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Description

All inputs and outputs signals refers to the rising edge of the clock input. The HM5216326 provides 2
banks to realize better performance. 8 column block write function and write per bit function are provided
for graphic applications.

Features

* 3.3V Power supply
* Clock frequency: 125 MHz/100 MHz/83 MHz (max)
* LVTTL interface
» 2 banks can operates simultaneously and independently
» Burst read/write operation and burst read/ single write operation capability
* Programmable burst length: 1/2/4/8/full page
» 2 variations of burst sequence
0 Sequential (BL = 1/2/4/8/full page)
O Interleave (BL = 1/2/4/8)
« Programmabl€AS latency: 1/2/3
» Byte control by DQM
» 8 column block write function with column address mask
» Write per bit function (old mask)
» Refresh cycles: 2048 refresh cycle/32 ms
e 2 variations of refresh
O Auto refresh
O Self refresh



HM5216326 Series

Ordering Information

Type No. Frequency Package

HM5216326FP-8 125 MHz 100-pin plastic TQFP (TFP-100H)
HM5216326FP-10 100 MHz

HM5216326FP-12 83 MHz

Pin Arrangement

HM5216326FP Series
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HM5216326 Series

Pin Description

Pin name Function

A0 to A10 Address input
Row address A0 to A9
Column address AO to A7
Bank select address (BS) A10

DQO to DQ31 Data-input/output

CS Chip select

RAS Row address asserted bank enable

CAS Column address asserted

WE Write enable

DQMO to DQM3 Byte input/output mask

CLK Clock input

CKE Clock enable

Voo Power for internal circuit

Vs Ground for internal circuit

V@ Power for DQ internal circuit

VisQ Ground for DQ internal circuit

DSF Special function input flag

NC No connection
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Block Diagram

Memory array
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HM5216326 Series

Pin Functions

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

CS (input pin): WhenCS is Low, the command input cycle becomes valid. W&8ns High, all inputs
are ignored. However, internal operations (bank active, burst operations, etc.) are held.

RAS, CAS, and WE (input pins): These pins define operation commands (read, write, etc.) depending on
the combination of their voltage levels. For details, refer to the command operation section.

DSF (input pin): DSF is a part of inputs of graphic commands of the HM5216326. If DSF is LOW, the
HM5216326 operates as standard synchronous DRAM.

A0 to A9 (input pins): Row address (AX0 to AX9) is determined by AO to A9 pins at the CLK rising
edge when a bank active command is input. Column address (AYO to AY7) is determined by levels on AO
to A7 pins at the CLK rising edge when a read or write command is input. A9 determines precharge mode.
When A9 is low, only the bank selected by A10 (BS) is precharged by a precharge command. When A9 is
high, both banks are precharged by a precharge command.

A10 (input pin): A10 is the bank select signal (BS). The memory array of the HM5216326 is divided into
the bank 0 and the bank 1, both contain 1024 xa2b6 columnx 32 bits. If A10 is Low, the bank O is
selected, and if A10 is High, the bank 1 is selected.

CKE (input pin): By referring low level on CKE pin, HM5216326 determines to go into clock suspend
modes or power down modes. When refresh command is input, low level on this pin is also referred to turn
on self refresh process.

DQMO, DQM1, DQM2 and DQMS (input pins): DQMO applies to DQO to DQ7. DQM1 applies to DQ8

to DQ15. DQM2 applies to DQ16 to DQ23. DQMS3 applies to DQ24 to DQ31. In read mode, referring
high level on DQM pins, HM5216326 floats related DQ pins. In write mode, referring high level on DQM
pins, HM5216326 ignores input data through related DQ pins.

DQO to DQ31 (input/output): These are the data line for the HM5216326.

Vo and VppQ (power supply pins): 3.3 V is applied. () is for the internal circuit and4Q is power
supply pin for DQ output buffer.)

Vgsand VsQ (power supply pins): Ground is connected. {Yis for the internal circuit and MQ is for
DQ output buffer.)
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HM5216326 Series

Simplified State Diagram

WRITE/
BWRITE
SUSPEND

WRITE/
BWRITEA

POWER
APPLIED

SUSPEND / ~yg

MODE

REGISTER ||

BST

WRITE/
BWRITE

WRITE
WITH AP

WRITE/
BWRITEA

POWER

SPECIAL
MODE
REGISTER

REFRESH

ACTIVE BST

WRITE/ | READ
BWRITE | WITH
WITHAP| ap

READ

L WRITE/
BWRITE

RRECHARGE

REFRESH

Active
Suspend

SUSPEND

READA
SUSPEND

=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.
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HM5216326 Series

Commands Operation

Commands Explanation

Every operations of HM5216326 are executed by input commands. A command is input, at the rising edge
of CLK, by setting the levels 08S, RAS, CAS, WE, A9 (precharge control) and DSF pins, HIGH.{\or
LOW (V).

Note: The setup and hold condition should be obeyed when command, address or data is input.

Setup and Hold Condition of Command, Address and Data Input

CLK

Command 3
tcms >

<“—»tIcvH
Address
ths [

<«—>»tAH
Data
tps >

«—»iipy
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HM5216326 Series

Precharge command [PRE, PALL]: At the CLK rising edge, by setting
CS, RAS, WE, DSF are LOW,

CAS is HIGH

bank can be precharged to idle state.

A9 = LOW: the bank selected by A10 is precharged.

A9 = HIGH: both banks are precharged.

[State transition]

power on — (precharge) -> Idle

Row active — (precharge) -> Idle

Precharge Command

\

RAS \
CAS 7
\

\

WE

DSF

A9 X

A10 XX

A0 to A8
bQ

High-Z
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HM5216326 Series

Mode register set command [MRS]: If both banks have been precharged or are in idle state, at the CLK
rising edge, by setting

CS, RAS, CAS, WE, DSF; LOW
an internal register (the mode register; MRS) are set.

The data through address pins, at the cycle when this command is input, are stored in the mode register.
A8, A9, A10 bits determine burst write or single write. A4 to A6 bits determiA® latency. A3 bit
determines burst type, sequential or interleave. AOQ to A2 bits determine burst length. A7 bit should be set
to low. See table below for details.

[State transition]

Idle — (Mode resister set) ->Idle

Mode Register Set Command

CLK

CKE
Cs
RAS

VI H

CAS

WE

DSF

A8 to A10 X X OP CODE

A6 to A4 X X CAS Latency

—— | |- —
N~ S M~

A3 X X Burst type
n2tor0 ___ X__X___ Burstlength

A7 L

DQ High-Z
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HM5216326 Series

Mode Register Configuration

Al10 A9 A8 Operation CODE
0 0 0 Burst read and burst write
X 0 1 R
0 1 0 Burst read and single write
x 1 1 R
A6 A5 A4 CAS latency
0 0 0 R
0 0 1 1
0 1 0 2
0 1 1 3
1 X X R
A3 Burst type
0 Sequential
Interleave

Burst length

>
N
>
[N
>
o

BT=0 BT=1

V| D | D0 || DN|F

PP PP O O O O
PP OO | F || OO
P O P O kL, | Ok, | O
D DD |||~ N|PF

Full page

Note: R: Reserved
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HM5216326 Series

Bank and row active command [ACTV, ACTVM]: If a bank has been precharged or is in idle state. At
the CLK rising edge, by setting

CS, RAS; LOW,
CAS, WE: HIGH

a row of the bank is activated. The bank is selected by setting the level on A10 pin HIGH (bank 1) or
LOW (bank 0) at this timing. AO to A9 determine the row address.

[Option]

DSF = LOW; write per bit function disable (ACTV)
DSF = HIGH; write per bit function enable (ACTVM)
[State transition]

Idle — (row active) ->Row active

Bank and Row Active Command

CKE Viy
CS \ |/
RAS ./
CAS 7 \
WE BR
DSF )(_)(
A10 X:X
AO to A9 Xi}(
DQ High-Z
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HM5216326 Series

Column address and read command:For a row of one of two banks activated by ACTV or ACTVM, at
the CLK rising edge, by setting

CS, CAS, DSF; LOW,
RAS, WE; HIGH,
data is output through DQ pins.
A10 determines the bank address.
A0 to A7 determine the column address.
CAS latency stored in MRS determines the timing when data are driven.
In case, CLCAS latency) = 1, 1 clock cycle after the command input, data start to be output.
In case CL = 2, 2 clock cycle after the command input, data start to be output.
In case CL = 3, 3 clock cycle after the command input, data start to be output.
Burst Length (BL) stored in MRS determines data length of output.
[Option]
A9 = HIGH; auto precharge mode or execute precharge automatically after finishing data output.
A9 = LOW,; Read mode without auto precharge.
[State transition]
Row active — (Column address and read command) ->Row active

Row active — (Column address and read command) ->ldle (auto precharge)

12
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HM5216326 Series

Column Address and Read CommandGL =1, BL = 1)

A9

A10 ><:><
XX

AO to A7

DQ (out) % High-Z

Column address and write command: For a row of one of two banks activated by ACTV or ACTVM, at
the CLK rising edge, by setting

CS, CAS, DSF,WE; LOW,

RAS; HIGH,

the data on DQ pins are input.

A10 determines the bank address.

A0 to A7 determine the column address.

For write, data should start to be input at the same cycle of the command input.
Burst length stored in MRS determines the expected data length to be input.

If the bank, for which command is input, is activated by ACTVM, then 1/O bit mask function or write per
bit is available.

[Option]
A9 = HIGH; auto precharge mode or execute precharge automatically after finishing data input.
A9 = LOW,; write mode without auto precharge.

[State transition]
Row active — (Column address and write command) ->Row active

Row active — (Column address and write command) ->Idle (auto precharge case)

13
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HM5216326 Series

Column Address and Write Command (BL = 2)

CLK

CKE —
CcS \i/‘
RAS T T
CAS \ |
WE |
DSF |
. =0
o 0
AO to A7 X:X

pQ (i) ——__Y__)— Highz
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HM5216326 Series

Burst stop command (BST): At the CLK rising edge, by setting
CS, WE, DSF: LOW,

RAS, CAS; HIGH,

full page burst (BL = 256) read/write is interrupted.

If BLis setto 1, 2, 4, 8, to try to execute this command is illegal.
[State transition]

Row active — (Burst stop command) -> Row active

Burst Stop Command

o

>

(02}
L— | ~ ~—
N~< T — ~—1 I~

A0 to A10

15
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HM5216326 Series

Auto refresh command (REF): If both banks are in idle state, at the CLK rising edge, by setting

CS, RAS, CAS, DSF; LOW,

WE; HIGH,

the HM5216326 starts auto-refresh (CBR type) operation. Refresh address is internally generated.

No precharge commands are required after autorefresh, since precharge is automatically performed for both
banks.

[State transition]

Idle — (Auto refresh command) -> Idle

Auto Refresh Command

CLK

CKE
Cs
RAS

CAS
WE
DSF

L — ~J |- |— }—
e~ — M~ M~ [~

A0 to A10
DQ

High-Z
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HM5216326 Series

Self refresh command (REF): If both banks are in idle state, at the CLK rising edge, by setting
CS, RAS, CAS, DSF; LOW,
WE; HIGH,

and if CKE's falling edge is detected, the HM5216326 starts self-refresh operation. Self-refresh operation is
kept while CKE is LOW.

[State transition]

Idle — (Self refresh command) -> Self refresh mode

Self Refresh Command

CLK

CKE ~—  \ !
Cs

RAS

CAS
WE
DSF

L — ~d |- }—

e~ 1 M~ ™~ I~

A0 to A10
bQ

High-Z
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HM5216326 Series

No operation command (NOP): At the CLK rising edge, by setting

CS; LOW,
WE, RAS, CAS; HIGH,
[State transition]

No transition

No Operation Command

DSF
A0 to A10

DQ

High-Z

Ignore command (DESL): At the CLK rising edge, by setting

CS; HIGH, any input is ignored.

18
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HM5216326 Series

Graphic Commands

Special mode register set command (SMRS)If each banks is in idle state or activated, at the CLK rising
edge, by setting

CS, RAS, CAS, WE; LOW,
DSF; HIGH,
an internal register (the special mode register; SMRS) are set.

The data through address pins, at the cycle when this command is input, are stored in the special mode
register.

A0 to A4: reserved. should be LOW when SMRS is issued.

A5: determines whether loading mask data or not when SMRS is issued.
A6: determines whether loading color data or not when SMRS is issued.
A7 to Al0: reserved. should be set LOW when SMRS is issued.

In case A5 bit of the mode register = HIGH, the data through DQ pins, at the cycle this command is issued,
are stored in the MASK register (32 bits). If write per bit function is available*, and DQi (i = 0,..,31)bit of
the MASK register = LOW, DQi data path to memory array is masked.

In case A6 bit of the mode register HIGH, the data through DQ pins, at the cycle when this command is
issued, are stored in the COLOR register (32 bits). This specific data is written to 8 columns in one clock
cycle by block write command.

Note:  When bank active command is issued and DSF set to HIGH, write per bit function is enabled.

19
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HM5216326 Series

Special Mode Register Set Command

CLK

CKE : Vin
CS \ L/
RAS \ o/
CAS \ 1/
WE \ |/
DSF [\
AO to A4 \ ¢/
A5 X X Load mask
A6 X X Load color
A7 to A10 \ |/
\ o/
DQ { ) High-Z
Special Mode Register Configuration
A5 A6 Function
0 x Disable Load Mask
0 Enable
X 0 Disable Load Color
0 1 Enable
1 1 ILLEGAL
Note: x:V,orV,
Reserved Bits
A0 Al A2 A3 A4 A7 A8 A9 A10
0 0 0 0 0 0 0 0 0

20
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HM5216326 Series

Graphic Function Block Diagram

MASK register

DQ 0 0
DQ 1 1
DQ 30 30
DQ 31 31

COLOR register

0
1

30
31

VR
2 ..
| ‘ Memory
; 5 Array
() ‘
N\
O o

o into column block (8 columns) of memory array. For burst and single write, the data I2

When block write command is issued, data 11 stored in the COLOR register is loaded
|2—d>*
from DQ pins are loaded into a single column.

11 When write per bit function is available, if mask data |1 stored in the MASK register is

|z—‘7o LOW then the data path from 12 to O is cut.

21
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HM5216326 Series

Column address and block write command: For a row of one of two banks activated by ACTV or
ACTVM, at the CLK rising edge, by setting

CS, CAS, WE; LOW,

RAS, DSF; HIGH,

a block write *2 is executed.

A10 determines the bank address.

AO to A2 HIGH or LOW (ignored).

A3 to A7 determine the column block address.

The data through DQ pins, at the cycle when the block write command input, are referred to stop the color
data to be written onto the specific column. (Column mask)

[Option]

A9 = HIGH,; Auto precharge mode or execute precharge automatically after finishing a block write
execution.

A9 = LOW; Write mode without auto precharge.
[State transition]
Row active — (Block write command) ->Row active

Row active — (Block write command) ->Idle(auto precharge case)

22
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HM5216326 Series

Column Address and Block Write Command

CLK

CKE Viy

cs \ |/

RAS BR

CAS \ |/

WE \ ¢/

DSF BR

A9 )m

a0 XX

AO to A7 )(___X

DQ /\__:_/\ High-Z
Column Block
Column location Column block location
A0 Al A2 A3 A4 A5 A6 A7
0 0 0 a3 a4 as5 a6 a7
1 0 0 a3 a4 a5 a6 a7
0 1 0 a3 a4 a5 a6 a7
1 1 0 a3 a4 as5 a6 a7
0 0 1 a3 a4 a5 a6 a7
1 0 1 a3 a4 a5 a6 a7
0 1 1 a3 a4 as5 a6 a7
1 1 1 a3 a4 a5 a6 a7

Note: 1. a3, a4, a5, a6, a7; VvV, or V.

23
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HM5216326 Series

DQ Input at the Block Write Cycle and Column Mask Location

Column location Column mask
DQ pin NO. DQgroup** A0 Al A2 No mask Mask
DQO 00 0 0 0 High Low
DQ1 00 1 0 0 High Low
DQ2 00 0 1 0 High Low
DQ3 00 1 1 0 High Low
DQ4 00 0 0 1 High Low
DQ5 00 1 0 1 High Low
DQ6 00 0 1 1 High Low
DQ7 00 1 1 1 High Low
DQ8 01 0 0 0 High Low
DQ9 01 1 0 0 High Low
DQ10 01 0 1 0 High Low
DQ11 01 1 1 0 High Low
DQ12 01 0 0 1 High Low
DQ13 01 1 0 1 High Low
DQ14 01 0 1 1 High Low
DQ15 01 1 1 1 High Low
DQ16 10 0 0 0 High Low
DQ17 10 1 0 0 High Low
DQ18 10 0 1 0 High Low
DQ19 10 1 1 0 High Low
DQ20 10 0 0 1 High Low
DQ21 10 1 0 1 High Low
DQ22 10 0 1 1 High Low
DQ23 10 1 1 1 High Low
DQ24 11 0 0 0 High Low
DQ25 11 1 0 0 High Low
DQ26 11 0 1 0 High Low
DQ27 11 1 1 0 High Low
DQ28 11 0 0 1 High Low
DQ29 11 1 0 1 High Low
DQ30 11 0 1 1 High Low
DQ31 11 1 1 1 High Low

Note: DQ group: 00; DQO to DQ7, 01; DQS8 to DQ15, 10; DQ16 to DQ23, 11; DQ24 to DQ31

24
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HM5216326 Series

Command Truth Table

The HM5216326 recognizes the following commands specified byCh&RAS, CAS, WE, DSF and
address pins. All other combinations than those in the table bellow are illegal.

CKE

Function Symbol n—1 n CS RAS CAS WE DSF A10 A9 AOto A8
Ignore command DESL* H x H x X X X x x X
No operation NOP H X L H H H x X X X
Burst stop in full page BST* H x L H H L L x x x
Column address and read READ H X L H L H L Vv L Y,
command

Read with auto precharge READ A H X L H L H L \% H \%
Column address and write WRIT H x L H L L L \Y, \Y,
command

Write with auto precharge WRITA H X L H L L \% H \%

Row address strobe and bank ACTV H X L L H H L \% \% \%
active

Precharge select bank PRE H X L L H L L \% L X

Precharge all bank PALL H X L L H L X H X

Refresh (auto, self) REF, H X L L H L X X X
SELF

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

Row address strobe and bank ACTVM
active and Masked write enable

I
X
-
-
I
I
I
<
<
<

Column address and block writer  BWRIT H x L H L L H \% L \%
command

Block write with auto precharge  BWRITA H L H L L H V H \Y,

X

Special mode register set SMRS H X L L L L H L L \%

Notes: 1. H: V,,. L:V, . xV,orV, V: Valid address input.
2. When CS is high, the HM5216326 ignores command input. Internal operation is held.
3. lllegal if the burst length is 1, 2, 4 or 8.

25
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HM5216326 Series

DQM Truth Table

CKE
Function Symbol n-1 n DQMi
Ith byte write enable/output enable ENB i H X L
Ith byte write input/output disable MASK i H X H

Note: H: V,,. L:V,.xV,orV,. i=0,1,2 3.
DQMO for DQO to DQ7, DQM1 for DQ8 to DQ15, DQM2 for DQ16 to DQ23, DQMS3 for DQ24 to
DQ31

CKE Truth Table

CKE
Current state  Function n-1 n CS RAS CAS WE DSF Address
Active Clock suspend mode entry H L X x X X x x
Any Clock suspend L L X X x X X x
Clock suspend  Clock suspend mode exit L H X x X x x x
Idle Auto refresh command REF H H L L L H L X
Idle Self refresh entry SELF H L L L L H L X
Idle Power down entry H L x X x x x x
Self refresh Self refresh exit L H L H H H X X

L H H X X X X X
Power down Power down exit L H L H H H X X

L H H X X X X X

Note: H: V. L:V,.x:V,orV,.

26
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HM5216326 Series

Function Truth Table

The following tables show how each command works and what command can be executed in the state
given.

Current state CS RAS CAS WE DSF Address  Command Operation
Precharge H x X X X X DESL NOP -> Idle after tg,
L H H H x x NOP NOP -> I|dle after t.,
L H H L L X BST ILLEGAL*?, *®
L H L H L BA, CA, A9 READ/READ A ILLEGAL*
L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL NOP*?
L L L X X X ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
Idle H x X X X X DESL NOP
L H H H X X NOP NOP
L H H L L X BST NOP*®
L H L H L BA, CA, A9 READ/READ A ILLEGAL*
L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*
L L H H L BA, RA ACTV Bank and row active
L L H L L BA, A9 PRE, PALL NOP*®
L L L H L x REF, SELF Auto self refresh**
L L L L L MODE MRS Mode register set**
L L H H H BARA ACTVM Bank and row active and write per
bit enable
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
L L L L H  Speca MODE SMRS Special mode register set*®

27
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HM5216326 Series

Current state CS RAS CAS WE DSF Address  Command Operation
Row actve H  x x x x x DESL NOP

L H H H x X NOP NOP

L H H L L X BST NOP*®

L H L H L BA, CA, A9 READ/READ A Start read

L H L L L BA, CA, A9 WRIT/WRIT A Start write

L L H H L BA, RA ACTV ILLEGAL*

L L H L L BA, A9 PRE, PALL Precharge

L L L X L ILLEGAL

L L H H H BA, RA ACTVM ILLEGAL*

L H L L H BA, CA, A9 BWRIT/BWRIT A Start block write

L L L L H  Specal MODE SMRS Special mode register set*®
Read H x X X X X DESL NOP -> Burst end -> Row active

L H H H x x NOP NOP -> Burst end -> Row active

L H H L L x BST Burst stop -> Row active*®

L H L H L BA, CA, A9 READ/READ A Term burst -> Start new read

L H L L L BA, CA, A9 WRIT/WRIT A Term burst -> Start write

L L H H L BA, RA ACTV ILLEGAL*

L L H L L BA, A9 PRE, PALL Term burst -> Precharge

L L L X X X ILLEGAL

L L H H H BA, RA ACTVM ILLEGAL*

L H L L H BA, CA, A9 BWRIT/BWRIT A Term burst -> Start block write
Read with H x X X X X DESL NOP -> Burst end -> Precharge
auto
precharge

L H H H x X NOP NOP -> Burst end -> Precharge

L H H L L X BST ILLEGAL

L H L H L BA, CA, A9 READ/READ A ILLEGAL*

L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*

L L H H L BA, RA ACTV ILLEGAL*

L L H L L BA, A9 PRE, PALL ILLEGAL*

L L L X X X ILLEGAL

L L H H H BA, RA ACTVM ILLEGAL*

L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
28
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HM5216326 Series

Current state CS RAS CAS WE DSF Address  Command Operation
Write/BWrite H % x x x x DESL NOP -> Burst end -> Write
recovering
L H H H x X NOP NOP -> Burst end -> Write
recovering
L H H L L x BST Burst stop -> Row active*®
L H L H L BA, CA, A9 READ/READ A Term burst -> Start read
L H L L L BA, CA, A9 WRIT/WRIT A Term burst -> Start new write
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL Term burst -> Precharge
L L L X X X ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A Term burst -> Start block write
Write/Bwrite H  x X X X X DESL NOP -> Burst end -> Write
with auto recovering with precharge
precharge
L H H H x X NOP NOP -> Burst end -> Write
recovering with precharge
L H H L L X BST ILLEGAL
L H L H L BA, CA, A9 READ/READ A ILLEGAL*
L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL ILLEGAL*
L L L X X X ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
Write/Bwrite  H X X X X X DESL NOP -> Row active after t,/tur
recovering
L H H H x X NOP NOP -> Row active after t,/toe
L H H L L X BST NOP -> Row active after tyg/tgye*°
L H L H L BA, CA, A9 READ/READ A  Start read*
L H L L L BA, CA, A9 WRIT/WRIT A Start new write*?
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL ILLEGAL*
L L L X X X ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*

HITACHI
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Current state CS RAS CAS WE DSF Address  Command Operation
Write/Bwrite H  x X X X X DESL NOP -> Precharge after t,q/tg s
recovering
with
precharge
L H H H x X NOP NOP -> Precharge after t,s/ts s
L H H L L X BST ILLEGAL
L H L H L BA, CA, A9 READ/READ A ILLEGAL*
L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL ILLEGAL*
L L L ¥ ¥ ¥ ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
Row H x X X X X DESL NOP -> Row active after ty.,
activating
L H H H x X NOP NOP -> Row active after tye,
L H H L L X BST NOP -> Row active after t,.,*°
L H L H L BA, CA, A9 READ/READ A ILLEGAL*
L H L L L BA, CA, A9 WRIT/WRIT A ILLEGAL*
L L H H L BA, RA ACTV ILLEGAL*
L L H L L BA, A9 PRE, PALL ILLEGAL*
L L L X X X ILLEGAL
L L H H H BA, RA ACTVM ILLEGAL*
L H L L H BA, CA, A9 BWRIT/BWRIT A ILLEGAL*
Refresh (auto H  x X X X X DESL NOP -> |dle after tg.
precharge)
L H H H x X NOP NOP -> Idle after t.
L H H L L x BST NOP -> Idle after t,.*°
L H L X X BA, CA, A9 ILLEGAL
L L X X X X ILLEGAL
Mode register H ~ x x x x x DESL NOP -> |dle after tq.
set
L H H H x x NOP NOP -> Idle after tue.
L H H L X BST ILLEGAL
L H L X X BA, CA, A9 ILLEGAL
L L X X X X ILLEGAL
30
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Current state CS

RAS CAS WE DSF Address Command

Operation

Special Mode H

register set

X X X X X DESL NOP -> Idle after . Or row active
after tgg,

L H H H x X NOP NOP -> Idle after ty. Or row active
after tgg,,
L H H L L x BST ILLEGAL
L H L x x  BA, CA, A9 ILLEGAL
L L X X X X ILLEGAL

Notes: 1.

S

H: V. LV, xV,orV,.
To execute this command for the current bank is illegal. However this command can be
executed for another bank depends on the state of another bank.

NOP for the current bank or the bank in idle state. Precharge for the bank in other state.
lllegal, if both banks are not in idle state.

lllegal, if another bank is not in active or idle state.
In burst read/write, if BL is setto 1, 2, 4, 8, to try to execute BST command is illegal.

HITACHI
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Operations of HM5216326 Series

Power on sequence:In order to get rid of data contention of I/O bus when power on, the following power
on sequence recommended to be performed before any operation.

Apply power and start clock. Keep a NOP condition.
Maintain stable power, stable clock, and NOP condition fo200
Execute precharge command (PALL: A9 = HIGH).

Execute 8 or more auto refresh commands (RERfter the precharge command as dummy. An
interval t, is necessary between two consecutive auto refresh commands.

5. Execute a mode register set command (MRSfter the last auto refresh command input.

A owbdpR

Power on Sequence

cLx TI_I_I_I_I_I_I_I_I_I_I_I_I_I_L/ /J_I_I_I_I_I_I_L/ MMM

Command NOP ( [ REF l\{\
Address X 1

=

tRC tRsA

‘ tRc

T

Repeat this auto-refresh cycle 8 times or more

Read/Write Operations

Bank active: A read/write operation begins with a bank active command (ACTV or ACTVM). The bank
active command determines a bank (A10) and a row address (AX0 to AX9). For the bank and the row, a
read/write command can be applied. An interval not less thgrafter an ACTV/ ACTVM command to a
read/write command, is required.

Read operation: Burst length (BL),CAS latency (CL) and burst type (BT) of the mode register are
referred when read command is executed. Burst length (BL) determines the length of a sequential data by a
single read command, which can be setto 1, 2, 4, 8 or 256 (full-page). Starting address of a burst data is
defined by column address (AYO to AY7) and bank select address (A10) loaded through AO to A9 in the
cycle when the read command is issugdAS latency (CL) determines the delay of data output after read
command input. When burst length is 1, 2, 4 or 8, DQ buffers automatically become High-Z at the next
cycle after completion of burst read. When burst length is full-page (256), data are repeatedly output until
a burst stop command, a read/write command or a precharge command is input.
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Burst Length

| trRCD w
Command ey Yeadd . -
Address rowx  Keolumn\
| | N
BL=1 \__—_/
0 T
BL=2
DQout BL=4 0K1X2X3 p——
BL=8 0 X1X2X3 X4aX5X6 X7 )
BL=Fullpage 0 X1 X2 X3 X4X5X6 X7 ) (256X 0 X 1 )

BL: Burst Length
CAS Latency = 2
BT: sequential

CAS Latency

Command :}@CTX M
Address row )( column)

(o X 1¥X2Y%3)
00 out cL=1 A /
ou
e {oX1X2)3)
o3 {oX 1Y 2¥3)

Burst Length = 4
CL = CAS Latency
BT: sequential

Burst operation (on read or write): One burst data output/input by one read/write command are included

in a column block determined by Al to A7 in case BL (Burst Length) = 2, by A2 to A7 in case BL = 4 and
by A3 to A7 in case BL = 8. Burst type (BT) determines the order how data of the column block are
output/input. There are two burst types, sequential (wrap around) or interleave. The order of the burst data
depends also on the start column location of the burst data. See tables below for details.
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Column Block

BL=2

Column location

Column block location

A0 Al A2 A3 A4 A5 A6 A7
0 al a2 a3 a4 as a6 a7
1 al a2 a3 ad a5 a6 a7
Note: al, a2, a3, a4, a5, a6, a7; V, orV,.

BL=4

Column location Column block location

A0 Al A2 A3 A4 A5 A6 A7
0 0 a2 a3 a4 a5 a6 a7
1 0 a2 a3 ad a5 a6 a7
0 1 a2 a3 a4 a5 a6 a7
1 1 a2 a3 a4 a5 a6 a7
Note: a2, a3, a4, a5, a6, a7; V, orV,.

BL=8

Column location Column block location

A0 Al A2 A3 A4 A5 A6 A7
0 0 0 a3 ad a5 a6 a7
1 0 0 a3 a4 a5 a6 a7
0 1 0 a3 a4 ad a6 a7
1 1 0 a3 ad a5 a6 a7
0 0 1 a3 a4 a5 a6 a7
1 0 1 a3 a4 ad a6 a7
0 1 1 a3 ad a5 a6 a7
1 1 1 a3 a4 a5 a6 a7

Note: a3, a4, a5, a6, a7; V,orV,.
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The Order of Burst Operation

BL=2

Start column location Order in decimal BL = 2

A0 Sequential Interleave

0 0 1 0 1

1 1 0 1 0

BL=4

Start column location Order in decimal BL = 4

A0 Al Sequential Interleave

0 0 0 1 2 3 0 1 2 3

1 0 1 2 3 0 1 0 3 2

0 1 2 3 0 1 2 3 0 1

1 1 3 0 1 2 3 2 1 0

BL=8

Start column location Order in decimal BL = 8

A0 Al A2 Sequential Interleave

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

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

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

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

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

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

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

1 1 1 7 o0 1 2 3 4 5 6 7 6 5 4 3 2 1 0
35
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Write operation: OPCODE (A10, A9, A8) of the mode register is referred when a write command is
executed as well as BL (Burst Length) and BT (Burst Type).@AS(Latency) is ignored and CL is fixed

to O for write operation, that is, write data input starts on the same cycle when the write command is issued.

Burst write: Before executing a burst write operation, OPCODE (A10, A9, A8) should be set to (0, 0, 0).

Burst length (BL) determines the length of a sequential data by the burst write command, which can be set
to 1, 2, 4, 8 or 256 (full-page). Starting address of a burst data is defined by column address (AYO to AY7)
and bank select address (A10) loaded through AO to A10 in the cycle when the burst write command is

issued.

Command D@

Address row
‘ (o)
BL=1 —/
DQin T 0X1X2X3
B8 0X1X2K3 X4 X5X6X7)
BL=Fulpage

@Y 0D

BL:Burst Length
CAS Latency =1, 2, 3

Single write: Before executing a single write operation, OPCODE (A10, A9, A8) should be set to (0, 1, 0).
In the single write operation, data are only written to the single column defined by the column address and
the bank select address loaded at the write command set cycle regardless of the defined burst length. (The

latency of data input is 0).

CLK

! trRCD |
i I

Command XA‘CTX

Address :X r;)wX

DQin { )

0 /

BL: Burst Length =1,
2, 4, 8, full page
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Write per bit: To use write per bit function,

1.

Set mask data in advance, which define DQ paths to be masked, to the MASK register by SMRS
command. An interval not less thag-tafter a SMRS command to an ACTVM command is
necessary.

Use ACTVM command to activate the bank for which write per bit operation is performed. An interval
not less thangt,, after an ACTVM command to a write or a block write command, is necessary.
Execute a write or a block write command. In this write operation, DQ paths defined by mask register
are masked to preserve the previous data. (See the example below)

Special Mode Register Set (Load Mask) in Idle State and Write Per Bit

e U LU YL UL UL L
3 : tRCD }
Command YSMRS) CT™M XwriteX
Address row Xcol‘umnx
Qi G CDED
~ Thsc BL: Burst Length = 2

Command >§MR9< XwriteX
Address X A5 X X col X
0

DQ in XaskX

BL: Burst Length =2
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Write Per Bit Example

: MASK data :
DQ input data stored in the MASK register Data to be written
DQ 0 A 0
DQ 1 B 1 B
DQ 2 C 1 C
DQ 3 D 0
b e Ja— N
DQ 28 E 1 E
DQ 29 F 0 7~ data through
DQ 30 G 1 % Lhis b['E[twiII not |G
DO 31 H 0 e written.

Block write: Before executing a block write command, a color data (32 bit) should be set in advance,
which is allowed to be written in 8 columns at one write cycle, to the color register by SMRS command.
An interval not less thand. after a SMRS command to an ACTVM command is necessary. If a SMRS
command is executed in active state to set the color register, an interval not legg,tisaretjuired before
executing a block write command after the SMRS command. If a block write command is applied to the
bank which is activated by ACTVM command, write per bit function is also available. DQ inputs at the
cycle, when a block write command is executed, are referred to mask the specific columns. See the
example below.

Special Mode Register Set (Load Mask) in Idle State and Block Write

e JU U UL UL LTL
} '« [RCD i
Command
Address )(/gé;g)(
poin T X@EX
W | BL: Burst Length = 2
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Block Write Example with Write Per Bit

Data to be written
Color data MASK data (Column block)
0 A 0 A
1 B 1 B[/B B
7 D 0 0577 D
24 E 1 E|E | —
30 G 1 e ¢
31 H s 4 7z
«\0‘“ 0 1 7
DQinput oS
DQ O 1 =y Column
location
pQ1 (o)

5 7 data through
DQ 7 1 7 s bitwillnot
i = be written.

DQ 24
DQ 25
pQa1 [0
39
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Auto Precharge

Read with auto precharge: In this operation, since precharge is automatically performed after completing
a read operation, so no precharge commands are necessary after each read operation. The command next to
this command must be a bank active (ACTV, ACTVM) command. In addition, an interval defingg by |

is required prior to the next command.

CAS latency Precharge start cycle

3 2 cycle before the last data out
2 1 cycle before the last data out
1 0 cycle before the last data out

CLK

| tRCD | : i i i

B IEEEE— | | | !
Command D@ > @
cL=1 1 1 Rl T

: : iy : 1
bQ out 1 —(o 3

Command D@ read | @

CL=2

ST i
Command ACT) (read) M

CL=3

| | /XXX \ |
DQ out ; ; 0Nl 2 A3 !

Internal precharge starts here

40
HITACHI




HM5216326 Series

Write with auto precharge: In this operation, since precharge is automatically performed after
completion of a burst write or a single write operation, so no precharge commands are necessary after the
write operation. The command next to this command must be a bank active command (ACTV, ACTVM).

In addition, an interval of}, is required between the last valid data and the following command.

Burst Write (Burst Length = 4)

Command ACT {write) >-<

Address row ><Column>< row

bQin — ESENER ;

1 IAPW

Single Write

CLK
Command

XWI"IIEX
Address row XC“"“"‘”X Jrow X
DQ in o)

I APW |
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Block write with auto-precharge: In this operation, since precharge is automatically performed after
completion of a block write operation, so no need to execute precharge command. The following
command must be a bank active command (ACTV, ACTVM). In addition, an interyaLefi$ required
between the last valid data input and the following command.

Block Write with Auto Precharge

Command :XEX ACT

Address Krow X )(comn@( row

| ! lAPBW 3
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Full Page Burst Stop

Burst stop command during burst read: Burst stop command is used to stop data output during a full-
page burst read. This command sets the output buffer to High-Z and stops the full-page burst read. The
timing, from command input to the last data, dependSAshlatency. BST command is legitimate only in

case full page burst mode, and is illegal in case burst length 1, 2, 4 or 8.

CAS latency BST to valid data BST to high impedance
1 0 1
2 1 2
3 2 3

CAS Latency = 1, Burst Length = Full Page

Command BST
pQout Y XX O XX~
—p lBsH=1
lgsr=0

Command XS?TX
Dout X X X X X X X
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CAS Latency = 3, Burst Length = Full Page

CLK

Command XE%STX

STV 6D 6 6 65 6D 5 6 G 6 S
lgsr=2

Burst stop command at burst write: For full page burst write cycle, when a burst stop command is
issued, the write data at that cycle and the following write data input are ignored. The BST command is
legitimate only in case full page burst mode, and is illegal for burst length 1, 2, 4 or 8.

Burst Length = Full Page

CLK

Command ><Burst stop Precharg(><

DQ input :>< in ><‘in

! twr
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DQM Control

The DQM i (i=0, 1, 2, 3) controls the ith byte of DQ data. DQM control operation for read and for write are
different in terms of latency.

Reading: When data are read, output buffer can be controlled by DQMi. By setting DQMi to LOW, the
corresponding DQ output buffers become active. By setting DQMi to HIGH, the corresponding DQ output
buffers are made floated so that the ith byte of data are not driven out. The latency of DQM operation for
read operation is 2.

CLK
DOM [\

DQout {0)(1}

—— Ipop= 2 Latency

{ 3 )
2

Writing: Input data can be controlled by DQMi. While DQMi is LOW, data is driven into the
HM5216326. By setting DQMi to HIGH, corresponding ith byte of DQ input data are kept from being
written to the HM5216326 and the previous data are protected. The latency of DQM control operation is 0.
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Refresh

Auto Refresh: All the banks must be precharged before executing an auto-refresh command. Auto refresh
command increments the internal counter every time when it is executed. This command also determines
the row to be refreshed. Therefore external address specification is not necessary. Refresh cycle is 2048
cycles/32 ms. (2048 cycles are required to refresh all the row addresses.) All output buffers become High-
Z after auto-refresh start. No prechrage commands are necessary after this operation.

Self Refresh: When issuing a self refresh command, by changing the level on CKE pin from HIGH to
LOW simultaneously, a self refresh operation starts and is kept while CKE is LOW. During the self-
refresh operation, all data schedule to be refreshed internally. This operation managed by an internal
refresh timer. After exiting from the self refresh, since the last row refreshed cannot be determined, auto-
refresh commands should immediately be performed for all addresses. Change the level on the CKE pin
from LOW to HIGH to exit from Self refresh mode.

Others

Power Down Mode: Power down mode is a state in which all input buffers except the CKE input buffer
are made inactive and clock signal is masked to cut power dissipation. To enter into power down mode,
CKE should be set to low. Power down mode is kept as long as CKE is low. Change the level on the CKE
pin from LOW to HIGH to exit from Power down mode. In this mode, internal refresh is not performed.

Clock Suspend: The HM5216326 enters into clock suspend mode from active mode by setting CKE to
low. There are several types of clock suspend mode depends on the state when CKE level is changed from
HIGH to LOW.

ACTIVE clock suspend: If CKE-transition (1 to 0) happens during a bank active state, the bank active
status is kept. Any input signals are ignored during this mode.

READ and READ A suspend: If CKE transition (1 to 0) happens during a read operation, the read
operation is kept or DQ output data is driven out until completion. Any input signals are ignored during
this mode.

WRITE (BLOCK WRITE) and WRITE A (BLOCK WRITE A) suspend: If CKE-transition (1 to 0)
happens during a write operation, though any input signals include DQ input data ignored, the write
operation is kept until completion. Any input signals are ignored during this mode.

Change the level on the CKE pin from LOW to HIGH to exit from Clock suspend mode.

46
HITACHI



HM5216326 Series

Command Intervals
Read Command to Read Command Interval:

1. Operation for a column in the same row: Read command can be issued every cycle. Note that the latest
read command has the priority to the preceding read command, that is, any read command can interrupt the
preceding burst read operation to get valid data aimed by this interruption.

CLK | ’_L

Command YECTXYfeadfead(
address YrowX XA XBX

AL0(BS)  \

(RO B (BLY(ELES)

DQ out
w | CAS Latency =3
Bank O Column A Column BColumn A Column B Burst Length = 4
Active read read Dout Dout Bank 0

2. Operation for a column in other row of the same bank: It is necessary to execute a precharge command
and a bank-active command before executing the new read command.

3. Operation for another bank: For another bank in active state, the new read command can be executed in
the next cycle after the preceding read command is issued. If another bank is in idle state, a bank active
command should be executed before executing the new read command.

DQ out

CAS Latency =3
! 3 Burst Length = 4

Bank 0 Bankl Column A Column BBankO Bankl
Active Active read read Dout Dout
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Write Command to Write Command hterval:

1. Operation for a column in the same row : Write command can be issued every cycle. Note that the latest
write command has the priority to the preceding write command, that is, any write command can interrupt
the preceding burst write operation to get valid data

e [ U DU UYL ULHLL

| tRCD 3 3

Command e Y

Address Trowy Y AXE)
At0Bs)  \| / \! |/
bQin ——

Burst Write Mode
| i CAS Latency = 3
Bank 0 Column A Column B Burst Length = 4
Active write  write

2. Operation for a column in other row of the same bank: It is necessary to execute a precharge command
and a bank active command before executing the following write command.

3. Operation for another bank: For another bank in active state, the following burst write command can be
executed in the next cycle after the preceding write command is issued. If another bank is in the idle state,
bank active command should be executed.

CLK

: tRRD
Command YaCT( )acH @
Address X0 X_ X1 X XA XB)

Moes) T\ /7 N\ /T
Qi i

Burst Write Mode
CAS Latency =3

Bank 0 Bankl BankO Bank 1 Burst Length = 4
Active Active write write
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Block Write Command to Write or Block Write Command Interval:

1. Operation for a column in the same row: It is necessary to take no lesgthardrnal between a
block write and another block write or the following write. df ts less thangt,c, NOP command should

be issued for the cycle between a block write command and the following write or another block write
command.

CLK

! t ; t |
RCD BWC !

Command %VWJ.'SS
Address m—--n

Bar]k 0 Column A Column B
Active Block write Block write
[Write

2. Operation for a column in other row of the same bank: It is necessary to execute a precharge command
and a bank active command before the following write or another block write operation.

3. Operation for another bank: To execute the following write command or another block write command
for another bank in active statg,¢ interval to the next command is necessary. If another bank is in the
idle state, bank active command should be executed. Itless thang},c., NOP command should be
issued for the cycle between block write command and the following write or another block write
command.

CLK

w tRRD w | tch 1

Commana YAGTX_)ACTIowe )
adgaress Y0 XA ED

MBS 1\ /7N /X

Bank 0 Bankl Column A Column B
Active Active Block write Block write
/Write
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Read Command to Write or Block Write Command Interval:

1. Operation for a column in the same row: The write or the block write command following the preceding
read command can be performed after an interval of no less than 1 cycle. To set DQ output High-Z when
data are driven in, DQM must be used dependinGA® latency as the timing shown below. Note that the
latest write or block write command has the priority to the preceding read command, that is, any write or
block write command can interrupt the preceding burst read operation to get valid data.

Command (readXwrite)

cL=1 / \
DQM < CL=2 /\
A\

CL=3

Qi @

\ High-Z )i
/ \

DQ out

2. Operation for a column in other row of the same bank: It is necessary to execute a precharge command
and a bank active command before executing the next write or another block write command.

3. Operation for another bank: For another bank in active state, the following write or block write
command can be executed from the next cycle after the preceding write command is issued. If another
bank is in idle state, bank active command should be executed, prior to execute the following write or block
write command.
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Write Command to Read Command hterval:

1. Operation for a column in the same row: The read command following the preceding write command
can be performed after an interval of no less than 1cycle. Note that the latest read command has the
priority to the preceding writing command, that is, any read command can interrupt the preceding write
operation to get valid data.

WRITE to READ Command Interval (1)

Command )(write)(readx

bou N /
DQin { A0 Y—
DQ out — (BoXB1YB2XE3)
S\,?ilfemn A4—» CAS Latency Burst Write Mode
‘ ‘ CAS Latency = 1
Column B Column B Burst Length = 4
read Dout Bank 0

WRITE to READ Command Interval (2)

Command

DQM \ L /
DQin (A0 (A0 y—r
DQ out i —(®0 B3
Column A i i e Burst Write Mode
write i | CAS Latency CAS Latency =1

Burst Length = 4

Column B Column B Bank O

read Dout

2. Operation for a column in other row of the same bank: To execute the following read command, it is
necessary to execute a precharge command and a bank active command.

3. Operation for another bank: For another bank in active state, the following read command can be
executed from the next cycle after the preceding write command is issued. If another bank is in idle state, a
bank active command should be executed prior to execute the following read command.
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Block Write Command to Read Command hterval:

1. Operation for a column in the same row : Within the same row, it is necessary to take no lggs than t
between a block write and the following read commandelfstless thangt,., NOP command should be
issued for the cycle between a block write command and the following read command.

Block Write Command to Read Command hterval

Il
Command Bwrite read
]

< BWC o |
DQM \ /
0Q ou | —(B0)(BL (B2 (83
Column A J{—}i e CAS Latency =1
Block write 1 | CAS Latency Burst Length = 4
Column B Column B
read Dout

2. Operation for a column in other row of the same bank: It is necessary to execute a precharge command
and a bank active command before the following write or another block write operation.

3. Operation for another bank: To execute a read command for another bank in activg,siatertal to

the next command is necessary. If another bank is in idle state, bank active command should be executed.
If to is less thangt,c, NOP command should be issued for the cycle between a block write command and
the following read command.
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Read Command to Precharge CommandThe minimum interval between read command and precharge
command is one cycle. However, since the output buffer then becomes High-Z after the cycles defined by
l.zp there is a possibility that burst read data output will be interrupted, if the precharge command is input
during burst read. To read all data by burst read, the cycles defingdrbyst be assured as an interval

from the final data output to precharge command execution.

READ to PRECHARGE Command Interval (Same Bank): Output All Data

CAS Latency =1, Burst Length = 4

e« UL UYL YL
Command

DQout —(0OE XX

Command
DQout 0 X 1X2Xs3

CLK
Command @ | m
DQout i o XL X2 X3
CL=3 Igp = -2cycle
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READ to PRECHARGE Command Interval (Same Bank): Stop Output Data

CAS Latency = 1, Burst Length = 4

Command

DQout {0 Y—

CAS Latency = 2, Burst Length = 4

Uy uL
Command Xread

DQout (o)

CAS Latency = 3, Burst Length = 4

Command

DQout (0
—

High-Z

IHzp =3
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HM5216326 Series

Write Command to PrechargeCommand: The minimum interval between a write command and the
following precharge command is 1 cycle. However, if the burst write operation is not finished, input must
be masked by means of DQM for the cycle definedRyfor assurance.

WRITE to Precharge Command Interval (Same Bank)

Burst Length = 4 (To Stop Write Operation)

Command Xwrite |
DQM \ / \
bQin

—p

twr

Burst Length = 4 (To Write All Data)
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HM5216326 Series

Block Write Command to Precharge Command Interval: The minimum interval between block write
command and the following precharge commangljs.t

Block Write to Precharge Command Interval(Same Bank)

Command XBuwriteY X Pre.)
<«
'BWR

Register set to register set interval: The minimum interval between two successive register set
commands (mode/special mode)gis |

Mode register set to spacial mode register interval

CLK

Command MRS %

Address >-<

DQin I 0
« >
IRR

2

Special Mode Register Set to Block Write/Write Interval: The minimum interval between a special
mode register set and a block write/writegjg,t

Special Mode Register Set to Burst Write Interval

Address )65 2o
|

DQin
Nt—ﬂ
SBW Burst length = 2
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HM5216326 Series

Bank Active Command Interval:
1. Operation for the same bank: The interval between two bank-active commands must be no Jgss than t
2. Operation for another bank: The interval between two bank-active commands must be no Iggs than t

Bank Active to Bank Active for the Same Bank

Command ACT X Pre X ACT,

Address Xrow)( | XrowX
A10 (BS) N / \i / \ | /
' < -
' tRAS ’ tRP |

tRC

Bank Active to Bank Active for Another Bank

Command XéC X XéCTX

Address XréwX Xrbw)(
A0 (BS) \ /[ /N
| tRRD |
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HM5216326 Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg Vi, -1.0to +4.6 \Y, 1
Supply voltage relative to Vg Voo -1.0to +4.6 \Y,
Short circuit output current lout 50 mA
Power dissipation P, 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +125 °C
Note: 1. V,, (max)=5.75V for pulse width <5 ns
Recommended DC Operating ConditiongTa = 0 to +70C)
Parameter Symbol Min Max Unit Notes
Supply voltage Voo VipQ 3.0 3.6 \Y 1

Ves, VssQ 0 0 Vv
Input high voltage Vi 2.0 4.6 \% 1,2
Input low voltage V. -0.3 0.8 \Y 1,3

Notes: 1. All voltage referred to Vg
2. V,, (max) = 5.5V for pulse width <5 ns
3. V, (min) =-1.0 V for pulse width <5 ns
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HM5216326 Series

DC Characteristics(Ta = 0 to 70C, V,, V,;,Q =3.3V+ 0.3V, Vg V. Q =0V)

HM5216326
-8 -10 -12
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Note
Operating current lecy — 210 — 180 — 150 mA Burstlength=1 1
tge =min, CL=3
tex = mMin
Standby current leco — 5 — 5 — 5 mA CKE =V, te = min
(Bank Disable)
— 3 — 3 — 3 mA CKE=V,
ClK=\, aV, kxed
— 9% — 75 — 60 mA CKE=V,,
NOP command
tex = min
Active standby current 1., — 15 — 10 — 10 mA CKE=V_t,=min, 1
(Bank active) DQ = High-Z
— 100 — 80 — 65 mA CKE=V,,
NOP command
te = mMin,
DQ = High-Z
Burst operating current
(CL=1) leca — 220 — 170 — 140 mA t,=min,BL=4 1
(CL=2) leca — 280 — 240 — 200 mA 2 bank operation
(CL=3) leca — 330 — 280 — 240 mA
Refresh current lees — 190 — 150 — 120 mA tg.=min,CL=3
tex = mMin
Self refresh current lecs — 3 — 3 — 3 mA V,2V,-0.2
VvV, <02V
Block write operating leer — 200 — 160 — 130 mA t,,=min,CL=3
current 1 bank operation,
tgc = 150 ns
Input leakage current 1, -10 10 -10 10 -10 10 pA O0<=<VinsVy
Output leakage current |, -10 10 -10 10 -10 10 pA O0<VoutsV,,
DQ = disable
Output high voltage Vou 24 — 24 — 24 — V lon =—2 MA
Output low voltage Vo, — 04 — 04 — 04 V lo. =2 MA

Note: 1. I.. depends on output load condition when the device is selected. |.. (max) is specified on
condition that all output pins are floated.
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HM5216326 Series

Capacitance(Ta = 25C, V,,, V;;Q =3.3V+£0.3V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C. — 5 pF 1
Input capacitance (Signals) C, — 5 pF 1
Output capacitance (DQ) Co — 7 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQM =V, to disable Dout.
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HM5216326 Series

AC Characteristics (Ta = 0 to 70C, V,, Vp;Q =3.3V+ 0.3V, Vg V. Q=0V)

HM5216326
-8 -10 -12
Parameter Symbol Min Max Min Max Min Max Unit Notes
System clock cycle time
(CL=1) teg P/ — 30 — 36 — ns 1
(CL=2) tex 12 — 15 — 18 — ns
(CL=3) tex — 10 — 12 — ns
CLK high pulse width ten — — — ns 1
CLK low pulse width te — — — ns 1
Access time from CLK
(CL=1) thc — 23 — 28 — 32 ns 1,2
(CL=2) the — 1 — 13 — 15 ns
(CL=3) tac — 7 — 7.5 — 10 ns
Data-out hold time ton 3 — 3 — 3 — ns 1
CLK to data-out low impedance t., 0 — 0 — 0 — ns 1
CLK to data-out high impedance
(CL=1) ty — 1 — 13 — 15 ns 1,3
(CL=2,3) t,, — 6 - 7 — 9 ns
Data-in setup time tos 25 — 3 — 35 — ns 1
Data-in hold time ton 1 — 1 — 15 — ns 1
Address setup time tas 25 — 3 — 35 — ns 1
Address hold time tan 1 — 1 — 15 — ns 1
CKE setup time teks 25 — 3 — 35 — ns 1,4
CKE hold time tern 1 — 1 — 15 — ns 1,4
Command (CS, RAS, CAS, WE, tews 25 — 3 — 35 — ns 1
DQM, DSF) setup time
Command (CS, RAS, CAS, WE, town 1 — 1 — 15 — ns 1
DQM, DSF) hold time
Refresh/active to refresh/active tae 72 — 90 — 108 — ns 1
command period
Active to precharge on full page trasc — 120000 — 120000 — 120000 ns 1
mode
Active to precharge command tras 48 120000 60 120000 72 120000 ns 1
period
Active command to column treo 24 — 30 — 36 — ns 1
command
Precharge to active command tep 24— 30 — 36 — ns 1

period

HITACHI
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HM5216326 Series

AC Characteristics (Ta =0 to 70C, V,p, Vpp,Q =3.3V£03V, Vg V.Q=0V)
(cont)

HM5216326
-8 -10 -12
Parameter Symbol Min Max Min Max Min Max Unit Notes
The last data-in to precharge lead time
(CL=1) tur 12 — 15 — 18 — ns 1
(CL=2) twr 12 — 15 — 18 — ns
(CL=3) twr 16 — 20 — 24 — ns
Block write to precharge lead time
(CL=1) tawr 24 — 30 — 36 — ns 1
(CL=2) tawr 24 — 30 — 36 — ns
(CL=3) tawr 24 — 30 — 36 — ns
Active (a) to active (b) command period tggp 16 — 20 — 24 — ns 1
Register set to active command trsc 16 — 20 — 24 — ns 1
Block write cycle time tawe 16 — 20 — 24 — ns 1
Special mode register set to column tsaw 16 — 20 — 24 — ns 1
command
Transition time (rise to fall) t; 1 5 1 5 1 5 ns
Refresh period trer — 32 — 32 — 32 ms

Notes: 1. AC measurement assumes t; = 1 ns. Reference level for timing of input signals is 1.4 V.

Test load (A) is used with CL = 30 pF in general except fpr the measurement of access time
(note2) and t,,, (note3).

2. Access time is measured at 1.4 V. Test load (B) is used with current source.

3. t,, (max) defines the time at which the outputs achieves + 200 mV. Test load (A) is used with CL
=5 pF and with current source.

4. When Active Suspend Exit, Power Down Exit or Self Refresh Exit is executed.
CKE should be kept “H” more than 1 cycle from these Exit cycles.
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HM5216326 Series

Test Conditions

* Input and output timing reference levels: 1.4V
» Input waveform and output load: See following figures

. 2.8V o D 80%
| |
et Vss m
Lo Lo
| | | |
| | | |
| | | |
tr ty
LVTTL interface
Output
+1.4V |
DQ %500 Q DQ --—
O . O O *

+1.4V

%SOQ
O

Test Load (A)

30 pF

Test Load (B)*

*loL (Mmax) = 20mA
loH (min) = —20mA

HITACHI
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HM5216326 Series

Relationship Between Frequency and Minimum Latency

HM5216326
Parameter -8 -10 -12
CL 3 2 1 3 2 1 3 2 1
tek (NS) Symbol 8 12 24 10 15 30 12 18 36 Notes
Last data in to active command |apw 5 3 2 5 3 2 5 3 2
(Auto precharge, same bank)
Block write to active command e 6 4 2 6 4 2 6 4 2
(Auto precharge, same bank)
Precharge command to high lizp 3 2 1 3 2 1 3 2 1
impedance
Last data out to active command lapr 1 1 1 1 1 1 1 1 1
(Auto precharge, same bank)
Last data out to precharge lep -2 -1 0 -2 -10 -2 -1 0
Column command to column leco 1 1 1 1 1 1 1 1 1
command
Write command to data in latency lweo 0 0 0O 0 0O O O 0 0
DQM to data in loio 0 0 0O 0 0 O O 0 0
DQM to data out looo 2 2 2 2 2 2 2 2 2
CKE to CLK disable loie 1 1 1 1 1 1 1 1 1
Burst stop to output valid data hold lask 2 1 0 2 1 0 2 1 0
Burst stop to output high impedance |Ig, 3 2 1 3 2 1 3 2 1
Burst stop to write data ignore lasw 0 0 0O 0 0O O O 0 0
MRS to data in latency luso 0 0 0O 0 0 O O 0 0
SMRS to data in latency lsso 0 0 0O 0 0 O O 0 0
Register set to register set lar 2 2 1 2 2 1 2 2 1
Self refresh exit to command input lsec 9 6 3 9 6 3 9 6 3 = [ted]
Self refresh exit time lsrex 2 2 2 2 2 2 2 2 2 1

Note: 1. When self refresh exit is executed, CKE should be kept “H” for longer than |, from exit cycle.
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HM5216326 Series

Timing Waveforms

Read Cycle
tek
ey toL
RC
— ViH
CKE : trAS R
RCD
tems| temn tems|temn tems| temn tems|temn
S W S WY’ 7 T
tems|tomn
tems| temn %H—><—>\%\/ tems| temn tems|temn
RAS j
toms| temn tomst tems| temm IEMS temH
P ms| temH — =
CAS //( V /X j’ A/ W A/
tems| temm toms| temm tems| temn
e tems| temH
WE Z /
tas| tan tas| taH ‘ ‘ ‘ tas| taH ‘ ‘ tas| tan
' |
A10 a / | | y 4
tas| tan tas| tan
/)E_”—;K/ tas| tan tas | taH i
s % i/ s D
T T
tas| taH tas| taH ‘ ‘ ‘ ‘ ‘ tas| tan
AO to A8 />F %
tems temH
[—
DQM j/
DQ(input)
tcac tac | tac tac
DQ(output)
tac
> t t, toH t
iz OH OH Hz Burst length = 4
Bank 0 Bank 0 Bank 0 BankO0 Access
Active Read Precharge
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HM5216326 Series

Write Cycle
tex
oy feu
CLK _/_\_/_KJ/_\_/_\_/F\_/_\_/T\_/F\_/_\_/_\_/_\_/_\_/_\_
RC
— Vi
CKE trAs trp
treD
tems| temH tems| temH tcms| temH tems|temH
T
tcms|temH

toms| temH | tems| temH tems| temH
RAS \K/ / / >J ;l;

tems| temH tcMs|temH tcms|temH

tcms|temH

;
g

tcms

:

tcmH

tcms|temH tcms|temH

MS| tcmH

=
_ N

Lﬂrﬁ' §1
SES

N

-
i
|

As| tAH tas| taH tas| tAH tas | tAH
7
A10 J’ X ‘ />t‘ y
tas| tAH tas | tAH
0?—-% tas| tAH tas| tAH
A9 / X‘ j/ ‘ ‘ .
tas| taH tas| taH ‘ ‘ tas| tAH
A0 to A8 QE* % Q{ %’/
tcms temH
DQM ///\)t‘
tps| toH_fps| ton 'S tor (1Ds] toH
DQ(input) >F * * q
/|
twr
DQ(output)
Bank 0 Bank 0 Bank 0 Burst length = 4
Active Write Precharge Bank 0 Access
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HM5216326 Series

Mode Register Set Cycle

SOy ST S e e S s e
&
e NI e AW s G\W v g e\ W s
CAS 77 NN, ST N7 L7777 7N, 777777777 X277
" A I [ N T L

O s e\ g B e o o A

A0 to A8 77 XaliaX( 7777 7 Xcode) e X2 . CL TS

T
DQM 7N e N R R N N7
T T T T T T T T T T T T I I T
I I 1 1 I I I I I I I I I f— 1 I \
DQ(output) — : : : : : : : ‘ ‘ ‘ } ——( b : b+3 ﬂ@ ‘
I I I I I I I I I I I I I I I I I
DQ(input) ‘ Hghz —
I I I I I I I I I I I I I I I I I I I I I \
' t ' 't S t y ' ' ' ' ' ' ' ' '
‘ RP A RSC ‘ RCD ‘ Output mask
Precharge Mode register Bank 1 Bank 1 =
If neede% Set g Active Read trRcD =3

CAS latency =3
Burst length = 4

Read Cycle/Write Cycle

CLK

ok "M T T T | | 1 1 . | | 1 1 | | | | Readcyck

e TN N TN/ T\ /T RAS-CAS delay =3
RAS /A /. 7. XA L /T \_ £ /T X PN/ CAS latency = 3
CAs L7 \ZZZNi L7777 NZZZN [T N2 L7\ L 7 X Burst length = 4

WE 777 X277 X7 X /; \‘/ 7 X7
A10(BS) 77\l . i T\
A010 A8 ammmm Aﬂ( 77 ‘

DQM | : ‘ IR
(outpt) —+—+————————@ e D@r2)ar3)— m«mmasmm«mm<m-
- D ! I I I I I I I I High-Z I I I I I I
(|npu8 ! Bank0 ! ! Bank0 ! Bank1 ! ‘ Bank 1 Bank 0 4 ! Bank 1! Bank 1! ! ! Bank 1! !
: Active : : Read : Active : :Read Precharge : Read : Read : : : Prechargé :
CKE = Ny e Wiite cyle
B/ g VOV Ny Vg VO VA VO N = oo
RAS 77N/ /AL 70 XL\ L XZT X A/ -
p— ey </ \ ——r——~——— Burst length = 4
CAs ZZ/7 X AN 7S N [T XA LA/ 7T

W T /\i / //‘ v T >\1 T i 1 i T i
MOES) 77N [777N, 7] T2 AL LT vy;
RO 10 AB ‘ XCBX .

Y

DQM

T T \
] I I I
I
| | | | | | | | \ngh -Z | | | | |
(outpu% : T : : T : T T T T T T T T T : :
| | | I

\ \ \
| |
g — (@_XatiXa+2Xa+r3)}-——b_Xb+1Xb+2Xb+3Xp' Xb+Xb" Xo™+X Eﬂi

Bank 0 Bank 0 Bank 1 Bank 1 Bank 0 Bank 1 Bank 1 Bank 1
Active Write Active Write Precharge Write Write Precharge
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HM5216326 Series

Read/Single Write Cycle

WE 2777 N2 N N7 77N NN L7,
A10BS) N\ /[ N/ AL
A0to A8 L XRaX L XCaX R

DM DN L L ON LN L
. D | | | | | | | | | | | | [\ ! | | | | | | | |
('”p”% N A R e N N R R
oupmg T OeDer )+
| Banko | | Bank0 |  Bankl | | | | | Bank0 Bank0 | | | | Bank0 | Bank1 |
| Active | | Read | Active | | | | | Write  Read | | | | Precharge, Precharge |
CKE _\‘V|H\ | | | | | | | | | | | | | | | | | | | |
cs N/ NN/ T T T NN TN T
RS AL T XA L SN N L
ors 27 A\ [T C AL LN 7
WE 7 L X X AL LN L/ 2N/
A10(BS) AN/ LN AL/ NI/
A0to A8 L/ )XRaX/ / XCiaX/ XRDX C:
Do 2277777 N SN L L ‘

(g — @ T
oupld — e | A
Bank 0 Bank 0 Bank 1 Bank 0 Bank 0 Bank 0 Bank 0

Active Read Active Write Write  Write Precharge

Read/Single write
RAS-CAS delay = 3
CAS Latency = 3
Burst length = 4
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HM5216326 Series

10 11 12 13 14 15 16 17 18 19 20

9

8

Read/Burst Write Cycle

|

T

|

|

|
Bank 1
Precharge

|
T
|
|
|
1
Precharge:
|
|
|
\ Al
|
T
1
|
T
|
|
|
1
Precharge

Bank 0
|
|
|
|
|
|
|
T
T
|
|
1
!
|
|
|
T
|
|
|
1

Bank 0

|
\%%
[
N LT X2

“““ “ lalll‘l‘l“ NS
[\] o™
+ +
“““ INE CHEE o NN I I I
“““ INE &L NN I I ) I
wv\ NN N ﬁ o =
\\\\\\ JER N DU B 15 A N ] O -+ S Y VN N N __HE&--
N o= SEANENEN
SINISINIE 7 A0 ] %
“““ INE I N R DU VU N B ) do- EE
N 82
“““ INI o CREAARAT L
: g
+ +
“““ ANNR A R S B NN NN -
BRSNS PR IS SN
m =
\\\\\ _ i R N O R R R A _ i I I I
© ©

Z
<
X
¢
a
Z
2
e
\%
/1 \
a

T \A//m T g2 17 A//m T 23
TPNPN WA ““““ S SUNG ‘/MN ““““ )
\\\\\\ Jled] e onsed
/A/Am /A/AM
- /v\v\/w ““““ N /VV/W ““““ )
TOANNASRNTT B AN AN T
) = N
T ARRARR LT = CANNERRH--
KBREEBIE55%F ¥ BEREB g8
g & 2 ~°

=3
3
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RAS-CAS delay

Read/Single write

CAS Latency
Burst length
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HM5216326 Series

Full Page Read/Write Cycle

0 1 2 3 4 5 6 7 8 9 260 261,262 263 264 265, 266 267 268 269
CKE VW7 T T 1 o T 1 T T 1 Y1 1 1 1 1 1 1 1 | | Readcycle
s T\ /7 "\ / \ /o YR W@'mde'ay:3
| | i I ! | | I I ! | I I ! 1 CAS Latency =3
RAS 7 7 N I XA/ %4 7 AL L Burst Length = full page
cas 2T 7N LT X V4 7T X
WE /7 X 7"\ X 5y AL\ /L
A10B8) A\ L A\ [T \/ DY /i \/
AOtoA8 [ Xra X/ KcaX /Xrb) ‘ 33 ‘
DQM A\l L

|
| | | : | 1
RS —— ‘ CEDGDEDOD n —

Hlah Z
(inpu

Bank 0 Bank1 ' Burst stop Bank 1 ‘

3 Ag&ive 3 3 Rgad 3 Aclive : i 3 : 3 3 3 3 3 ) Precharge# 3
SRR v SN S U oyte
=TT\ ST\ S\ ST T T—T—T—T—T\ | /T\| /T RASCASdelay=3
cs | M L M NS N R | M/ ' ! CASLatency =3
RAS LN [0 NN A 77 } \//\ ! /‘ Burst Length = full page
tas 27 X L L2 N /X7 &
We 2T NI LTI LN AL LN L
AL0BS) LN/ A LT X NY 7T\
AO to A8 "l I [ I I SS/\ I I I I I Il
DQM )\\ \ | | | | | (! | | | | | /
| | | | | \ | | | \ngh Z)) | | | | | | | | | |
(oumu‘% A s s g g g S S R
SR S — ﬂ mmm ——
ES\a[nk o’ ' \l?var;k o’ Ea!nk 1] ' Burs( stop llgankhl '
ctive rite ctive recharge

Auto Refresh Cycle

CKE — e
T s e e e e A A
RAS LN NI N/ N LT X
oas 777 N7/ TN/, 7T XA/,
WE 2. /77777 X T X 7 X X
r106s) 777X X 0.\ N /.
A01088 7 ‘ (XXX 7
pov AL
DQUnpU) i N
DQ(OUtpuo : : I I : I I I I I j HI \h-Z I I I I I : : : 2 a+1
| ‘\ tRP ‘\ \tRC\ \‘ 1 [RC ‘ 1 ‘ 1 | |
Precharge Auto Refresh Auto Refresh Active Read Refresh cycle and
If needed Bank 0 Bank 0 'ﬁd%e

RAS-CAS delay=2
CAS latency=2
Burst length=4
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HM5216326 Series

Self Refresh Cycle

[ e Y e e
MR L

CKE 4‘—'—'—\: ! ; 3 CKE Low SQ CKE High \</

s 72\ [ZZZ7\ A A s S
oas T LA L7 T 777 7 7 7 7 N L
WE 2N / N5 T <

AL0(BS) M 77
AO to A8 27

DQM A (V
oot ————— —
DQ(output) i " ) " — High-Z - ‘
4 Rp 4 ‘ ! ! ! ke ! ! ! ! * ! ! !
Precharge command  Self refresh entry Self refresh exit Auto refresh Self refresh cycle
it needed command ignore command RAS-CAS delay = 3

or No operation Next clock enable CAS latency = 3
Burst length = 4

Clock Suspend Mode

teks tekH teks
0 1 2 3 4 5 6 7 8 9 10 11|12 13 14 15 16 ,17 18 19 20
cik Ju—u—u—u—u%fu—unwﬂmw
B e (N e e e
cs W: | ] \i i T \1 /: " Read cycle
RAS 77\ [f77 777777277 NOAL L7777 7777777 \L_ L7777\ RAS-CAS delay = 2
cas 2 & N LT E 1 i X /: \( CAS latency = 2
WE 7777 X, T N X LI\ LN L Burst length = 4
AL0@S) 77!/ N\ L7TX 7 \_/ 7 X_
A0 A8 L KRk R ak S RROK L :
DQM ‘ ‘ /\\ \ 1 1 1 1 \ / i; 75\ \ 1 \ /
(outpDut } — } } } } } } a ﬂ |
. D | | | | | | | | | | | | | H|gh -Z | | |
e S S A S S T U
: Bank0 Active clock : Active clock Bank0 : Bank1 Pead suspend‘ Read suspend Bankl Bank0 : : Earliest Bankl :
CKE : AC[I‘VE su‘spend s‘lavl : ‘suspem‘i end I‘?ead : A(‘:uve : sl‘ ‘ ‘ :1 Re‘ad F"rechar‘ge : Prec‘harge ‘ : Write CyCle
s ZA /T N /X 7\ T\ e ey =2
RAS ZZA| [ 77777777277 \L_ 72777777777\ L7727 7N (77 OAS latency =2
oas 2277 X T /T X : Burst length = 4
A10BS) 72N\ /. AL STXE /T \L_/L /T L
A0to A8 /7 XR:a (C:aXRb)
DQM o\ N S
O h z l I l l l N
(oupt I R 5 — ‘ Lo
(g T <2 'Illlll/@ﬂ- N ——
Bank0 Active clock Active clock Bank0 Bankl Write suspend Write suspend  Bank1 Bank0 Earliest Bank1
Active  suspend start supend end Write Active end Write Precharge Precharge
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HM5216326 Series

Power Down Mode

tCK§
ck LI L LT 27 T
CKE : ; ; i CKE Low gg ‘ ‘ ; ; ‘
cs LT\ T
RAS />\ ya L NN A‘ /
s 7| Ny 2T 77 X2
WE 2N L2 7 X
AL0(BS) U 7 A NI
AO to A8 M@é/‘ 77 307 ‘ A('%: aW
DQM T 27 IS
DQ(input) : ‘ ‘ ! >3 ‘
DQ(output) _— (Highz———————
‘ trp ‘ : ‘ 1 : :
‘ Powefdown entr p t T Power down cycle
Fecharge command Y Power down RAS-CAS delay = 3

Active Bank 0 CAS latency = 3
Burst length =4
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HM5216326 Series

Mask Register Set Cycle

0
CLK

1 2 3 4

CKE ~— VIH-
cs

RAS

TN

2"

2 [

/o

CAS

| A\
7
=t

WE

/ /

T \_L

/ |
ZZ
/

V//\/

A//

DSF

A10

QZg? MaskW />\ No Mask /

\ /

A9

‘Ai

RaW&<_\ /

N

A0 to A8

A( Rb X(Ca X
‘ />\: 1 SR
a '//m@nmw

DQM

DQin

I I I \

rp 'RsC A 4 4 A
Precharge Mask register Bank 0 Bank 1 Bank 0 Bank 1
If needed Set ACTVM ACTV Write per bit Write
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HM5216326 Series

Color Register Set Cycle

DRV NGRS
= 22D LT T\ LD LD
WE 7770NL L2\ L7 N N\ LN LN
DSF 7/ Mask\ AM’\:;'(/ N7 <
RN NV SNWNW o
n 777N 772777777 7X WX ZZXRN L LT LN LT
AOto A8 777777 WW%%W&(CW@@@
DQM:::IIIIIA/A/A/:
0Q in ——+———+—Gl————— R G e

— ! ! ' ! =

1 1 1 1 1 1 1 1 I I I
"t h Vot h h h
S W A SRR
Precharge Color register Bank 0 Bank1l BankO Bank 1
If needed Set ACTVM ACTV Mask Block Write Block Write
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HM5216326 Series

Write Cycle (with I/O Mask)

\ 0 i 2 3 4 5 6 7 8 9 0 11 12 13 14
1T Sy [ ) [

CKE —+ ViH

R I e e N e e e R I

CAS

WE

A\
S
774
DSF / (AN
X

A10

A9

T Rt D . D S A D
oM ZZZ 77 SN L AN L

0Qin ——+— A XD I

: 1 1
' ' ' l ' i ' i ' ' ' ' '
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HM5216326 Series

Block Write Cycle
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HM5216326 Series

Package Dimensions

HM5216326FP Serie§TFP-100H)

Preliminary Unit: mm
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Base material dimension Weight (reference value)| 0.7 g
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HM5216326 Series

Cautions

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,.

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

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

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

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document w
written approval from Hitachi.

have

Ver,

high
e risk
tion,

ticularly
used
able

fail-
ther

ithout

Contact Hitachi’'s sales office for any questions regarding this document or Hitachi semiconductor

products.
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HM5216326 Series

Revision Record

Rev. Date Contents of Modification Drawn by  Approved by
0.0 Nov. 20, 1996 Initial issue Y. Saiki T. Kizaki
0.1 Jun.9, 1997 Change of Package type: FP-100H to TFP-100H Y. Saiki T. Kizaki

Change of CKE Truth Table
AC Characteristics
ten te, min: 2.5/3/4 ns to 3/3/4 ns
txc (CL =2) max: 10/11/12 ns to 11/13/15 ns
toy Min: 2/3/3 ns to 3/3/3 ns
Timing Waveforms
Change of Read/Single Write Cycle
and Read/Burst Write Cycle

0.2 Nov. 21, 1997 Deletion of note for Auto precharge H. Suzuki K. Hayakawa
DC Characteristics
lcc; max: TBD/TBD/TBD mA to 210/180/150 mA
cc max: TBD/TBD/TBD mA to 5/5/5 mA
cc; max: TBD/TBD/TBD mA to 3/3/3 mA
ccz max: TBD/TBD/TBD mA to 95/75/60 mA
ccs max: TBD/TBD/TBD mA to 15/10/10 mA
ccs max: TBD/TBD/TBD mA to 100/80/65 mA
cca (CL=1) max: TBD/TBD/TBD mA to 220/170/140 mA
cca (CL=2) max: TBD/TBD/TBD mA to 280/240/200 mA
cca (CL=3) max: TBD/TBD/TBD mA to 330/280/240 mA
<cs max: TBD/TBD/TBD mA to 190/150/120 mA
cce Max: TBD/TBD/TBD mA to 1/1/1 mA
l.c, max: TBD/TBD/TBD mA to 200/160/130 mA
AC Characteristics
tac (CL = 1) max: 22/28/32 ns to 23/28/32 ns
txc (CL = 3) max: 6.5/7.5/10 ns to 7/7.5/10 ns
toss tasy tekss tows MiN: 2/3/3.5 ns to 2.5/3/3.5 ns
Change of Package dimension

0.3 Jan. 14, 1998 Correct error H. Suzuki K. Hayakawa
DC Characteristics
lcce max: 1/1/1 mA to 3/3/3 mA
Relationship Between Frequency and Minimum Latency
Addition of ls.: 9/6/3
Addition of lgge,: 2/2/2
Addition of notel
Timing Waveforms: Change of Self refresh cycle
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HM5216326 Series

Rev. Date Contents of Modification Drawn by  Approved by

0.4 May. 19, 1998 Correct errors H. Suzuki K. Hayakawa
Change of figures for
Column address and write command (BL = 2),
Power on sequence,
READ to PRECHARGE command interval:
Output all data (CL = 2),
Mode egister set to special node register set
interval
Bank active to bank active for the same bank
Bank active to bank active for another bank
Change of description for Graphic commands note
Change of Simplified State Diagram
Change of Timing waveforms for self refresh cycle
Relationship Between Frequency and Minimum Latency:
Change of notel (“H” longer to “H” for longer)
Timing Waveforms: in figures (A0 to A7) to (AO to A8)

1.0 Jul. 6,1998  Deletion of Preliminary H. Suzuki K. Hayakawa

2.0 Oct. 2,1998 Correct errors
Column address and block write command:
A0 to A1 HIGH or LOW to A0 to A2 HIGH or LOW
CKE Truth Table
Change of DSF (self refresh): L to x
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