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512M LVTTL interface SDRAM
133 MHz/100 MHz
8-Mword X 16-bit X 4-bank/16-Mword x 8-bit X 4-bank
/32-Mword X 4-bit X 4-bank
PC/133, PC/100 SDRAM
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Description

The Hitachi HM5251165B is a 512-Mbit SDRAM organized as 8388608-word X 16-bit X 4 bank. The
Hitachi HM5251805B is a 512-Mbit SDRAM organized as 16777216-word X 8-bit X 4 bank. The Hitachi
HMS5251405B is a 512-Mbit SDRAM organized as 33554432-word X 4-bit X 4 bank. All inputs and outputs
are referred to the rising edge of the clock input. It is packaged in standard 54-pin plastic TSOP II.

Features

e 3.3V power supply
¢ Clock frequency: 133 MHz/100 MHz (max)
e LVTTL interface
¢ Single pulsed RAS
¢ 4 banks can operate simultaneously and independently
e Burst read/write operation and burst read/single write operation capability
e Programmable burst length: 1/2/4/8
e 2 variations of burst sequence
— Sequential (BL = 1/2/4/8)
— Interleave (BL = 1/2/4/8)

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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¢ Programmable CAS latency: 2/3

¢ Byte control by DQM : DQM (HM5251805B/HM5251405B)

: DQMU/DQML (HM5251165B)

¢ Refresh cycles: 8192 refresh cycles/64 ms
e 2 variations of refresh

— Auto refresh

— Self refresh

Ordering Information

Type No. Frequency CAS latency Package
HM5251165BTD-75*" 133 MHz 3 400-mil 54-pin plastic TSOP Il (TTP-54DA)
HM5251165BTD-A6 100 MHz 2/3

HM5251165BTD-B6*? 100 MHz 3

HM5251165BLTD-75*" 133 MHz 3

HM5251165BLTD-A6 100 MHz 2/3

HM5251165BLTD-B6*? 100 MHz 3

HM5251805BTD-75*" 133 MHz 3

HM5251805BTD-A6 100 MHz 2/3

HM5251805BTD-B6*? 100 MHz 3

HM5251805BLTD-75*" 133 MHz 3

HM5251805BLTD-A6 100 MHz 2/3

HM5251805BLTD-B6*? 100 MHz 3

HM5251405BTD-75*" 133 MHz 3

HM5251405BTD-A6 100 MHz 2/3

HM5251405BTD-B6*? 100 MHz 3

HM5251405BLTD-75*" 133 MHz 3

HM5251405BLTD-A6 100 MHz 2/3

HM5251405BLTD-B6*? 100 MHz 3

Notes: 1. 100 MHz operation at CAS latency = 2

2. 66 MHz operation at CAS latency = 2

HITACHI
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Pin Arrangement (HM5251165B)

54-pin TSOP
Voo [ 10 54[ 1 Vs
DQo []2 53| ] DQ15
VeeQ [ 3 52[ ] VgsQ
DQ1 []4 51[] DQ14
DQ2 []5 501 bQ13
VgsQ [] 6 49 ] VeeQ
DQ3 []7 48[ 1 DQ12
DQ4 []8 471 DQ11
VecQ [ 9 48[ ] VgsQ
DQ5 [] 10 45/ 1 DQ10
DQs [] 11 44 1 DQ9
VgsQ [ 12 43 1 VeeQ
DQ7 [] 13 42| 1 DQs8
Voc [ 14 41[] Vss
DQML [] 15 40[] NC
WE [| 16 39] ] bamu
CAS [ 17 38[] CLK
RAS [] 18 37 ] CKE
Cs []19 36| ] A12
BAO [ 20 351 A1
BA1 [ 21 34 ] A9
A10[]22 33[ 1 A8
A0 []23 32| 1 A7
A1 []24 31[] Ae
A2[]25 30 ] A5
A3[] 26 29 1 A4
Vee [ 27 28] | Vss
(Top view)
Pin Description
Pin name Function Pin name Function
A0 to A12, Address input WE Write enable
BAO, BA1
— Row address A0 to A12 DQMU/DQML  Input/output mask
— Column address A0 to A9 CLK Clock input
— Bank select address BAO/BA1 (BS) CKE Clock enable
DQO to DQ15 Data-input/output Vee Power for internal circuit
CS Chip select Vgs Ground for internal circuit
RAS Row address strobe command VecQ Power for DQ circuit
CAS Column address strobe command VssQ Ground for DQ circuit
NC No connection
HITACHI
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Pin Arrangement (HM5251805B)

54-pin TSOP
Vee 10 54] ] Vgs
DQO [] 2 53] DQ7
VecQ [ 3 52[ ] vgsQ
NG [ 4 51 1NC
DQ1 []5 50[_] bas
VSSQ I: 6 49:‘ VccQ
NC[]7 48[ 1NC
DQ2[] 8 471 DQ5
VecQ [ 9 48[ ] VgsQ
NC [] 10 45 1 NC
DQ3 [] 11 44| 1 DQ4
VssQ [] 12 43[ 1 VecQ
NC [] 13 42[ INC
Voo L] 14 411 Vss
NC[] 15 40 ] NC
WE [] 16 39 ] bQMm
CAS [ 17 38| | CLK
RAS [ 18 37[] CKE
cs []19 36] ] A12
BAO [ 20 35 ] A1
BA1 [ 21 34 ] A9
A0 []22 33[] A8
A0 [ 23 32| | A7
A1 []24 31 ] A6
A2[]25 30[ ] A5
A3[]26 29 ] A4
Vee ] 27 28[ | Vss
(Top view)
Pin Description
Pin name Function Pin name Function
A0 to A12, Address input WE Write enable
BAO, BA1
— Row address A0 to A12 DQM Input/output mask
— Column address  AOto A9, A11  CLK Clock input
— Bank select address BAO/BA1 (BS) CKE Clock enable
DQO to DQ7 Data-input/output Vee Power for internal circuit
CS Chip select Vgs Ground for internal circuit
RAS Row address strobe command VeeQ Power for DQ circuit
CAS Column address strobe command VssQ Ground for DQ circuit
NC No connection
HITACHI
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Pin Arrangement (HM5251405B)

54-pin TSOP
Vee 10 54[ ] Vgs
NC []2 53] NC
VecQ [ 3 52 ] VgsQ
NC [ 4 51 INC
DQo [] 5 50 ] DQ3
VSSQ I: 6 49 :I VccQ
NC 7 48[ INC
NC [] 8 47 INC
VecQ [ 9 48] ] VgsQ
NC [] 10 45 1NC
DQ1 [ 11 44| 1DQ2
VssQ [] 12 43[ 1VecQ
NC [] 13 42| INC
Vee ] 14 411 Vss
NC [] 15 40 ] NC
WE [| 16 39/ ] bQM
cas [ 17 38| ] CLK
RAS [ 18 37 ] CKE
cs []19 36 | A12
BAO [] 20 35 ] A1
BA1 [ 21 34[ ] A9
A0 []22 33| ] A8
Ao[]23 32[] A7
A1 []24 31 ] A6
A2[]25 30[] A5
A3 [] 26 29 ] A4
Vee L] 27 28[ | Vss
(Top view)
Pin Description
Pin name Function Pin name Function
A0 to A12, Address input WE Write enable
BAO, BA1
— Row address A0 to A12 DQM Input/output mask
— Column address A0 to A9, A11 A12 CLK Clock input
— Bank select address BAO/BA1 (BS) CKE Clock enable
DQO to DQ3 Data-input/output Vee Power for internal circuit
CS Chip select Vgs Ground for internal circuit
RAS Row address strobe command VeQ Power for DQ circuit
CAS Column address strobe command VseQ Ground for DQ circuit
NC No connection
HITACHI
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Block Diagram (HM5251165B)
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Block Diagram (HM5251805B)
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Block Diagram (HM5251405B)
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Pin Functions

CLK (input pin): CLK is the master clock input to this pin. The other input signals are referred at CLK
rising edge.

CS (input pin): When CS is Low, the command input cycle becomes valid. When CS is High, all inputs are
ignored. However, internal operations (bank active, burst operations, etc.) are held.

RAS, CAS, and WE (input pins): Although these pin names are the same as those of conventional DRAMs,
they function in a different way. These pins define operation commands (read, write, etc.) depending on the
combination of their voltage levels. For details, refer to the command operation section.

A0 to A12 (input pins): Row address (AXO0 to AX12) is determined by A0 to A12 level at the bank active
command cycle CLK rising edge. Column address (AYO to AY9; HM5251165B, AYO to AY9, AY11;
HMS5251805B, AYO to AY9, AY 11, AY 12; HM5251405B) is determined by A0 to A8, A9 A1l or A12 (A9;
HMS5251165B, A9, A11; HM5251805B, A9, Al1, A12; HM5251405B) level at the read or write command
cycle CLK rising edge. And this column address becomes burst access start address. A10 defines the
precharge mode. When A10 = High at the precharge command cycle, all banks are precharged. But when
A10 = Low at the precharge command cycle, only the bank that is selected by BAO/BA1 (BS) is precharged.
For details refer to the command operation section.

BAO/BA1 (input pin): BAO/BA1 are bank select signal (BS). The memory array of the HM5251165B,
HM5251805B, the HM5251405B is divided into bank O, bank 1, bank 2 and bank 3. HM5251165B contain
8192-row x 1024-column x 16-bit. HM5251805B contain 8192-row X 2048-columnx 8-bit. HM5251405B
contain 8192-row X 4096-column x 4-bit. If BAO is Low and BA1 is Low, bank 0 is selected. If BAO is High
and BA1 is Low, bank 1 is selected. If BAO is Low and BA1 is High, bank 2 is selected. If BAO is High and
BA1 is High, bank 3 is selected.

CKE (input pin): This pin determines whether or not the next CLK is valid. If CKE is High, the next CLK
rising edge is valid. If CKE is Low, the next CLK rising edge is invalid. This pin is used for power-down
mode, clock suspend mode and self refresh mode.

DQM, DQMU/DQML (input pins): DQM, DQMU/DQML controls input/output buffers.

Read operation: If DQM, DQMU/DQML is High, the output buffer becomes High-Z. If the DQM,
DQMU/DQML is Low, the output buffer becomes Low-Z. (The latency of DQM, DQMU/DQML during
reading is 2 clocks.)

Write operation: If DQM, DQMU/DQML is High, the previous data is held (the new data is not written). If
DQM, DQMU/DQML is Low, the data is written. (The latency of DQM, DQMU/DQML during writing is O
clock.)

DQO to DQ15 (DQ pins): Data is input to and output from these pins (DQO to DQ15; HM5251165B, DQO
to DQ7; HM5251805B, DQO to DQ3; HMS5251405B).

Ve and VQ (power supply pins): 3.3 Vis applied. (Vc is for the internal circuit and V.Q is for the
output buffer.)

HITACHI
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Vg and VQ (power supply pins): Ground is connected. (Vgg is for the internal circuit and VgQ is for the
output buffer.)

Command Operation

Command Truth Table

The SDRAM recognizes the following commands specified by the CS, RAS, CAS, WE and address pins.

CKE
AO
Command Symbol n-1 n CS RAS CAS WE BAOUBA1 A10 to Ail2
Ignore command DESL H x H x X X X X X
No operation NOP H x L H H X X X
Column address and read command READ H X L H L H \ L \%
Read with auto-precharge READ A H x L H L H \% H \
Column address and write command WRIT H x L H L L \'% L \'%
Write with auto-precharge WRIT A H x L H L L \ H \
Row address strobe and bank active ACTV H x L L H H \ \Y \
Precharge select bank PRE H x L L H L \% L X
Precharge all bank PALL H x L L H L X H X
Refresh REF/SELF H vV L L L H X X X
Mode register set MRS H x L L L L \' \% \'%

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

Ignore command [DESL]: When this command is set (CS is High), the SDRAM ignore command input at
the clock. However, the internal status is held.

No operation [NOP]: This command is not an execution command. However, the internal operations
continue.

Column address strobe and read command [READ]: This command starts a read operation. In addition,
the start address of burst read is determined by the column address (AYO to AY9; HM5251165B, AYO to
AY9, AY11; HM5251805B, AYO to AY9, AY11, AY12; HMS5251405B) and the bank select address (BS).
After the read operation, the output buffer becomes High-Z.

Read with auto-precharge [READ A]: This command automatically performs a precharge operation after a
burst read with a burst length of 1, 2, 4 or 8.

HITACHI
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Column address strobe and write command [WRIT]: This command starts a write operation. When the
burst write mode is selected, the column address (AYO to AY9; HM5251165B, AYO to AY9, AY11;
HMS5251805B, AYO to AY9, AY 11, AY12; HM5251405B) and the bank seclect address (BAO/BA1) become
the burst write start address. When the single write mode is selected, data is only written to the location
specified by the column address (AYO to AY9; HM5251165B, AYO to AY9, AY11; HM5251805B, AYO to
AY9, AY11, AY12; HM5251405B) and the bank select address (BAO/BA1).

Werite with auto-precharge [WRIT A]: This command automatically performs a precharge operation after a
burst write with a length of 1, 2, 4 or 8, or after a single write operation.

Row address strobe and bank activate [ACTV]: This command activates the bank that is selected by
BAO/BA1 (BS) and determines the row address (AX0 to AX12). When BAO and BA1 are Low, bank 0 is
activated. When BAO is High and BA1 is Low, bank 1 is activated. When BAO is Low and BA1 is High,
bank 2 is activated. When BAQO and BA1 are High, bank 3 is activated.

Precharge selected bank [PRE]: This command starts precharge operation for the bank selected by
BAO/BAL1. If BAO and BA1 are Low, bank O is selected. If BAO is High and BA1 is Low, bank 1 is selected.
If BAO is Low and BA1 is High, bank 2 is selected. If BAO and BA1 are High, bank 3 is selected.

Precharge all banks [PALL]: This command starts a 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 [MRS]: The SDRAM has a mode register that defines how it operates. The mode register
is specified by the address pins (A0 to BAO and BA1) at the mode register set cycle. For details, refer to the
mode register configuration. After power on, the contents of the mode register are undefined, execute the
mode register set command to set up the mode register.

HITACHI y
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DQM Truth Table (HM5251165B)

CKE

Command Symbol n-1 n DQMU DQML
Upper byte (DQ8 to DQ15) write enable/output enable ENBU H X L X
Lower byte (DQO to DQ7) write enable/output enable ENBL H X X L
Upper byte (DQ8 to DQ15) write inhibit/output disable MASKU H X H X
Lower byte (DQO to DQ7) write inhibit/output disable  MASKL H X X H
Note: H: V. L:V_.x:VyorV,..

Write: |, is needed.

Read: 1,4, is needed.
DQM Truth Table (HM5251805B/HM5251405B)

CKE

Command Symbol n-1 n DQM
Write enable/output enable ENB H X L
Write inhibit/output disable MASK H X H

Note: H: V. L:V_.x:V,orV,.
Write: |, is needed.
Read: |,q, is needed.

The SDRAM can mask input/output data by means of DQM, DQMU/DQML.
DQMU masks the upper byte and DQML masks the lower byte. (HM5251165B)

During reading, the output buffer is set to Low-Z by setting DQM, DQMU/DQML to Low, enabling data
output. On the other hand, when DQM, DQMU/DQML is set to High, the output buffer becomes High-Z,
disabling data output.

During writing, data is written by setting DQM, DQMU/DQML to Low. When DQM, DQMU/DQML is set
to High, the previous data is held (the new data is not written). Desired data can be masked during burst read
or burst write by setting DQMU/DQML. For details, refer to the DQM, DQMU/DQML control section of the
SDRAM operating instructions.

HITACHI
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CKE Truth Table
CKE
Current state Command n-1 n CS RAS CAS WE Address
Active Clock suspend mode entry H L H X P X X
Any Clock suspend L L X X X X X
Clock suspend Clock suspend mode exit L H X X X X X
Idle Auto-refresh command (REF) H H L L L H X
Idle Self-refresh entry (SELF) H L L L L H x
Idle Power down entry 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 L H L H H H x
L H H X X X X

Note: H: V. L:V_.x:VyorV,..

Clock suspend mode entry: The SDRAM enters clock suspend mode from active mode by setting CKE to
Low. The clock suspend mode changes depending on the current status (1 clock before) as shown below.

ACTIVE clock suspend: This suspend mode ignores inputs after the next clock by internally maintaining
the bank active status.

READ suspend and READ with Auto-precharge suspend: The data being output is held (and continues to
be output).

WRITE suspend and WRIT with Auto-precharge suspend: In this mode, external signals are not
accepted. However, the internal state is held.

Clock suspend: During clock suspend mode, keep the CKE to Low.

Clock suspend mode exit: The SDRAM exits from clock suspend mode by setting CKE to High during the
clock suspend state.

IDLE: In this state, all banks are not selected, and completed precharge operation.

Auto-refresh command [REF]: When this command is input from the IDLE state, the SDRAM starts auto-
refresh operation. (The auto-refresh is the same as the CBR refresh of conventional DRAMs.) During the
auto-refresh operation, refresh address and bank select address are generated inside the SDRAM. For every
auto-refresh cycle, the internal address counter is updated. Accordingly, 8192 times are required to refresh
the entire memory. Before executing the auto-refresh command, all the banks must be in the IDLE state. In
addition, since the precharge for all banks is automatically performed after auto-refresh, no precharge
command is required after auto-refresh.

HITACHI 5
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Self-refresh entry [SELF]: When this command is input during the IDLE state, the SDRAM starts self-
refresh operation. After the execution of this command, self-refresh continues while CKE is Low. Since self-
refresh is performed internally and automatically, external refresh operations are unnecessary.

Power down mode entry: When this command is executed during the IDLE state, the SDRAM enters power
down mode. In power down mode, power consumption is suppressed by cutting off the initial input circuit.

Self-refresh exit: When this command is executed during self-refresh mode, the SDRAM can exit from self-
refresh mode. After exiting from self-refresh mode, the SDRAM enters the IDLE state.

Power down exit: When this command is executed at the power down mode, the SDRAM can exit from
power down mode. After exiting from power down mode, the SDRAM enters the IDLE state.

Function Truth Table

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

The following table assumes that CKE is high.

Current state CS RAS CAS WE Address Command Operation
Precharge H X X X X DESL Enter IDLE after tg,
L H H X NOP Enter IDLE after tg,
L H L H BA, CA, A10 READ/READ A 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*¢
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Idle H X X X X DESL NOP
L H H H X NOP NOP
L H L H BA, CA, A10 READ/READ A ILLEGAL*
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL*
L L H H BA, RA ACTV Bank and row active
L L H L BA, A10 PRE, PALL NOP
L L L H X REF, SELF Refresh
L L L L MODE MRS Mode register set
" HITACHI
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Current state CS RAS CAS WE Address Command Operation
Row active H X X X X DESL NOP
L H H X NOP NOP
L H L H BA, CA, A10 READ/READ A Begin read
L H L L BA, CA, A10 WRIT/WRIT A Begin write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL Precharge
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Read H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H L H BA, CA, A10 READ/READ A Continue burst read to CAS
latency and New read
L H L L BA, CA, A10 WRIT/WRIT A  Term burst read/start write
L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL Term burst read and
Precharge
H X REF, SELF ILLEGAL
L MODE MRS ILLEGAL
Read with auto- H X X X X DESL Continue burst to end and
precharge precharge
L H H H X NOP Continue burst to end and
precharge
H BA, CA, A10 READ/READ A ILLEGAL*
H L BA, CA, A10 WRIT/WRITA  ILLEGAL*
L H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL ILLEGAL*
H X REF, SELF ILLEGAL
L MODE MRS ILLEGAL
HITACHI
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Current state CS RAS CAS WE Address Command Operation
Write H X X X X DESL Continue burst to end
L H H X NOP Continue burst to end
L H L H BA, CA, A10 READ/READ A Term burst and New read
L H L L BA, CA, A10 WRIT/WRITA  Term burst and New write
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL Term burst write and
Precharge*®
L L L H X REF, SELF ILLEGAL
L MODE MRS ILLEGAL
Write with auto- H X X X X DESL Continue burst to end and
precharge precharge
L H H H X NOP Continue burst to end and
precharge
H BA, CA, A10 READ/READ A ILLEGAL*
H L L BA, CA, A10 WRIT/WRITA  ILLEGAL*
L L H H BA, RA ACTV Other bank active
ILLEGAL on same bank*®
L L H L BA, A10 PRE, PALL ILLEGAL*
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Refresh (auto- H X X X X DESL Enter IDLE after t..
refresh)
L H H H X NOP Enter IDLE after tg
L H L H BA, CA, A10 READ/READ A 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 H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
Notes: 1. H: V. L:V,.x:V,orV,. The other combinations are inhibit.
2. Aninterval of t, is required between the final valid data input and the precharge command.
3. If tzzp is not satisfied, this operation is illegal.
4. lllegal for same bank, except for another bank.
5. lllegal for all banks.
6. NOP for same bank, except for another bank.
o HITACHI
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From PRECHARGE state, command operation

To [DESL], [NOP]: When these commands are executed, the SDRAM enters the IDLE state after tzp has
elapsed from the completion of precharge.

From IDLE state, command operation

To [DESL], [NOP], [PRE] or [PALL]: These commands result in no operation.

To [ACTV]: The bank specified by the address pins and the ROW address is activated.
To [REF], [SELF]: The SDRAM enters refresh mode (auto-refresh or self-refresh).

To [MRS]: The synchronous DRAM enters the mode register set cycle.

From ROW ACTIVE state, command operation

To [DESL], [NOP]: These commands result in no operation.

To [READ], [READ A]: A read operation starts. (However, an interval of tyqp, 18 required.)
To [WRIT], [WRIT A]: A write operation starts. (However, an interval of tycp, is required.)

To [ACTV]: This command makes the other bank active. (However, an interval of tggp is required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: These commands set the SDRAM to precharge mode. (However, an interval of ty,g is
required.)

From READ state, command operation
To [DESL], [NOP]: These commands continue read operations until the burst operation is completed.

To [READ], [READ A]: Data output by the previous read command continues to be output. After CAS
latency, the data output resulting from the next command will start.

To [WRIT], [WRIT A]: These commands stop a burst read, and start a write cycle.

To [ACTV]: This command makes other banks bank active. (However, an interval of tygp iS required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: These commands stop a burst read, and the SDRAM enters precharge mode.

HITACHI
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From READ with AUTO-PRECHARGE state, command operation

To [DESL], [NOP]: These commands continue read operations until the burst operation is completed, and
the SDRAM then enters precharge mode.

To [ACTV]: This command makes other banks bank active. (However, an interval of tzgp iS required.)
Attempting to make the currently active bank active results in an illegal command.

From WRITE state, command operation

To [DESL], [NOP]: These commands continue write operations until the burst operation is completed.
To [READ], [READ A]: These commands stop a burst and start a read cycle.

To [WRIT], [WRIT A]: These commands stop a burst and start the next write cycle.

To [ACTV]: This command makes the other bank active. (However, an interval of tzgp is required.)
Attempting to make the currently active bank active results in an illegal command.

To [PRE], [PALL]: These commands stop burst write and the SDRAM then enters precharge mode.

From WRITE with AUTO-PRECHARGE state, command operation

To [DESL], [NOP]: These commands continue write operations until the burst is completed, and the
synchronous DRAM enters precharge mode.

To [ACTV]: This command makes the other bank active. (However, an interval of tggp is required.)
Attempting to make the currently active bank active results in an illegal command.

From REFRESH state, command operation

To [DESL], [NOP]: After an auto-refresh cycle (after ti.), the SDRAM automatically enters the IDLE state.

HITACHI
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Simplified State Diagram

REFRESH

MODE
REGISTER
SET

REFRESH

ACTIVE

ACTIVE

READ
SUSPEND

SUSPEND

POWER
APPLIED

—P»  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.

HITACHI
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Mode Register Configuration

The mode register is set by the input to the address pins (AO to A12, BAO and BA1) during mode register set
cycles. The mode register consists of five sections, each of which is assigned to address pins.

BA1, BAO, A11, A10, A12, A9, A8: (OPCODE): The SDRAM has two types of write modes. One is the
burst write mode, and the other is the single write mode. These bits specify write mode.

Burst read and burst write: Burst write is performed for the specified burst length starting from the column
address specified in the write cycle.

Burst read and single write: Data is only written to the column address specified during the write cycle,
regardless of the burst length.

A7: Keep this bit Low at the mode register set cycle. If this pin is high, the vender test mode is set.
A6, A5, A4: (LMODE): These pins specify the CAS latency.
A3: (BT): A burst type is specified.

A2, A1, A0: (BL): These pins specify the burst length.

BA1| BAO| A12| A11| A10 | A9 | A8 | A7 A6 | A5 | A4 A3 A2 | Al | A0
OPCODE 0 LMODE BT BL
A6 | A5| A4 |CAS latency A3 | Burst type Burst length
0| o O R 0 | Sequential AZ| AT | AO BT=0 | BT=1
ol of 1 R 1 | Interleave ol ol o 1 1
0| 1 0 2 ol o] 1 2 2
o] 1| 1 3 o| 1| o 4 4
11 X| X R of 1] 1 8 8
11 0] O R R
BA1 | BAO| A12| A11| A10| A9 | A8 | Write mode 1] 0f 1 R R
0 0 0 0 0 0 0 | Burst read and burst write 1 1 0 R R
X X X X X 0 1 R 1 1 1 R R
X X X X X 1 0 |Burst read and single write R is Reserved (inhibit)
X X X X X 1 1 R X:0or1
2 HITACHI
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Burst Sequence
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Operation of the SDRAM

The following chapter shows operation example of the products below.

Organization Input/output mask CAS latency
8-Mword x 16-bit x 4 bank DQMU/DQML 2/3
16-Mword x 8-bit x 4 bank DQM

32-Mword x 4-bit x 4 bank DQM

Note: The SDRAM should be used according to the product capability (See “Features”, “Pin Description”
and “AC Characteristics™).

Read/Write Operations

Bank active: Before executing a read or write operation, the corresponding bank and the row address must be
activated by the bank active (ACTV) command. Bank 0, bank 1, bank 2 or bank 3 is activated according to
the status of the BAO/BA1 pin, and the row address (AXO0 to AX12) is activated by the AO to A12 pins at the
bank active command cycle. An interval of tycp is required between the bank active command input and the
following read/write command input.

Read operation: A recad operation starts when a read command is input. Output buffer becomes Low-Z in
the (CAS Latency - 1) cycle after read command set. The SDRAM can perform a burst read operation.

The burst length can be set to 1, 2, 4, 8. The start address for a burst read is specified by the column address
and the bank select address (BAO/BA1) at the read command set cycle. In a read operation, data output starts
after the number of clocks specified by the CAS Latency. The CAS Latency can be set to 2 or 3.

When the burst length is 1, 2, 4, 8, the Dout buffer automatically becomes High-Z at the next clock after the
successive burst-length data has been output.

The CAS latency and burst length must be specified at the mode register.

HITACHI
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CAS Latency

e [LI LTI iy

: treD !
b 1

Command X AICTVX X FIKEADX
Address >< F;OW X XCc::IumnX

CL=2 <outOXout1Xou12Xou13>

CL=3 <0u10Xout1Xou12Xou13>

Dout

CL = CAS latency
Burst Length =4

Burst Length

{out 0)

<out0><out1> ——————————— -
out oX(out 1Xout 2Xout 3 —————

Dout BL=2

BL=4
BL=8

BL : Burst Length
CAS Latency =2

HITACHI
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Write operation: Burst write or single write mode is selected by the OPCODE (BA1, BAO, A12, Al1, A10,
A9, A8) of the mode register.

1. Burst write: A burst write operation is enabled by setting OPCODE (A9, A8) to (0, 0). A burst write
starts in the same clock as a write command set. (The latency of data input is O clock.) The burst length can
be set to 1, 2, 4 and 8, like burst read operations. The write start address is specified by the column address
and the bank select address (BAO/BA1) at the write command set cycle.

BL=1

Din BL=2

----------

BL=4

BL=8

CAS Latency =2, 3

2, Single write: A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). In a single write
operation, data is only written to the column address and the bank select address (BAO/BA1) specified by the
write command set cycle without regard to the burst length setting. (The latency of data input is O clock).

S S B

: treD

Command ><AIICTV>< X VIVRITX
Address >< Row >< XC?IumnX

Din {in0 )

HITACHI
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Auto Precharge

Read with auto-precharge: In this operation, since precharge is automatically performed after completing a
read operation, a precharge command need not be executed after each read operation. The command executed
for the same bank after the execution of this command must be the bank active (ACTV) command. In
addition, an interval defined by 1,p; is required before execution of the next command.

CAS latency Precharge start cycle
3 2 cycle before the final data is output
2 1 cycle before the final data is output

Burst Read (Burst Length = 4)

CLK :

| I |
cL=2 Command __YX_AcTV_X X READA X X actv_ X
T T T T T T
| e | L
DQ (input) T T (outo X outt X outz X out3 > T T
I I | I I
I | I ! I I
| | I |__APR |
CL=3 Command __ X_ACTV X X ReapA X X actv X
T T T T T T
) I T i I I I
‘ | RAS X
DQ (input) T
I
I

L L L
: { outo X ot X outz X out3
I I | | |
I I |
laPR
Note: Internal auto-precharge starts at the timing indicated by " ".
And an interval of tgag (Iras) is required between previous active (ACTV) command and internal precharge “

HITACHI
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Write with auto-precharge: In this operation, since precharge is automatically performed after completing
a burst write or single write operation, a precharge command need not be executed after each write operation.
The command executed for the same bank after the execution of this command must be the bank active
(ACTV) command. In addition, an interval of 1,pyw is required between the final valid data input and input of
next command.

Burst Write (Burst Length = 4)

Command %CT% RIT )@(

. IrAS |
4 o
DQ (input) { in0 X in1 Xin2 X in3 )

A J

laPw

Note: Internal auto-precharge starts at the timing indicated by " @ ".
and an interval of tgag (Iras) is required between previous active (ACTV) command
and internal precharge ‘

Single Write

Command >Q-}CT9< RITA, CT

i< IRASE .i

DQ (input) { in )

: IaPw

Note: Internal auto-precharge starts at the timing indicated by " ".
and an interval of tgas (Iras) is required between previous active (ACTV) command
and internal precharge *

HITACHI
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Command Intervals
Read command to Read command interval:

1. Same bank, same ROW address: When another read command is executed at the same ROW address
of the same bank as the preceding read command execution, the second read can be performed after an
interval of no less than 1 clock. Even when the first command is a burst read that is not yet finished, the data
read by the second command will be valid.

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

Command

Address _ X row X XColumn AGolumn &
BS \ ! / \ ,

|
i T e
Dout : ot AOYout BOYou 5ot BEXout B
Banko Column=A Column=B Column=A Column=B CAS Latency =3
Active Read Read Dout Dout Burst Length = 4

Bank O

2. Same bank, different ROW address: When the ROW address changes on same bank, consecutive read
commands cannot be executed; it is necessary to separate the two read commands with a precharge command
and a bank-active command.

3. Different bank: When the bank changes, the second read can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank-active state. Even when the first command is a burst
read that is not yet finished, the data read by the second command will be valid.

READ to READ Command Interval (different bank)

CLK I | |
Command “XaEToX YTV XFEROXEERD |
Address X owo XX o XGotm Yeaurn

1 1 1
1 1 L
s\ L 7NN
1 1 [ 1
1 1 1 | ! !
Dout T T T T out AOXout BOXout B1)Xout B2Xout B3

! . H i 1 '

Banko Bank3 Bank0 Bankd Banko Bank3 CAS Latency =3

Active Active Read Read Dout  Dout Burst Length = 4

HITACHI
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Write command to Write command interval:

1. Same bank, same ROW address: When another write command is executed at the same ROW address
of the same bank as the preceding write command, the second write can be performed after an interval of no
less than 1 clock. In the case of burst writes, the second write command has priority.

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

CLK
Command XESTYX__ XWATXWAT)

Din (in A0 Xin Bo Xin 81 Xin B2 Xin B3
j 0 1
Bank0  Column=A Column =B Burst Write Mode
Active Write Write Burst Length =4
Bank O

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands
cannot be executed; it is necessary to separate the two write commands with a precharge command and a
bank-active command.

3. Different bank: When the bank changes, the second write can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank-active state. In the case of burst write, the second
write command has priority.

WRITE to WRITE Command Interval (different bank)

Command :)(AC'II'VD(ACITVXWFI{IT XWFIHTX

.
Address

Bs_ N2/ /" \_L/ I\

Din —— s
Bank0 Bank3 BankO Bank3 Burst Write Mode
Active Active Write  Write Burst Length = 4

HITACHI
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Read command to Write command interval:

1. Same bank, same ROW address: When the write command is executed at the same ROW address of the
same bank as the preceding read command, the write command can be performed after an interval of no less
than 1 clock. However, DQM, DQMU/DQML must be set High so that the output buffer becomes High-Z
before data input.

READ to WRITE Command Interval (1)

Command YXREADXWRITX

DQM, | CL=2 / \ /
DQMU
/DQML CL=3 \ /7

Din (in Bo Xin B1 Xin B2 Xin B3 }————

" Burst Length = 4
High-Z — !
Dout ) = 4 Burst write

READ to WRITE Command Interval (2)

CLK | |

|
Command YREADX XWRITX
T I
| |
DQM, —/\ A ——
DQMU/DQML 2 clock —
|
CL=2 Xz
Dout LM
High-Z
CcL=3 C X ——=2
|
Din C X X X

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands
cannot be executed; it is necessary to separate the two commands with a precharge command and a bank-
active command.

3. Different bank: When the bank changes, the write command can be performed after an interval of no less
than 1 cycle, provided that the other bank is in the bank-active state. However, DQM, DQMU/DQML must
be set High so that the output buffer becomes High-Z before data input.

HITACHI
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Write command to Read command interval:

1. Same bank, same ROW address: When the read command is executed at the same ROW address of the
same bank as the preceding write command, the read command can be performed after an interval of no less
than 1 clock. However, in the case of a burst write, data will continue to be written until one clock before the
read command is executed.

WRITE to READ Command Interval (1)

N R R O O O
o X

ow| |1 L_| |

1
1
Command X WRIT X RE
DQM, \
DQMU/DQML

>

JE EEE N R V) . —

Dout < out BO X out B1 X out B2 X out B3 }—m—
Column = A : < — i CAS Latency Burst Write Mode

Write Column =B Column = B CAS Latency =2

Read Dout Burst Length = 4

Bank 0

WRITE to READ Command Interval (2)

ew| L L1 L 1 0 4 L L1 L1 LIl
Command X WRIT X X REIAD X

Daw, —————\ !
DQMU/DQML :

I
I
Dout i
1

V4 >7
{ c:ut BO X out B1 X out B2 X out B3
1 1 1
Column = A Burst Write Mode
Write ' 'CAS Latency CAS Latency = 2
Column =B Column=B Burst Length = 4
Read Dout Bank 0

2. Same bank, different ROW address: When the ROW address changes, consecutive read commands
cannot be executed; it is necessary to separate the two commands with a precharge command and a bank-
active command.

3. Different bank: When the bank changes, the read command can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank-active state. However, in the case of a burst write,
data will continue to be written until one clock before the read command is executed (as in the case of the
same bank and the same address).

HITACHI
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Read with auto precharge to Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. Even when the first read with auto-precharge is a burst read that is not yet finished, the data read by
the second command is valid. The internal auto-precharge of one bank starts at the next clock of the second
command.

Read with Auto Precharge to Read Command Interval (Different bank)

\

ol LT 10 [/ [’ >1 °L@I ©*$7T 1
Command E:X READ A X X _READ X
BS— \ | [/ /T , , ,
Dout | ! ! : { out AO X out AT X out BO X out B X
bank0 bank3
Read A Read CAS Latency =3

Burst Length = 4

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

2. Same bank: The consecutive read command (the same bank) is illegal.
Write with auto precharge to Write command interval

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. In the case of burst writes, the second write command has priority. The internal auto-precharge of
one bank starts at the next clock of the second command .

Write with Auto Precharge to Write Command Interval (Different bank)

el LTI 7 17 /I °1 [I "$1_71" |
Command | XWRITA X______ X WRIT_X___ ' ' '

BST N\ |/ /7 \

Din—— inA0 X inA1 X inBO X inB1 X inB2 X inB3 )—m—"——
bank0 bank3
Write A Write Burst Length = 4

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

2. Same bank: The consecutive write command (the same bank) is illegal.

HITACHI a1
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Read with auto precharge to Write command interval

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. However, DQM, DQMU/DQML must be set High so that the output buffer becomes High-Z before
data input. The internal auto-precharge of one bank starts at the next clock of the second command.

Read with Auto Precharge to Write Command Interval (Different bank)

ok LT LT [ LI 1L LI 11T
Command i:XREAD AX WRIT X I I | I I

BSTN\ L/ \

pam,(CL=277 1 \

DQMU/DQML[ cL-3 —\

Dinl—:(lnéo XinB1 Xinll32 XinBS ),

—
Dout : 7

7N

bank0 bank3 Burst Length = 4
Read A Write

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

2. Same bank: The consecutive write command from read with auto precharge (the same bank) is illegal. It
is necessary to separate the two commands with a bank active command.
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Write with auto precharge to Read command interval

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. However,in case of a burst write, data will continue to be written until one clock before the read
command is executed. The internal auto-precharge of one bank starts at the next clock of the second
commangd.

Write with Auto Precharge to Read Command Interval (Different bank)

¥

o[ LI 1 [ | [ I/ L 1 L=
Command ___XWRIT AX_READ X
BS | : —\
DQM, | i ! 5 i i : / ' '
DQMU/DQML ; ; i ; i i ; . .
Din —(in A0 )— ? | | i | |
Dout ! ; ; ; ; {out BO XoutB1 XoutB2 XoutB3 —
bank0 bank3 CAS Latency =3
Write A Read Burst Length = 4

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

2, Same bank: The consecutive read command from write with auto precharge (the same bank) is illegal. It
is necessary to separate the two commands with a bank active command.

HITACHI
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Read command to Precharge command interval (same bank):

When the precharge command is executed for the same bank as the read command that preceded it, the
minimum interval between the two commands is one clock. However, since the output buffer then becomes
High-Z after the clocks defined by l,p, there is a case of interruption to burst read data output will be
interrupted, if the precharge command is input during burst read. To read all data by burst read, the clocks
defined by lg, must be assured as an interval from the final data output to precharge command execution.

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

CAS Latency = 2, Burst Length = 4

I
| 1
T
1
I
1
1
1

e | L L1 LI |
|
|
Command X READ X
1 1

I
I
I
1
Dout { out A0 X out A1 X out A2 X out A3 )
! \ /

T T T
I 1 |

X PRE/PALL X

lgp =-1cycle

e [ L[ LI L LI 1
Command X READ X

1
I
I
I

Dout ({ out AQ X out A1 X out A2 X out A3 )
: - , —
1

I 1 I

CL=3 |Ep = -2 cycle

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

CAS Latency =2, Burst Length=1,2,4, 8

e | L [ 0 - 1 - L = I L |
Command X READ XPHE/PALLX

I
|
1
1
1 ]
1 1
i /——\ HighZ
Dout X out A0 X
| |

e [ LI L4 LI LI 1
Command X READ XPHE/PALL X

1

1

i /——\ High-Z
Dout X out AQ *

1

1
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Write command to Precharge command interval (same bank): When the precharge command is executed
for the same bank as the write command that preceded it, the minimum interval between the two commands is
1 clock. However, if the burst write operation is unfinished, the input data must be masked by means of
DQM, DQMU/DQML for assurance of the clock defined by tpp;.

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

[ - [/ - 0 =4 4 7 L7 LI 1
! l
Command i X WRIT XPRE/PALLX
! '
DQM : :
DAMU/DQML L/ !
|
1
1
I
I

CLK [ ]

e | L LI |

!
Command X WRIT X i XPRE/PALLX
1
1
1
1
I

Din 4< in A X in A1 X in A2 X in A3 >

tppL
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Bank active command interval:
1. Same bank: The interval between the two bank-active commands must be no less than tgc.

2. In the case of different bank-active commands: The interval between the two bank-active commands

must be no less than tygp.

Bank Active to Bank Active for Same Bank

s\ |/

i tre i
Bank 0 Bank 0
Active Active

Bank Active to Bank Active for Different Bank

o || L L] [_]

Command

Address

tRRD !
Bank 0 Bank 3
Active Active
HITACHI
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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 1y, .

Command >< MFI{S >< AClTV ><
Address >< CODE ><BS & ROW><

Mode Bank
Register Set  Active

HITACHI
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DQM Control

The DQM mask the DQ data. The DQMU and DQML mask the upper and lower bytes of the DQ data,
respectively. The timing of DQMU/DQML is different during reading and writing.

Reading: When data is read, the output buffer can be controlled by DQM, DQMU/DQML. By setting
DQM, DQMU/DQML to Low, the output buffer becomes Low-Z, enabling data output. By setting DQM,
DQMU/DQML to High, the output buffer becomes High-Z, and the corresponding data is not output.
However, internal reading operations continue. The latency of DQM, DQMU/DQML during reading is 2
clocks.

Writing: Input data can be masked by DQM, DQMU/DQML. By setting DQM, DQMU/DQML to Low,
data can be written. In addition, when DQM, DQMU/DQML is set to High, the corresponding data is not
written, and the previous data is held. The latency of DQM, DQMU/DQML during writing is O clock.

Reading

1 1
DQM, / \ :

DQMU/DQML ' .
I H|gh-Z
DQ (output) { outo X outt
| I
\ lpop =2 Latency |
Writing
]
oLk L] | |
1
DQM, / : \
DQMU/DQML '
1

DQ (input) ino X _in1 X X ing p——

Ipip =0 Latency

HITACHI
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Refresh

Auto-refresh: All the banks must be precharged before executing an auto-refresh command. Since the auto-
refresh command updates the internal counter every time it is executed and determines the banks and the
ROW addresses to be refreshed, external address specification is not required. The refresh cycle is 8192
cycles/64 ms. (8192 cycles are required to refresh all the ROW addresses.) The output buffer becomes High-
Z after auto-refresh start. In addition, since a precharge has been completed by an internal operation after the
auto-refresh, an additional precharge operation by the precharge command is not required.

Self-refresh: After executing a self-refresh command, the self-refresh operation continues while CKE is held
Low. During self-refresh operation, all ROW addresses are refreshed by the internal refresh timer. A self-
refresh is terminated by a self-refresh exit command. Before and after self-refresh mode, execute auto-refresh
to all refresh addresses in or within 64 ms period on the condition (1) and (2) below.

(1) Enter self-refresh mode within 7.8 s after either burst refresh or distributed refresh at equal interval to all
refresh addresses are completed.

(2) Start burst refresh or distributed refresh at equal interval to all refresh addresses within 7.8 us after exiting
from self-refresh mode.

Others

Power-down mode: The SDRAM enters power-down mode when CKE goes Low in the IDLE state. In
power down mode, power consumption is suppressed by deactivating the input initial circuit. Power down
mode continues while CKE is held Low. In addition, by setting CKE to High, the SDRAM exits from the
power down mode, and command input is enabled from the next clock. In this mode, internal refresh is not
performed.

Clock suspend mode: By driving CKE to Low during a bank-active or read/write operation, the SDRAM
enters clock suspend mode. During clock suspend mode, external input signals are ignored and the internal
state is maintained. When CKE is driven High, the SDRAM terminates clock suspend mode, and command
input is enabled from the next clock. For details, refer to the "CKE Truth Table".

Power-up sequence: The SDRAM should be goes on the following sequence with power up.

The CLK, CKE, CS, DQM, DQMU/DQML and DQ pins keep low till power stabilizes.

The CLK pin is stabilized within 100 s after power stabilizes before the following initialization sequence.
The CKE and DQM, DQMU/DQML is driven to high between power stabilizes and the initialization
sequence.

This SDRAM has V. clamp diodes for CLK, CKE, CS DQM, DQMU/DQML and DQ pins. If these pins go
high before power up, the large current flows from these pins to V. through the diodes.

Initialization sequence: When 200 ps or more has past after the above power-up sequence, all banks must be
precharged using the precharge command (PALL). After typ delay, set 8 or more auto refresh commands
(REF). Set the mode register set command (MRS) to initialize the mode register. We recommend that by
keeping DQM, DQMU/DQML and CKE to High, the output buffer becomes High-Z during Initialization
sequence, to avoid DQ bus contention on memory system formed with a number of device.
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Power up sequence

Initialization sequence

, 100 pus E 200 ps .
Voo, VecQ _OV_ L4 | ) )
CKE, DQM, [ ow N [ : ) : )
DQMU/DQML r : |
CLk —Low i | R B Y
cs, DQ _Low L | i ) | 5)
Power stabilize
Absolute Maximum Ratings
Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg V; -0.5to Vo + 0.5 \ 1
(£ 4.6 (max))
Supply voltage relative to Vg Vee —-0.5t0 +4.6 \% 1
Short circuit output current lout 50 mA
Power dissipation P; 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55t0 +125 °C
Note: 1. Respectto Vg
DC Operating Conditions (Ta =0 to +70°C)
Parameter Symbol Min Max Unit Notes
Supply voltage Veor VecQ 3.0 3.6 \ 1,2
Vs, VesQ 0 0 \ 3
Input high voltage Vi 2.0 Ve + 0.3 \ 1,4
Input low voltage V. -0.3 0.8 \'% 1,5

Notes: 1. All voltage referred to Vg

Vy (max) = Vg + 2.0 V for pulse width < 3 ns at V..
V,. (min) = Vg — 2.0 V for pulse width < 3 ns at V.

ok wd

HITACHI
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V./Vy Clamp

This SDRAM has V;; and V; clamp for CLK, CKE, CS, DQM and I/O pins.

Minimum V; Clamp Current

Vi (V) I (mA)
2 -32
-1.8 —25
-1.6 -19
-1.4 -13
—1.2 -8
—1 —4
-0.9 -2
-0.8 -0.6
-0.6 0
-0.4 0
0.2 0

0 0

ViL (V)

HITACHI
42

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HMS5251165B/HM5251805B/HMS5251405B-75/A6/B6

Minimum V;; Clamp Current

Vi (V) 1 (mA)
Voo +2 10
Ve +1.8 8
Voo + 1.6 55
Voo + 1.4 35
Voo + 1.2 1.5
Vo + 1 0.3
Ve + 0.8 0
Ve +0.6 0
Ve +0.4 0
Vo + 0.2 0
Ve + 0 0
10

_ 8r

E of

= A

ol
os----- -, [ EETERY EEEET L
Vee + 0 Vee + 0.5 Vee + 1 Vee +1.5 Vee + 2
Vin (V)
HITACHI
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I, /I,y Characteristics

Output Low Current (I;)

IOL IOL

Vout (V) Min (mA) Max (mA)
0] 0 0
04 27 71
0.65 41 108
0.85 51 134
1 58 151
1.4 70 188
1.5 72 194
1.65 75 203
1.8 77 209
1.95 77 212
3 80 220
3.45 81 223
250
4r———l
200
T 150
~ ==0--min
e
--8-- max
100
—{O0——0
50
0 L 1
25 3 35
Vout (V)
HITACHI
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Output High Current (I,;) (Ta=01t0+70°C, Ve, VecQ =3.0V 10345V, Vi, Vi Q =0V)

IOH IOH

Vout (V) Min (mA) Max (mA)
3.45 — -3
33 — -28
3 0 -75
2.6 —21 —-130
24 -34 -154
2 -59 -197
1.8 -67 —227
1.65 -73 —248
1.5 —78 —270
1.4 -81 —285
1 -89 -345
0 -93 -503

—200

--0--min

lon (MA)

-300 --E--max

-400

—-600

Vout (V)
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DC Characteristics (Ta = 0 to +70°C, V., V,.Q =33V 03V, V., V.,Q=0V)

(HM5251165B)
HM5251165B
-75 -A6 -B6

Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current Burst length = 1 1,2,3

(CAS latency = 2) lecs — 220 — 190 — 150 mMA tg.=min

(CAS latency = 3) lecs — 220 — 190 — 190 mA
Standby current in power e — 6 — 6 — 6 mA CKE=V,, 6
down tek =12 ns
Standby current in power  lcps — 4 — 4 — 4 mA CKE=V ty=w 7
down (input signal stable)
Standby current in non lecan — 40 — 40 — 40 mA CKE,CS =V, 4
power down tex =12 ns
Standby current in non lecons — 18 — 18 — 18 mA CKE=Vty,=o 9
power down (input signal
stable)
Active standby currentin = lgese — 8 — 8 — 8 mA CKE=V,, 1,2,6
power down tek=12ns
Active standby currentin = lgeaps — 6 — 6 — 6 mA CKE=Vti=x 2,7
power down (input signal
stable)
Active standby currentin = lgcqy — 60 — 60 — 60 mA CKE,CS=V, 1,2,4
non power down tek=12ns
Active standby currentin = lgoans — 30 — 30 — 30 mA CKE=Vti=«w 2,9
non power down (input
signal stable)
Burst operating current

(CAS latency = 2) leca — 200 — 200 — 150 mMA t,=min,BL=4 1,2,5

(CAS latency = 3) loca — 270 — 200 — 200 mA
Refresh current lecs — TBD — TBD — TBD mA tg,=min
Self refresh current locs — 6 — 6 — 6 mA V,2V, -02V

V.02V
Self refresh current lecs — TBD — TBD — TBD mA
(L-version)
Input leakage current I, -1 1 -1 1 —1 1 HA 0<Vin £V
Output leakage current lo -15 15 -15 15 -15 15 pA 0 < Vout <V
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 mA
Output low voltage Voo — 04 — 04 — 04 V lo =4 mA
HITACHI
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DC Characteristics (Ta = 0 to +70°C, V., V,cQ =33V 03V, V., V,,Q=0V)

(HM5251805B)
HM5251805B
-75 -A6 -B6

Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current Burst length = 1 1,2, 3

(CAS latency = 2) lecs — 220 — 190 — 150 mMA tg.=min

(CAS latency = 3) loct — 220 — 190 — 190 mA
Standby current in power e — 6 — 6 — 6 mA CKE=V,, 6
down tex =12 ns
Standby current in power | cpeg — 4 — 4 — 4 mA CKE=V ty=w 7
down (input signal stable)
Standby current in non locon — 40 — 40 — 40 mA  CKE, CS =V,, 4
power down tex =12 ns
Standby current in non lecons — 18 — 18 — 18 mA CKE=V,,t,=« 9
power down (input signal
stable)
Active standby current in locar — 8 — 8 — 8 mA CKE=V,, 1,2,6
power down tex =12 ns
Active standby currentin = lgeaps — 6 — 6 — 6 mMA CKE=Vty=x 2,7
power down (input signal
stable)
Active standby currentin = I gay — 60 — 60 — 60 mA CKE,CS=V, 1,2,4
non power down tek=12ns
Active standby currentin = lgeans — 30 — 30 — 30 mMA CKE=Vti=« 2,9
non power down (input
signal stable)
Burst operating current

(CAS latency = 2) leca — 190 — 190 — 140 mA t,=min,BL=4 1,2,5

(CAS latency = 3) leca — 260 — 190 — 190 mA
Refresh current lecs — TBD — TBD — TBD mA tg,=min
Self refresh current lecs — 6 — 6 — 6 mA V,2V,-02V

V. <02V
Self refresh current lecs — TBD — TBD — TBD mA
(L-version)
Input leakage current I, -1 1 -1 1 -1 1 HA  0<Vin <V
Output leakage current lo -15 15 -15 15 -15 15 pA 0 < Vout <V,
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 mA
Output low voltage Voo — 04 — 04 — 04 V lo =4 mA
HITACHI
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DC Characteristics (Ta = 0 to +70°C, V., V,cQ =33V 03V, V., V,,Q=0V)

(HM5251405B)
HM5251405B
-75 -A6 -B6

Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes
Operating current Burst length = 1 1,2, 3

(CAS latency = 2) lecs — 220 — 190 — 150 mMA tg.=min

(CAS latency = 3) loct — 220 — 190 — 190 mA
Standby current in power e — 6 — 6 — 6 mA CKE=V,, 6
down tex =12 ns
Standby current in power | cpeg — 4 — 4 — 4 mA CKE=V ty=w 7
down (input signal stable)
Standby current in non locon — 40 — 40 — 40 mA  CKE, CS =V,, 4
power down tex =12 ns
Standby current in non lecons — 18 — 18 — 18 mA CKE=V,,t,=« 9
power down (input signal
stable)
Active standby current in locar — 8 — 8 — 8 mA CKE=V,, 1,2,6
power down tex =12 ns
Active standby currentin = lgeaps — 6 — 6 — 6 mMA CKE=Vty=x 2,7
power down (input signal
stable)
Active standby currentin = I gay — 60 — 60 — 60 mA CKE,CS=V, 1,2,4
non power down tek=12ns
Active standby currentin = lgeans — 30 — 30 — 30 mMA CKE=Vti=« 2,9
non power down (input
signal stable)
Burst operating current

(CAS latency = 2) leca — 190 — 190 — 140 mA t,=min,BL=4 1,2,5

(CAS latency = 3) leca — 260 — 190 — 190 mA
Refresh current lecs — TBD — TBD — TBD mA tg,=min
Self refresh current lecs — 6 — 6 — 6 mA V,2V,-02V

V. <02V
Self refresh current lecs — TBD — TBD — TBD mA
(L-version)
Input leakage current I, -1 1 -1 1 -1 1 HA  0<Vin <V
Output leakage current lo -15 15 -15 15 -15 15 pA 0 < Vout <V,
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V loy =—4 mA
Output low voltage Voo — 04 — 04 — 04 V lo =4 mA
HITACHI

48

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HMS5251165B/HM5251805B/HMS5251405B-75/A6/B6

Notes:

1.

©® NN

l.c depends on output load condition when the device is selected. I, (max) is specified at the
output open condition.

One bank operation.

Input signals are changed once per one clock.
Input signals are changed once per two clocks.
Input signals are changed once per four clocks.
After power down mode, CLK operating current.
After power down mode, no CLK operating current.
After self refresh mode set, self refresh current.
Input signals are V,, or V, fixed.

Capacitance (Ta=25°C, V., V., .Q=33V+0.3V)

Parameter Symbol Min Max Unit Notes
Input capacitance (CLK) C, 2.5 7 pF 1,2,4
Input capacitance (Input) C. 2.5 7 pF 1,2, 4
Output capacitance (DQ) Cs 4 8 I 1,2,3,4

Notes:

1.
2.
3.
4. This parameter is sampled and not 100% tested.

Capacitance measured with Boonton Meter or effective capacitance measuring method.
Measurement condition: f =1 MHz, 1.4 V bias, 200 mV swing.
DQM, DQMU/DQML = V, to disable Dout.

HITACHI
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AC Characteristics (Ta =0 to +70°C, V., V,.Q=33V 03V, V,, V,,Q=0V)

HM5251165B/
HM5251805B/
HM5251405B
-75 -A6 -B6
HITACHI PC/100
Parameter Symbol Symbol Min Max Min Max Min  Max Unit Notes
System clock cycle time
(CAS latency = 2) tex Telk 10 — 10 — 15 — ns 1
(CAS latency = 3) tex Telk 75 — 10 — 10 — ns
CLK high pulse width tokn Tch 25 — 3 — 3 — ns 1
CLK low pulse width to Tel 25 — 3 — 3 — ns 1
Access time from CLK
(CAS latency = 2) tac Tac — 6 — — ns 1,2
(CAS latency = 3) tac Tac — 54 — — ns
Data-out hold time tou Toh 27 — — — ns 1,2
CLK to Data-out low t, 2 — — — ns 1,2,3
impedance
CLK to Data-out high t.2 — 5.4 — 6 — 6 ns 1,4
impedance
(CAS latency = 2, 3)
Input setup time tass tess tos, TSI 1.5 — 2 — 2 — ns 1,5,6
tees
CKE setup time for power  t.qp Tpde 15 — 2 — 2 — ns 1
down exit
Input hold time tans tem tow, Thi 08 — 1 — 1 — ns 1,5
toen
Ref/Active to Ref/Active tec Tre 675 — 70 — 70 — ns 1
command period
Active to Precharge teas Tras 45 120000 50 120000 50 120000 ns 1
command period
Active command to column  tg, Tred 20 — 20 — 20 — ns 1
command (same bank)
Precharge to active tee Trp 20 — 20 — 20 — ns 1
command period
Write recovery or data-into  ty, Tdpl 15 — 20 — 20 — ns 1
precharge lead time
Active (a) to Active (b) taro Trrd 15 — 20 — 20 — ns 1
command period
Transition time (rise and fall) t; 1 5 1 5 1 5 ns
Refresh period trer — 64 — 64 — 64 ms
HITACHI
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Notes: 1. AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.5 V.
2. Access time is measured at 1.5 V. Load condition is CL = 50 pF.
3. t,, (min) defines the time at which the outputs achieves the low impedance state.
4. t,, (max) defines the time at which the outputs achieves the high impedance state.
5. . define CKE setup time to CLK rising edge except power down exit command.
6. t.o/tay: Address, to/tey: CS, RAS, CAS, WE, DQM, DQMU/DQML.
toe/toy: Data-in, teee/teey: CKE.

Test Conditions

¢ Input and output timing reference levels: 1.5V

¢ Input waveform and output load: See following figures

24V

input m Vo
0.4v 28V

Lo CL
[ |

bt ty
HITACHI
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Relationship Between Frequency and Minimum Latency

HM5251165B/
HM5251805B/
HM5251405B
Parameter -75 -A6/B6
Frequency (MHz) 133 100
HITACHI PC/100
te (nS) Symbol Symbol 7.5 10 Notes
Active command to column command laco 3 2 1
(same bank)
Active command to active command lnc 9 7 = [lpas+ lrel
(same bank) 1
Active command to precharge command lras 6 5 1
(same bank)
Precharge command to active command Iae 3 2 1
(same bank)
Write recovery or data-in to precharge IopL Tdpl 2 2 1
command (same bank)
Active command to active command larp 2 2 1
(different bank)
Self refresh exit time lsrex Tsrx 1 1 2
Last data in to active command lapw Tdal 5 4 = [lpp + lrp)
(Auto precharge, same bank)
Self refresh exit to command input lsec 9 7 = [lgc]
3
Precharge command to high impedance
(CAS latency = 2) luzp Troh
(CAS latency = 3) lizp Troh
Last data out to active command lapr
(Auto precharge, same bank)
Last data out to precharge (early precharge)
(CAS latency = 2) lep —1 —1
(CAS latency = 3) lep -2 -2
Column command to column command leco Teed 1 1
Write command to data in latency lweo Tdwd 0 0
DQM to data in loio Tdgm 0 0
DQM to data out lboo Tdgz 2 2
CKE to CLK disable lore Tcke 1 1
Register set to active command lnsa Tmrd 1 1
HITACHI

52

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HMS5251165B/HM5251805B/HMS5251405B-75/A6/B6

HM5251165B/

HM5251805B/

HM5251405B
Parameter -75 -A6/B6
Frequency (MHz) 133 100

HITACHI PC/100

tec (ns) Symbol Symbol 7.5 10 Notes
CS to command disable leop 0 0
Power down exit to command input loec 1 1

Notes: 1. Izep to Izgp are recommended value.
2. Be valid [DESL] or [NOP] at next command of self refresh exit.
3. Except [DESL] and [NOP]

HITACHI
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Timing Waveforms

Read Cycle
tek
LokH oKL
ax /N M S
—
CKE " tras trp
treD

teH

0

17
6“
Im
|
=

: ié’
%)
I}
=

rLI'.-«
%
»

Bigigh
1

tcH 1

e s

1
[

>
T
5
»
5
T
=
»
-
»
T

tas| taH .
BS j It | 7 )
tas| taH tas| taH
tas| tan J tas| taH ard
A10 t. N —/!/
tas| tan tas| tan ‘ ‘ ‘ ‘ tas| tan
Address ; % )E 3(
tcs tch
DQM, \ /
DQMU/DQML i |
DQ (input)
tac tac tac thz
DQ (output
(output) o !
i toH toH ton toH CAS latency = 2
Lz
Bank 0 Bank O Bank 0 Burst length = 4
Active Read Precharge Bank 0 access

CI=Vinor Vi

HITACHI
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Write Cycle
tek
tekH tokL
CLK —/_\—//_K—//_\—/,_\—/,_\—/m,t_Ro\_/_\_//_\_/_\_/_\—/_\_/,_\_
—V
CKE " tras trp

trep

tcs| tcH tcs| teH tcs| tcH tcH

teH
tcH

0

7]
ir’fitﬁ'
2] 2

Jrd

tcH tcs
tcH

B

iy
i

7¢

tcH

tcs| tcH tch

st E B
NN

3
7¢_L

tAH tAH

|

tas| taH tas| taH
BS i

tas| taH ‘ ‘ ‘

tas| taH
A10

tas| tAH tas| taH ‘ ‘ ‘

Address )E

Y

tAH
tAH

Ll
.

T s j Ntz [Ta 71

tAH

Y
o

Ui
o

T

tcH
DQM,
DQMU/DQML
tps| ton_os| ton fos|to [ios| tow
DQ (input) >’< * * SII
topL
DQ (output)
Bank 0 Bank 0 Bank 0 CAS latency = 2
Active Write Precharge Burst length = 4
Bank 0 access
[CJ=Vinorvy

HITACHI
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Mode Register Set Cycle

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

CKEAI\/IHI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SN TN TN TN PN

RAS \' / N  / /T \ /T \ \' /

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

cas —_ 7T\ \! /T \ N [N\ [ 7\

WE \' / \. /7 \ /7 N\ /7 \ \' /

BS \_/T\ N 77\ 77\

DQM, I I | I I | /—
paMUDAML ———————————— | N\ :
DQoutput) ————+—+——1 1L L(hyt (i W b Yot Yo )

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQ (input) = | ! ! — ! ! — High-Z — | 5 | 5 . | i "
e A o A A S e e S N S SN SN A
Prec‘harge " Mod B: +k 3 Ao B: ‘k 3 Output mask I RCD =3
ode an an CAS latency = 3
If needed 'Sefft'Ste’ Active Read Burst length = 4
[CJ=VinorViL

Read Cycle/Write Cycle

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CLK |

CKE™ Vil 77+ 1 1 1 1 1 1 o1 1 1o 44
(S i 1 1 | 1 i 1 1 : i 1 1 | 1 i | 1 | \: /1 1
I I i I L I I I | L I I L
rRaAS T\ / 7\ / 7\__/ 77\ \I_/
s LN N LN NN N LN TN
WE__/, \1—.—/: N/t /1 L /| P\ —\ /£
Bs—\: \| / 7T\, \L_/ 7T\ N
Address . XCa -GE . . . (C:6X__XC:6) T T T T T T
DaMUBGNIL ' LNy
DQ (output) —————————— 5 '
DA (input) : Balnko : : BalnkO : Baln_kS : ! Bank3 Bank0 ! Bank3 : Bank 3 : : : Bank3 ! :
: Aclllve : : Relad : Aclllve : : Reafi Prfechargei : elad : Relad : : : Prechargé :
OKE — g
TN AL A A

—\ [ 1 1 [ [ 1 1 [ [ 1 1 [ /_._._._
paMuBaMl ——————— N\ D. T — e e e
I I I I I 1 I I I 1 I I L I I I I I I I I
DQ (output) | [ [ | | 1 | | | 1 [ | | | [ | | | [ | | |
DAQ (input) | | | | o | | | |
1 [ 1 1 T T T T 1 T T T T T T T T T T 1 1
Bank 0 Bank 0 Bank 3 Bank 3 Bank 0 Bank 3 Bank 3 Bank 3
Active Write Aclive Write Precharge Write Write Precharge

Read cycle
RAS-CAS delay =3
CAS latency = 3
Burst length = 4
Cd=Viqor Vi

Write cycle
RAS-CAS delay =3
CAS latency =3
Burst length = 4
[Cd=VimorviL
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Read/Single Write Cycle

0 1 2 3 4 5 6 7 8 9 i0 11 12 13 14 15 16 17 18 19 20

AL N N N A R A N R R A AN A AN
s TN TN T T 7T TN/ T T T NN
Ras "\ /7T N \__/ 7T\ /N[
O B W V/A/{ S U —— R A" R W £

— | W

i
E
q
g
)

BS N\ / N\ /7T NN\ [N [T\
Address GE@!D

a
v

DQM, : Lo /—‘_‘_'—\. oo /“_‘_‘_‘_
DOMU/D.QML T [ I 1 [ T 7 7 T T T T /Jl_\ T 7 T T 7 I [ I I
S O T R T T R e e s e iy e R S S EEY B
DQ (output) 1 1 1 1 1 1 | a MM a+3 1 1 | 1 1
! Banko | ! Banko | Bank3 | ! ! ! ! Bank0 Bank0 ! ! ! ! Bank0 | Bank3 |
: Active : : Read : Active : : : : : Write  Read : : : : Prechavge: Precharge :
| i ! 1 i ! ! 1 ! ! ! ! i ! ! ! ! ! i ! ! !
CKE™ M T T 1 1 1 1 1 1 o 1 1 o 1 T
| I | | | | 1 | I | ! | 1 | I I 1 | I |
es TN/ NN/ T T T NN LT TN T
L | " ! " " | . . . . L " " . n L L | L L L
RAS \, / /i ./ / \_/

1
1
1
|
1
|
|
L
Address —_YraX____ XCaX_X&D) (CaX_XCBXCD)

DaM, \ L /N /S N\ | /
DQM U/DQML 1 1 | I 1 I | : 1 | I 1 | I I I 1 | I
DQ(npu) ———————————— T T T e e X
DAQ (output) ——————————— —
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 I 1 1 1
Bank 0 Bank 0 Bank 3 Bank 0 Bank 0 Bank 0 Bank 0

Aclive Read Active Write Write  Write Precharge

Read/Single write

RAS-CAS delay = 3
CAS latency =3
Burst length = 4
C=ViHor VL

HITACHI
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Read/Burst Write Cycle

U .
03
T --m NO T T 1T 1Tnnnnrrore
— NI T T 0 TN NUNN T T "
cg o8
et --—-t--H H F-- 68 - d-——-J--Jd-——-1--H H F-F--}-- £
A A @ AN A A a8
/ ™
I I 1 N O 1 O I O
N
[aY} 3]
+ +
i (gl 1] el
~— N
L gl 1] 8l
PN RN
..... ok Hel Logg o120 | - L
A A :H u\ NENEN ﬁ < o
x 0
JE T R ) RO MDY N FEN S S O -- -
A A A g az
] [\)
__1__ | I I s O R Lo+l
) T o
SO 1 U Y Y Y I O I 388 -4-1- i
S tu Y L m ........... L =L
W @
R - L L Ll F--F-F-l|l----4--4- -1 4 Fb-—-F-| @
g N1 L m
m 22 ; m 22
| g --- ......... ' N i | NG --ﬁ.- .......... 83
m u u ﬁ\ . N ~N ﬁ A o
||||| NI | NI N (&) L - - 58 -do 4 J4---_}]|O L _b-_fb-.5¢
d N AN A @
--u./\\/'. .............. M-/\\/' ........
m 22 m £2
TOANKNAS] [T 8T AN A [T 82
>

w wv v v N DNad & = L v v v N Do =
Y382 258 825% Y 0% 2F 8 §3553
Y2 S o522 & ® J 5902 &
..mDDﬁ\w MDDﬁ\w
< S5g = < 50 =
MDm MDm

o] o]

[a] [a]

3

3
4

ViHor VL

RAS-CAS delay

CAS latency
Burst length

]

Read/Burst write

HITACHI
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Auto Refresh Cycle

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CLK 1 1 1 1 ! 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1
CKE _:- v 1 I I ! 1 I 1 1 I I I 1 I I I 1 I I 1 1 I
1 1H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i 1 i i i i i i I i 1 i 1 i i i 1 i I I i i
ST N DN T T TN N
1 I j M " " L " | . . . . . | " ! L " "
RAS \' / \' / \' / \! / / \
| 1 | | I 1 | | 1 | 1 | 1 | | | 1 | 1 1 | |
T ! 1 T 1
CAS [ /: \I [ \: /I [ [ 1 [ \: /I 1 [ [ I /: \I \: /I 1 1
1
WE T \: /I T /: \I T T T T /: \I T T T T /: \'l_/: \1_|_|_
N S 250 (S A—
e
) 1 1 1 i
DQMU/DQML T T T T T T T T T T T T T T T T T T \ : : : :
pa (ivpu) ———t—t————
1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1
DQ (output) : : L L : L L L 1 L : Hidh-Z — L L L L : : : a a+1
O A R - A S S
Poogg AR Auto Rt Kbt B Readcyos
RAS-CAS delay =2
CAS latency = 2
Burst length = 4
= Vinorvi

Self Refresh Cycle

1 I | 1
SRS Ty T 3 4 S Iy Iy
! 1 1 1 ®ilspexT™ 1 1 1 ' ! i 1 ! 1 1
oke T N N S
s TN/ T\ Z 1§ T TN T N
1 H . H . H L L H
ras N/ A 1§ W\ /3 N\ /
! | | 1 [ [ ! ! ! ! L | ! ! !
exs TN Y a— T\ /S \! /
: | | : [ [ | | : ' [ | : 1 [ [
WE N/ /0N ) . ——/r N\ 7 V41—
: ! 1 1 : 1 : [ 1 ! : 1 : 1 1 1 !
Bs XX ) ) 5
! | | 1 [ [ | 1 | ! 1 | | Il ! |
1 1 L 1l I 1 1 1 1 1
Address 16 (¢ (¢ .
DQM, L ! ! 1 [ [ 1 1 ! ! ! L ! Il ! !
DOMU/D_QML ! 1 | I “ [ [ Ss 1 ] SS ] 1 § ] [ 1 ]
DQ (input) —— {5 S ) A
DQ (output) T n n - T 0 = High-Z ((— ] 1§ . T T T T
: trp I‘ | ' It j ‘ ‘ ' tre ! X | X |
RC
Precharge command  Self refresh entry Self refresh exit Next Self refresh ent Ngd Auto Self refresh cycle
It needed command ignore command clock  command v clock refresh  RAS-CAS delay =3
or No operation enable enable CAS latency = 3
Burst length = 4
[d=VinorviL
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Clock Suspend Mode
tces tcen tces
-
0 1 2 3 4 5 6 7 8 9 10 11|12 13 14 15 17 18 19 20
CLK L ' ' '
o TN L L T\ L T T T T T T T Resdoge
! ! ! ! ! ! RAS-CAS delay =2
s 1N — M~ N~ M= | M/ | CASlatency=-2
RAS \! / /T \_\_/ /I \_/ \' / Burst length = 4
N e e 2 w— ) e B = R LA
WE ﬁ_/: N\ /i N/ \ 7\ _/ \' /
BS \\ / N\ / /T \ T/ T\
Address — YaX . XeaX XX, S (1 G—
DQM,
paMUDAML \i R L S S VAR VI B B
DQ (output) T T 1 1 | a_Xati @ ﬂ@ |
i N A SN N N N N i THigh-Z !
DQ (Input) | I 1 1 I | | | | | | I
1 * * 1 1 1 * g 1 * * i ! !
I Banko Activeclock | Rotivediock Banko | Banka  Read suspendl Read suspend Bank3 Banko i | EadbstBanks 1
|_Adive_suspend start | suspend end Read | Acive | star end Read Precharje | Precharge |
CKE : : | | | | : : : | | | : 1 : : : : : : : : Write cycle
RAS-CAS delay =2
cs 1 /7 \ \, . /i P M /0 T N/ CaSlatency =2
RAS \i / 7T \i_/ /i \L_/ \ / %St |3ngth 34
n N n N n N n | N n " n n n | N T n T 1 T T - or
ecas_ 7N TN /N \'_ /T \ 7\ AL
i a —— A/ ——— A ) AS—
BS N /£ M/ \ g \l A ) —
Address (Ra) (CaXRb)
Do, N Y S—
S S S S S 112508 S S S S S N O O
DQ (output) — | | | ] | | | | | | | ]
DQ (input) ———————— _@ﬂm@m R
I I I 1 I I
Bank0 Active clock Active clock Bank0 Bank3 ~ Write suspend Write suspend  Bank3 Earliest Bank3
Active  suspend start supend end Write  Active end Write Precharge Precharge
60
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Power Down Mode

CKE ————\  cKELow ——
cs /T | \_Z 4 TN
ras __\L_/ VAT \i_/ .
CAS /i \I 1 /i \ SS 1 /i \I 1 1
WE \E /l T /i \ SS T /E \I T T
BS X__ X ) N/
Address (¢ XR:a X
Daw. — i '
DQMU/DQML . ; ; . ; ; ; . ;
DQ (input) — {5 — T
DQ (output) —————| {§—Highz———
: trp : ' ! ! !
Prech * d Powe?down entr Power?own T Power down CyCIe
If';legegé%e comman Y mode exit RAS-CAS delay = 3
Active Bank 0 CAS latency = 3
Burst length = 4
CJ=Vigor Vi
Initialization Sequence
0 1 2 3 4 5 6 7 8 ] 10 48 49 50 51 52 53 54 55
ram i pipipinipinipinininininiininininSninEnin
o bt e L L
oS TN/ T TN T T N T T TN TN
rRas ) N\i_/ \NA \i /T SN/ N s
X e S W— /A — | s— A L
we_ ) N\ /77X 7 N /7T \
Address:gg ! | ! ! ! ! |\%| ! | ! |
oowusent A et
pa /) i : ) e R
1 | |tRPI 1 1 1 tF‘{C 1 1 1 1 1 tF;C 1 | '+ ItRSAI * 1
é:'let(’:zr:;;e Auto Refresh Auto Refresh gl:tde register ﬁ?]rg;sggve
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Package Dimensions

HMS251165SBTD/BLTD
HMS251805SBTD/BLTD
HMS251405SBTD/BLTD Series (TTP-54DA)

22.22
22.72 Max

54 28
annnonononnnnnnnanannnnnnan

OO oo O O oo
1 27

*0.30 *5:42 fb
0.28 +0.05

0.91 Max

]
AAAAAAARAAAAAAAAAAAAAAAAAAR

1.20 Max
D]
o
g

*Dimension including the plating thickness
Base material dimension

Unit: mm
©
o
11.76 £ 0.20 0.80
‘ 0°—-56° —
R =
0 0
8E 8 0.50+0.10 <
oo (=) o
+ [+ +l
aNjo W
—|- o
o|Oo o
* Hitachi Code TTP-54DA
JEDEC —
EIAJ —
Weight (reference value)| 0.58 g
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