask function. DMs are sampled at the cross point
of DQS and V. DMU/DML provide the byte mask function. When DMU/DML = High, the data input at
the same timing are masked while the internal burst counter will be count up. DML controls the lower byte
(DQO to DQ7) and DMU controls the upper byte (DQ8 to DQ15) of write data.

DQO to DQ15 (input and output pins): Data areinput to and output from these pins (the DQO to the DQ15;
the HM5425161B, the DQO to the DQ7; the HM5425801B, the DQO to the DQ3; the HM5425401B).

DQS, DQSU/DQSL (input and output pin): DQS (the HM5425801B and the HM5425401B),
DQSU/DQSL (the HM5425161B) provide the read data strobes (as output) and the write data strobes (as
input). DQSL isthe lower byte (DQO to DQ7) data strobe signal, DQSU is the upper byte (DQ8 to DQ15)
data strobe signal.

Ve and Ve (power supply pins): 2.5V is applied. (Vcc is for the internal circuit and V¢ is for the
output buffer.)

Vs and Vg, (power supply pins): Ground is connected. (Vs is for the internal circuit and Vg, is for the
output buffer.)

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Command Operation

Command Truth Table

The HM5425161B, the HM5425801B and HM5425401B recognize the following commands specified by the
CS, RAS, CAS, WE and address pins. All other combinations than those in the table below areillegal.

CKE

Command Symbol n—-1n CS RAS CAS WE BAl BAO AP Address
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 V V H Y,
Column address and write command WRIT H x L H L L vV Vv L \%
Write with auto-precharge WRITA H x L H L L vV Vv H \%
Row address strobe and bank active ACTV H x L L H H VvV VvV V V
Precharge select bank PRE H x L L H L vV Vv 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 L \%

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

Notes: 1. H: V,. L:V,.x: V,,orV,. V: Valid address input
2. The CKE level must be kept for 1 CLK cycle (= t.py) at least.

Ignore command [DESL]: When CS is High at the cross point of the CLK rising edge and the Vg level,
every input are neglected and internal statusis held.

No operation [NOP]: Aslong as this command is input at the cross point of the CLK rising edge and the
V rer level, address and data input are neglected and internal statusis held.

Burst stop in read operation [BST]: This command stops a burst read operation, which is not applicable for
aburst 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 (AY 0 to AY 8; the HM5425161B, AYOto AY 9;
the HM5425801B, AYO0 to AY9, AY11; the HM5425401B) and the bank select address (BA). After the
completion of the read operation, the output buffer becomes High-Z.

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Read with auto-precharge [READA]: This command starts a read operation. After completion of the read
operation, precharge is automatically executed.

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 (AYO to AY 8; the HM5425161B, AYO to
AY9; the HM5425801B, AY0to AY9, AY 11; the HM5425401B) and the bank select address (BA).

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

Row address strobe and bank activate [ACTV]: This command activates the bank selected by A13/A14
(BA) and determines a row address (AXO0 to AX12). When A13 = A14 = Low, bank 0 is activated. When
A13 = High and A14 = Low, bank 1 is activated. When A13 = Low and A14 = High, bank 2 is activated.
When A13 = A14 = High, bank 3is activated.

Precharge selected bank [PRE]: This command starts a pre-charge operation for the bank selected by
A13/A14.

Prechargeall banks[PALL]: Thiscommand starts a precharge operation for all banks.

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

Mode register set/Extended mode register set [MRS/IEMRS]: The DDR SDRAM 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 A14) in the mode register set cycle. For details, refer to "Mode
register and extended mode register set".

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

CKE Truth Table

CKE
Current state Command n-1 n CS 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
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.
3. The CKE level must be kept for 1 CLK cycle (= teey) at least.

Auto-refresh command [REF]: This command executes auto-refresh. The banks and the ROW addresses
to be refreshed are internally determined by the internal refresh contoroller. The average refresh cycleis 7.8
ps. 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 t... after the last auto-refresh command.

Self-refresh entry [SELF]: This command starts self-refresh. 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 contoroller. A self-refresh isterminated by a self-refresh exit command.

Power down mode entry [PDEN]: tepey (= 1 cycle) after the cycle when [PDEN] is issued. The DDR
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. [PDEN] do not disable DLL.

Self-refresh exit [SELFX]: This command is executed to exit from self-refresh mode. 10 cycles (= tygr)
after [SELFX], non-read commands can be executed. For read operation, wait for 200 cycles (= tsp) after
[SELFX] to adjust Dout timing by DLL. After the exit, within 7.8 ps input auto-refresh command.

Power down exit [PDEX]: The DDR SDRAM can exit from power down mode tonex (1 cycle min.) after the
cycle when [PDEX] isissued.

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Function Truth Table

The following tables show the operations that are performed when each command is issued in each state of
the DDR SDRAM.

Function Truth Table (1)

Currentstate CS 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**? —

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 ILLEGAL**? 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 —

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Function Truth Table(2)

Currentstate CS 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/
precharging
L L H H BA, RA ACTV ILLEGAL*" —
L L H 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 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 —
HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Function Truth Table (3)

Currentstate CS 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 —
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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HM 54251618, HM 5425801B, HM 5425401B Series

Function Truth Table (4)

Currentstate CS 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/WRIT A 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. H: V. L:V,. xV, o0rV,.

2. The DDR SDRAM is in "Precharging"” state for t;, after precharge command is issued.
The DDR SDRAM reachs "IDLE" state t, after precharge command is issued.
The DDR SDRAM is in "Refresh” state for t.. after auto-refresh command is issued.
The DDR SDRAM is in "Activating" state for t,., after ACTV command is issued.
The DDR SDRAM is in "Active" state after "Activating" is completed.

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

8. The DDR SDRAM is in "READ with auto-precharge” from READA command until burst data has
been output and DQ output circuits are turned off.

9. The DDR SDRAM is in "WRITE" state from WRIT command to the last burst data are input.
10. The DDR SDRAM is in "Write recovering" for t,, after the last data are input.

11. The DDR SDRAM is in "Write with auto-precharge” until t, after the last data has been input.
12. This command may be issued for other banks, depending on the state of the banks.

13. All banks must be in "IDLE".

14. Before executing a write command to stop the preceding burst read operation, BST command must
be issued.

N o g ksw
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HM 54251618, HM 5425801B, HM 5425401B Series

Simplified State Diagram

POWER
APPLIED

Note: 1.

SRENTR
SREXIT
REFRESH [ auTo ™t
REFRESH
CKE
CKEN
ACTIVE ACTIVE
POWER CKE
powN )T
CKE ROW
ACTIVE
WRITE \ READ
Write WRITE | READ Read
WITH | WITH
AP AP
READ
WRITE L WRITE READ
READ WRITE
WRITE WITHAP | _ WITH AP READ
WITH AP WITH AP
PRECHARGE
READA
RRECHARGE | PRECHARGE
POWER PRECHARGH
ON  JbRECHARGE

Automatic transition after completion of command.
Transition resulting from command input.

After the auto-refresh operation, precharge operation is performed automatically
and enter the IDLE state.

HITACHI
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HM 54251618, HM 5425801B, HM 5425401B Series

Operation of the DDR SDRAM

Power -up Sequence
The following sequence is recommended for Power-up.

(1) Apply power and attempt to maintain CKE at an LVCMOS low state (all other inputs may be undefined).
Apply Vc before or at the sametime as V.
Apply Vo before or at the sametime as Vi and Vig.

(2) Start clock and maintain stable condition for a minimum of 200 ps.

(3) After the minimum 200 ps of stable power and clock (CLK, CLK), apply NOP and take CKE high.

(4) Issue precharge all command for the device.

(5) Issue EMRSto enable DLL.

(6) 1ssue amode register set command (MRS) for "DLL reset" with bit A8 set to high (An additional 200
cycles of clock input isrequired to lock the DLL after every DLL reset).

(7) Issue precharge all command for the device.**
(8) Issue 2 or more auto-refresh commands.**
(9) Issue amode register set command to initialize device operation.

Note: 1. Sequence of (7) and (8) may be reversed.

Power -up Sequence after CKE Goes High

oD & D@ SDERIDETIHEIDEIDEX X

' 2cycles (mln) 2 cycles (min) 2 cycles (mln) RP trc trc ' 2cycles (mln)

DLL enable DLL reset
'

200 cycles (min)

HITACHI
20




HM 54251618, HM 5425801B, HM 5425401B Series

Mode Register and Extended M ode Register Set

There are two mode registers, the mode register and the extended mode register so as to define the operating
mode. Parameters are set to both through the A0 to the A14 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 A14 during mode register set cycles. Al4 (BAO) and A13 (BA1)
determine which one of the mode register or the extended mode register are set. Prior to aread or a write
operation, the mode register must be set.

Remind that no other parameters are shown in the table bellow are allowed to input to the registers.

Mode Register Set [MRS] (A14=0,A13=0)

Al4 |Al3
(BAO)|(BA1) Al12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 A3 A2 | A1 | AO
0 0 0 0 0 0 |DR| O LMODE BT BL
NS
MRS
A8|DLL Reset||A6|A5|A4|CAS Latency| [A3|Burst Type Burst Length
2 - A2| A1lAO
No 0|1 0 |Sequential BT=0|BT=1
1 |Yes 1110 2.5 1 |Interleave | |0 | O] 1] 2 2

o|1|0| 4 | 4
oO(1|1) 8 | 8

Extended Mode Register Set [EMRS] (A14 = 1, A13=0)

Al4 |Al13
(BAO) (BAL) A12|A11| A10| A9 | AB [A7 |A6 | A5 | A4 | AB | A2 | A1 | AO

1 0 0|0 0 0 0 0 0] 0] O 0 0 0 | DLL

EMRS

AO|DLL Control
DLL Enable
1 |DLL Disable

HITACHI
21



HM 54251618, HM 5425801B, HM 5425401B Series

Burst Operation

The burst type (BT) 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)
A0 Sequence | Interleave Al | AO | Sequence Interleave
0, 1, 0, 1, 0 0|0 1, 2, 3 0, 1, 2, 3
1 1, 0O, 1, 0O, 0 111, 2 3, 0, 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, 3, 2, 5, 4, 7, 6,
0 1 0| 2, 3, 4,5, 6, 7, 0, 1, 2,30 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|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,
HITACHI
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Read/Write Operations

Bank active: A read or awrite operation begins with the bank active command [ACTV]. The bank active
command determines a bank address (AX14, AX13) and arow address (AX0 to AX12). For the bank and the
row, aread or awrite command can be issued tr after the ACTV isissued.

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 (AYO0 to AY 8; the HM5425161B, AYO0 to AY9; the HM5425801B, AYO to
AY9, AY11; the HM5425401B), the bank select address (AX14, AX13) which are loaded viathe A0 to A14
pinsin the cycle when the read command isissued. The data output timing are characterized by CL (2 or 2.5)

and t,.. The read burst start CL « to + tac (nS) after the clock rising edge where the read command are
latched. The DDR SDRAM output the data strobe through DQS or DQSU/DQSL simultaneously with data.

trere Prior to the first rising edge of the data strobe, the DQS or the DQSU/DQSL are driven Low from V¢
level. Thislow period of DQS is referred as read preamble. The burst data are output coincidentally at both
the rising and falling edge of the data strobe. The DQ pins become High-Z in the next cycle after the burst

read operation completed. tgpsr from the last falling edge of the data strobe, the DQS pins become High-Z.

Thislow period of DQS isreferred as read postamble.

Read Operation (Burst Length)

' treD; : : : : : :
.

Command NOIID ><ACITV >< N(I)F’ XREAD >< I NOP
Address I % Rtl)w W %Coldmn% : :

BL=2 ! ! !
DQS* ' \ -
I\ BL=4 : Do @@ D3

B e e T B A COCHICDCOC
i . BL=8 | i i

CAS latency = 2

DQS*DQS,DUSU/DQSL BL: Burst length

HITACHI
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Read Operation (CAS Latency)

t4.5

t4

t3.5

t3

t2.5

HITACHI
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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 isissued. The burst length (BL) determines the length of a sequentia data input by the write
command which can be set to 2, 4, or 8. The latency from write command to data input is fixed to 1. The
starting address of the burst read is defined by the column address (AY 0 to AY 8; the HM5425161B, AYO0 to
AY9; the HM5425801B, AYO to AY9, AY 11; the HM5425401B), the bank select address (AX14, AX13)
which are loaded viathe AO to A14 pinsin the cycle when the write command isissued. DQS, DQSU/DQSL
should be input as the strobe for the input-data and DM, DMU/DML as well during burst operation. t,yprey
prior to the first rising edge of the DQS, the DQSU/DQSL should be set to Low and t,,5; after the last falling
edge of the data strobe can be set to High-Z. The leading low period of DQS is referred as write preamble.
Thelast low period of DQS isreferred as wrtie postamble.

Write Operation

! tRCDE '
RITE>< NOP

Command NOIP ><ACITV >< NCI)P ><W
Address 7 I% RIOW WI %Col;mnw

! . T twered ! ! ! !
! ! ! L] ! ! ! !
: : : twpRes |\ : : : :
i i i T, i i i i
1 1 1 1 lno lnl 1 1 1 1
1  BL=2 ] ] f ] 1 ]
DQS* ' ' ' o WPSTH ' '
Di = /N
: : : ———ino Xin1 Xin2 X in3 )— : :
! 1 BL=4 oo . ! ! !

A . O D0 O B G
] y BL=8 | ] ] T T T T ]

DQS*:DQS,DQSU/DQSL BL: Burst length

HITACHI
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Burst Stop

Burst stop command during burst read: The burst stop (BST) command is used to stop data output during
aburst read. The BST command stops the burst read and sets the output buffer to High-Z. tz<r, (= CL) cycles
after aBST command issued, the DQ pins become High-Z. The BST command is not supported for the burst
write operation. Note that bank addressis not referred when this command is executed.

Burst Stop during a Read Operation

p 2 cycles

DQS
cL=2

DQ

(DO X D1 )—

BSTZ I pios cycles

DQS
CL=25

Command>< Read >< BST >< NOP

DQ

CL: CAS latency

HITACHI
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Auto Precharge

Read with auto-precharge: The precharge is automatically performed after completing a read operation.
The precharge starts tgpp (BL/2) cycle after READA command input. tyo for READA should be determined
so that tzc (ACTV to ACTV) spec. is obeyed when READA is issued successively after a bank active
command, that is tgcp (READA) = tge (Min.)-tge (Min.)-tzep. A column command to the other active bank can
be issued the next cycle after the last data output. Read with auto-precharge command does not limit row
commands execution for other bank.

ook X X X XA

<—tRAS (mlnl)

(AN A
[

trp (MiN) 1+

trep (Min) B :

NOP >< ACTV

DQS, ((
DQSU/DQSL )) !

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

HITACHI
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Write with auto-precharge: The precharge is automatically performed after completing a burst write
operation. The precharge operation is started t,,o, (= BL/ 2 + 3) cycles after WRITA command issued. tpqp
for WRITA should be determined so that t;c (ACTV to ACTV) spec. is obeyed when WRITA is issued
successively after a bank active command, that is tyep (WRITA) = tgc(min.)-te(Min)-tyep. A column
command to the other active command can be issued the next cycle after the internal precharge command
issued. Write with auto-precharge command does not limit row commands execution for other bank.

Burst Write (Burst Length = 4)

CLK~\_-~"" ; ; -

CLK B AN AN (AN

tras (Min) : : : : : : T : : :

. ‘ , , , , ' ' , , ' trP} ,

trcp (Min) R ; ;

Command :>< ACTV >< NOP XWRlTAX NOP SD( ACTV X

R L R R E E

; 1 1BLR2+3cycles: 1 . :

DM, 1 E E E E i ] Il ! ! !
DMU/DML A R R R . : %

DQs, /e Ve R N N B (s :

DQSU/DQSL : A Lo ' 5 b ) |

! oo )) .

Note: Internal auto-precharge starts at the timing indicated by * Burst length = 4

HITACHI
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Command I ntervals

A Read command to the consecutive Read command I nterval

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 Different — 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 read command can be issued. See
‘A read command to the consecutive precharge interval’ section.
3. Different  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 the same bank)

Command >< ACTY X NoP >< READ >< READ ><
Address % Rcl)w WI%Colulmn A><C0|UI’IT1FIB>V :

NS/

t2 t3 t4 t5 t6 t7 t8

' '
' '
' '
.
\
(AN )
' '
' '
' '

/ %

: DO OO0 —

E Column=A Column = B i . E E

, Read , Rea-d Column=A | Column =B . ,

: : : Dout 1 Dout , : :

DQs, , , , , , , , :

DQSU/DQSL . . . /_\_/m_/ :
Bank0 CAS latency = 2
Active Burst length = 4

Bank0
HITACHI
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READ to READ Command Interval (different bank)

Command >< ACTV X NOP >< ACTV >< NOP >< READ >< READ X NoP

Address % RowOW % Rowl %/f/&(cmumn AXCommnW /
N / 77 Xz 7,77,

Dout ' ' DEODOC,

E E Column =A Column B : : : :

E E Rea‘? Rea:d : Banko E Bank3 :

' ' ' ' ! Dout ! Doutl !

DQS, . . . . : } . .
DQSU/DQSL : : : . NS\ S\ S/
BankO Bank3 BankO Bank3 CAS latency =2
Active Active Read Read Burst length = 4

30
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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 Different — 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. Different  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 addressin the same bank)

Command :>< ACTV X NOP X WR
Address % Row W %Column A><:o|umn BW

BA%\

IT><

V4

4

!
:
1 | j j j
! ! ! ! !
i i i i i
! ! ! ! !
on ——— DO YO s ——
I I I I I
! ! j j j ! ! !
: : : : f : : :
! ! Column=A ! Column=B ! ! !
! ' Write v Write ' ' ' '
! ! ! ! ! ! !
oSt i i NNV ANV NS : :
DQSU/DQSL ] ] i i i ] ] ]
BankO Burst length = 4
Active Bank0

HITACHI
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WRITE to WRITE Command Interval (different bank)

10 1 2 13 t4 5 t6 t7 18 19
CLK~,---ui , -- - , , : N , :
CLK o A . L . A X n A X
, , , , , , , , , ,
C‘)mma”d:>< ACTV X NOP >< ACTVX WRIT X wriT X NoP

Address % R(I)WO W I% R(I)Wl ><Colurlnn A><Colurlnn BW

BA%\ ! \ : ' W
Lo ; :
: : : : : : : : : :
: : : : : : : : : :
oin —— . . 20 X a1 XX 81 X2 X(83)— - -
' ' ' ' : \ : ' ' '
' ' ' ' \Bank0 | Bank3 | ' ' '
1Write v Write ' '
DQS, ' '
DQSU/DQSL : : : : ! : ! ! : :
Bank0 Bank3 Burst length = 4
Active Active BankoO, 3

HITACHI
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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. tgeqy, (= tasr,) after the BST command, the
consecutive write command can be issued.
2. Same Different — 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. Different  Any ACTIVE  Issue the BST command. tgs;y (2 tesr,) after the BST command, the
consecutive write command can be issued.

IDLE Precharge the bank independently of 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

t0 t1 t2 t3 t4 t5 t6 t7 8

'
N
Y
[ ,'

'

'

'

'

'

Command @ BST X Nop X WRIT X NOP
] 1 e [ 2 S T T e St i S T S Sl M

tgsTw (2 tBSTZ)

2\
DMU/DML

tgsTZ (= CL

DQ

- ;_._-_-_._-_-_
«Q
7

[ Y N S

DQS,
DQSU/DQSL

OUTPUT INPUT Burst Length = 4
CAS Latency= 2

HITACHI
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A Write command to the consecutive Read command interval: To completethe burst operation

Destination row of the

consecutive read command

Bank Row
address address  State Operation
1. Same Same ACTIVE  To complete the burst operation, the consecutive read command
should be performed t,, (= BL/ 2 + 2) after the write command.
2. Same Different — Precharge the bank t,, 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. Different  Any ACTIVE  To complete a burst operation, the consecutive read command should
be performed t,x, (= BL/ 2 + 2) after the write command.
IDLE Precharge the bank independently of 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

DMU/DML

DQS,—
DQSU/DQSL

t0
CLK « ,---

DM

DQ

34
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A Write command to the consecutive Read command interval: To interrupt thewrite 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 Different — —=t
3. Different  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 —xt

Note: 1. Precharge must be preceded to read command. Therefore read command can not interrupt the
write operation in this case.

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

[WRITE to READ delay = 1 clock cycle]

t0

X
CLK .- N

"t

’
'
'
'
'
'
'
'
'

Command ><WRIT { Re

1 cycle

DM,
DMU/DML

DQ — |

DQS,
DQSU/DQSL

Data masked by read command

s=Ly s-L=  ,aba

{p0 D1 X D2 ———(Q0 X Q1 XQ2 X3 )

|

........

(@]
Q
D AFN

HITACHI
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2 clock cycle]

HM 54251618, HM 5425801B, HM 5425401B Series

[WRITE to READ delay

BL
CL

t8

t7

Q3

NOP
Q2

Q1

Q0

NOP
r

3 clock cycle]

--T
'
'
'
T
'
'
'
'
'
'
'
1
1
'
'
'
'
'
'
'

———D0 X D1 X D2
t

oa
1
Data masked by DM Data masked by read command
t2 t3
N READ
I 1
cle CL=2
‘){ D \)

t0

DM, <
DQ — |

CLK
CLK
DMU/DML

DM,

Command
DQS,
DQSU/DQSL

DMU/DML
DQSU/DQSL

[WRITE to READ delay
Command >< WRIT ><

BL=4
CL=2

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

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

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

CAS Latency = 2, Burst Length=4

to t1 t2 t3 t4 t5 t6 t7 t8

Command

Dout : T AD X AL X A2 X A3

DQS,

DQSU/DQSL ; ) M

1 1 1
' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' '
' .~ ™ ' ' ' ' '

trpp = BL/2

CAS Latency = 2.5, Burst Length =4

to 1 2 t3 t4 t5 t6 t7 t8

Command

Dout

DQSU/DQSL

oos, | a

trpp = BL/2

HITACHI
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READ to PRECHARGE Command Interval (samebank): To stop output data

A burst data output can be interrupted with a precharge command. All DQ pins and DQS pins become High-
Z 1,75 (= CL) after the precharge command.

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

to tl t2 t3 t4 t5 t6 t7 t8
CLK ,
CLK N S N
Command >< READ %RE/PALI><

i i i Lo High-z !

Dout : : A0 X Al T T

DQS, , , E E E Higlh_z E
PQSUIDQSL ———— N

tHZP =CL+1
CAS Latency =2.5,Burst Length=2,4,8
t0 t1 2 13 t4 15 16 t7 t8
CLK — -- —
CLK X ) ()
Command NOP >< READ >€RE/PALI>< NOP

i i Cbz2s . i E ! High-Z !

Dout ; ; A0 XAl : ;

DQs, : : : : : : ' High-z |
DQSU/DQSL : : : ; /_\— : —

tHZP =CL+1
HITACHI
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A Write command to the consecutive Precharge command interval (same bank): The minimum interval
tweo ((BL/ 2 + 3) cycles) is necessary 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
CLK~ ,---

ok XA X

Command ><WRIT >< NOP X PRE/PALL

NOP

1 twppi

BL/2 +3 c&cles

L

DQS, E
DQSU/DQSL — ] :

ML 7N
DMU/DML , ;

Din

:::

Last data input

HITACHI
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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  Two successive ACTV commands can be issued at t,. interval. In
between two successive ACTV operations, precharge command
should be executed.
2. Different  Any ACTIVE  Prechage the bank. t., after the precharge command, the consecutive

ACTV command can be issued.

IDLE trro after an ACTV command, the next ACTV command can be issued.

Bank Activeto Bank Active

Command:>< ACTV W { ACTV ) NOP

Address:>< ROW: OW AW ROW: 0
wA | J77F | RZZ20 O | L

Bank0 ! Bank3 ! | Bank0 | i Bank0

Active @ .o @ Active ! ‘Precharge! ! i Active

i e 1

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 tyxp.

CLK

Mode Register Set

B 7
| ' '

Address :>< CODE W %BS and ROW
| :

HITACHI
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DMU/DML Control (HM5425161B)

DMU can mask upper byte of input data. DML can mask lower byte of input data. By setting DMU/DML to
Low, data can be written. When DMU/DML is set to High, the corresponding data is not written, and the
previous datais held. The latency between DMU/DML input and enabling/disabling mask function is 0.

DM Control (HM5425801B/HM5425401B)

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.

t1 t2 t3 t4 t5 t6

DQS,
DQSU/DQSL

DQ

DM,
DMU/DML

Write mask latency = 0

HITACHI
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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, 1.0 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg —-55to +125 °C

Note: 1. Referto V.

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

Parameter Symbol Min Typ Max Unit Notes

Supply voltage Veer Voo 2.3 25 2.7 \Y 1,2
Ves: Vesg O 0 0 \Y

Input reference voltage Vier 1.15 1.25 1.35 \Y 1

Termination voltage Vo Veer —0.04 Vi Veee +0.04 V 1

DC Input high voltage Vi, Viee 10.18 — Vet 03V 1,3

DC Input low voltage vV, -0.3 — Veer —0.18  V 1,4

DC Input signal voltage V, (dc) -0.3 — Vgt 03V 5

DC differential input voltage Veune (dc)  0.36 — Vet 06V 6

Notes: 1. All parameters are referred to Vg, when measured.

2. Vo must be lower than or equal to V.

S

HITACHI
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V,, is allowed to exceed V. up to 4.6 V for the period shorter than or equal to 5 ns.
V, is allowed to outreach below V¢, down to —1.0 V for the period shorter than or equal to 5 ns.

V,, (dc) specifies the allowable dc execution of each differential input.
Vauns (dC) specifies the input differential voltage required for switching.
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DC Characteristics (Ta = 0 t0 +70°C, V¢, Voo =25V £ 0.2V, Vig Ve = 0 V)
(HM5425161B)

HM5425161B
-75A -75B -10
Parameter Symbol Min  Max Min Max Min Max Unit Test conditions Notes
Operating current leco — TBD — TBD — TBD mA CKE=V,, te=minl, 2,5
(ACTV-PRE)
Operating current lecy — TBD — TBD — TBD mA CKE=V,BL=2, 1,2,5
(ACTV-READ-PRE) CL =2.5, tge = min
Idle power down lccop — TBD — TBD — TBD mA CKE=<V, 4
standby current
Idle standby current I,y — TBD — TBD — TBD mA CKE=2V,,CS=2V, 4
Active power down lecap — TBD — TBD — TBD mA CKE=<V, 3
standby current
Active standby current ..,y — TBD — TBD — TBD mA CKEzV,, 3
tras = Max
Operating current lccar — TBD — TBD — ™D mA CKE=z2V,,BL=2, 1,25,
(Burst read operation) CL=25 6
Operating current lccaw — TBD — TBD — TBD mA CKE=2V,,BL=2, 1,25
(Burst write operation) CL=25 6
Auto refresh current .. — TBD — TBD — TBD mMA  tgee = Min,
Input<V, orzV,
Self refresh current locs — 2 — 2 — 2 mA  Input=V..-0.2V
Input< 0.2V
Input leakage current |, -10 10 -10 10 -10 10 HA V. 2Vin=Vg
Output leakage current |, -10 10 -10 10 -10 10 MA Ve 2 Vout = Vg
Output high voltage Vou Vi + — Vi + — Vit — \% lon (Max) = -15.2
0.76 0.76 0.76 mA
Output low voltage A — Vi— — Vii— — V= V lo. (Min) = 15.2 mA
0.76 0.76 0.76
Notes. These I, data are measured under condition that DQ pins are not connected.

1.

2. One bank operation.

3. One bank active.

4. All banks idle.

5. Command/Address transition once per one cycle.
6. Data/Data mask transition twice per one cycle.

7

. The I.. data on this table are measured with regard to t,, = min in general.
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HM 54251618, HM 5425801B, HM 5425401B Series

DC Characteristics (Ta= 010 +70°C, V¢, Voo = 25V £ 0.2V, Vg, Vg = 0 V)
(HM5425801B/HM5425401B)

HM5425801B/HM5425401B

-75A -75B -10

Parameter Symbol Min  Max Min Max Min Max Unit Test conditions Notes
Operating current leco — TBD — TBD — TBD mA CKE=V,, t,c=min 1,2,5
(ACTV-PRE)
Operating current lecy — TBD — TBD — TBD mA CKE=V,BL=2, 1,2,5
(ACTV-READ-PRE) CL =2.5, tge = min
Idle power down lccop — TBD — TBD — TBD mA CKE=<V, 4
standby current
Idle standby current I,y — TBD — TBD — TBD mA CKE=2V,,CS=2V, 4
Active power down lecap — TBD — TBD — TBD mA CKE=<V, 3
standby current
Active standby current ..,y — TBD — TBD — TBD mA CKEzV,, 3

tras = Max
Operating current lccar — TBD — TBD — TBD mA CKE=2V,, BL=2, 1,2,5,
(Burst read operation) CL=25 6
Operating current lccaw — TBD — TBD — TBD mA CKE=2V,,BL=2, 1,25
(Burst write operation) CL=25 6
Auto Refresh current .. — TBD — TBD — TBD mMA  tgee = Min,

Input<V, orzV,
Self refresh current locs — 2 — 2 — 2 mA  Input=V..-0.2V

Input< 0.2V
Input leakage current |, -10 10 -10 10 -10 10 HA V. 2Vin=Vg
Output leakage current |, -10 10 -10 10 -10 10 MA Ve 2 Vout = Vg
Output high voltage Vou Vi + — Vi + — Vit — \% lon (Max) = -15.2

0.76 0.76 0.76 mA
Output low voltage A — Vi— — Vii— — V= V lo. (Min) = 15.2 mA
0.76 0.76 0.76

Notes: These I, data are measured under condition that DQ pins are not connected.

1.

2. One bank operation.

3. One bank active.

4. All banks idle.

5. Command/Address transition once per one clock cycle.
6. Data/Data mask transition twice per one clock cycle.

7

. The I.. data on this table are measured with regard to t., = min in general.

HITACHI
44



HM 54251618, HM 5425801B, HM 5425401B Series

Capacitance (Ta=25°C, V., V=25V £0.2V)

Parameter Symbol Min Max Unit Notes
Input capacitance (Address) Cu 25 3.5 pF 1
Input capacitance (Command) C, 25 3.5 pF 1
Data and DOS input/output capacitance (1/0O) C, 4 55 pF 1,2

Notes: 1. These parameters are measured on conditions: f= 100 MHz, Vout = V,/2, AVout=0.2 V.
2. Dout circuits are disabled.
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HM 54251618, HM 5425801B, HM 5425401B Series

AC Characteristics (Ta=01t0+70°C, Vi, Voo =25V 202V, Vo Vi, =0 V)

HM5425161B/HM542581B/HM5425401B

-75A -75B -10

Parameter Symbol Min Max Min Max Min Max Unit Notes
Clock cycle time

(CAS latency = 2) tek 7.5 15 10 15 10 15 ns 10

(CAS latency = 2.5) te 7 15 7.5 15 8 15 ns
Input clock high level time  t, 0.45 — 0.45 — 0.45 — tek
Input clock low level time  t, 0.45 — 0.45 — 0.45 — tex
CLK to DQS skew toosek  —0.7 0.7 -0.7 0.7 -0.8 0.8 ns 2
DATA to CLK skew tac -0.7 0.7 -0.7 0.7 -0.8 0.8 ns 2
Dout to DQS skew tooso -0.5 0.5 -0.5 0.5 -0.6 0.6 ns 3
Dout/DQS valid window tov 0.35 — 0.35 — 0.35 — tew 4
DQS valid window toosv 0.35 — 0.35 — 0.35 — tex 4
DQS read preamble trpre 0.9 11 0.9 11 0.9 11 tex
DQS read postamble trpst 0.4 0.6 0.4 0.6 0.4 0.6 te
Dout-High impedance delay t,, -0.7 0.7 -0.7 0.7 -0.8 0.8 ns 5
from CLK/CLK
Dout-Low impedance delay t,, -0.7 0.7 -0.7 0.7 -0.8 0.8 ns 6
from CLK/CLK
DQ and DM input pulse topw 1.7 — 1.7 — 2 — ns 7
width
Data and data mask to data tg 0.5 — 0.5 — 0.6 — ns 8
strobe setup time
Data and data mask to data t,,, 0.5 — 0.5 — 0.6 — ns 8
strobe hold time
Clock to DQS write twpres O — 0 — 0 — ns
preamble setup time
Clock to DQS write tweren  0.25 — 0.25 — 0.25 — tex
preamble hold time
DQS last edge to High-Z = typer 0.4 0.6 0.4 0.6 0.4 0.6 tew 9
time (DQS write postamble)
Clock to the DQS first rising tposs 0.75 1.25 0.75 1.25 0.75 1.25 tek
edge for write delay
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HM 54251618, HM 5425801B, HM 5425401B Series

HM5425161B/HM5425801B/HM5425401B

-75A -75B -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
DQS falling edge to CLK toss 0.2 — 0.2 — 0.2 — tex
setup time
DQS falling edge hold time  tyg, 0.2 — 0.2 — 0.2 — tek
to CLK
DQS high pulse width toosn 0.35 — 0.35 — 0.35 — tex
(DQS write)
DQS low pulse width toost 0.35 — 0.35 — 0.35 — tex
(DQS write)
Input command and ts 11 — 11 — 1.2 — ns 8
address setup time
Input command and th 11 — 11 — 1.2 — ns 8
address hold time
Active command period tre 65 — 65 — 70 — ns
Auto refresh to active/Auto  tq.. 75 — 75 — 80 — ns
refresh command cycle
Active to Precharge tras 45 120000 45 120000 50 120000 ns
command period
Active to column command ti, 20 — 20 — 20 — ns
period
Last data in to precharge  t,, 15 — 15 — 15 — ns
Precharge to active tre 20 — 20 — 20 — ns
command period
Active to active command  tggp 15 — 15 — 15 — ns
period
Average periodic refresh trer — 7.8 — 7.8 — 7.8 ps
interval
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HM 54251618, HM 5425801B, HM 5425401B Series

Notes. 1.

48

8.
9.

On all AC measurements, we assume the test conditions shown in the next page. For timing
parameter definitions, see ‘Timing Waveforms’ section.

This parameter defines the signal transition delay from the cross point of CLK and CLK. The signal
transition is defined to occur when the signal level crossing V.

The timing reference level is V.

Output valid window is defined to be the period between two successive transition of data out or
DQS (read) signals. The signal transition is defined to occur when the signal level crossing V.

t,, is defined as Dout transition delay from Low-Z to High-Z at the end of read burst operation. The
timing reference is cross point of CLK and CLK. This parameter is not referred to a specific Dout
voltage level, but specify when the device output stops driving.

t., is defined as Dout transition delay from High-Z to Low-Z at the beginning of read operation. This
parameter is not referred to a specific Dout voltage level, but specify when the device output begins
driving.

Input valid windows is defined to be the period between two successive transition of data input or
DQS (write) signals. The signal transition is defined to occur when the signal level crossing Vgg.
The timing reference level is Vg

The transition from Low-Z to High-Z is defined to occur when the device output stops driving. A
specific reference voltage to judge this transition is not given.

10.t,, max is determined by the lock range of the DLL. Beyond this lock range, the DLL operation is

not assured.

11.V . is assumed to be 2.5V + 0.2 V. V.. power supply variation per cycle expected to be less than

0.4 V/400 cycle.

HITACHI



HM 54251618, HM 5425801B, HM 5425401B Series

Test Conditions

Parameter Symbol Min Typ Max Unit
Input reference voltage Veer 1.15 1.25 1.35 \Y
Termination voltage Vo Vier = 0.04 Ve, Veee $0.04 V
AC input high voltage V, (ac) Vieee +0.35  — — \%
AC input low voltage V, (ac) — — Veege =035V
AC differential input high voltage Ve (ac) 0.7 — Vi + 0.6 \Y
AC differential cross point voltage  V, (ac) Viee — 0.2 Veer Vg +0.2 \%
Input signal slew rate SLEW — 1 — V/ins
tck
" 5 Y
CLK V ---------------- Rl ce
SWING |- v VRer
CLk .77 + e — X Vss
teL tch
Vee
""""""""""""""" IVin
VRer
Vi
pa— Vss
At
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HM 54251618, HM 5425801B, HM 5425401B Series

Timing Parameter Measured in Clock Cycle

Number of clock cycle

Parameter Symbol Min Max
Write to pre-charge command delay (same bank) tweo 3+ BL/2
Read to pre-charge command delay (same bank) treo BL/2
Write to read command delay (to input all data) twro 2 +BL/2
Burst stop command to write command delay tastw 2

(CAS latency = 2)

(CAS latency = 2.5) tasrw 3
Burst stop command to DQ High-Z tesTz

(CAS latency = 2)

(CAS latency = 2.5) tosrs 2.5
Read command to write command delay (to output all data) tgyp 2 +BL/2

(CAS latency = 2)

(CAS latency = 2.5) tewo 3+BL2
Pre-charge command to High-Z thze 2

(CAS latency = 2)

(CAS latency = 2.5) tre 25
Write command to data in latency tweo 1
Write recovery twr
DM to data in latency tomn 0
Register set command to active or register set command  t,
Self refresh exit to non-read command tonr 10
Self refresh exit to read command tsro 200
Power down entry tooen 1
Power down exit to command input tepex 1
CKE minimum pulse width tekepw 1
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HM 54251618, HM 5425801B, HM 5425401B Series

Timing Wavefor ms

Command and Addresses I nput Timing Definition

Command
(RAS, CAS,
WE, CS)

VREF

Address 55577 VREF

Read Timing Definition

Notes: 1. Specific voltage for transition from/to High-Z is not given.
2. The transition to High-Z is defined to occur when output stop driving.
3. The transition from High-Z is defined to occur when output begins driving.
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HM 54251618, HM 5425801B, HM 5425401B Series

Write Timing Definition

CLK
CLK

DQS

twpres twPREH

e, C— — — — A

DM 44458404040 24, VReF

|
s toH toipw toipw
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HM 54251618, HM 5425801B, HM 5425401B Series

Read Cycle

1,77
I -
I I tre |
T T T
I I I
1 It | |
= e |
ts [tin I ts|tH | : I ts
T\ —'_I Rianiala T T\ [
CS 1 | 1 [
T 1. ! \—J 1 1 [
tis|tn ' bUslby | 1 bs
RAS?Z/Z/> /
! 1 1 1
tis [tin ! Us|tn, | I i Us
i e . - | 1 | |l I | >l
CAS :
T T T T T |
tis |t i ts|tH | : I tis| tn : : bsitin
DRt - > . | [ | ! g et
T T T I 1 !
tis |tk i Us|tin 1 ! | I bs| by I | t|s:t|H
BA%== - Rkt Rk ‘V:‘V
! 1 1 I | 1 !
s |tk i s |ty 1 I I tis| tiy I I ts| ti
- 1 - | 1 | | 1 1 -
w28 7 e
: T T f T T i
tis |t I ts|ty ! ! ! I I s tin
|ertar ! letar| ! ! ! ! ! <>t
e DX TN 72X
i i 1 i 1 I
DM, i I I | I | I I :
DMU/DML
! ! t t it i ! T |
. I RPRE _[lbosvlDosy RPST
DQS, H|gh-Z ; | N\ : :
DQSU/DQSL ! | h | :
: Lo lov, iloy, ! ! .
. > I
DQ (output) High-Z ! : : ! DO ! |
! I I I I I
! . . I 1 | [
Bank 0 Bank 0 Bank 0 A (ata
Active Read Precharge CAS latency = 2

Burst length = 4
BankO Access

[ J=Vimorvy
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HM 54251618, HM 5425801B, HM 5425401B Series

Write Cycle

z zA z4 z A z z
..... ol gl SUUU N A ISR ol A IO ol A ol i | IO RN I
) ok ok o'k o'k [ ]
= S += Y = S = = '
P EEEEEENS NN ST AN\ S I N\ S AN\, DU IR NN, SEPE
g
4y _ A A A =z i
7 _ 7] %) n %) n
+ Y < Y < Y + Y — + Y
x
3
H«VA
Ly L
e e\ SRR \\\ BER SO NN\ U NN\ S N A £
<<
g
-y J A T i Ey ) E'Y
J n A L nh n A nA n A n A
=y =y < = Y =y =y y
........ SR %
O
S
' Ii _ m« A ey ey rm;,}m;}
v » A _ s» » A oA A A o A
' =¥ = =¥ =y + =y =¥
L I
sl [ NN N
414 W 1) %} %) w < o ) S | =
) vz ) < ] Nps = 5
s g B E: g = < £ ¢32 23 g
S (AR > =
< ) > o
0 o [a]
o
A

2
4

VlH or V||_

Bank0 Access

CAS latency
Burst length

Bank 0
Precharge
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HM 54251618, HM 5425801B, HM 5425401B Series

Mode Register Set Cycle

Address

DM,
DMU/DML

DQS,
DQSU/DQSL

DQ (output)

7 NvalidX (codel”XR:b)

oMighz Lt bbb

T S e I e e e a— N S SR .

i High-z | : : : : : : : ; ' : : ' :

- 0888 :

| e—trp——e—turo—> L A
Precharge Mode Bank 3 Bank3  Bank3 CAS latency = 2
If needed register  Active Read Precharge Burst length = 4

set

= V|H or V||_
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HM 54251618, HM 5425801B, HM 5425401B Series

Read/Write Cycle

2
4

Vi or Vi

I
NN IO T 0 3
2 S
B NN T\ S S I [
e}
%)
mT
o
S [92]
uuuuuuuuuuuuuuuuuuuu O NI 17" 17" T 3o
Stk
. DI . S R x_
3
- _———tmm e == - o|l-4--
..................... Wl )l Yl o
o A W.m
|||||||||||||||||||||||| (] 1T T4 =
o
><
TN RN RS i
2
© s
0 o
()
a <2
|||||||||||||||||||||| xl- -¢--t---F-1- ©® ©
S< o<
© ~x T
¢ Y
b (O] 508 \\ e intaind abate ni .
iYed
S N
- [N NN A P N o) SR
k=t
T
o
o
m =
3 1 N ks it st minke 3B
oM <
Y X W [ 00N W < 92 sdyd T o
LLK_CT'AiBSMMSSuu
oo ° EBE ® £hagge g
° > = o <
< S O < o
o ® o Ao
[0Na)
[a]

Burst lenght

[
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HM 54251618, HM 5425801B, HM 5425401B Series

Auto Refresh Cycle

/
:AE/: :AE/: : '
CRS 7] | NOZZIN | [ AT
I\ 77777 e

WE

§1<<\\ _
N AN

2\
7
7

./>\§

BA ; . ; ; H H ; IAVI

s S s
DM, . 0 b

DMU/DML §
DQS _+ i
pQsumQsL ¢+ 1)
1 ] 1 1 1 1 1 ] ()

(

)

—_ — e "

DQ (output) — E BXX
_ ' High-Z L P
DQ (input) e g
" Precharge ' Auto ' ' ' ' Bank0 ' BankO '

If needed Refresh Active Read
CAS latency = 2
Burst length = 4
=VigorV
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HM 54251618, HM 5425801B, HM 5425401B Series

Self Refresh Cycle

CLK -y
CLK b\ J

CKE E

'lekepw

I | I | ' 1 1 ! 1 I 1
\) T, 1Ty T -, ! T T ,"\I Wy Y 1 Al
o 1 A A AN AN AN AN I__: AN AN A
' s ' ' tUH, i ' ' '
| ((CKE = low|/ i I '
T N (JCKE = low) AT
| ' | — 1 ' 1 | 1

i 1 ! I

. :

g

cST\_L/ LAY

e

A LA

a2

s

274,

2882

AT T

gl

417

2

7

5

A7

AL

2.z

als

Address '

DM, _

s

DESC

2%

DMU/DML Z

)7

DQS

DQSU/DQSL T

(

)
DQ (output) — ()
( [
7/

B N N

'High-Z

L~ U~ Jd~
S —

DQ (input) :‘_": tRP_>E : | ~— tSNRI_’? ' :
Precharge ' Self T Self refresh Bank 0 Bank 0"
If needed refresh exit Active Read
entry CAS latency = 2.5

Burst length = 4

[ 1=VigorVy
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HM 54251618, HM 5425801B, HM 5425401B Series

Power Down M ode

CIK __
CLK

Y i S g
CKE 1 1 TN . ({ CKE = low

N e AN
S T s e sl
e e e
| L
N s N
G 0 0 P
DMU/DDI\I/\IAL’; AY T

Qs,
QSU/QSL

DQ (output)

N R T )
T~ e~~~

\ High-Z

DQ (input) T T ; T
—tRp —>i—> . . —
[ . ] ItPDENI 1 1 ItPDEXI ] [
Precharge Power down Power BankO0 Bank 0
If needed entry down  Active Read

exit CAS latency = 2.5
Burst lenght = 4

=Viy or Vi
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HM 54251618, HM 5425801B, HM 5425401B Series

Package Dimensions

HM5425161BTT/HM5425801BTT/HM 5425401BT T Series (TTP-66D)

Preliminary
22.22
22.72 Max

66 34

(o)

1 33
*0.24 + 0.07
0.22 £ 0.05

0.91 Max

1.20 Max

*Dimension including the plating thickness
Base material dimension

Unit: mm
©
i
o
—
0.80
11.76 £ 0.20
Oo _ 50 E\— Y
83 8 0.50+0.10,| | &
oo © o
H|H  H
o (O ™
AR
4 o
oo Hitachi Code TTP-66D
JEDEC —
EIAJ —
Weight (reference value)| 0.53 g
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HM 54251618, HM 5425801B, HM 5425401B 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. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or whereits 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. Thisproduct is not designed to be radiation resistant.

6. No oneis 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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