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Description

The Hitachi HM5212165D is a 128-Mbit SDRAM organized as 2097152-word x 16-bit X 4-bank. The
Hitachi HM5212805D is a 128-Mbit SDRAM organized as 4194304-word X 8-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: 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/full page
e 2 variations of burst sequence

— Sequential (BL = 1/2/4/8/full page)

— Interleave (BL = 1/2/4/8)
e Programmable CAS latency: 2
e Byte control by DQM : DQM (HM5212805D)

: DQMU/DQML (HM5212165D)

e Refresh cycles: 4096 refresh cycles/64 ms



HM5212165D Series, HM5212805D Series

e 2 variations of refresh
— Auto refresh
— Self refresh
¢ Full page burst length capability
— Sequential burst
— Burst stop capability

Ordering Information

Type No. Frequency Package

HM5212165DTD-10 100 MHz 400-mill 54-pin plastic TSOP Il (TTP-54DA)
HM5212165DLTD-10 100 MHz

HM5212805DTD-10 100 MHz

HM5212805DLTD-10 100 MHz
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Pin Arrangement (HM5212165D)

54-pin TSOP
Vee []10 54 ] vgs
pao [|2 53| ] DQ15
vec@ [ 3 52| ] VgsQ
pat [ 4 51 ] DQt4
paz [|5 50 |_] DQ13
VgsQ I: 6 49 :I VeeQ
pas [|7 48| ] pat2
pa4 [ |8 47 ] pat1
vec@ [ 9 46 ] vgs@
pas [ 10 45| ] pato
pas [ 11 44 ] pQg
VssQ [] 12 43 ] VecQ
pQ7 [ 13 42| ] pas
Vee L] 14 41 ] ves
paMmL [| 15 40| INC
WE [| 16 39 [_] bQMU
CAS |17 38| ] CLK
RAS[| 18 37 [ ] cke
CsS[]19 36| NC
A13 [ 20 35 ] Al1
A12 [ 21 34| ] A9
A0 [ 22 33| ] A8
Ao [] 23 32 ]A7
Al [|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 A13 Address input DQMU/DQML  Input/output mask
Row address A0 to A1 CLK Clock input
Column address AO to A8 CKE Clock enable
Bank select address A12/A13 (BS) Ve Power for internal circuit
DQO to DQ15 Data-input/output Vs Ground for internal circuit
Ccs Chip select Ve Q Power for DQ circuit
RAS Row address strobe command V. Q Ground for DQ circuit
CAS Column address strobe command NC No connection

WE Write enable
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Pin Arrangement (HM5212805D)

54-pin TSOP
Vee I: 10 54 :l Vss
Do [ 2 53 ] bQ7
vec@ [] 3 52 ] vgsQ
Ne []4 51| NC
pQi [ 5 50 ] DQs6
VgsQ I: 6 49 :I VecQ
Ne []7 a8 InC
pa2 []8 471 pas
Vec@ [] 9 46| ] vesQ
Nc [] 10 45 [ INC
pa3 [ 11 44 ] po4
VssQ [] 12 43 ] vec@
Ne [] 13 42 ING
Ve [] 14 41 ] Vss
NC [] 15 40 [ INC
WE [ |16 39 ] baMm
CAS [| 17 38 ] cLK
RAS [| 18 37 [ ] cke
CS[]19 36 | NC
A13[ ] 20 35 ] A11
A2 [] 21 34[ ] A9
A10 [ 22 33 ] A8
Ao []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 A13 Address input DQM Input/output mask
Row address A0 to A1 CLK Clock input
Column address AO to A9 CKE Clock enable
Bank select address A12/A13 (BS) Ve Power for internal circuit
DQO to DQ7  Data-input/output Vs Ground for internal circuit
Ccs Chip select Ve Q Power for DQ circuit
RAS Row address strobe command VssQ Ground for DQ circuit
CAS Column address strobe command NC No connection
WE Write enable
4
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Block Diagram (HM5212165D)
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Block Diagram (HM5212805D)
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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
DRAMSs, 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 A1l (input pins): Row address (AXO0 to AX11) is determined by A0 to A11 level at the bank active
command cycle CLK rising edge. Column address (AYO to AY8; HM5212165D, AYO to AY9;
HMS5212805D) is determined by A0 to A8 or A9 (A8; HM5212165D, A9; HM5212805D) 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
A12/A13 (BS) is precharged. For details refer to the command operation section.

A12/A13 (input pin): A12/A13 are bank select signal (BS). The memory array of the HM5212165D, the
HM5212805D is divided into bank 0, bank 1, bank 2 and bank 3. HM5212165D contain 4096-row X 512-
column X 16-bit. HM5212805D contain 4096-row X 1024-column X 8-bit. If A12 is Low and A13 is Low,
bank 0 is selected. If A12 is High and A13 is Low, bank 1 is selected. If A12 is Low and A13 is High,
bank 2 is selected. If A12 is High and A13 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, DOMU/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 DOQM, DQMU/DQML is High, the previous data is held (the new data is not written).
If DOM, DOMU/DQML is Low, the data is written. (The latency of DQM, DQMU/DQML during writing
is 0 clock.)

DQO to DQ15 (DQ pins): Data is input to and output from these pins (DQO to DQ15; HM5212165D,
DQO to DQ7; HM5212805D).

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

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

HITACHI
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Command Operation

Command Truth Table

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

CKE
. A0
Command Symbol n-1 n CS RAS CAS WE AI2A13 A10 to Al1
Ignore command DESL H x H X X X X X X
No operation NOP H x L H H H x X
Burst stop in full page BST H x L H H L X X X
Column address and read command  READ H x L H L H V L \
Read with auto-precharge READA H x L H L H V 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 V \ \
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.

Burst stop in full-page [BST]: This command stops a full-page burst operation (burst length = full-page
(512; HM5212165D, 1024; HM5212805D)), and is illegal otherwise. When data input/output is completed
for a full page of data, it automatically returns to the start address and input/output is performed repeatedly.

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 (AYO0 to AYS8; HM5212165D,
AYO0 to AY9; HM5212805D) 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. When the burst length is full-page, this command is
illegal.

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 AYS; HM5212165D, AYO to AY9;
HM5212805D) and the bank select address (A12/A13) 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
AYS8; HM5212165D, AY0 to AY9; HM5212805D) and the bank select address (A12/A13).

Write 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. When the burst length is
full-page, this command is illegal.

Row address strobe and bank activate [ACTV]: This command activates the bank that is selected by
A12/A13 (BS) and determines the row address (AX0 to AX11). When A12 and A13 are Low, bank O is
activated. When A12 is High and A13 is Low, bank 1 is activated. When A12 is Low and A13 is High,
bank 2 is activated. When A12 and A13 are High, bank 3 is activated.

Precharge selected bank [PRE]: This command starts precharge operation for the bank selected by
A12/A13. If A12 and A13 are Low, bank 0 is selected. If A12 is High and A13 is Low, bank 1 is selected.
If A12 is Low and A13 is High, bank 2 is selected. If A12 and A13 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 (AO to A13) 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
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DQM Truth Table (HM5212165D)

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:V,orV.
Write: |, is needed.
Read: 1,4, is needed.
DQM Truth Table (HM5212805D)
CKE
Command Symbol n-1 DQM
Write enable/output enable ENB H L
Write inhibit/output disable MASK H H

Note: H: V. L:V.x:V,orV.
Write: |, is needed.
Read: |05 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 (HM5212165D).

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 DQM, DQMU/DQML. For details, refer to the DQM, DOMU/DQML

control section of the SDRAM operating instructions,

10
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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 X 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:V,orV,.

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 DRAMSs.) 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, 4096 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.

11
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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 tRP

L H H H X NOP Enter IDLE after tRP

L H H L X BST 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 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 H L X BST 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
12
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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 H X NOP NOP
L H H L X BST 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 H L X BST Burst stop to full page
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 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 L L 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
L H H L X BST ILLEGAL
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 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

13
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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 H X NOP Continue burst to end
L H H L X BST Burst stop on full page
L H L H BA, CA, A10 READ/READ A Term burst and New read
L H L L BA, CA, A10 WRIT/WRIT A  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 L L 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
L H H L X BST ILLEGAL
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 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 tge
refresh)
L H H H X NOP Enter IDLE after t..
L H H L X BST Enter IDLE after tge
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 tzgp is Not satisfied, this operation is illegal.

14
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From PRECHARGE state, command operation

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

From IDLE state, command operation

To [DESL], [NOP], [BST], [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 SDRAM enters the mode register set cycle.

From ROW ACTIVE state, command operation

To [DESL], [NOP] or [BST]: 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, 18 required.)

To [ACTV]: This command makes the other bank active. (However, an interval of tggp 1S 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 tg,g
is required.)

From READ state, command operation
To [DESL], [NOP]: These commands continue read operations until the burst operation is completed.
To [BST]: This command stops a full-page burst.

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 tggp, 18 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.

15
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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 tggp, 18 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 [BST]: This command stops a full-page burst.

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 tgp, 1S 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
SDRAM enters precharge mode.

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

From REFRESH state, command operation

To [DESL], [NOP], [BST]: After an auto-refresh cycle (after ty), the SDRAM automatically enters the
IDLE state.
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Simplified State Diagram

WRITEA
SUSPEND

POWER
APPLIED

(on full page)

BST

WRITE
WITH AP

REFRESH

ACTIVE

ACTIVE
CLOCK

BST

RECHARGE

REFRESH

(on full page)

READ
SUSPEND

READA
SUSPEND

PRECHARGH
PRECHARGE

-  Automatic transition after completion of command.
_— Transition resulting from command input.

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

enter the IDLE state.

HITACHI
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HM5212165D Series, HM5212805D Series

Mode Register Configuration

The mode register is set by the input to the address pins (A0 to A13) during mode register set cycles. The
mode register consists of five sections, each of which is assigned to address pins.

A13, A12, A11, A10, 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, AS, A4;: (LMODE): These pins specify the CAS latency.
A3: (BT): A burst type is specified. When full-page burst is performed, only "sequential” can be selected.

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

A13| A12| A11| A10 | A9 | A8 | A7 Ab | A5 | Ad A3 A2 | Al | AD
OPCODE 0 LMODE BT BL
A6 | A5| A4 [CAS latency A3 | Burst type Burst length
: A2 | A1 | AD
ol of o R 0 | Sequential BT=0 |BT=1
ol o 1 R 1 | Interleave 0ol o] © 1 1
o] 1] O 2 o] o 1 2 2
0| 1] 1 R ol 1] o 4 4
11 X| X R 0| 1 1 8 8
1| o O R R
A13| A12| A11| A10| A9 | A8 | Write mode i 0] 1 R R
0 0 0 0 0 0 | Burst read and burst write 1 1 0 R R
X X X X 0 1 R 1] 1 1 F.P. R
X X X X 1 0 |Burst read and single write F.P. = Full Page (512: HM5212165)
x | x | x X | 1 1 R (1024: HM5212805)
R is Reserved (inhibit)
X:0or1
18
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Burst Sequence

=4

Interleave

1! 0! 3! 2!

1 )

2, 3, 0,

1! 2! 3! 0!

1 )

2, 3,0,

Burst length

A0 [ Sequential

Starting Ad.| Addressing(decimal)

Al

=2

Interleave

Sequential

Burst length

Starting Ad.| Addressing(decimal)

A0

=8

Burst length

7!

1!

O| W] | 3] o o
o N <] ol o ] o] ~
ol < N o] ~| o] o] o
< | o] ~| S| —| af o7
o o — | N o] W] <
M2,3,0.1,6,7,4,5,
2~ | o] &7 3| < =] @
Q N U U ] I
| gl ~| o] 3] < G| of =
Nl ol - o o] < o] ©
o N o] ~| o &3] | o
© | g N of ~| o] 7] <
= R I I O I
c <l gl o] N o | | ™
o}
Mm o3| | ] ol < S| = &F
clw!l -1 A1 4 4 A - -] -
.&.;m.23456701
[4] A 4 a4 Jd 4 4 -
.mw12345670
o
M%0,1,2.3,4,5,6,7,
Q| O] ~|O| —|O|~|O|—
<
o
<t
—|olo|~|~|olo]|~]|~
9| <«
£
=
gl ololo|l o~~~
o
nl<<
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Operation of the SDRAM
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 A12/A13 pin, and the row address (AXO0 to AX11) is activated by the AO to A11 pins at
the bank active command cycle. An interval of tycp 1S required between the bank active command input
and the following read/write command input.

Read operation: A read operation starts when a read command is input. Output buffer becomes Low-Z in
the (CAS latency-1) cycle after read command set. HM5212165D, HM5212805D can perform a burst read
operation,

The burst length can be set to 1, 2, 4, 8 or full-page (512; HM5212165D, 1024; HM5212805D). The start
address for a burst read is specified by the column address (AYO to AYS; HM5212165D, AYO to AY9Y;
HMS5212805D) and the bank select address (A12/A13) 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
only 2. 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.

CAS Latency

CLK

3 treD
Command Xactv X X reanX
Address >< Row X XCP|Um”X

Dout Loz <outOXout1Xou12Xout3>

CL = CAS latency
Burst Length = 4

20
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Burst Length

(ot o)
out 0 ———————————
BL=1 —
{outo)(ouH} ——————————
BL=2
Dout L out0 oy e -
=4
- T TR (T G T2, TS D (T S ———
=8
out 0 out TXout 2Xout 3)out 4X out 5Xout 6 )X out 7Xout 8)-- == - === -~ euto-Wout OXout "~
BL = full page ----

BL : Burst Length
CAS Latency =2

Write operation: Burst write or single write mode is selected by the OPCODE (A13, A12, Al1, A10, A9,
AB) 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, 8, and full-page, like burst read operations. The write start address is specified by the
column address (AYO to AYS8; HM5212165D, AYO0 to AY9; HM5212805D) and the bank select address
(A12/A13) at the write command set cycle.

BL=1 hd

—— (ino Xin 1 -
Din e ——

T ) () G G (I3 Gy G G s

------------- (ino X0 Xin 1X ">

BL = full page CAS Latency = 2
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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 (AYO to AYS; HMS5212165D, AYO0 to AY9;
HM5212805D) and the bank select address (A12/A13) specified by the write command set cycle without
regard to the burst length setting. (The latency of data input is O clock).

S o O

I tReD |

Command XA,CTVX X YVR'TX
Address X Row >< X09lumn><

Din {in0 )

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
excecuted for the same bank after the execution of this command must be the bank active (ACTV)
command. In addition, an interval defined by 1, is required before execution of the next command.

CAS latency Precharge start cycle

2 1 cycle before the final data is output

Burst Read (Burst Length = 4)

IRAS

DQ (input)

| |

CL=2 Command _ X_ACTV_ X X reaDA X X actv. X
T T

| |

| |

T T

I I | |

. h

Note: Internal auto-precharge starts at the timing indicated by "vgg".
And an interval of tgag (Irag) is required between previous active (ACTV) command and internal precharge '
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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,y is required between the final valid data
input and input of next command.

Burst Write (Burst Length = 4)

Command %CT% >Q‘T’R'T A>< . . >QC_T\><

| IRAS | | |
4 = =P
DQ (input) {in0 X in1 Xin2 X in3 )

lapw

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

Single Write

CLK | | | | |

| ¥ |
Command >QCT}>< XYR'T AXI >QC_T\><
>

i< |RASE > :
DQ (input) { in )

¢

lapw

Note: Internal auto-precharge starts at the timing indicated by "+ ".
and an interval of tras (IRAS) is required between previous active (ACTV) command
and internal precharge *
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Full-page Burst Stop

Burst stop command during burst read: The burst stop (BST) command is used to stop data output
during a full-page burst. The BST command sets the output buffer to High-Z and stops the full-page burst
read. The timing from command input to the last data changes depending on the CAS latency setting. In
addition, the BST command is valid only during full-page burst mode, and is illegal with burst lengths 1, 2,
4 and 8.

CAS latency BST to valid data BST to high impedance

2 1 2

CAS Latency = 2, Burst Length = full page

r et R A I R

1
1
X___BsT X!
1 1
1 1
DQ (output) X out X out X out X out X c;ut X c;ut >
| —>
!_’If’ Iggh = 2 clocks

IBSR =1 clock

Command

Burst stop command at burst write: The burst stop command (BST command) is used to stop data input
during a full-page burst write. No data is written in the same clock as the BST command, and in
subsequent clocks. In addition, the BST command is only valid during full-page burst mode, and is illegal
with burst lengths of 1, 2, 4 and 8. And an interval of typ is required between last data-in and the next
precharge command.

Burst Length = full page

CLK | | |

|
Command X BT X XpPRePALLX

pagmeu) W in X in__»

>

tDPL

| Bsw =0 clock
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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 ACTV READ X READ X ! |
Address e< —
BS \ | / \ | AN ;
| 3 L e ‘
Dout : ——ut AoXout BoYXout B1Xout B2Xout B3)
Column =A Column =B Column =A Column =B CAS Latency = 2
Bar,]ko Read Read Dout Dout at Y
Active Burst Length = 4
Bank 0

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

Command —}acTvX__XaCTvVXREADKREADY
Address XX X EDE X

Bsw\
| R

Dout {out A0Xout BoYout B1Xout B2)Xout B3)
Bank0 Bank3 Bank0 Bank3 Bank0 Bank3 CAS Latency =2
Active Active Read Read Dout Dout Burst Length =4
25
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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 “XReTvX__ XWAmXWarm)
.
1

Bank0  Column=A Column =B Burst Write Mode
Active Write Write Burst Length = 4
Bank 0

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)

Gommand :>(AC'II'V)<:>(ACITVXWFI{IT ><WFI1|T><

Address: X oo X X Yoo Yoo
.
|
1
|
|

s\ | /7 \ /X
,

Banko Bank3 Bank0 Bank3 Burst Write Mode
Active Active Write Write Burst Length = 4

Din
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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, DOMU/DQML must be set High so that the output buffer becomes
High-Z before data input.

READ to WRITE Command Interval (1)

CLK

Command XREADXWRITX

DQM,
DAQMU - gL=2 / \ /
/DQML

Din {in B0 Xin B1 Xin B2 Xin B3 )———————

; Burst Length = 4
High-Z — :
Dout ) 9 { Burst write

READ to WRITE Command Interval (2)

|

Command YXREADX XwriTX
T ]
| |
DQM, —\ P ———
DQMU/DQML "% clock—
|

| -

Dout CL=2 C XX ) Highz
|
|
Din CX 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 clock, 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.
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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 cycle
before the read command is executed.

WRITE to READ Command Interval (1)

okl L] L[] |

DQM, \ i
DQMU/DQML !

Din in AO

]
I
Dout u
I

< out BO X out B1 X out B2 X out B3 >7

Column=A ! i CAS Latency Burst Write Mode
Write Column = B Column =B CAS Latency =2
Read Dout gurskt I(;ength =4

an

! 1
! |
Command X WRIT X READ X
T
I
I
I
I
1
]
I
I
]
]
I
I
I
I
I
I

WRITE to READ Command Interval (2)

o | || [ LI L]
Command X WRIT X X REIAD X
DAy, ———\ !
DQMU/DQML :
Din in AT

1
1
Dout :
1

/ >7
{ olut Bo X out B1 X out B2 X out B3
| .
Column = A r——-| Burst Write Mode
Write ' +CAS Latency CAS Latency = 2
Column =B Column =B Burst Length = 4
Read Dout Bank O

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).
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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 1,5,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 1z, 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

X PRE/PALL X

Command X READ X
1 1

1
1
1
1

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

CL=2 lgp =-1 cycle

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

CAS Latency = 2, Burst Length = 1, 2, 4, 8, full page burst

e [ L [ LI LI |
Command X READ XPRE/PALLX

I

I

: /——\ High-z
Dout X out A0 X

I
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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 typ; .

WRITE to PRECHARGE Command Interval (same bank)

Burst Length =4 (To stop write operation)

ok | Lo 0 B
! :

lX WRIT XPRE/PALLX

1

1

1

]

1

1

DQM
DQMU/DQML /

I
—-
TopL

L L L]

:

Command X WRIT X l
I
1

DQM, \ i /
DaMU/DaQML !

——-
topL

Command

CLK

Burst Length = 4 (To write all data)

[ N S A S
1

Command X WRIT X : XPRE/PALLX
1
1
1
1
1
1
1
1

CLK

DQM,
BAMU/DQML \
Din 4< in AO X in A1 X in A2 X in A3 >

|

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

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\ |/

| tRe i
Bank 0 Bank 0
Active Active

Bank Active to Bank Active for Different Bank

o] || || .
Command >< ACTV >< ><
Address >< ROW:0 >< ><

el

! tRRD
Bank O Bank 3
Active Active
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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 1g,.

CLK | | | |
Command >< MRS >< ACTV ><
Address >< CODE ><BS & ROW><

Mode Bank
Register Set  Active

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 DQM, 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.
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Reading

DQM, / \ :

DQMU/DQML !
, High-Z
DQ (output) { out0 X out 1

lpop = 2 Latency

Writing
CLK |
DQM, / \
DQMU/DQML '
DQ (input) { ino X int W X in3 »——

Ipip = 0 Latency
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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
4096 cycles/64 ms. (4096 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 15.6 us 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 15.6 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 gone 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 us 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, DOQMU/DQML and DQ pins. If these pins
£o high before power up, the large current flows from these pins to V. through the diodes.

Initialization sequence: When 200 us 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 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 ps ! 200 ps ,
[Ead >: Il >:
Voo, VocQ _OV._ A | ) )
CKE,DQM, Low '/ : (€ —¢
DQMU/DQML ./' | | ) | )
Lk _Low 0 Y O Y
cs,pQ _Low ¢ | | ; ! %
Power stabilize
Absolute Maximum Ratings
Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg Vi -0.5t0 V. + 0.5 \ 1
(£ 4.6 (max))
Supply voltage relative to Vgg Ve -0.51t0 +4.6 \ 1
Short circuit output current lout 50 mA
Power dissipation P 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -55to +125 °C
Note: 1. Respectto Vg
DC Operating Conditions (Ta =0 to +70°C)
Parameter Symbol Min Max Unit Notes
Supply voltage Veer VecQ 3.0 3.6 \ 1,2
Ve VssQ 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

The supply voltage with all Vec and V-Q pins must be on the same level.
The supply voltage with all Vss and V ,Q pins must be on the same level.
V,, (max) = Vg + 2.0 V for pulse width < 3 hs at V..

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

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

(HM5212165D)
HM5212165D-10
Parameter Symbol Min Max Unit Test conditions Notes
Operating current Burst length = 1 1,2,3
locy — 130 mA tre = Min

Standby current in power down locop — 4 mA CKE=V,t,=12ns 6
Standby current in power down locops — 3 mA CKE =V, tg =0 7
(input signal stable)
Standby current in non power down e, — 30 mA CKE,CS =V, 4

tex=12ns
Standby current in non power down locans — 15 mA CKE =V, tex = 0 9
(input signal stable)
Active standby current in power down  lgcqp — mA CKE=V,tx=12ns 1,2,6
Active standby current in power down lggsps — mA  CKE =V t, =0 2,7
(input signal stable)
Active standby current in non power  logq — 35 mA CKE,CS =V, 1,2,4
down tex =12 ns
Active standby current in non power | — 30 mA  CKE =V, t, =0 2,9
down
(input signal stable)
Burst operating current

leca — 135 mA  t,,=min,BL=4 1,2,5

Refresh current lecs — 200 mA tre = Min
Self refresh current lecs — 4 mA V2V, -02V 8

V. <02V
Self refresh current (L-version) lecs — 1.6 mA
Input leakage current I, -1 1 A 0<Vin<V,,
Output leakage current lo -1.5 1.5 A 0 < Vout <V,

DQ = disable
Output high voltage Vou 24 — \ loy =—2 MA
Output low voltage Voo — 0.4 \ lo, =2 mA
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DC Characteristics (Ta =0 to 70°C, V., V,,Q =33V 03V, Vi, V,,Q=0V)
(HM5212805D)

HM5212805D
-10
Parameter Symbol Min Max Unit Test conditions Notes
Operating current Burst length = 1 1,2,3
lecy — 130 mA  tic=min

Standby current in power down locor — 4 mA CKE =V, t,=12ns 6
Standby current in power down locops — 3 mA CKE =V, tg =0 7
(input signal stable)
Standby current in non power down |, — 30 mA CKE,CS=V,, 4

tek=12ns
Standby current in non power down locans — 15 mA CKE =V, tex = 0 9
(input signal stable)
Active standby current in power down |, — 6 mA  CKE=V,t,=12ns 1,2,6
Active standby current in power down lggaeg — 5 mA CKE =V, tg =0 2,7
(input signal stable)
Active standby current in non power |, — 35 mA CKE,CS=V,, 1,2,4
down tek=12ns
Active standby current in non power  lgoans — 30 mA CKE =V, tex = 0 2,9
down
(input signal stable)
Burst operating current

leca — 115 mA  t,,=min,BL=4 1,2,5

Refresh current lecs — 200 mA tre = Min
Self refresh current lecs — 4 mA V2V, -02V

V. <02V
Self refresh current (L-version) lecs — 1.6 mA
Input leakage current I, -1 1 A 0<Vin<V,,
Output leakage current lo -1.5 1.5 uA 0<Vout <V

DQ = disable
Output high voltage Vou 24 — \ loy =—2 MA
Output low voltage Voo — 0.4 \ lo, =2 mA
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HM5212165D Series, HM5212805D Series

Notes:

1.

© o N oA LN

I.c depends on output load condition when the device is selected. |, (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=33V103V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C, — 7 pF 1,2,4
Input capacitance (Signals) C. — 7 pF 1,2,4
Output capacitance (DQ) Co — 8 pF 1,2,3,4
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
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2. Measurement condition: f=1 MHz, 1.4V bias, 200 mV swing.
3.
4. This parameter is sampled and not 100% tested.

DQM, DQMU/DQML =V, to disable Dout.
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HM5212165D Series, HM5212805D Series

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

HM5212165D/HM5212805D-

10

Parameter Symbol Min Max Unit Notes
System clock cycle time (CAS latency = 2) tex 15 — ns 1
CLK high pulse width toxn 3 — ns 1
CLK low pulse width tone 3 — ns 1
Access time from CLK (CAS latency = 2) tac — 8 ns 1,2
Data-out hold time ton 25 — ns 1,2
CLK to Data-out low impedance t 2 — ns 1,2,3
CLK to Data-out high impedance t — 7 ns 1,4
Data-in setup time tos 25 — ns 1
Data in hold time ton 1.5 — ns 1
Address setup time tas 25 — ns 1
Address hold time tan 1.5 — ns 1
CKE setup time tees 25 — ns 1,5
CKE setup time for power down exit toese 25 — ns 1
CKE hold time teen 1.5 — ns 1
Command (CS, RAS, CAS, WE, DQM) setup  tg 25 — ns 1
time
Command (CS, RAS, CAS, WE, DQM) hold time t, 1.5 — ns 1
Ref/Active to Ref/Active command period tre 90 — ns 1
Active to Precharge command period tras 60 120000 ns 1
Active command to column command trco 30 — ns 1
(same bank)
Precharge to active command period tre 30 — ns 1
Write recovery or data-in to precharge lead time  ty, 15 — ns 1
Active (a) to Active (b) command period taro 20 — ns 1
Transition time (rise to fall) tr 1 5 ns
Refresh period trer — 64 ms
Notes: 1. AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.4 V.

2. Access time is measured at 1.4 V. Load condition is CL = 50 pF with current source.

3. 1, (max) 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. 1. define CKE setup time to CLK rising edge except power down exit command.
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Test Conditions
Input and output timing reference levels: 1.4V

¢ Input waveform and output load: See following figures

. 28V C . 80% Vo 50 ©
| |
input v m o M
SS | | | | _T_
| | | | CL
| | | | i
| | | |
I I I I
tr by

O

+1.4V
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HM5212165D Series, HM5212805D Series

Relationship Between Frequency and Minimum Latency

HM5212165D/
Parameter HM5212805D-10
Frequency (MHz) 100 66
to (ns) Symbol 10 15 Notes
Active command to column command lreo 3 2 1
(same bank)
Active command to active command ARG 9 6 = [lrast Ige]
(same bank) 1
Active command to precharge command (same RAS 6 4 1
bank)
Precharge command to active command (same . 3 2 1
bank)
Write recovery or data-in to precharge command oPL 1 1 1
(same bank)
Active command to active command (different bank) |5, 2 2 1
Self refresh exit time lsrex 2 2 2
Last data in to active command |apw 5 3 = [lpp + Igp]
(Auto precharge, same bank)
Self refresh exit to command input sec 9 6 = [lre]
3

Precharge command to high impedance

(CAS latency = 2) lyzp 2 2
Last data out to active command lapm 1 1
(auto precharge) (same bank)
Last data out to precharge (early precharge)

(CAS latency = 2) lep —1 —1
Column command to column command leco 1 1
Write command to data in latency lweo 0 0
DQM to data in loip 0 0
DQM to data out loon 2 2
CKE to CLK disable lece 1 1
Register set to active command lrsa 1 1
CS to command disable looo 0 0
Power down exit to command input lpec 1 1
Burst stop to output valid data hold lssr 1 1

(CAS latency = 2)
Burst stop to output high impedance BsH 2 2

(CAS latency = 2)
Burst stop to write data ignore BsW 0 0
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Notes: 1.

lreo 1O lprp are recommended value.

2. Be valid [DSEL] or [NOP] at next command of self refresh exit.
3. Except [DSEL] and [NOP]

Timing Waveforms

Read Cycle
tek
Lok, toKL
RC
— VH
CKE tras top
trep
tos| ton tes| ton tos| ton tes| toH
e G 7 T 7
tes| tew ;ES—-tC—HH tes| toH tes| ten
cS cS
RAS / St } 4 \K/ 7 / j t
tos| ton tes| ton tcs| toH
/T'F_"_.‘%V tes| teH /F_“_.‘T}(/ /%-
CAS L ; *
tes| toH tes| ten e tes| ton
| cs| 'cH
WE 7 | X y4 7/ N~
tas| tan tas| tan | | tas| tan ‘ tas| tan
BS 2 /?tl ! ) g N 4
tas| tan tas) t
j@ tas| tan tas| tan ﬁEﬁS”ﬂ;](/
Al0 ) 7{/
tas| tan tas| tan ‘ ‘ tas| tan
Address /) % /)k }</ £ d*- 16
tcs teh
DQM, )/\ /
DQMU/DQML ! |
DQ (input)
tac tac tac thz
DQ (output)
tac :
g ton ton toH ton CAS latency = 2
Bank 0 Bank 0 Bank 0 Burst length =4
Active Read Precharge Bank 0 access

[Z=Vinor Vv,
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Write Cycle
tek
tokn toky
CLK _/_\_/_3[_/_\_/_\_/_\_/_\_/?\_/_\_/_\_/_\_/_\_/_\_/_\_
RC
— Vi
CKE : tras trp
RCD
tcs| teH tcs| teH tcs| teH tcs| teH
R Ul e i i
tcs| teH
tcs| toH /{H—— i~ tcs| toH tcs| toH
RAS L i[ j £ ; ¢ j
tes| teH tos| ¢ tcs| teH tcs|tcH
-t Cs| 1CH =
s 7 | NXT Y 71 71 X<
t 1 tcs|tcH
i CH=|| tcs| teH tcs| tcH =
WE / N X y AN y4 A N_
tas tAHdl tas| taH | | | | tas| taH tas | taH
BS /\ V A —/ i * j. i Stl jf
tas| taH ‘ ‘ ‘ tas | taH
"l tas| taH tas| tAH
tas| tAH tas| tAH ‘ ‘ tas | tAH
Address L )E k L )E }( VA % j@
tcs toH
DQM, > //
DQMU/DQML I
tps| toH_|os| ton |tos| toH [DS| tow
DQ (input) * * * >||
tppL
DQ (output)
Bank 0 Bank 0 Bank 0 CAS latency = 2
Active Write Precharge Burst length = 4

Bank 0 access

= Vinor v

HITACHI
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HM5212165D Series, HM5212805D Series

Mode Register Set Cycle

OKE —t Vb
S ZZN\L_ /TN [ T7 N NN [T
RS Z 71 N\ /T NN LT TN [T T T N
WEZN /N /TN O 7N ! /
8s 77 N ST N N\ N
D () G 0 GO G Y A S s ooy
DQMU/I?QQICI/IL’ R />‘ f_'_\ /
DQ (output) —+—t————————————— X o DX ——
DQ (input) —— e M
e KRSA* T D O R R A A m:z :
prochargo i CAS latency -2

A= ViHor Vi

Read Cycle/Write Cycle

[V 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 /18

CLK

CKE VWl 1 1T 1T 1 T 1 1 1 1 T o T T S%%"%Cs'edl )
— 1 1 1 1 1 | 1 L L | L L - elay =
5 TN/ N LN N N A R
RAS 1 T 1 T 1 T T 1 urst length =
N LN LN LN N L PR
CAS 4 ! J BN
WE | i
BS i |
1
Address
DQM, T f
DQMU/DQML ; ;
DQ (output) — ! ' '
DQ (nput) — : : o T :
Bank0 ! Bank0 ! Bank3 ! Bank3 Bank0 ! Bank3 ! Bank3 ! ! ' Bark3 ! !
: Active : Read : Active : Read  Precharge : Read : Read : : : Precharg% :
I I I I I I I I I I I I I I I I I I I I
_lv L L L L L L L L L L L L L L L L L L L .
CRE T W L L T r o Writeoycke
_ | | | | | | | . . . | + +— RAS-CAS delay =2
s TN/ T T\ T casmmar
L I L L L I L L L I 1 ] 1 ] 1 1 ] I 1 1
RSN L7 N\AAL L7 XA\ L7727 X N4 S“\e/ngthj/‘*
_ t A= VIHor Vi
cAs Z 7 NI\ /77T NN LT AL LT\ [T N
WE ' ' ' AL/
BS 77 X
T I T T
Address * P
DQM, 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DOMUDQGML £l N 0 0 L VAT
DQ (output) ———d b
DQ (input) ——+——a e Xar2axHb e DEDeBE N e 2623+
' BankO nk 0 Bark 3 Bark 3 Bank 0 Bank 3 Bank 3 Bark 3 !
Active Write Active Write Precharge Write Write Precharge
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HM5212165D Series, HM5212805D Series

Read/Single Write Cycle

o t+ 2 383 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CLK

L

e T T T

RAS N\ /77 XA\ /L 7 T X AL\ /7

cas 227 XA\ /7T X2 AL/ 7 N7 =

WEZ /) N T L EANEVAI N\ LN [T
| Y2

B8 T\ [\ /77 N\ N/
Address 7 XRaX_XCaX_YBbX .

DOM £LL L
DQMU/DQQMI_’ T T IAE i i i/l T T i i i i i i/l T T T T
. 1 1 1 1 1 1 1 1 1 1 1 /_\I 1 1 1 1 1 1 1 1
DQnpul) —————7T—7T T T T T T T W¥JT T 1 1 T T T T
DQ (output) ————+—1t G Yo ar2Xaid—————+—+—1 (@ Ya+i Ya+r2Xa+3)+—t—
| Bank0 |  Bank0 |  Bank3 | | | | | Banko Banko | | | | Banko | Banks |
: Acltive : Relad : Acltive : : : : : Wl;ite Relad : : : : Prlecharge: Prelcharge :
oKe = vy ——
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
os T\ /TN N/ TN/ L N
RAS N\ L7 XA/ 7 7 X A\ /L
| | | | | | | | 1 | L 1 I
CAS AN 2T AL LN L /i
WE 7 X XX AL LN L AL/
BS 2N\ L7\ [T X AL LN/ A/
Address /.~ XR:aX_XC:ax _XRb) {C:aX_ XC:bXC:c)
DQMU/DDQQ'\')I/IL’ 1 1 IAE i i i %I 1 I/>\i : 1 : : /I 1 1 1 1 1
pQnput) T @ T X T
1 1 1 1 1 /—'_\I 1 1 1 1 1 1 1 1 1 1 1
PAtoupt) e KD T T
Bank 0 Bank 0 Bank 3 Bank 0 Bank 0 Bank 0 Bank 0
Active Read Active Write Write  Write Precharge
Read/Single write

RAS-CAS delay =2
CAS latency = 2
Burst length = 4
=Vigor Vi
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HM5212165D Series, HM5212805D Series

Read/Burst Write Cycle

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

é

b

88 TN LN [T N

Address 7~ XRaX 7 XCaX 7 XRD) 7

2
N
g
L
)
A
5
NN < .
N
SISEpN

1o
N
~

DOMUOGME 2 ZZ7ZZ7N L L L L [T TN L [T T
0Q (nput) ————— < e
DQ (output) ———————+—+—+a_fa+DXar2a+d | H—+—F—+—F—+—F—+—F—
| Banko | | Banko | Bank3 | | Clock | | | Banko | | | | Banko | Bank3 |
: Acltive : : Relad : Acltive : : suslpend : : : erite : : : : Prlecharge: Prelcharge :
CKE oy
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cs TN/ TN/ N TN

RA AL/ /T XA/ /. X AL/

s m—— A w—— g P——

CAS VAN 2/ % A/ /A

WE A /X7 & A/ AN\ [

BS .\ [ A\ /. 7T & AL/ A\ L

Address Z XRaX__—XCaX XBbX_ .~~~ XCaX_

DQMU/IZIJDQQI\'>I/|L’ L )\ /) \ L )\ ./ L
D (npu) ———— T e
DQ (output) ————1F—1F—1+—1+— : — 7T
I I I I I I I I I I I I I I I I I I I
' Banko ' Banko Ba'"k 3 ' ' ' ' ' Banko ' ' " Bako ' '

Active Read Active Write Precharge

Read/Burst write
RAS-CAS delay = 2
CAS latency = 2
Burst length = 4
=VigorV_

46
HITACHI




HM5212165D Series, HM5212805D Series

Full Page Read/Write Cycle

ow LA MM g MM AN

CKE ~ 1 VinT T N o
cs | |
RAS 77N\ I
oas 277 AL LT

Read cycle

T T T T T T T T T

I 1 1 1 1 1 1 1 1

o (¢ ——————\! /\| /= RASTCASdelay=2
| | | | | | 1 1 1 1 CAS latency =2

/I urst length = full page
R SR e——
X YN
\~ /

/[
e Ed=VviHor v

WE ./
BS 2N\

ﬁ

! /

| X, 7
we 227 XA LT & %
Bs Z A\l < TN T T 7777 77
Address 7~ Xra X X ea X Xro X A7

DQM, i .
DQMU/DGML Al
1

1 1 T T T T 1 1 1 I I 1 1 1 1
Address /~ Xra XX caX “Xrb) A
DQM’ 1 I 1 1 1 1 1 1 1 1 1
DQMUDQML e e e\ 4 T R —
DQ (oupu) T T e XX O X XXX XX
DQ (input) : B;nk 0 E Balnk 0 E Balnk 3 : : E :HIQh-Z)) ! ! ! ! ! Bulrst stoj I Balnk 3 : :
Active | Read | Active | ! | | | | | | | P Prechargé :
: I I I I I I : I I I I I I I I I I I I
—yy—— — T
CKE oy 1 1 1 1 1 : 1 1 M) 1 1 1 1 1 1 1 1 i Write cycle
! ! ! " " " " ! ! RAS-CAS delay =2
cs TN /NN /T T N T\ L G ey
RAS /i L7777 Al )% /T AL Burst length = full page
n n | n ) n T n n " " . L =
oas 27, AL LT, A T T Yierti
I T AI I
I 1 L
I I
| |

! ¢

|
T f T T T YT T T T T T f T
High-Z,
1 1 1 1 I L L L L
DQ (output) 1 1 1 1 1 1 1 1 ) 1 1 1 1
. 1 1 1 1 | | 1 1
DQ (input) Cart Xz Xaws Xart Xass Xa X OO X X X X DO——7
1 1 1 1 1 1 1 1
Bank 0 Bank 0 Bank 3 ! Burst stop Bank 3
Active Write Active Precharge
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Auto Refresh Cycle

ohlyinieiiibbiiisinisieininieiniei i
R o L s O
RAS A/ A/ N4 N [ X
o 27 NN LT T N, [T T T NN [
we N\ L7 7 N N T T N N
88 2227 77 77 7 77 T 7 T T 7 TN LN LT
Adess

DAMUIDAML. L2 T T T T T T N L

Q) L L

e S T * i * X

ﬁ'ﬁgﬁé%e - - U, B Readcyn

RAS-CAS delay = 2
CAS latency =2
Burst length = 4
= Vigor Vi

Self Refresh Cycle

T

] 1 ! !
RAS N[N/ AY. ) P N /4 W AN/
T [ [ T I T 1 I T T I
[ B | L I | I | L
oas T X[ N T AL/
! | | [ [ | | | ! | | | | | |
we 22\ /77T NS 7T O 7T
I 1 [ [ I 1 I 1 1 I I I
! ! ! [ [N ! ! ! ! | ! ! ! !
I L n - N L ) I L )
B 777X 3 %) 4y ,
! ! ! [ [N ! ! ! ! | ! ! ! !
1 L L L1 Ll 1 1 1 | 1 1 Il 1 1
Address 5% {9 2y ,
DQM ! ! ! [ [ ! ! ! ! L ! ! ! |
DMU/DOML : ] ] /SS [ [ 1 SS/ 1 1 “/: 1 | 1 ] ] ]
DQ (input) : i i 33 : i : i i {){) i i {)S i i | i i i i
1 .
DQ (output) —_—— 5 - High-Z {5 § T i X ; . .
" Y A W ‘ A ! e ‘ v
Precharge  Self refresh entry Self refresh exit Next Self refresh Next Auto Self refresh cycle
command  command ig?mlr: command dock  command ey clock refresh RAS-CAS delay = 2
It needed or No operation enable enable CAS latency = 2

Burst length = 4
A= ViHor Vi
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Clock Suspend Mode
tces tcen tces
0 1 2 3 4 5 6 7 8 9 i0 11|12 13 14 15 16 17 18 19 20
CLK L
CKE 1 DN+ i e
s\ /] NN TN TN T
RAS T\ / 7 X AL/ /I \/ AL /[
CAS 217 N N [T N N [N T
WE T\ /NN 7y LA L
BS Z AL / LT\ T\ /7
Address 7~ XRaX 7~ XCaX ~XRb)
DQM, /\l 1 I I /’|77\| I I I/I ; 7
DQMU/DQML L ' L L L L L L L
DQ (output) ————T————————@_Xa:1 ' & eXp:2Xe:3)
4 S N B e s .2 s s s e s
I Bank0 Active clolck I I—\cllve clock ganko I Bank3 Read suspendl Read suspend Bank3 iank() I I Earlisl BanIkS I
I Active suspend start | suspend end Read ! Acllve ! stal end Read Precharge I Precharge !
CKE I I I i I I I I I I I I I I I I I I I I
! I I I I 1 A | I I L L I L L
cs | ; ' AL A /' \l /) : 4 :
RAS ZZ\, ’. L ]\ L7 277 7T\ LT A 7
CAS L N [T ND A' /T 7\
WEZ 2/ i Nl /\J:_/ [\ . I L2227\ [T
Bs ZA / A/ = N\ T N
Address 7 XRaX "~ XCaXFh)
DQMU/[E)QQI\I)I/IL T T T T T T T AI I I //l IA I I I I I / T T T T
DQ (Output) I I I I I I I I HIgh < I I I I I I I
DQ (input) i — i i i I 'IIIIIA@E@@ — :

Bank0  Active clock

Active clock Bank0 Bank3  Write suspend Write suspend
Active  suspend start end

supend end Write Aclive

Bank3 Bank0
Write Precharge

Earliest Bank3
Precharge

Read cycle
RAS-CAS delay =2
CAS latency =2
Burst length =4
=VigorVi

Write cycle
RAS-CAS delay =2
CAS latency = 2
Burst length =4
=Vigor Vi
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HM5212165D Series, HM5212805D Series

Power Down Mode

CLK

CKE Low

CKE

A(R:a)y

§y7
N

N Y

B\
7
N

Ccs
RAS

DQM,
DQMU/DQML

A

DQ (input)
DQ (output)

{(
)

Precharge
command
If needed

=2
2
4

Vigor VL

Power down cycle

RAS-CAS delay
Burst length

]

Active Bank 0 CAS latency

Power down
mode exit

Power down entry

Initialization Sequence

goonial

Yg gl
@] nnCW

o
£3
1---1-1 <3
g2
o=
11" 1T-<
)
x
1T 1°F° o}
]
?
d---1- -
B=
=3
N
£
-
I
¢}
LU Py S
]
J---1-§- =
&
8
&
Jo__ - -+
3
P4

1---1-4-- =<
]
L
2
J P ||A.w
5
F

o

x
25
%
A---1-T- -4 5§
T =]
> <
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HM5212165D Series, HM5212805D Series

Package Dimensions

HMS212165DTD/HMS212805DTD Series/
HM5212165DLTD/HM5212805DLTD Series (TTP-54DA)

Unit: mm
22.22
22.72 Max
54 28
annonnonoonnoonnonoonnonnon
©
o

o

gooaonoounnooooooooooooooom

1 27

*0.30 + 0.10
0.28 £ 0.05 {B
0.91 Max 11.76 £0.20 0.80
0°-5° —
| e
% 8l 8 050+0.10| | ¥
= 010 olo © o
o +l |+ +
N ajo W
— —[= o
olo ©
* Hitachi Code TTP-54DA
JEDEC —
*Dimension including the plating thickness EIAJ —
Base material dimension Weight (reference value) [ 0.58 g
51

HITACHI




HM5212165D Series, HM5212805D 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 where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, acronautics, 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 foresecable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

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

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

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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HM5212165D Series, HM5212805D Series

Revision Record

Rev. Date Contents of Modification

Drawn by

Approved by

0.0 Aug. 4, 1998 Initial issue

K. Shibata

M. Mishima

0.1 Aug. 31,1998 Clock frequency
66 MHz to 100 MHz

Relationship between frequency and minimum latency
Addition of specification of 100 MHz/t, = 10 ns

K. Shibata

M. Mishima

0.2 Oct. 14,1998 DC Characteristics
lecans Max: 9 mAto 15 mA
leeans Max: 25 mA to 30 mA

K. Shibata

M. Mishima

0.3 Dec.4,1998 DC Operating conditions
Change of notes 4 to notes 5

DC Characteristics (common)
leer max: 120 mA to 130 mA
lecr max: 6 mA to 4 mA
leeors Max: 4 mAto 3 mA
lecon Max: 35 mA to 30 mA
leese Max: 8 mA to 6 mA
lecsps Max: 6 mAto 5 mA
leesn Max: 40 mA to 35 mA

Relationship Between Frequency and Minimum Latency
lyze: —/2 10 2/2

lgp: —/—1to—1/-1

lgsn: —/1 10 1/

| —/210 2/2
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