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Notice

When using this document, keep the following in mind:
1. This document may, wholly or partially, be subject to change without notice.

2. Allrights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole
or part of this document without Hitachi’s permission. '

3. Hitachi will not be held responsible for any damage to the user that may result from accidents
or any other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics
and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for
any intellectual property claims or other problems that may result from applications based on
the examples described herein.

5. No license is granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’s products are requested to notify the relevant Hitachi sales offices when planning to
use the products in MEDICAL APPLICATIONS.
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131,072-word x 16-bit x 2-bank Synchronous Dynamic RAM
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All inputs and outputs are referred to the rising Ordering Information

edge of the clock input. The HM5241605 is
offered in 2 banks for improved performance. Type No.

Frequency  Package

HMS241605TT-20
Features HM5241605TT-17
HM5241605TT-15

50 MHz 400-mil 50-pin
57 MHz plasticTSOP li
66 MHz (TTP-500)

« 3.3V Power supply

« Clock frequency
66 MHz/57 MHz/50 MHz

* LVTTL interface

« Single puised RAS

« 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

* Programmable burst sequence
Sequential/intericave

« Full page burst length capability
Sequential burst
burst stop capability

+ Programmahie CAS latency
1/2/3

* Byte control by DQMU and DQML

« 1024 refresh cycles: 16 ms

» 2 variations of refresh -

— Autorefresh
— Self refresh

Preliminary: This document containg information on a
new product Specifications and information contained
herein are subject to change without notice.
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HM5241605 Series

Pin Arrangement Pin Description
HMS5241605TT Series Pin name Function
A0O- A9 Address input
O T Commnadiress  AO— AP
vos [] 1 so ] Ves Z Bank select ackress A9
wo [[] 2 o Jvois -
101 E 3 . j 1014 100 - V015 Data-inputioutput
vssa [ + a1 Jvssa | T8 Chip select
vo2 E 5 | o3 | mxs Row address strobe command
vllog E : ‘:% VUO12° [o7.1: Column address strobe command
cc
c|:>4 E 8 43 :I o1 | WE Write enable command
vs []e 42[ J/O10 | DOMU  Upper byle inputioutput mask
vssa [|10 o[ Jvgsa | DOML Lower byte inputioutput mask
vos [ 1 40[ | vo9 CLK Clock input
o7 E 12 3 j vos CKE Clock enable
;;c.:_ E :: :: % :Zco Vee Power for internal circutt (3.3 V)
WE E 15 36 j pomu | Vss Ground for intemal circuit
TAS E 16 35 j CLK VecQ Power for VO pin (3.3 V)
FAS v 34 j CKE VssQ Ground for 1O pin
ts [ ] 33| NC
A9 E 19 32 j NG NC No connection
as [ |20 3] ne
A0 I: 21 30 ] A7
a [z 2[ ] s
a2 [ 28 Jas
as [ 2 Jm
vee (]2 28] ] vgs
(Top View)
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Block Diagram
| A0 = A7 ]* * Ao-‘AQ
CmE e eme || e ez
h 4
l Row decoder ] ]

l

b-—-1

Column decoder ‘
Sense amplifier & /O bus

512 row X 256 column X 16 bit

Memory array

Bank 0

Bank 1

512 row X 258 column X 16 bit

Sense amplifier & VO bus

_’

Control logic &

timing generator

cke O————

cs

pamL O—————
pamu O——

CLK
RAS
CAS
WE




HMS24160S Series

Pin Functions

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

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

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

A0 to A8 (input pins): Row address (AX0 to
AXS8) is determined by A0 to A8 level at the
bank active command cycle CLK rising edge.
Column address (A0 to A7) is determined by
A0 to A7 level at the read or write command
cycle CLK rising edge. And this column address
becomes burst access start address. A8 defines the
precharge mode. When A8 = High at the
precharge command cycle, both banks are
precharged. But when A8 = Low at the precharge
command cycle, only the bank that is selected by
A9(BS) is precharged.

A9 (input pin): A9 is a bank select signal (BS).
The memory array of the HM5241605 is divided
into bank 0 and bank 1, both which contain 512
row x 256 column x 16 bits. If A9 is Low, bank 0
is selected, and if A9 is High, bank 1 is selected.

CKE (input pin): This pin determines whetber
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 and clock suspend modes.

DQMU/DQML (input pins): DQMU controls
upper byte and DQML controls lower byte
input/output buffers.

Read operation: If DQMU/DQML is High, the
output buffer becomes High-Z. If the
DQMU/DQML is Low, the qutput buffer becomes
Low-Z.

Write operation: If DQMU/DQML is High, the
previous data is held (the new data is not written).
If DQMU/DQML is Low, the data is written.

100 to O15 (VO pins): Data is input to and
output from these pins. These pins are the same
as those of a conventional DRAM.

Ve and VecQ (power supply pins): 3.3V is
applied. (Vcc is for the internal circuit and
VecQ s for the output buffer.)

Vss and VggQ (power supply pins): Ground is
connected. (Vgs is for the internal circuit and
VssQ is for the output buffer.)



HMS524160S Series

Command Operation
Command Truth Table
The synchronous DRAM recognizes the following commands specified by the T3, RAS, TAS, WE and
address pins.

CKE A7
Function Symbol n-1 n TS FRAS TAS WE A9 A8 -0
ignore command DESL H X H X X X X X X
No operation NOP H X L H H H X 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 Vv
Read with auto-precharge READA H X L H L H V H V
Cobmnaddressandwriscommand WRIT H X L H L L V L V
Write with auto-precharge WRTA H X L H L L V H V
Rowaddressstobeandbankat ACTV. H X L L H H V VvV vV
Precharge select bank PRE H X L L H L V L X
Precharge all bank PAL H X L L H L X H X
Refresh - REFSELFH VvV L L L H X X X
Mode register set v MRS H X L L L L L L Vv

Note: H: Vjy. L: V. X:Vjyor Vy . V: Valid address input

«Ignore command [DESL]: When this command
is set (CS is High), the synchronous DRAM
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(256)), and is illegal otherwise. Full page
burst continues until this command is input.
When data input/output is completed for a full-
page of data (256), 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 (AY0-AY7) 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(256), this command is illegal.



HMS5241605 Series

*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 AY7) and the bank select address
(A9) 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 AY7) and the bank select address
(A9).

*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(256), this command is
illegal.

*Row address strobe and bank activate
[ACTV]): This command activates the bank that is
selected by A9(BS) and determines the row
address (AX0-AX8). When A9 is Low, bank 0 is

*Precharge selected bank [PRE): This command
starts precharge operation for the bank selected by
A9. If A9 is Low, bank O is selected. If A9 is
High, bank 1 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]: Synchronous DRAM
has a mode register that defines how it operates.
The mode register is specified by the address ping
(A0-A9) 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

activated. When A9 is High, bank 1 is activated. to set up the mode register.
DQM Truth Table
CKE DOM

Function Symbol n-1 n - U L
Upper byte write enable/output enable ENBU H X L X
Lower byte write enable/output enable ENBL H X X L
Upper byte write inhibit/output disable MASKU H X H X
Lower byte write inhibit/output disable MASKL H X X H

Note: H: Vi LiVy. X:Viqor V).

The HM5241605 series can mask input/output data
by means of DQMU and DQML. DQMU masks
the upper byte and DQML masks the lower byte.
During reading, ihe outpui buffer is set io Low-Z
by setting DQMU/DQML to Low, enabling data
output. On the other hand, when DQMU/DQML
is set to High, the output buffer becomes High-Z,
disabling data output.

During writing, data is written by setting
DQMU/DQML to Low. When DQMU/DQML is
set to High, the previous data is held (the new data
is not wriiien). Desired data can be masked during
burst read or burst write by setting DQMU/DQML.
For details, refer to the DQM control section of the
HMS5241605 operating instructions.
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CKE Truth Table
CKE
Current state Function n-1 n TS TFAS TAS WE Address
Active Clock suspend mode entry H L X X X X X
Any Clock suspend L L X X X X X
Cocksuspend  Clock suspand moda exit L H X X X X X
Idie Auto-refresh command REF H H L L L H X
Idie Self-refresh entry SELF H L L L L H X
kile Power down entry H L L H H H X
H L H X X X X
Self refresh Self refresh exit 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: Vi L V. X:Vjgor V.

*Clock suspend mode entry: The synchronous
DRAM 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 A suspend:
The data being output is held (and continues
to be output).

*WRITE suspend and WRIT A suspend:
In this mode, external signals are not
accepted. However, the intemnal state is held.

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

*Clock suspend mode exit: The synchronous
DRAM exits from clock suspend mode by setting
CKE 10 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
synchronous DRAM starts auto-refresh operation.
(The auto-refresh is the same as the CBR refresh
of conventional DRAMs.) During the auto-refresh
operation, refresh address and bank select address
are generated inside the synchronous DRAM. For
every auto-refresh cycle, the internal address
counter is updated. Accordingly, 1,024 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.
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+Self-refresh entry (SELF]: When this command
is input during the IDLE state, the synchronous
DRAM 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 synchronous
DRAM enters power down mode. In power down
mode, power consumption is suppressed by cutting

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

Power down exit: Whea this command is
executed at the power down mode, the
synchronous DRAM can’exit from power down
mode. After exiting from power down mode, the

synchronous DRAM enters the IDLE state.

off the initial input circuit.
Function Truth Table
The following table shows the operations that are performed when each command is issued in each mode
of the synchronous DRAM.
Current state TS FRAS TAS WE Address Command Operation
Precharge H X X X X DESL Enter IDLE after tgp
L H H H X NOP Enter IDLE after tpp
L H H L X BST ILLEGAL
L H L H BA,CA,A8 READ/READA ILLEGAL
L H L L BA,CA,A8 WRITMWRITA ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF LLEGAL
L L L L MODE MRS ILLEGAL
idie 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,A8 READ/READA ILLEGAL
L H L L BA,CA,A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV Bank and row active
L L H L ‘BA, A8 PRE, PALL  NOP
L L L H X REF, SELF Refresh
L L L L MODE MRS Mode register set
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Function Truth Table (cont.)

Current state TS FAS TAS 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, A8 READ/READ A .Bogin read

L H L L BA,CA.A8 WRITWRITA Begin write

L L H H BA, RA ACTV Other bank active*3
ILLEGAL on same bank

L L H L BA, A8 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, A8 READ/READ A Continue burst read 1

, TAS latency and New read

L H L L BA,CA,A8 WRITWRITA  Term burst read/start write

L L H H BARA  ACTV : Other bank active*3
ILLEGAL on same bank

L L H L BA, A8 PRE, PALL Term burst read and
Precharge

L L L H X REF, SELF ILLEGAL

L L L L MODE MRS ILLEGAL
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Fuaction Truth Table (coat.)
Current state TS RAS TAS WE Address Command Operation
Read with - H X X X X DESL Continue burst to end
auto-precharge and precharge
L H H H X NOP Continue burst to end
and precharge
L H H L X BST ILLEGAL
t H L H BACAAS READREADA ILLEGAL
L H L L BA,CA,A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV Other bank active*3
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL
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, A8 READ/READ A Term burst and New read
L H L L BA,CA, A8 WRITWRIT A Torm burst and New write
L L H H BA, RA ACTV mm :';mv.:r*
L L H L BA, A8 PRE, PALL Term burst write and
Precharge”
L L L H X REF, SELF WLEGAL
L L L L MODE MRS ILLEGAL

10
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Function Truth Table (cont.)
Currentstate TS FRAS TAS WE Address Command  Operation
Write with H X X X X DESL Continue burst to end
auto-precharge and precharge
L H H H X NOP Continue burst to end
_lnd precharge
L H H L X BST ILLEGAL
L H L H BA,CA,A8 READ/READA ILLEGAL
L H L L BA,CA,A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV Other bank active*3
ILLEGAL on same bank
L L H L BA, A8 PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
| L L L L - MODE MRS ILLEGAL
Refresh H X X X X DESL Enter IDLE after tre
(auto-refresh)
L H H H X NOP Enter IDLE after trg
L H H L X BST Emor IDLE after tpe
L H L H BA,CA, A8 READ/READ A ILLEGAL
L H L L BA,CA,A8 WRITWRITA ILLEGAL
L L H H BA, RA ACTV ILLEGAL
L L H L BA,A8 . PRE, PALL ILLEGAL
L L L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

Note 1. H: Vi L:Vj. X:Vigor vy

The other combinations are inhibit.

2. An interval of tay_ is required between the final valid data input and the pracharge command.
3. i tgRp is not satisfied, this operation is illegal.

1
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From [PRECHARGE]

To [DESL], [NOP] or {BST):When these
commands are executed, the synchronous
DRAM enters the IDLE state after trp has

elapsed from the completion of precharge.

From [IDLE)

To [DESL], {NOP), [BST], [PRE] or
fPALL]): 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 synchronous DRAM
enters refresh mode (auto-refresh or self-
refresh).

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

From [ROW ACTIVE]

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

To [READ], [READ AJ: A read operation
starts. (However, an interval of tgep is
required.)

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

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

To [PRE], [PALL): These commands set the
synchronous DRAM to precharge mode.
(However, an interval of tg 5 is required.)

From {READ]

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
tRRD is required.) Attempting to make the
currently active bank active results in an illegal
command.

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

From [READ with AUTO-PRECHARGE)

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

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

12
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From [WRITE]

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 tgpp is
required.) Attempting to make the currently
active bank active results in an illegal
command.

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

From [WRITE with AUTO-PRECHARGE)]

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

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

From [REFRESH]

To [DESL], [NOP), [BST}: After an auto-
refresh cycle (after tgc), the synchronous

DRAM automatically enters the IDLE state.

13
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Simplified State Diagram

.

==~ Automatic transition after complation of command.
—= Transition resulting from command input.

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

14
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Mode Register Configuration

The mode register is set by the input to the address
pins (A0 to A9) during mode register set cycles.
The mode register consists of five sections, each of
which is assigned to address pins.

*A9 and AS: (OPCODE)

The synchronous DRAM 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.

A7
Keep this bit Low at the mode register set cycle.

*A6, AS, A4: LMODE)

These pins specify the TAS Igtency.

*A3: (BT)

A burst type is specified. When full-page burst is
performed, only "sequential” can be selected.

*A2, Al, AO: (BL)

Burst read and BURST WRITE These pi ify the burst length.
Burst write is performed for the specified burst pins specify g
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.
as |as a7 [ a6 | as [as [ a3 [ a2 [ a1 [ a0
OPCODE 0 LMODE BT BL
A6 | AS| A4|CAS Latency A3 | Burst Type Burst Length
0] 0] o R 0| Sequential | | 22| A" | A9 [87-0 [ BTa1
0 0} 1 1 1| Interleave 0of 0| o 1 1
0] 1] 0 2 0 o} 1 2 2
ol 1] 1 3 o 1] O 4 4
11 X| X R 0] 1} 1 8 8
— 1JoJol R] R
A9]| A8| Write mode 1101 1] R R
0| 0] Burst read and burst write 1J1}j0/ R|] R
ol 1 R 11 1| 1| FP. R
1| o | Burst read and SINGLE WRITE F.P. =Full Page (256)
1] 1 R R is Reserved(inhibit)

15
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Burst Sequence
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Operation of HM524160S Series
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.
Either bank O or bank 1 is activated according t0
the status of the A9 pin, and the row address (AX0
to AX8) is activated by the AO to A8 pins at the
bank active command cycle. An interval of tgep
is 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.

The burst length can be set to 1,2,4,8 or full-
page(256). The start address for a burst read is
specified by the column address (AYO to AY7)
and the bank select address (A9) at the read
command set cycle. In a read operation, data
output starts after the number of cycles specified
by the TAS Latency. The TAS Latency can be set
0o 1,23.

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

When the burst length is full-page(256), data is,
repeatedly output until the burst stop command is

HMS5241605 series can perform a burst read input
operation. The TAT latency and burst length must be
specified at the mode register.
TAS Latency
e LPLLLILILILILILILILILILUY
PR CD D 0 ¢
Y] L out 0 ) out 1 X out 2 X out 3 )
Dow § —=—3 {out 0 X out 1 Xou2 X out 3)
CL=3 A — CL: TKS Latency
Burst Length = 4
Burst Length
H km H
Command ~ XX RexdX
: :
{e=0)
u- ) Nt
— D
Dout { = CL,C0,C¥,C]
T
------------ RN
8L = full page (256)
BL: Burst Length
TAS Latency = 2
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Read/Write Operations (cont.)

+Write operation
Burst write or single write mode is selected by the
OPCODE (A9, A8) of the mode register.

(1) Burst write: A burst write operation is
enabled by setting OPCODE(A9, A8) 10 (0, 0). A
burst write starts in the same cycle as a write
command set. (The latency of data input is 0.)
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
AY7) and the bank sclect address (A9) at the write
command set cycle.

Burst Write

HMS524160S Series

(2) Single write: A single write operation is
enabled by setting OPCODE(A9, A8) w (1, 0). In
a single write operation, data is only written to the
column address (AYO to AY7) and the bank select
address (A9) specified by the write' command set
cycle without regard to the burst length setting.
(The latency of data input is 0).

: RACD__:
Command XX WX
Address -'
e —in0 )
| —@XED
2 (in0 Xin 1t
Din
s mmmmmm in7
CH.CX €D, €0 ,CX) 1D CLY (15 1) S T CID CED S
BL = ful page (256) TAS Latency = 1, 2, 3
Single Write

CLK

' taco

ML

Command  — XaawaX .Xv},ﬁ.,)(

P D

Din < in0 )

TAS Latency = 1,2, 3
Burst Length = 1, 2, 4, 8, full page
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HM 5241605 Series

Read/Write Operations (cont.)

*Read with auto-precharge: In this operation,
since precharge is automatically performed after
completing a read operation, a precharge command
need not be executed after each read operation.

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

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

1 same cycle as the final data is output

Lot Commans X o3 X + X =X
I 1 @I 1D
W
Cla2 Command _X_Read X ; X aam X
PR o s o i D G-I O
P e
bou T I TS D T
: i

Note: Internal auto-precharge starts at the timing indicated by * *'.
At CLK = 33 MHz (iopR changes depending on the operating frequency.

19



HM5241605 Series

Read/Write Operations (cont.)

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

Burst Write (Burst Length = 4)

PR e I e I s I e T e T e T N o B

o) — w0 X im X _m X:u) :
: — >
Single Write
SO e N e A e e e T e Y T O B
oo —C 5 ;
: >
pw )




HMS524160S Series

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

The timing from command input to the last data
changes depending on the TAS latency setting.
When the TAS latency is 3, the data becomes
invalid two cycles after the BST command. In

stops the full-page burst read. addition, the BST command is valid only during
full-page burst mode, and is invalid with burst
lengths of 1,2, 4, and 8.
TAS latsncy BST to valid data BST to high impedance
1 0 1
2 1 2
3 1 3

CAS Latency = 1, Burst Length = full page

w LT m
Command X &.;ntgg X
voroupuy X ow X_ewt X _out )(m)(ém)

. Hh
lagr lagn
O cycle 1 cycle
TAS Latency = 2, Burst Length = full page -

w L L L
Command . >< &%m& Xs §
Voo X e X e XXX s X e e

M

‘H Ingn = 2 oycle

Iaga = 1 Sycle .
TAS Latency = 3, Burst Length = full page

PSR i N e A e Y e e e O O
Gormand — =
o X o X o X e X i X e X i ) ——

p . el
:H: Iggy = 3 cycle
lagn =1 cyde
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HMS524160S Series

Full-page Burst Stop (cont.)

«Burst stop command at burst write: The burst  In addition, the BST command is only valid during
stop command (BST command) is used to stop  full-page burst mode, and is invalid with burst
data input during a full-page burst write. Datais  lengths of 1, 2, 4, and 8. And an interval of tgw,
still written in the same cycle as the BST g required between the BST command and the
command, but no data is written in subsequent  pext precharge command.

cycles.

Burst Length = full page
SOV e N e N e N e O e B e N e M
Command Xpwnop):( X Precharge X
T D GIED G S
—t st
. "M '




HM5241605 Series

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 cycle.

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 ~XamaX X Xmod)

K8 DGXOEDEX
(AO-AB) ‘ R

BS(AQ)—\gl/’ \ L/

Dout

.
+

Banko
Actve  Read

Read Dout

Column =A Column =B Column =A Column «8

TAS Latency = 3
Burst Length = 4
BankO

Dout

(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.

READ to READ Command Interval (different bank)

(3) Different bank: When the bank changes, the
second read can be performed after an interval of
no less than 1 cycle, 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.

m Latoncy -3
Burst Length = 4




HM 5241605 Series

Command Intervals (cont.)

*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 cycle.

In the case of burst writes, the second write
command has priority.

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

w MUy

Command YEX EREK

(SR8} D@CD@@(

BS(Ao)'\ /\ /

Din cmmcmm;

Banko Golunnd Column-8
Active Wrine Write

Burst Write Mode
Burst Length = 4
Bank0

(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.

WRITE to WRITE Command Interval (different bank)

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

w MU UL UL

: ; : .

sty D@D@D@@(
(AS-A3)

BS(A9) l_._u

\——/‘ N\
Din

codeccnsenfana

-

aumnmmaum
Actve Write Write

Burst Write Mode
Burst Length = 4
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HMS524160S Series

Conmnd Intervals (cont.)

*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 cycle.

READ to WRITE Command Interval

However, DQML/DQMU must be set High so that
the output buffer becomes High-Z before data

input.

e plgSpigipipiuisigiish

Command ™ pew Xere 3
4 \ AR
P | oLz 7 \ AR
CLa3 \ AR

Dout

Din

(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 or a bank-active command.

(3) Different bank: When the bank changes, the -
write command can be performed after an interval
of no less than 1 cycle, provided that the other
bank is in the bank-active state. However,
DQML/DQMU must be set High so that the
output buffer becomes High-Z before data input.
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HM5241605 Series

Command Intervals (cont.)

*Writé 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 write command can be performed
after an interval of no less than 1 cycle.

WRITE to READ Command Interval (1)

However, in the case of a burst write, data will
continue to be written until one cycle before the
read command is executed.

w [ L LT
Command XWT.EAXEADI X
- G
Dout (uanm—Xma Xmm)
Cotmomt {53 Lutrcy! Burst Write Mode
e G TAS Latency = 1
< Read Dot Burst Length = 4
. Bank0

WRITE to READ Command Interval (2)

VSN N Sy Ny U Dy N Ny S Sy Yy S

Command

G G 7T ¢

vawoow  \

o (o X(om

(quumquXun)_____—

o ol Burst Write Mode
Comasl  Colimnnd CAS Latency = 1
fost  Oou Burst Length = 4

Bank0

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

(3) Different bank: When the bank changes, the
write command can be performed after an interval
of no less than 1 cycle, provided that the other
bank is in the bank-active state. However, in the
case of a burst write, data will continue to be
written until one cycle before the read command is
executed (as in the case of the same bank and the
same address).
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HMS5241605 Series

Command Intervals (cont.)

*Read command to Precharge command To read all data by burst read, the cycles defined
interval (same bank): When the precharge by Igp must be assured as an interval from the final
command is executed for the same bank as the read  data output to precharge command execution.
command that preceded it, the minimum interval

between the two commands is one cycle.

However, since the output buffer then becomes

High-Z after the cycles defined by lyrzp. there is a

possibility that burst read data output will be

interrupted, if the precharge command is input

during burst read.

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

TAS Latency = 1, Burst Length = 4

e LT LML L.

- X=X Yooy

Dout { onro X waar X anaz X asAs )
|~: 5
Clat Igp = Ooyche

TAS Latency = 2, Burst Length = 4

%
é

o Yoo X..c......x
- (:unXumX%qu:uu)
s —
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HM 5241605 Series

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

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

ew [ L LI LT LT LI LTI
Command XMAMX
= i

{ Ao ;MM
“‘
hazp et

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

CAS Latency = 3, Burst Length = 1,2, 4,8
Command X neaoa X!“;"‘"X

Dot { A0 )




HM5241605 Series

Command Intervals (cont.)

*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 cycle.

However, if the burst write operation is unfinished,
the input data must be masked by means of DQMU
and DQML for assurance of the cycle defined by

IRWL-

WRITE to PRECHARGE Command Interval (same bank)

Burst Length = 4 (To stop write operation)

M e e

G
Corwnand

Burst Length = 4 (To write all data)

Moy rerererie

ax
Commund

A X

D, v

m—\

/

Oin —-—(u»Xththh:n)

—

e




HMS5241605 Series

Command Intervals (cont.)
+Bank active command interval

(1) Same bank: The interval between the two
bank-active commands must be no less than trc.

Bank active to bank active for same bank

(2) In the case of different bank-active
commands: The interval between the two bank-
active commands must be no less than tgrp.

ML e

Y rowo X

oot XX X X
e XX X=X
wan _\ |/ AN /A
- e
Bank active 10 bank active for different bank

cx [ | 1 L
Comemand AcninX )(Acnvst X
s : :

X rowr X

wa T\ |/

/

\

Bank 1
Active

*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 tpg .

ax | 4 [

I N B O

Xaeme X

o X oone X

1RSA

|

1




HM5241605 Series

DQM Coatrol

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

*Reading: When data is read, the output buffer
can be controlled by DQML/DQMU.

By setting DQML/DQMU to Low, the output
buffer becomes Low-Z, enabling data output. By
setting DQML/DQMU to High, the output buffer
becomes High-Z, and the comresponding data is not
output. However, internal reading operations
continue. The latency of DQML/DQMU during
reading is 2.

Reading

*Writing: lnput data can be masked by
DQML/DQMU. By setting DQML/DQMU to
Low, data can be written. In addition, when
DQML/DQMU is set to High, the corresponding
data is not written, and the previous data is held.
The latency of DQMIL/DQMU during writing is 0.

ax | L

I R O

[y -

DQMUA

pg

v(outprt) ———— - outo X out1

High-Z
>~—-—: (_out3 )

T
1
[
¥
[}
[

Inop = 2 Latency :
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HMS524160S Series

Refresh

sAuto-refresh

All the banks must be precharged before executing
an auto-refresh command. Since the auto-refresh
command updates the interval 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
1,024 cycles/16 ms. (1,024 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. After the self-refresh, since it is
impossible to determine the address of the last
ROW to be refreshed, an auto-refresh should
immediately be performed for all addresses (1,024
cycles).

Others

*Power-down mode

The synchronous DRAM 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
synchronous DRAM exits from the power down
mode, and command input is enabled from the
next cycle. In this mode, internal refresh is not
performed.

*Clock suspend mode

By driving CKE 10 Low during a bank-active or
read/write operation, the synchronous DRAM
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 synchronous DRAM terminates clock

. suspend mode, and command input is enabled

from the next cycle. For details, refer to the "CKE
Truth Table".

*Power-up sequence

During power-up sequence, the DQML/DQMU
and the CKE must be set to High. When 100 us
has past after power on, all banks must be
precharged using the Precharge command. After
tpp delay, set the mode register. And after tgsa
delay, execute two cycles of auto-refresh operation
as dummy, an interval of tpe is required between
two auto-refresh commands.



' HMS24160S Series

Absolute Maximum Ratings
Parameter Symbol Vaiue Unit
Voltage on any pin relative to Vgg Vr -1.0t0 +4.6 v
Supply voltage relative to Vgg Vee -1.010 +4.6 v
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg ~551t0 +125 °C
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Min Max Unit Note
Supply voltage Vee VecQ 3.0 3.6 v 1
Vgs. VgsQ O 0 v
input high voltage 2.0 4.6 v 1,2
input low voitage -0.3 0.8 v 1,3

Notes: 1. All voltage referred to Vgg

2. V) (max) = 5.5 V for pulse width g5 ns
3. VjL(min) ==1.0 V for pulse width <5 ns



HMS524160S Series

DC Characteristics (Ta = 0 to 70°C, Vcc. VccQ =33V+03V, Vss, VssQ =0V)

HM5241605
15 17 -20
Parameter Symbol Min Max Min Max Min Max Unit Test conditions Notes,
Operating current leet — 80 — 70 — 65 mA Burstlength=t 1,2
tac = min
Standby current lccz - 3 -3 - 3 mA  CKE=Vy,tck = min
(Bank Disable) :
-2 - 2 - 2 mA CKEaVy
CLK-V._ or VH Fixed
- 25 = 22 — 20 mA CKE=Vy, 3
NOP command
tok = min
Active standby current  lggg  — 7 -7 -7 mA  CKEsVy tox=min, 1,2
(Bank active) VO=High-Z
3 .
— 30 — 26 ~— .23 mA CKEsVy, 1,2,3
NOP command
tck = min, VO = High-Z
Burstoperating (Clel) lccg — 55 — 50 — 45 mA tcx=min 1,2
current (CL=2) — 100 — 90 — 80 mA
(CL=3) — 105 — 95 — 8 mA
Refresh current lees - 70 — 65 — 60 mA tgc=min
Self refrash current lccs - 2 - 2 -2 mA  Vy2Vee-02
vgso2v
Input leakage current Iy -10 10 =10 10 =10 10 pA OgVingVee
Output leakage cument | o -10 10 =10 10 ~10 10 pA OgVoaurgVee
1O = disable
Output high voltage Vo 24 — 24 — 24 — V low==-2mA
Output low voltage Vou — 04 — 04 — 04 V log=2mA

Notes: i. i depends on output load condition when the devica is selected. g (max) is specitied at the

output open condition.
2. One bank operation.
3. Input signal transition is once per two CLK cycles.



HMS5241605 Series

Capacitance (Ta = 25°C, Voo, VocQ =33 V103 V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ci1 —_— 5 pF 1,3
Input capacitance (Signals) Ciz -— 5 pF 1,3
Output capacitance (VO) Co — 7 pF- 1,2,3

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. DQMUML = V) to disable Dout.
3. This parameter is sampled and not 100% tested.

AC Characteristics (Ta = 010 70°C, Vg, VacQ =33 V£0.3 V, Vs, VssQ =0 V)

HM5241605
-1§ 17 -20

Parameter Symbol Min Max Min Max Min Max Unit Notes
Systemclock (Cl=1) tcx 30 — 35 - 40 — ns
cycle time (CL=2, 3) 15 —_ 175 — 20 - ns 1
CLK high pulse width tckH 6 2 — 7 - 8 - ns 1
CLK low pulse width tecke 6 — 7 - 8 - ns 1
Accesstime (CL=1) tac - 30 - 34 —_ 38 ns 1,2
from CLK (CL=2) —_ 15 —_ 165 — 18 ns 1,2

(CLa3) - 13 - 166 — 18 ns 1,2
Readcommand (CL=1,2) tack — 30 -_— 34 -_ 38 ns 1
10 data valid tme (CL=3) - 43 — 505 — 58 ns 1
Data-out hold time (CL«=1) 4 - 4 - 4 -— ns 1,2

(CL=2, 3) 2 - 2 - 2 - ns

CLK to Data-out Wz 0 - 0 — 0 -_ ns 1.2
low impedance .
CLK to Data-out (ClLm1) 4 15 4 17 4 19 - ns
high impedance (Cl=2,3) 2 10 2 12 2 14 ns 1,3
Data-in setup time tps 4 - 4 - 4 - ns 1
Data in hold time toH 2 - 2 -_ 2 -_ ns 1
Address setup time tas 4 - 4 - 4 - ns 1
Address hold time tAH 2 — 2 - 2 -_ ns 1
CKE setup time tces 4 - 4 -_ 4 -_ ns 1




HMS5241605 Series
AC Characteristics (Ta=0t0 70 °C, Vcc =33 V£ 0.3 v, Vgg = 0 V)(cont.)

HM5241605

-15 17 -20
Parameter Symbol Min Max  Min Max Min Max Unit Notes
CKE setup time for tcesp 13 - 15 - 17 - ns 1
power down exit
CKE hold time tcen 2 - 2 - 2 - ns 1
Command(TS, RAS,TAS, tcg 4 - 4 - 4 — ns 1
WE, DGM ) setup time
Command(TS, RAS, TAS, toy 2 — 2 — 2 — ns 1
WE.DTOM ) hoid time
Ref/Active to Ret/Active tpc 110 -—_ 120 - 130 - ns 1
command period
Active to Precharge taas 70 10000 75 10000 80 10000 ns 1
command period
Active to precharge tRasc — 80000 — 80000 — 80000 ns 1
on full page mode
Active command to tRcp 30 - 35 — 40 - ns 1
column command
(same bank)
Precharge to active trp 34 - 34 - 40 - ns 1
command period
The last data-in to tawL 30 - 35 - 40 -_ ns 1
Precharge lead time
Active (a)to Active (b) tgrp 30 - 35 - . 4 - ns 1
command period
Register setto trRsa 30 -— 35 — 40 - ns 1
active command
Transition time (rise to fall} tr 1 5 1 5 1 5 ns
Refresh period Rep — 16 -— 16 - 16 ms

Notes: 1. AC measurement assumes ty = 1 ns. Relerence level for timing of input signals is 1.40 V.
2. Access time is measured at 1.40 V. Load condition is CL = 50 pF with current source.
3. tyz (max) defines the time at which the outputs achieves + 200 mV.
Load condition is CL = 5 pF with current source.
4. togs define CKE setup time to CKE rising edge except power down exit command.
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HMS524160S Series

HMS5241605 (LVTTL)
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HMS524160S Series

Relationship Between Frequency and Minimum Latency

HM5241605
-1§ -17 -20°

Parameter
Frequency (MHz) 66 33 57 285 S50 25
tek (ns) Symbol 15 30 175 3§ 20 -40 Notes
Active command to column taco 2 1 2 1 2 1
command (same bank) :
Active command to active tae 8 § 7 4 7 4 =(tras + tap ]
command (same bank)
Active command to precharge tRas 5 3 5 3 4 2
command (same bank)
Precharge command to active trp 3 2 2 1 2 1
command (same bank)
Last data input to precharge tawL 2 1 2 1 2 1
command (same bank) :
Active command to active tRRD 2 1 -2 1 2 1
command (different bank)
Last data in to active command IaPw § 3 4 2 4 2  e=ltgw+trp]
{(Auto precharge, same bank) :
Self refresh exit to command input Isgc 8 4 7 4 7 4 sftpe]
Precharge command to high impedance  Iiyzp
(CAS latency = 3) 3 3 3 3 3 3
(CAS latency = 2) 2 2 2 2 2 2
(CAS latency = 1) - 1 - 1 -1
Last data out to active command IAPR
(auto precharge) (CAS latency = 2, 3) 2 1 1 0 1 0 =[tgp]-1
(same bank) (CAS latency = 1) - 2 - 1 - 1 = [tapl
Last data out to precharge igp '
(early precharge)  (TAS latency = 3) -2 =2 -2 =2 -2 =2

(CAS latency = 2) -1 -1 -1 -1 -1 -1

-1) - 0 - 0 - 0

Column command to column command  lccp 1 1 1 1 1 1
Write command to data in latency wep o o 0 0 0 0
DQM to data in Ioip o o 0 0 o o
DQM to data out looo 2 2 2 2 2 2
CKE to CLK disable loLe 11 1 1 1 1




HMS24160S Series

Relationship Between Frequency and Minimum Latency (cont.)

HM5241605

-1 17 -20
Parameter
Frequency (MHz) 66 33 57 25 50 25
tck (ns) Symbol 15 30 175 35 20 40 Notes
Register set to active command tRsa 2 1 2 1 2 ) 1
CS to command disable lcop 0 0 0 ] 0 o
Power down exit to command input  lpgc 1 1 1 1 1 1
Burst stop 1o output valid data hold  lggr
(CAS latency 1) - 0 -0 — 0
(CAS latency =2, 3) 1 1 1 1 1 1
Burst stop to output high impedance Iggy
(CAS latency = 1) - 1 - 1 - 1
(CAS latency = 2) 2 2 2 2 2 2
(CAS latency = 3) 3 3 3 3 3 3
Burst stop to write data ignore lasw 1 1 1 1 1 1

Note: 1. tgcp 10 trrp are recommended value.
2. CL = TAS latency.



HMS524160S Series

Timing Waveforms
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Mode Register Set Cycle
o T T
oKE = Vv - :

BTN N NN N

WIS 22\ LZZ70 \ L2222 LT | T L7
W 22 D LT LI LT K77
We 2220} L7272\ L7727 Y//////l \zzzzy WW
oues) 2277722 720N, LI N N

Address 7777 Xvaia X Ko KR b ’////J‘@’///////// ’//// LLLLLLLLL LT,

oaMun 7/'///‘////////////////////////////////7/\ /—-—\_ : : L g
Votoumu ——
wotoom —— i . ot S
R e e |
= - et aed Cfgl.atoncy.a
Burst L‘ﬂgth-‘
Read Cycle/Write Cycle
0 1 2 3 4 S5 6 7 8 9 .10 11t 12 13 14 15 16 17 18 19 20
s MANAARAARRAARAARAARAAR
&\ \_/\ \ L\ i RRSLAS delay = 3
m‘m \! \7//{ \;"J TAS Latency = 3
R 727 7 LT 2 L7 L7 7777 N7z B e =4
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Read/Single Write Cycle
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Read/Burst Write Cycle
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Aaffhnan ARTARRRRATAS
/1 \; \/} _\4 CAS I.Jhncy“:y; :

L _LLLZL Burstiength = full page

Ca [y ,
£, CB OB, £, 0 6
T : i
Write cycle ]
\i_/\ /TS FRAS-CAS delay = 3
/ TAS Latency = 3
27222 Burst length = full page
T LZZ2N, BT 2770777 T2 772772 777 7 777 722 7z
Address ZZ2N0a XTZZZZK saXZ2Xos Z LT
0QMUN. 77777777777 FZ77777777%

Lo Koot Xae2 Xoe3 X ok X208 Xord 241 X002 X 03 Xoet Xoc$

[ L] + 1 . 1 [ 1 [ [ O 0 0
[l [ Al Gotonp ekt
Wite Acive Preshape




HMS5241605 Series

Auto Refresh Cycle

Self Refresh Cycle
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Clock Suspend Mode
cew een ‘ces
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Power Up Sequence
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Package Dimensions
HMS241605TT Series (TTP-50D) Unit: mm
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HM5283206 Series PRELIMINARY SPEC

131, 072-word x32-bit x2-bank Synchronous Graphic RAM

HITACHI

All Inputs and outputs signais refers to rising ing Information
edge of the clock input. The HM5283206 Ordering Informati
provides 2 banks to realize better performance.

8 column Block write and write per bit functions Type No. Frequency Package
are added for graphic applications. HMS283206FP-20 50 MHz  100-pin
-17 S57MHz plastic QFP
-16 66 MHz
Features 12 80MHz
HMS5283206TT-20 50MHz  400-mil 80-pin
gg‘&",‘r’;’;ﬁeﬁ;""" -17 57MHz piastic TSOP Il
80 MH2/66 MHz/57 MHz/50 MHz 1 oM
- LVTTL interface
- 2 Banks can operates sirnultaneously and
independently

. Burst read / write operation and burst read /
single write operation capabiiity
+ Programmable burst iength
1/2/4/8 full page
Programmable burst sequence
uential / interleave
- Full page burst length capabiliity
Seéquential burst
burst stop capability
- Programmable CAS latency
1/2/3
- Byte control by DQM
- 8 column block write function with column
address mask
- Write per bit function ( old mask )
- 2 variations of refresh
- Auto refresh
- Self refresh { 1024 refresh cycles : 16ms)

Pretiminary : This document contains information on a
‘new product. Specifications and information contained
herein are subjected to change without notice.

‘."

Hrl‘ach
= : | ADE-203-223(2) |
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HM52832086 Series

Pin Arrangement

HM5283206FP Series
g
[- =] ~ D [Te o 4 N ON -_Q =
A4 K e IS Y —-—g-—-— m-—-—gc»w ?—gigwu.
5855 835832932 B8 22 835 B0 a ste
SRR EEIRNRARRIBLBLIITI BRGRBIVAG
DQ 29 |e1 50 A7
VgsQ (82 49 A6
28 A
a4
vss 85 46 Vss
NC 86 45 NC
FP 87 44 FP
o |eo 100 pin QFP Qe
;g gc: 20X 14 mm2 :; P
i FP
;'; g 0.65 mm pitch 2 ;:
. |os % we
. 38 NC
gao ] 35 VDD
0 |97 34 A3
DQ1 o8 33 A2
vssQ |99 32 A1l
pQ2 100 0O N A0
-~ ORI 22D ARSI R KR SRS
O~ co [=2] - N
<<
8388 438 gSS SE%SS;’SSE 8 sdz 8z
Pin Description
Pin name Function Pin name Function
AO—A9 Address input DQM Byte input/output mask
~— Row address AO—AB8 CLK Clock input
— Column addres  A0O—A7 CKE Clock enable
59_ i Bank select addres BS VoD Power for internal circuit(3.3V)
DQ0—DQ31_Data-input/out-put Vss Ground for internal circuit
/RAS Row address asserted VvoDQ Power forDQ pin(3.3V)
bank enable VssQ Gorund for DQ pin
/CS Chip select DSF Special function input flag
/CAS Column address assreted _N_cL JNg connection
/WE Write enable FP TBD

001
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HM5283206 Series

Pin Functions

CLK(Input pin): Clock provides the fundamental
timing signal . The other input signals refer CLK
rising edge.

/CS(input pin): By setting /CS to low level,
commands are ready to be accepted.

/RAS, /CAS, /WE, DSF(input pins): All these
pins are used to issue commands.

AO-A8(input pins): Row address (AX0-AX8) is
acquired through AO-A8 pins when bank active
commands are executed. Column address (AYO-
AY7) is acquired through AO-A7 when read or
write commands are executed. A8 determines
precharge mode when precharge commands are
issued . It A8 is low, select bank goes into
precharge process. If A8 is high, all banks are
selected for precharge operation.

A%(Input pins): A9 is a bank select signal(BS).
In case A9 = '0', bank O is selected. In case A9
= ‘{',bank 1 is selected.

CKE(input pin): By referring low tevel on CKE
pin, HM5283206 determines to go into clock
suspend modes or power down modes. in seif
refresh mode, low level on this pin is also
referred to tum on refresh process.

DQMO, DQM1, DQM2 and DQM3(Input pins):
DQMO controls DQO-DQ7. DQM1 controis DQ8
-DQ15. DOM2 controls DQ16-DQ23. DQM3
controls DQ24-DQ31. In read mode, referring
high level on DQM pins, HM5283206 floats
related DQ pins. In write mode, referring high
level on DQM pins, HM5283206 ignores input
data through related DQ pins. : ’

DQO-DQ31(Input/output): These are the data
line for the HMS5283206.

VDD, VSS, vDDQ, VSSQ(Power supply):
VDD and VSS are power supply pins for
intemal circuits. VODQ and VSSQ are power
supply pins for DQ buffers.

U1V IES
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HM5283206 Series

Block Diagram
AO-A9
,
Column address Column address Row add Refresh
decoder decoder buffer counter
|
I Row decoder | l Row decoder I
I I ‘ I I
g Memory array g Memory array
HE HE
- =~
pry .
b § : - Bank1 § g Bank 1
g 512 row x 258 cofumn x 32 bit g 512 row x 258 column x 32 bit
input
butfer
Control logic &
timing gonor.tor
wv ﬂ -
dEEE 3388

(VK
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HM5283206 Series

Simplified State Diagram

Auto
Refresh

Write
Write
/Bwrite

——— Automatic transition after compietion of command
——e= Transition resulting from command input.

Note.1.After the auto-refresh operation, precharge operation is performed automatically and enter
the IDLE state.

IV
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HM5283206 Series

Command Operation
Command Truth Table
The HM5283206 recognizes the following commands specified by the /CS, /RAS, /CAS -/WE, DSF and
address pins.

CKE
Function n-1 n /CS /RAS /CAS WE DSF A9 A8 A7-0
ignore Command DESL H X H X X X X X X X
No operation NOP H X L H H H L X X
Burst stop in full page BST H X L H H L [ X X x
Column address & read command READ H X L H L H L Vv L v
Read with auto precharge READA H X L H L H L v H v
Column address & write command WRIT H X L H L L L v L Vv
Write with auto precharge WRITA H X L H L L L v H \'
Row address strobe and bank act. ACTV H X L L H H L A\ \Y A\
Precharge select bank PRE H X L L H L L \" L X
Precharge all banks PALL H X L L H L L X H X
Mode }egister set MRS H X L L L L L L L v
" H

Note: H:High level. L: Low levet. X:H or L(Don't care). V:Valid address input

Jgnore command[DESL]: When this command When full page read/write Is compieted, it

is set {/CS is high), the HM528320C6 ignores autormatically returns to the start address, and
command input. internal operation is held. read/write is performed repeatedly.

No operation[NOP): This command is not an .Column address strobe and read
execution command and does not affect intemal command[READ]: This command starts read
operation. operation. The start address of burst read is

determined by the column address(AY0-AY7) and
Burst stop in full-page{BST): This command the bank select address AS. After the read
stops the full page burst operation ( burst length is  operation, the HM5283206 fioats DQ output buffer.
258(full-page)), and is illegal for the burst length 1,
2, 4, 8. Full page burst continues until this
command is input.

IV
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HMS5283206 Series

.Resd with auto-precharge{READ A): This
command automatically performs a precharge
operation after a burst read with burst length 1, 2,
4 or 8. When the burst length is full-page(256).
this command Is illegal.

.Column address strobe and write
command[WRIT]: This command starts a write
operation. When the burst write mode is seiected,
the column address (AYO-AY7) and the bank
select address AS become the start address of
burst write . When the single write mode is
selected, data is only written to the location
defined by the column address (AYO to AY7) and
the bank select address AS.

.Column address strobe and block write
command[BWRIT): By this command, the
HM5283206 executes a block write with the data
stored in the color register. The column block
address is given through AO-A7 pins at the same
cycle when this command is issued. To go detaiis
about block write operation, refer to "Block write
and write per bit".

-Write with auto-precharge[WRIT A]: This
command automatically performs a precharge
operation after burst write or single write. For the
full-page modae, this command is forbidden.

Block write with auto-precharge{BWRIT A):
This cornmand automatically performs a
precharge operation after block write.

.Row address strobe and bank activate
[ACTV]): This command activates the bank
selected by A9 pin and determines the row

address (AX0-AX8), with refer to AQ-A7 and A8
pins. When BS is low, bank O is activated. When
BS is high, bank 1 is activated.

-Row address strobe, bank activate and write
per bit enable[ACTVM]: This command not only
performs the operation executed by ACTV but aiso’
enables write per bit. To go detail about write per
bit function, refer to "Block write and write per bit"

Precharge selected bank{PRE]: This cornmand
starts precharge operation for the bank selected by
A9. If A9 is low, bank 0 is selected. If A9 is high,
bank 1 is selected.

Precharge all banks(PALL}): This command
starts a precharge operation for all banks.

.Refresh[REF/SELF]: This command starts
refresh operation.There are two types of refresh
operation. One is auto refresh(CBR type), the
other is seif-refresh. For details refer to the CKE
truth table.

.Mode register set(MRS]: The HM5283206 has a
mods register that defines how it operates. The
mode register is specified by the address pins (AO-
AD) at the mode register set cycle. For details, refer
to the mode register configuratian. Just after power
on, the contents of the mode register are undefined
s0 that this command shouid be executed.

.Special mode register set{SMRS]: By this
command, color register or mask register is set,
with refer to A5 and A6 pins. For details, refer to
“Special mode register configuration®.

DQM Truth Table

CKE
Function n-1_n DQMI
Ith byle write enable/out put enable ENB i H X L
Ith byte write inputoutput disable MASKi H X H -
Note: H:High ievel. L: Low level. X:H or L(Don't care). i=0,1,2.3

DQMO for DQO-DQ7. DQM1 for DQB-DQ15, DAM2 for DQ16-DQ23, DAM3 for DQ24-DQ31

The HM5283206 series can control DQ
inpuVoutput buffers with use ot DQMI(i=Q, 1, 2,
3). DOMO controls DQO-DQ7. DQM1 controls
DQ8-DQ1S. DQM2 controls DQ16-DQ23. DQM3
controls DQ24-DQ31. During read operation, as
long as DQMi is low, corresponding DQ output
buffers are kept active so that data are driven out.
In order to stop data output trough DQ pins,
corresponding DQM pin shouid be set to high to
float OQ output.

During write operation, as long as DQMi pins low,
data through corresponding DQ input buffers are
driven into HM5283206. To stop new data through
DQ input bufters 1o keep the previous data,
corresponding DQMi pin should be set to high.
For details, reter to the DQM control section of the
operating instructions.
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HM5283206 Series

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 i 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
kile auto refresh command REF H H L L L H L X
idie Sell refresh entry SELF H L L L L H L X
idie Power down entry H L L H H H L X
Selt refresh Seif refresh exit L H L H H H L b3

L H H X X X L X
Powetr down Powaer down exit L H L H H H L X

L H H X X X X X

Note: H:High level. L: Low level. X:H or L(Don't care).

Clock suspend mode entry:

The HM5283206 enters into clock suspend mode
from dctive mode by setting CKE to low. There are
few - types of clock suspend mode depends on the
state when CKE level is changed from 'H'to "L'.

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

-READ and READ A suspend: it CKE transition(1
to 0) happens during read operation, read
operation is kept going or DQ output data is driven
out until completion. Any input signais are ignored
in this mode.

‘WRITE(BLOCK WRITE) and WRITE A(BLOCK
WRITE A) suspend: If CKE-transition(1 to 0)
happens during write operation, though any input
signals inciude DQ input date ignored, write
operation is kept going untll compietion. Any input
signals are ignored in this mode.

.Clock suspend mode exit: By changing CKE
level from O to 1, clock suspend mode is
punctuated.

ADLE: In this state, all banks are kept precharged
and no banks are activating. "

JAuto-retresh command [REF}:

When this command is input from the IDLE state,
the HM5283206€ starts auto-refresh operation.(The -
auto-refresh is the same as the CBR refresh of
conventional DRAM.) During the auto-refresh
operation, refresh address and bank select address
Is internally generated. For every auto-refresh
command, the internal address counter is updated.
Accordingly, 1024 times are required to refresh the
entire memory. Before executing the auto-refresh
command, all banks must be in the IDLE state.

No precharge commands are required after auto-
refrash, since the precharge for all banks is
automatically performed atter auto-refresh,.

Seif-refresh entry[SELF]: When this command is
input during the IDLE state, the HM5283206 starts
self-refresh operation. After the execution of this
command, self-refresh continues while CKE is low.
Since selif-refresh is performed internaily and
automatically, external refresh operations are
unnecessary.

1
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HM5283206 Series

.Power down mode entry: When this command Power down exit: When this command is

is executed during the IDLE state, the executed in the power down mode, the
+HMS283208 enters into the powsr down mode. In HM5283206 can exit from power down mode. After
power down mode, power consumption is exiting from power down mode. the HM5283206
suppressed by cutting off the initial input circuit. enters into the IDLE state.

Seff-refresh exit:

When this command is executed during
self-refresh mode, the HMS5283206 can exit from
self-refresh mode. After existing the seit-refresh
mode. the HMS5283206 enters into the IDLE state.

Function truth table
Tbe following tables show how each command works and what command can be executed in the state
given. :
Currentstate /CS /RAS /CAS /WE DSF Address Command Operation
Precharge H X X X X X DESL Enter idie after tRP
L H H H L X NOP Enter idle after tRP
L H H L L X BST ILLEGAL
L H L H L BA,CA, AB READ’A ILLEGAL
L H L L L BA,CA A8 WRIT/A ILLEGAL
L L H H L BA, RA ACTV ILLEGAL
L L H L L BA, A8 PRE, PALL ILLEGAL
L L L H L X REF, SELF ILLEGAL
L L L L L MODE MRS ILLEGAL

Note: H:High level. L. Low levei. X:H or L(Don't care).

00y
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HM5283206 Series

Funection Truth Table(cont.)
Current state /ICS /RAS /CAS /WE ODSF Address Command Operation
Idle H X x X X X DESL NOP
L H H H L X NOP NOP
L H H L L X B8ST NOP
L H L H L BA,CA, AB READ’A ILLEGAL
L H L L L BA,CA, A8 WRIT/A ILLEGAL
L L H H L BA, RA ACTV Bank and row active
L L H L L BA, AB PRE, PALL NOP
L L L H L X REF, SELF Refresh
L L L L L MODE MRS Mode register set
Row active H b d X X X X DESL NOP
L H H H L X NOP NOP
L H H L L X BST NOP
L H L H L BA,CA, A8 READrA Start read
L H L L L BA,CA,A8 WRIT/A Start write
L L H H L BA, RA ACTV Other bank active
llegal on the same bank
L H L L BA, A8 PRE, PALL Precharge
L H X REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

Note: H:High level.

L: Low levei. X:H or L{Don't care).

004
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HM5283206 Series

Function Truth Table{cont.)
Currentstate /CS /RAS /CAS /WE DSF Address Command Operation

Read H X X X X X DESL Continue operation
L H H H L X : ‘NOP Continue operation
L H H L L X BST Burst stop in full page
L H L H L BA,CA,A8 READ’A Start new read
L H L L L BA,CA,A8 WRIT/A Start write
L L H H L BA. RA ACTV Other bank active
lHegal on the same bank
L H L BA, A8 PRE, PALL Precharge
L L L H L X . REF, SELF ILLEGAL
Lt L L L L MODE MRS ILLEGAL

Ropj withauto H X X X X X DESL Continue operation
preci‘narge L H H H L X NOP Continue operation
L H H L L X B8ST ILLEGAL
L H L H L BA,CA,AB READ/A  ILLEGAL
L H L L L BA,CA. A8 WRIT/A ILLEGAL
L L H H L BA, RA ACTV Other bank active
lilegal on the same bank
L L L L BA, A8 PRE, PALL ILLEGAL
L L L H L X REF, SELF ILLEGAL
L L L L L MODE MRS ILLEGAL
2

Note: H:High level. L: Low level. X:H or L(Don't cars).

ul0
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HM5283206 Series

Function Truth Table(cont.)
Current state /ICS /RAS /CAS /WE DSF Address Command Operation
Write/Bwrite H X X X X X DESL Continue operation
L H H H L X NOP Continue operation
L . H H L L X BST Burst stop in full page
L H L H L BA,CA,A8 READIrA Start read
L H L L L BA.CA A8 WRIT/A Start new write
L L H H L BARA AQTV Other bank active
Illegal on the same bank
L L H L BA A8 PRE, PALL Precharge

-
I
x

REF, SELF ILLEGAL
L L L L MODE MRS ILLEGAL

Tt‘tell—;wme with H X X X X X DESL- Continue operation
auto precharge L H H H L X NOP Continue operation
L H H L L X BST ILLEGAL
L H L H L BA,CA,AB READ’A ILLEGAL
L H L L L BA,CA,AB WRIT/A ILLEGAL
L L H H L BA,RA ACTV Other bank active
lliegal on the same bank
L BA, AB PRE, PALL ILLEGAL
L L H L X REF, SELF ILLEGAL

L L L L L MODE MRS ILLEGAL

25 2555

Note: H:High level. L: Low level. X:H or L{Don't care).
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MODE

Function Truth Table(cont.)

Currentstate /CS /RAS /CAS /WE DSF Address Command  Operation

Refresh H X X X X X DESL NOP
L H H H L X NOP NOP
L H H L L X BST NOP
L H L H L BACA.AB READ'A  ILLEGAL
L H L L L BACAAS WRITFA  ILLEGAL
L L H H L BARA ACTV ILLEGAL
L L H L L BAA8 PRE, PALL ILLEGAL
Lt L L H L X REF, SELF ILLEGAL
L L L L v MRS ILLEGAL

(PRECHARGE]}
To [DESL}, [NOP]: When these commands are
exetuted, the HMS5283206 enters into the IDLE
state after tRP has elapsed from the compietion of
precharge.

From{iDLE]

TolDESL), [NOP], [BST], [PRE]) or [PALL]:
These commands result in no operation.
To[ACTV] : The bank specified by the address
pins and the ROW addrass is activated.
To{ACTVM]:The bank specitied by the address
pins and the ROW address is activated. In
addition, write per bit is aiso enabled.
To[REF], [SELF]: The HM5283208 enters into
refresh mode(auto-refresh or seli-refresh).
To{MRS]: The HM5283206 enters into the mode

Note: H:High level. L: Low level. X:H or L(Don't care).

From[ROW ACTIVE):

To [DESL], [NOP], or {BST]: These commands in
no operation.

To[READ), [READA]: A read operation starts.
(However, an interval of tRCD is required)
To[WRIT], [BWRIT], [WRITA)] or [(BWRIT A): A
write or biock write operation starts. (However, an
interval of tACD is required.)

To[ACTV]: This commands makes the other bank
active. (However, an interval tRRAD is required.)
Attempting to reactivate the current active bank is
illegal.

To[ACTVM]: This commands makes the other
bank active and enable write per bit. (However, an
interval tRRD is required.) Attempting to reactivate
the current active bank is illegal.

To[SMRS]: The HM5283206 sets the special

register set cycle. mode register.
To{SMRS): The HM5283206 enters into the To [PRE], [PALL): These commands set the
special mode register set cycle. HM5283206 to precharge mode. (However, an

interval or tRAS is required.)

012
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From [READ)

To[DESL], [NOP): These commands continue

read operation until the burst operation completed.

To{BST): This command stops a fuil-page burst.

TolREAD)], [READA]: Data output by the previous

read command continues to finish. After

ICAS latency, the data output resulting from the

next command will start.

To[WRIT], [BWRIT], [WRITA] or [BWRIT A]:

These commands stop burst read and start write
le. .

To{ACTV]: This command activates the other

bank. Attempting to reactivate the current active

bank is iliegal.

To[ACTVM]: This command activates the other

bank and enabies write per bit. Attempting to

reactivate the current active bank is illegal.

To [PRE], [PALL): These commands put the

HMS2832086 into precharge mode. (However, an

interval or tRAS is required.)

From [READ with AUTO-PRECHARGE]

To [DESL]), [NOP]: Thess commands continue
read operation until burst operation is completed,
then the HM5283206 enters into precharge mode.
To[ACTV]: This command activates the other
bank. Attempting to reactivate the current active
bank is Hllegal.

To{ACTVM]: This command activates the other
bank &nd enables write per bit. Attempting to
nactlyate the current active bank is illegal.

From [WRITE] or [BWRITE]
To{DESL], [NOP]: These commands continue

write operations until burst operation is compieted.

To[BST): This command stops a fuli-page burst.
To[READ] or [READ. A]: These commands stop
burst write cycle and start read cycle.

To[WRIT], [BWRIT], [WRIT A] or [(BWRIT A}:
These commands 8top burst write cycie and start
new burst write or block write.

To[ACTV]: This command activates the other
bank. Attempting to reactivate the current active
bank is illegal.

To[ACTVM]:This command activates the other
bank and enables write per bit. Attempting to
reactivate the current active bank is illegal.
To[PRE] or (PALL): These commands stop burst
cycle, then the HM5283206 enters into precharge
mode.

From[WRIT A] or [BWRIT A}

To{DESL]), [NOP]: These commands continue
current write operation until the burst operation is
compieted then the HM5283206 goes into the
precharge process.

To[ACTV]: This commands activates the other
bank. Attempting to reactivate the current active
bank is illegal.

To[ACTVM]: This command activates the other
bank and enabies write per bit. Attempting to
reactivate the current active bank is illegal.

From{REFRESH]

To[DESL]), [NOP], [BST]: Atfter the auto-reiresh
cycle (after tRC), the HM5283206 automatically
enters into the IDLE state.

01
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Operation of HM5283206 Series
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, ACTIVM)
command. Either bank O or 1 is activated
according to the level on AS pin, and the row
address (AXO to AX8B) is activated by the AO-A8
pins at the bank active command cycie. An interval
of tRCD is 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 butfers become active in the cycle
after read command issued so that the
HMS5283206 can perform burst read operation.

ICAS Latency

The burst length can be set to 1, 2, 4, 8 or 256
(full-page). The start address of burst read is
defined by the column address (AYO to AY7) and
the bank select address (A9) loaded at the cycie
when the read command is issued. In read
operation, data output starts after the number of
cycles spaecified by the /CAS latency.

When the burst length is 1, 2, 4 or 8, DQ buffers
automatically become High-Z at the next cycle
after the successive burst read has been
completed.

When the burst length is full-page(256), data are
repeatedly output untit the burst stop command,
another read/write commands or precharge
commands are input. The /CAS latency and burst
length must be specified on the mode register.

mJ<ﬂ_J.’Lf'l_!''l_I''l_I'l_l'l_!'l.I"LJ'LI"L]'LJ"LI'\_

\ 'SEQQ'

D-..(

m{

& & €D * Burs Congth - 4
Cl=2 CL = /CAS Latency
T COCOEGD

-3

Burst Length
UL rnrJguue
iRen ¢
Command
Address  _XrowX__XeD)
T ) -
Blwi \ -4
B2 o XD
OQaut
B9 (o X 1 X 2X3X2aXsXeX7
SR T ® - E O ————
BL:Burst Length
/CAS Latency = 2

Gl
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Read / Write Operation(cont.)

Write operation
Burst write or single mode is selected by the
OPCODE(A9, A8) of the mode register.

(1) Burst write: Prior to execute burst write
operation, the OPCODE(A9, A8) shouid be set to
(0, 0). The latency of data input is O that is burst
write starts on the same cycie when the write
command is issued. The burst length can be set
to 1, 2, 4, 8 and 256(full-page). The start column
of burst write is defined by the column address
and the bank select address A9 loaded at the

(2) Single write: Prior to execute single write
operation, the OPCODE(A9, A8) should be set to
(1, 0). In a single write operation, data are only
written to the single column defined by the
column address and the bank selact address
loaded at the write command set cycle
regardiess of the defined burst length. (The
latency of data input is 0).

write command set cycie.
Burst Write
ax  MLLUUUU U e FUur
itnco '
Command
Address {row)X___Xooh)
— /'T
Bl=1 —/
BLe2 1
oo ;
. e (e X 1 X 2X3X4eX5X6X7
nnnnnnnnn =
BL:Burst Length
/ICAS Latency = 1,2, 3
Single, Write
t taep ¢
Commend
¢ H - BL:Burst Length = 1,
DQin {o) 2. 4,8 tull page

Ol
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Read / Write Operation(cont.)

.Block Write & Write per bit Function
The HM5283206 has two graphic functions,
Block write and write per bit, such as
conventional VRAM has.

Biock write operation:

This command enables 8 column write at one
CAS cycle with the data stored in color register(3
2 bit). The column block composed of 8 columns
is defined by AX3-AX7 loaded through AO-A7
pins when this command is issued. AO-A2
address is ignored then.

This command is executed regardiess of burst

length.

When this command is issued, DQ data are
referred to stop writing color data to spacific
columns(see "column address mask data “on the
next page).

Write per bit operation:

Both for normal write and block write, additional
DQ control function or write per bit function is
available in the ACTVM state. The HM5283206
has the mask register(32bit). This register
indicates DQ bits which will be masked through
both normal write(DSF=0) and block write(DSF=
1).Hence, mask register and DQM signat
determine DQ bits which should be masked.

The figure at the top of the next page shows an
example of block write with mask.

Block Write
CLK
¢t H
Command
Addrege (rowX___X o X2
Y v BL:Burst Length = 1,
DQin 2. 4, 8, full page
NOP ¥ ICK Is iess than 1BWC.
Block diagram of graphic functions
READ WRIT and /BWRIT DM
| . % ° —L Memory
! 0Q ‘ I Amay
BWRIT
SMRs_l and
A8 /WRIT Column | Column
decoder Address
| pooor WRIT
Register
0 j'— and
A5 ACTVM
| Mask
Register
BWRIT
Column Mask Data

Uluw
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Block write and write per bit

A-H  Write data stored in the color register.
¢ Prior data are preserved through block write operation.

Column Address Mask Data

DQ ix8+0]|Column O (AO=0. A1=0, A2=0) Mask Data
DQ ixB+1Column 1 (AO=1, A1=0, A2=0) Mask Data
DQ ix8+2{Column 2 (AO=0, Al=1, A2=0) Mask Data

DQ ix8+3|Cotumn 3 (AO=1, Al=1, A2=0) Mask Data ‘ Low : Mask

DQ ix8+4| Column 4 (AOw0, A1x0, A2=1) Mask Data | *BY® | \on vask
DQ ix8+5{Cotumn S (AO=1, A1=0, A2=1) Mask Data

DQ ix8+6]Column 6 (AQ=0, Al=1, A2w1) Mask Data ]
DQ ix8+7|{Column 7 (AO=1, A1=1, A2=1) Mask Data

i={0,1,2,3}

017
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Read / Write operation
.Read with auto precharge: In this operation, The command next to this command must be the
since precharge is automatically performed after bank active(ACTV, ACTVM) command. in
completing a read opseration, so no precharge addition, an interval defined by IAPR is required
commands are necessary after each read before execution of the next command.
operation.

/CAS lstency Precharge start cycle

3 2 cycle before the last data out

2 1cycle before the last data out

1 1 cycle betfore the iast data out

:

Clas H : i laPR
DOout

PETYREE F=Y S

PP T2
aseann

Note. Intemal auto-precharge starts at the timing indicated by “
At CLK = 33 MHz (IAPR changes depending on the operating frequency.)

f)l(i
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Read /write operation(cont.)

Write with auto-precharge: In this operation,
since precharge is automatically performed after
completing burst write or single write operation, so
no precharge commands are necessary after each
write operation.

The command next to this command must be the

bank active(ACTV, ACTVM) comrhand. In addition,

an interval of IAPW is required between the last
valid data input and the next command.

-
-

01

‘
[
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Read /write operation(cont.)

.Block write with auto-precharge: in this
operation, since precharge is automatically

performed after completing block write operation,
recharge command.

SO NO need 10 execute any p

The command next to this command must be the
bank active(ACTV, ACTVM)command. In addition,
an interval of IAPBW is required between the last
valid data and the next command.

IAPBW

Vel
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Full page burst stop

. Burst stop command during burst read:
The burst command is used to stop data output
during a fuli-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.
depends on the /CAS latency. When the /CAS
latency is 3. the data, two cycles after the BST
command, becomes invalid . The BST command is
legitimate only in case full page burst mode, and is
llegal in case burstiength 1,2, 4and 8. -

/CAS latency BST to valid data BST to high impedance
1 [o] 1
2 1 2
3 -1 3

I/CAS Latency = 1, Burst Length = full page

o UUUUUUUUUULLLL

Command XesT_
poou XXX
==t IBSH = 1
IBSR = 0

et} IBSH = 2

a  MULUMLUUULL UL

Commend -(
~ N :

i im0 /%
el |BSH = 3
| :BS

IBSR = 1

Y

[
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Full-page Burst Stop(cont.)

-Burst stop command at burst write: . The BST command is legitimate only in case full
For full page burst write cycle, when burst stop page burst mode, and is illegal for burst length 1,
command is issued, write data at that cycie and the 2. 4 and 8. An interval tRWL is required between
following write data input are ignored. the BST command and the next precharge

command.
Burst Length = full page

ClLK

Ul: 2
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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 operation timing.

Reading: When data is read, output buffer can
be controlied by DQM:.

By sefiting DQMI to low, oorrespondlng DQ output
butfer becomes active. By setting DQMi to high,
the DQ output bufter is getiing floated so that the
ith byte of data are not driven out. The latency of
DQM operation for read operation is two.

Reading

Writing: Input data can be controlied by DQMi.
While DQMi is iow, data is driven into the HM528
3206. By setting DQMi to low, corresponding ith
byte of DQ input data are kept from being written
to the HMS283206 and the previous data are
pr%tected The latency of DOM control operation
is 0.

Uy

PEc

—(Dr

iDOD =21

l%

Writing

§ ¢ &

} 1010 = 0 Latency

Uzo
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Refresh

.Auto-refresh

All the banks must be precharged before
exacuting an auto-refresh command. Since the
auto refresh command updates the interval
counter every time when it is executed. This
command aiso detemmines the bank and the
ROW to be refreshed. Therefore extemal
address specification is not necessary. The
refresh cycle is 1024 cycles/16ms. (1024 cycies
are required to refresh all the ROW addresses.)
The output buffer becomes high-Z after auto-
refresh start. no prechrage commands are not
necessary after this command execution.

Others

.Power down mode and clock mask
Power down mode is a state in which input
butfers are made inactive and clock signal is
masked .to cut power dissipation. To enter into
power down mode, CKE should be set to low.

.Self-refresh

After issuing the self refresh command, self
refresh operaltion starts by changing the level on
CKE pin from ‘H' to 'L'. During seli-refresh
operation, all data are refreshed. This operation
managed by the intemal refresh timer. After the
self refresh, since the last ROW refreshed
cannot be determined, an auto-refresh should
immediately be performed for all addresses(1024
cycles).

Power down mode is kept as long as CKE is low.
Note that during burst read or burst, only ciock
signal is masked. To exit from power down or
clock mask state , CKE should be set to high as
the timing shown beliow.

ax
oxe /
— =X G
“ cesp
.Clock suspend mode .Power-up sequence

By driving CKE to low during a bank-active or
read/write operation, the HM5283206 enters into
clock suspend mode. During clock suspend mode
external input signais are ignored and the internal
state is maintained. When CKE is driven high, the
synchronous DRAM terminates clock suspend
mode, and command can be input from the next
cycie. For detail, refer to the “CKE Truth Table®.

During power-up sequence, the DQMi and the
CKE must be set to high. When 100us has past
after power-on, ail banks must be precharged
using the precharge command. After tRSA delay,
execute two auto-refresh commands as dummy,
an interval of tRC is necessary between two auto-
refresh commands.

Ul
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Mode Register Set:

Mode register are set through address pins
during the IDLE state. A9 and AB bits are used {0
define OPCODE determines write type. A7 bit
isn't used and must be low level. A4 to A8 bits
are used to specify LMODE or CAS latency. A3
bits is used to deefine BL or burst length. See *
Mode register configuration® in the next page.

Special Mode Register Set:
Special mode register are set through address
pins during the IDLE, ACTV or ACTVM state. A6
and AS pins are used to determine whether
loading color data or mask data. Other pins
should be low. When special mode register set
command is issued, if both A5 and A6 are equal
to 1, then neither color nor mask data is assured.
See "Special mode register configuration® in the
next page.

Mode register set
o H.J'U'U‘LJ'LFLJ’LH_I’UT_FLFU‘LFL

RP 'RSA 'Rco

e

Command GD-.'.EE-@-GZD

Address n-m-m-m

Speéia| mode register set

CLX

latBP___ i 'RSA

nUyuUuUy Uy

‘Rep

.
‘

Address

coenl
conal

Command m-m-m-m
B S ) e ) @ )

Uizo
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Mode register configuration
A | s A7 a8 | as | A3 A2 | a | a0 1.
OPCODE ) LMODE BT aL
Burst h
A8 | AS | A4 | CAS Latency Burst Type A2 | a1 A0 Lengt
0 [ o ) S ntial B8T«0 | BT=1
(4] 4] 1 1 Interieave 0 2] 0 1 1
o | 1 0 2 0o | o 1 2 2
o | 1 1 3 0 1 0 4 4
t | x| x R 0 | 1 1 8 8
1 0 [ R R
AS | a8 Operation CODE : :’ ; : : :
0 | o | Bursi Read & Burst Write : : o T
0 1 R
1 0 | Burst Reed & Singte Write
1 1 R
N
Specidl mode register configuration
A9 A8 A7 A8 AS A4 A3 A2 At A0
0 0 0 LC LM 0 0 0 0 0
Bits | Function
Load Mask 0 Disable
1 Enable
8it 6 Function
Load Color 0 Disable
1 Enabie

U PRy
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Burst Sequence

Burst length « 2

Burst length » 4

3«‘:1!
MZ.&O.
21~} 6| m
ﬂ“ S P
HEE MR
,.,M o] of «~|
clof ol o .
.wm230
meZ.S.
g

ol o - .-
MSO12
.Aa.mo..o
£
wl~]ojof~
SA

S
=la

HE R
il

eo| €] o] ~|
e
P

fa

sm.
hi
Aamo.q...
]
<
g2|°”
s
(7]

Burst length = 8

7,

4.

2,

| ol o ~| !
o| N < vl o] o] of =
w| <| N | | o] o] ol
45&.7&123
o] ol ~ o N} o] vi] &
mz....m....m-/.&s.
.m.103425,476
E| o | o o} <] uif 6| N
N1 o] ] oi] o3| ] wi] o]
o] N o] | ol o] ] v
f Y B DG B R A I Y
M w]| ol N o o] o] €
9 <1 u] o] N| o] ~| il &
W 3.4,Ls.7.o.1.2.
c H G I B B I P B
.wm2345670|
mm...o..&ts.s../.o.
M.mo....za.&s.s.l
QiO|j~|Of|~jOC]~]Ol
g
9
div-lojol~lrlolol~]~
o] <
£
=
muoooo1¢l11
7]
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Command intervais
.Read command to read command interval
(1) Operation for the column in the same row

(page): Within the same ROW (page), read
command can be issued every cycie.

Note that the last 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.

i lRcp i H :
Command @-m :
Address 1\;w .A.B *
aos) M\
boo

/CAS Latency = 3
Burst Length = 4
Bank 0

(2) Opdration for the column in other ROW of the
same bank: To read the data of other ROW of the
same bank, it is necessary to execute a
precharge command and a bank-active
command before executing next read command.

(3) Operation for another bank: For another bank
in active state, burst read command can be
executed from the next cycle atter the preceding
read command is issued. If another bank is in
the idle state, bank active command shouid be
executed prior to the read command.

e LU UL
- P

Command. AT YACT(esdifeed(_!

Address (o X X1 XA

/9(®S) VAR AN AR L

DQout {A0 XBo X 81 X B2 X B3
Bank0 Benkt Col.A Col.B Banko Banki ICAS Latency = 3
Active Active read reed Oout Dout Burst Length = 4

U 29 ('{
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Command intervals(cont.)

-Write command to write command -

interval

(1) Operation for the column in the same row : Note that the last write command has the priority’
Within the same ROW (page), write command to the preceding write command, that is, any

can be issued every cycle. write command can interrupt the preceding burst

write operation to get valid data

. H :‘E?EE: H
swrens
A9(BS) /_\Jg E:

Burst Write Mode

Bank0 Col.A Col.B Burs! Length = 4

Active  write  write . Bank 0
{?) Operation for the column in other ROW of the (3) Operation for another bank: For another bank
same bank: To write data on other row of the in active state, burst write command can be
same bank, it is necessary 10 execute a executed from the next cycle after the preceding
precharge command and bank active command write command is issued. If another bank is in
before executing next write command. the idle state, bank active command should be

executed.

Bank 0 Bankt Bank 0 Bank t Burst Write Mode
Active Aclive write write Burst Length = 4

Uz
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Command intervais(cont.)

.Block Write command to write or block
write command interval

(1) Operation for the column in the same row :
Within the same ROW (page), It is necessary to
take no less than tBWC between biock write and

another block write/normal write. If tCK is less than
tBWC, NOP command should be issued for the
cycle between the block write command and the
foliowing write or block write command.

BWme-1.ﬁ.4.
8, fuli page

(2) Operation tor the column in other ROW of the
same bank: To execute write command or
another block write command for other row of the
same bank, it is necessary to execute a
precharge command and bank active command
before write or block write operation.

(8) Operation for another bank: To execute write
command or another block write command for
another bank in active state, tBWC interval to the
next command Is necessary. if another bank is
in the idie state, bank active command shouid be
executed. If tCK is less than tBWC, NOP
command shouid be issued for the cycle
between the block write command and the
following write or biock write command.

BurstLength = 1, 2, 4,
8, tull page

U
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Command intervals(cont.)
-Read command to writs or block write

command interval be used depending on cas latency as the timing
shown below. .

(1) Operation for the column in the same ROW:

The write or block write command foliowing the Note that the last write or block write command has

preceding read command can be performed after the priority to the preceding read command, that is,

an interval of no less than 1 cycie. To set DQ any write or biock write command can interrupt the

output High-Z when data are driven in, DQM must preceding burst read operation to get valid data.

e [UUUUYUYHUUUUUULULL
Command ), ol G
Cl=1 7 \ /
ooM { Cl=2 7\ i i /
Cla3s N\ /
DGin 0 23—
Mz L P
DQout A
'
(2) Obération for the column in other ROW of the (3) Operation for another bank: For another bank
same bank: To execute write or biock write for in active state, burst write command can be
other row of the same bank, it is necessary to executed from the next cycle after the preceding
execute a precharge command and bank active wrile command is issued. |f another bank is in
command before execuling these commands. the idle state, bank active command should be
: executed.

Dol
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Command intervais(cont.)

Write command to read command interval

(1) Operation for the column in the same ROW: The Note that the last read command has the priority
read command following the preceding write to the preceding writing command, that is, any
command can be performed after an interval of no read command can interrupt the preceding burst

leas than 1cycle.

WRITE % READ Commarxi interval (1)

write operation to get valiid data.

o UL U UUUULIrruL

pom \¢{ | /
. . . .
oo GD-—
000wt ) G G €O
[ 13
wAl .
9! Cas Latency Burst Write Mode
wite (T T, /CAS Latency = 1
ColB CoiB Burst Length = 4
read Dout Bank 0

ax  LMUMLML UL LU UL

oan — G-
DQou . f mm B3
QA e cas Laany FOAS Lawenoy =1
- -

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

(3) Operation for another bank: For another bank
in active state, burst read command can be
executed from the next cycle after the preceding
write command is issued. if another bank is in
the idle state, bank active command shouid be
executed prior to execute these command.

Uo?
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HM5283206 Series

Command intervals(cont.)

.Block Write command to read command
interval

(1) Operation for the column in the same row :
Within the same ROW (page), it is necessary to
take no iess than IBWC between block write

and the following read command. If tCK is less
than tBWC, NOP command shouid be issued for
the cycie between the block write command and
the following read command.

Commana T )e=wX__X(es3
i _1Bwc !

DOM j \ f——> /

DOout : —(BOXBTXE2 YB3

. Gol.A #6—pi /Cas Latency /CAS Latency = 1
Block L Burst Length = 4
write Col.B ColB

read Dout

(2) Operation for the column in other ROW of the
same bank: To execute read command for other
row of same bank, It is necessary 10 execute
ap rge command and bank active command
before write or biock wrile operation.

(3) Operation for another bank: To execute read
command for another bank in active state, tBWC
interval to the next command is necessary. It
another bank is in the idle state, bank active
command should be executed. if tCK is less than
tBWC, NOP command should be issued for the

between the block write command and the
following read command.

0 I
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HM5283206 Series

Command intervals(cont.)

.Read command to precharge command
The minimum interval between read command
and precharge command is one cycle. However,
since the output buffer then becomes high-Z afier
the cycles defined by IHZP, 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
defined by IEP must be assured as an interval
trom the final data output to precharge command
axecution.

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

/CAS Latency = 1, Burst Length=4

e UUUUUYUUUUUUUULIUL

Command

=G

DQout

i

Ctei

(-]
W

/CAS Latency = 2, Burst Length = 4

e UUUUUUUUUUUULUULL

Command —esdX Xem)C
foou Lo

. ] (-—
CLs2 IEP = -1cycle

/CAS L.l‘ﬂ = 3, Burst L”h =4

w UYL UL

Command

DQout

Ot.)‘1
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HM5283206 Series

Command intervals(cont.)

READ to PRECHARGE Command Interval (same baank): To stop output data
/CAS Latency = 1, Burst Length = 4

a UL UUuUUULIUILL

/CAS Latency = 2, Burst Length = 4

w [UUUUYHUUUUUUUUUUL

Command @m

DGout i

t
o)
'. ¢

IHZP = 2

/CAS Latency = 3, Burst Length=4
N :

()l.)')
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HM5283206 Series
Command intervals(cont.)
.Write command to precharge command: However, if the burst write operation is unfinished,
The minimum interval between write command and  the input must be masked by means of DQM for
precharge command. assurance of the cycle defined by tRWL.

WRITE to Precharge Command Interval (same bank)
Burst Length = 4 (To stop write operation)

o nJuyuyuyuyyyyyyyuue
Conmens DY
DOM i/
an S0
_
tRWL
oLk mJuUuyuyuyuyuyyyuyyyuyo
c d YoreX XX
o Tt/
oo —GEXED-
' iaw
Burst Length = 4 (To wrkte al data)
o MUy ue
oam [ N
oo
—
(AWL

Uow
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HMS5283206 Series

Command intervais(cont.)

.Block write command to precharge
command interval:

The minimum interval between block write command
and precharge command is tBWL.

WRITE to Precharge Command interval (same bank)

CLK

Command

DoM

Uy uyuyyyuyyyyys
EX

N
»
0
»
»
.
.

|

tBWL
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HM5283206 Series

Command intervais(cont.)

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

Bank active to bank active for same bank

(2) In the case of different bank-active commands:
The interval between two bank-active commands
must be no less than tRAD. .

w LUy UUUuuryuyye
Command e Y&
AS(BS) \: / \: /

"tRC

Bank active to bank active for different bank

w UUUUUUUUUUUuuL

L R ) G .G

AN(BS) \ /_/ \
I — §
fRRD

.Mode register set to bank-active command
interval: The interval between setting the mode
register and executing a bank-active command
must be no leas than tRSA.

Uo o
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HM5283206 Series

DC Characteristics(Ta=0 to 70°C,Vce=3.3V,Vss=0V)
HM5283208 HMS283208 HM5283206 HMS283208

12 -16 -17 -20

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions Notes

Operating current ' e — TBD — TBD -~ TBD — TBD mA Burstiengthat 1
tRCamin

Standby current lec2 — TBO — TBO — T7TBD — 7TBD mA CKEaVILICKemin

(Bank Disable) — TBO — TBD — TBD — T7TBD mA CKEsViL
CKE=VIL or VIH fixed

— 8D — TBD — 78D — TBD mA CKE=VIH, NOP com.

WCKamin

Active standby ice3 - TBD — 7TBD — TBD — TBD mA CKEaViL, ICK=min 1

current DQ=High-Z )

(Bank actine) — T8D — TBD —~ TBD — TBD mA CKE=ViH, NOP com.
tCKamin, DQwHigh-Z

Burst operating(CL=1) tccd — TBD — TBD — TBD — TBD mA tCKsmin 1

current (Cl=2)

(CL=3)
Refresh current tces — TBD — TBD -~ TBD — TBD mA IRCxmin
Seit refresh current k6 — 2 — 2 —= 2 — 2 mA VIKeVec0.2
) ViL<0.2

input leakage current n 0 10 -0 10 -10 10 -10 10 uA OsVingVecc

Output leakage current no 10 10 -0 10 -10 10 10 10 uA OsVoutsvcc
OQudisabie

Output high voitage VOH 24 —~ 24 — 24 — 24 — V IOH=-2mA

Output iow voltage vOoL — 04 — 04 — 04 — 04 V I0L=2mA

Note 1:  icc depends on output load condition when the device is selected. icc max is specified
oh condition that all output pins are floated.

Capaecitance

parameter ’ Symbot Typ. . Max. Unit Notes
input capacitance(Address) cis - s pF 1
Input capacitance(Signais) ci2 - 5 pF 1
Output capacitance(DQ). co -— 7 pF 1.2
Note.1. Capacitance measured with Booton Meter or effective capacitance iring method

2. DQM=VIH to disabie Dout

Uusd)



HAL/SP

HMS5283206 Series

AC Characteristics(Ta=0 to 70°C,Vce=3.3V,Vss=0V)
HMS5283206 HMS283206 HMS283208 HM3283206
.12 -18 -17 T.20
Parameter Symbol Min  Max Min Max Min Max Min Max Unit Notes
Active to precharge tRASC — 80000 - 80000 - 80000 — 80000 ng 1
on tull page mode
Active command to tRCD 25 - 30 - 3B - 40 — ns 1
column command
(same bank)
Prechsrge to active tRP 34 —_ 34 - 34 - 40 — ns 1
command period
The iast data-in to tRWL 2§ _— 30 - 3B — 40 — ns 1
precharge lead time
Active(a) to active(b) tRRD 25 — 30 - B . - 40 — ns 1
command period
Register set to tRSA 25 - 30 - 3B - 40 — ns 1
active command
Biock write tBWC 25 — 30 - 3 - 490 — ng 1
cycie time
t

Transition time(rise to fafl) T 1 1 1 - 1 5 1 5 ns
Refresh period tREF —~ 16 - 16 - 16 — 16 ms

Notes: 1.AC measurement assumes (T=1ns. Reference level for tming input signais IS 1.4V.

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

3.1Hz(max)defines the time at which the outputs achieves £200mvV.
Load condition is CL=5pF with current source.

4.An initial pause of 100 us is required after power up followed by a mode resister set cycle and

minimum of eight initialization cycies. (Auto refresh cycies or row active precharge command.)
5.1t T is ionger than 1 ns, input timing referred level should be VIH(min)/VIL(max)and 1ns
shouid be subtracted parameter.

6.1CES define CKE setup time to CKE rising edge except power down exit command.

HM5283206 (LVTTL)

28V

—
T

D e e—— ]

input 8o%
Vss m

o

O—-—l—-‘W\-—O +1.4V

5000

I

VY
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HMSE283206 Series
AC Characteristics(Ta=0 to 70°C,Vcc=3.3V,Vss=0V)
HMS203206 HMS283208 HMS5283206 HMS283208
-12 .18 -17 -20

Paramater Symbot Min  Max Min Max Min Max Min  Max Unit Notes
System Clock (Cl=t) ICK 25 — 30 — 35 - 40 — ns

(CL=3) " 128 15 178 20 ns 1
CLK high puise width ICKH — 6 - 7 - 8 -~ ns 1
CLK low pulse width ICKL 5 -— ] -— 7 — 8 — ns 1
Access time (CL=1) tAC — 24 - 30 — 34 — 38 ns 1,2
from CLK (CL=2) - 128 - 15 — 185 — 18 ns 1,2

(CL=3) — 115 - 13 — 155 - 18 ns 1,2
Read command (CLat) tACK - 25 - 30 - 34 - 38 ng
to data valid ime (CL=2,3) — 38 - 43 — 505 - 58 ns 1
Data-out hoid (Ci=1) tOH 4 — 4 - 4 - 4 — ns 1.2
tme (CL=2,3) 2 —_ 2 —_— 2 - 2 -— ns
CLK to Data-out iz [ 0 - 0 - 0 - ns 1,2
low impedance
CLK to Data-out tHZ 4 125 4 15 4 47 4 19 ns
high ln_;pednnce 2 8 2 10 2 12 2 14 ns 13
Data-ip setup time oS 4 — 4 - 4 — 4 — ns 1
Data-in hold time tOH 2 - 2 - 2 - 2 - ns 1
Address setup time tAS 4 — 4 - 4 — 4 - ngs 1
Address hoid time AN 2 -— 2 -— 2 -_— 2 - ns 1
CKE setup time {CES 4 — 4 - 4  —~ 4 — ns 1
CKE hold time CEH 2 — 2 - 2 - 2 - ns 1
Command(/CS, /RAS, /CAS cs 4 — 4 — 4 — 4 — ns 1
WE, DQM, DSF)setup time
Command(/CS. /RAS, /CAS tCH 2 -— 2 - 2 —_— 2 —_ ne 1
/WE, DQM, DSFhoid time
RevActive to Ret/active tRC 100 — “110 — 120 — 130 — ns 1
command period .
Active 1o precharge tRAS 65 10000 70 10000 75 10000 80 10000 ns 1
command period

Ual
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HMS5283206 Series

Relationship Between Frequency and Minimum Latency
HMS283208 HMS283206 HMS5283206 HMS283206

Parameter -12 -18 -17 . 20
Frequency(MHZ) 80 33 66 33 57 2883 50 25
CK(ns) Symbol 128 25 15 30 175 35 20 40 Notes
Active command to column tRCD 2 1 2 1 2 1 2 1
Command(same bank)
Active command to aclive {RC 8 4 8 4 7 4 7 4 ={IRAS+RP)
command(same bank)
Active command to precharge RAS -} 3 5 3 5 3 4 2
command(same bank)
Precharge command to active RP 3 2 3 2 2 1 2 1
command(same bank)
Last data in to active command tRWL 2 1 2 1 2 1 2 1
(same bank)
Bilock write to precharge command BWL 3 2 3 2 3 2 3 2 ={tRWL+1]
{same bank)
Active command to active tRRAD 2 1 2 1 2 1 2 1
eom?and(dm.nm bank)
[
Last data in to active command APW -] 3 5 3 4 2 4 2 «=tAWL+IRP]
_ (Autd precharge, same bank)

Block write to active command IAPBW [} 4 ] 4 S5 3 5 3 ={1IBWL+RP)
(Auto precharge, same bank)
Self refresh exit to command input ISEC 8 4 8 4 7 4 7 4 =RC
Precharge command to high impedance HZP
(CL=3) 3 3 3 3 3 3 3 3
(CL=2) 2 2 2 2 2 2 2 2
(Cls1) - 1 — 1 1 - 1
Last data out to active command IAPR .
(CL=2.3) 2 1 2 1 1 [] 1 ={tRP}-1
(CL=t) — 2 — 2 = 1 =~ 1 &P
Last d'au out to precharge IEP

(CL=3) 2 2 2 2 2 2 -2 -2

(CL=2) -1 I IS e -1 -1 S B |
(early precharge) (CL=1) -— o - 0 —_ [} - 0
Colurmn command {o column command ICCD 1 1 1 1 1 1 1 1
Write d to data in ia y wCD ] [+] 0 o] o] 0 [} 4]
Block write cycie time tBWC 2 1 2 1 4 1 2 1

ual
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HM5283206 Series

“Relationship Between Frequency and Minimum Latency
HMS283208 HMS283206 HMS283208 HM5283206

Parameter -12 -15 -17 . 20
Frequency(MHz) . 80 33 66 33 ST 285 S0 25
tCK(ns) Symbot 125 25 15 30 178 35 20 40 Unit Notes
DQM to data in IDID 0 ] 0 o o] 0 [} 0
DOM to data out 1000 2 2 2 2 2 2 2 2
CKE to CLK disabile ICLE 1 1 1 1 1 1 1 1
Burst stop to output valid data hold IBSR :

(CL=2,3) - 0 =~ 0 - 0 - 9
{Clx=1) i 1 1 1 1 1 1 1
Burst stop to output high impedance - IBSH

(CL=3) - 1 = 1 = 1 = 1
(Cl=2) 2 2 2 2 2 2 2 2
{CLx=1) 3 3 3 3 3 3 3 3
Burst stop to write data ignore 18SW 0 ] o] 0 0 ] [ 0

Nots. CL=CAS latency

U“) O
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HMB283206 Series

Power Up Sequeice

ML U U PP PR

H . i
: H

|
J
lj’

H
H

H
Vi

\ g N N N\ s
@ L2 LTI [Pl Ll LN L (///_//m m
i YR 7777 I /777N o/ M 777 777 77777777 /7 7 7SS 7 7S 7S 7S TG 77/ A
7 NI /7777 NI 77 L LR A A

; BT N 22 727 72 2 PP 7 7 2 27 2 22 2 20 7, 7 7N wiX 7

Ve
(] = N

sgfsaaase-
| | NNNN 11
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HM5283206 Series

':- o __'1.
o 1 2 . ¢ 7 (818 10 17|[12 33 14 18 18 17 18 19
R IR : R ; :
L Z /NS 774 ./ Pead cycle
oE 2 m%, 4 oz )ng‘g‘?‘s“""
L1 Rz g sr7rrr7777a07777 777, D = Burst Mm hy }
W 2 2L 27, | LR\ L2, L2
AB8) T2 L2272 272277 FTT T\ LT
=t i e
oomun ; : LR t HIR 7
apny L Q=1Xa= — OeDeDED+
[} I ;
A R e R N R~
N — : H e =1 1 RAS-TKS deley = 2
i/} —\ H \L_/t TXS atency = 2

L 2727722727 \

g SISV IS N §

ISSSISISSS ST

J \ K LLLL LA

77 Burstiength = 4

el el L

Hiagaas P
N

N

r

P2 2272

7
:

CKE Low

\,

;

\

OGMUNR.

E

1
é

-

AN NN 22 22227727
Adaress 7 N NI Y 2 2. T2

y IIIIIIIIIY

Lkl L

§

|
|

s
é

Ll
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HM5283206 Series

Auto Refresh Cycle

. . H H H
. . . .

P’ ,“ If‘ Il! 14 18 4 17 A
+ . . " '
T

o U R U
—

CXE = -

H H 4
&~ ¢ N\ NN
o3 2. 77722 \’
s T 22! /II/// //////

cxe P “\{__ O / -
a—_ \__zzzrr mzzzr N
g 222! T, T A I 7SI LSS S AT 77777 I L1 SIS
" T L~ wm;ympn/ A
) DR . R 2 #7/77277
posrens 7D T 2P0 TE2 2R T R AR T
oMU 7 PITZIE777 2 I 7707 Z72 277277777 2 P77 7772277 77 7277,
o % =
Otoupa) et —
..”4.‘“—: oot b vy u-}o—--. ' e ! : A-L—. oyale
Bures longines
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HM5283206 Series

Full Page Read/Write Cydc
266 267 2¢8
=3 By
a3 N JQ—I oy \—/a"/i 777 Burs: longih = Nl page
X8 227 2L KT L7 Z \7/77/,
L 7777777 4R 7 {77 17777777 SR I T I L1777 777\ 1\ 77/ /7
awBs) 222\ L2777 [7]T L2, ? LLLL
Asarenn Z220E: EXZZZZ 77727
ooMun - R R
Rum , O D D22
I R LR R e
cxe . } Write cycle
a i\ LT\ /T T CXS Lavenay 03
S A L7777 7 Burst length = lull page
7 il CLLLLLLLLLLLL Ll Ll . Nl e
we %m_@—mm Vrr- W 77777
Aoras) LZZ7AL_£77 Q77272 77777 | CZ222.
adtrees ZZXENZ22 22X e X2E Z 27777
oM 77777777777,
oulput) Z —
B AL 2 X Kot Xe XX o=
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HM5283206 Series

Read/Burst Write Cycle
7 9 10 11 12 13 114 1 16 17 18 1
o _ngrhﬁ.imm*uﬁ_yhmnmnmmimmrm
& —\L_/\L/\L/ \ L/
RS 22 \7/2% \777777777777 00 77, W/
W 2T N T 7 702N, LI 77 L7A, L7
axBS) ZZ2 L7770 L7 2Ll ir Z222Z770N, (2777 27227 L &
Address E F : F
oMU Y 77v7e77 AR 7
oo ) OEDEDED+— —
Bom SevezdaH+— -
St & | i d | Al a al m m
CKE Vi
ts 1T\ L /T \L/ \L_/ \i_/ !
RS ZZ2AL L77727d 4
X8 ZZ | DL T 7770 LT P2 77, L2
We 720 LD i L LlZZ7Z222ns: i iidldd . CLezezs
awes) ZZA\} L7777, LT 277202727772, L2772 77777777772N,,  L77777777.
Address ZZZ XN 22X C AN AN 22 227 2 L2 X AN 22 22 7. L2l LRl 7
QMU 7, | m: i H H H 77
Repny D ————
=0 =. =l =. “Imt
Read/Single write
RAS-TAS delay = 3
TAS Latency = 3

Burstlength = 4

Uldg
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HM5283206 Series

Read/Single Write Cycle
e U A L A A A AR
& \L/i—\L /s \__| / L\
RS Z2! \77oY N/,
&8 22T DL L7 O 22777772 o7 Z

AXBS) ZZ2A:LIZZZN: [T Ll L2222\ LT e
Address 8 ) : c.axCa ¢ ) 77777
wm f 27 N I L7 77777
l) ! : 1 \D : : :
st Nt 0 :“. ;.Gm‘- 4 =I [ 1] m@\-l
CKE ‘
&= T \/ \L_/T \i_/ \ / \i/
FAS ZZ2A
s 2T 2L LT L2 Y 7 g 7
WE 227 7T K 7772 2277 P22, 27227 22 2
aweS) Z2R, L7772, L27TT ZT 7, LA 7 Y 7775
oamuA, VW77 W 7. N 7 777
) : ——a e :
Row e : :
= e = o .
Read/Single write
FAS-TAS delay = 3
TRAS Latency = 3
Burstlength = 4

Ui



HAL/SP

HM5283206 Series

Mask Register Set Cycle

R R HEET Y

0 1 2

S

1

[ L L

//////// /////////////////////////////////////

I
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HM5283206 Series

Write Cycle(with /O Mask)

CLK

3 4 8 [ 7 8 9 10 11

12 13 14

CKE
cs
RAS
CAS

WE

DSF
A9

A8

| 2

ro-7 P B s S I S5 X o T o o TR .
vame 22222227272/ T\

vow P77 2.

/ N/
Q772222227772
7777

H Hi C
é

</ 1\

/N
543 )

0Qo?

Nai/

77777,

o WX ae2 X an) D +1
[

DQe"15

YD 7777, 45D GO 777, G T3 TS

¢ b4 ?
Bank 0 Sank 1 Bank0 Bank
ACTVM ACTV  Wrhe per bt Wrile

Block Write Cycle

oKE
cs

. [+]
(=11 SR Uy U o o s I oy N Uy B
_\_ _\

| 2222280

W,

007

: BswWC
¢ t } ¢ t
Bank O Bank 1 Bank 0 Bank0 Bank 1
ACTVM ACTV  Mask Block Mask Block  Block Write
Write Write

UoH1
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HM534251B Series

262144-word x 4-bit Multiport CMOS Video RAM

HITACHI

The HM534251B is a 1-Mbit multiport video
RAM equipped with a 256-kword x 4-bit dynamic
RAM and a 512-word x 4-bit SAM (serial access
memory). Its RAM and SAM operate
independently and asynchronously. It can transfer
data between RAM and SAM and has write mask
function.

Features

* Multiport organization
Asynchronous and simultaneous operation of
RAM and SAM capability
RAM: 256 kword x 4 bit
SAM: 512 word x 4 bit
* Access time
RAM: 60 ns/70 ns/80 ns/100 ns max
SAM: 20 ns/22 ns/25 ns/25 ns max
¢ Cycle time
RAM: 125 ns/135 ns/150 ns/180 ns min
SAM: 25 ns/25 ns/30 ns/30 ns min
¢ Low power
Active RAM: 413 mW max
SAM: 275 mW max
Standby  38.5 mW max
» High-speed page mode capability
¢ Mask write mode capability
« Bidirectional data transfer cycle between RAM
and SAM capability
* Real time read transfer cycle capability
* 3 variations of refresh (8 ms/512 cycles)
RAS-only refresh
CAS-before-RAS refresh
Hidden refresh
* TTL compatible

Rev. 1
Mar. 18, 1994

Ordering Information

Type No. Access time Package
HM534251BJ-6 60 ns 400-mil 28-pin
HM534251BJ-7 70 ns plastic SOJ
HM534251BJ-8 80 ns (CP-28D)
HM534251BJ-10 100 ns

HM534251BZ-6 60 ns 400-mil 28-pin
HM534251BZ-7 70 ns plastic ZIP
HM534251BZ-8 80ns (ZP-28)
HM534251BZ-10 100 ns

HM534251BT-6 60 ns 8 mmx 14 mm
HM534251BT-7 70 ns 32-pin TSOP
HM534251BT-8 80 ns type |
HM534251BT-10 100 ns (TFP-32DA)
HM534251BR-6 60 ns 8 mmx 14 mm
HM534251BR-7 70 ns 32-pin TSOP
HM534251BR-8 80 ns type | reverse
HM534251BR-10 100 ns (TFP-32DAR)

[ ADE-203-232A (2) |




HMS534251B Series

Pin Arrangement
HM534251BJ Series HM534251BT Series
sc 1 28 I Vgg ___
SI00 o 2 27 P Sl/03 A= 2 Bgbs
svo1 03 26 [ s/02 1103 &5 3 30 |23 A0
DT/OE [ 4 25 OSE svsc')Ea E g 29 g Al
O m} 28 A2
1/00 O 5 24 D 1/03 av0s o & 57 B3 a3
1101 0 6 23 1 02 Vee & 7 26 A7
WE O 7 22 O NC o= I 25 F3NC
NCO8 21 O CAS ggg% gg 3 NC
RAS O 9 20 ON 1 Vee
A8 O 10 19 :’A((); SI/00 5 11 22 A4
SI/IQ1 5 12 21 2 A5
A6 O 11 18 [ A1 DT/OES 13 20 3 A6
R B - 1= B SRS
A4 O 13 16 [J A3
Vec O 14 15 B A7 WE 16 = 17 I NC
i(Top View) (Top View)
HM534251BZ Series
) HM534251BR Series
\
1 NC
SE 4 5 SIO2 o1 § 15 18 F2 RAS
sVo3 6 7 v _1/o0 & 14 19 [ A8
sC 8 ss DT/OEH 13 20 3 A6
SIo1 10 9 sKoo so1 & 12 21 B A5
11 DT/OE sio0 & 11 22 B A4
/oo 12 13 /01 sc H 10 23 H e
WE 14 15 NC NCEH 9 24 (A NC
RAS 16 NC 5 8 25 I NC
A6 18 17 A8 Vss (] 7 26 [ A7
19 AS SI03 E 6 27 3 A3
A4 20 21 V. sio2 H 5 28 F3 A2
A7 22 23 Agc SE O 4 29 B3 A1
A2 24 1103 = 3 30 [ A0
AD 26 25 A1 o2 & 2 31 BB NC
27 NC NC 3 1 32 CAS
CAS 28
| (Top View)
((Bottom View)
Pin Description
Pin name Function Pin name Function
A0 - A8 Address inputs DT/OE Data transfer/Output enable
I/00 - 1/03 RAM port data inputs/outputs SC Serial clock
SI/O0 - SI/O3 SAM port data inputs/outputs SE SAM port enable
RAS Row address strobe Vee Power supply
CAS Column address strobe Vss Ground
WE Wirite enable NC No connection




HM534251B Series

Block Diagram

A0 -A8

L 2

v

Column Address Row Address|4 Refresh
Buffer Buffer A Counter
+ v
Row Decoder Segzluﬁ;i;irress
- | I +
@ — | — S
@ Memory Array g
5| Q ol §
g pe - 3|0
— [
a|g < B Q|
c | 5 b= =2
ElE g€ | |33
= < (/)]
S|g 2
2 9
d’ —
3 - L
Input Data Serial Output| Serial Input
Control Buffer Buffer
N
SI/00 - SI/03
A 4
Input Output L
Buffer Buffer Timing Generator

1/00 - 1/O3

O
O

o)
<
[+

DT/OE O

CAS O
WE

sc
SE




HMS534251B Series

Pin Functions

RAS (input pin): RAS is a basic RAM signal. It
is active in low level and standby in high level.
Row address and signals as shown in table 1 are
input at the falling edge of RAS. The input level
of these signals determine the operation cycle of
the HM534251B.

Table 1. Operation Cycles of the HM534251B

Input level at the falling

edge of RAS

CAS DT/OE WE SE  Operation mode
L X X X CBR refresh

H L L L Wirite transfer

H L L H Pseudo transfer
H L H X Read transfer

H H L X Read/mask write
H H H X Read/write

Note:  X: Don't care.

CAS (input pin): Column address is fetched into
chip at the falling edge of CAS. CAS controls
output impedance of I/O in RAM.

A(0-AS8 (input pins): Row address is determined
by AO-A8 level at the falling edge of RAS.
Column address is determined by A0-AS8 level at
the falling edge of CAS. In transfer cycles, row
address is the address on the word line which
transfers data with SAM data register, and column
address is the SAM start address after transfer.

WE (input pin): WE pin has two functions at the
falling edge of RAS and after. When WE is low at
the falling edge of RAS, the HM534251B tumns to
mask write mode. According to the I/O level at the
time, write on each I/O can be masked. (WE level
at the falling edge of RAS is don’t care in read
cycle) When WE is high at the falling edge of
RAS, a normal write cycle is executed. After that,
WE switches read/write cycles as in a standard
DRAM. In a transfer cycle, the direction of
transfer is determined by WE level at the falling
edge of RAS. When WE is low, data is transferred

from SAM to RAM (data is written into RAM),
and when WE is high, data is transferred from
RAM to SAM (data is read from RAM).

1/00 -~ 1/03 (input/output pins): I/O pins
function as mask data at the falling edge of RAS
(in mask write mode). Data is written only to high
I/0 pins. Data on low I/O pins are masked and
internal data are retained. After that, they function
as input/output pins as those of a standard DRAM.
DT/OE (input pin): DT/OE pin functions as DT
(data transfer) pin at the falling edge of RAS and
as OE (output enable) pin after that. When DT is
low at the falling edge of RAS, this cycle becomes
a transfer cycle. When DT is high at the falling
edge of RAS, RAM and SAM operate
independently.

SC (input pin): SC is a basic SAM clock. Ina
serial read cycle, data outputs from an SI/O pin
synchronously with the rising edge of SC. In a
serial write cycle, data on an SI/O pin at the rising
edge of SC is fetched into the SAM data register.
SE (input pin): SE pin activates SAM. When SE
is high, SI/O is in the high impedance state in
serial read cycle and data on SI/O is not fetched
into the SAM data register in serial write cycle.
SE can be used as a mask for serial write because
internal pointer is incremented at the rising edge of
SC.

$1/00-S1/03 (input/output pins): SI/Os are
input/output pins in SAM. Direction of
input/output is determined by the previous transfer
cycle. When it was a read transfer cycle, SI/O
outputs data. When it was a pseudo transfer cycle
or write transfer cycle, SI/O inputs data.

Operation of HM534251B

RAM Read Cycle (DT/OE high and CAS high at
the falling edge of RAS)

Row address is entered at the RAS falling edge and
column address at the CAS falling edge to the
device as in standard DRAM. Then, when WE is
high and DT/OE is low while TAS is low, the
selected address data outputs through /O pin. At
the falling edge of RAS, DT/OE and CAS become
high to distinguish RAM read cycle from transfer
cycle and CBR refresh cycle. Address access time
(taa) and RAS to column address delay time
(traD) specifications are added to enable high-

speed page mode.
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RAM Write Cycle (Early Write, Delayed Write,
Read-Modify-Write)

(DT/OE high and CAS high at the falling edge of
RAS)

+ Normal Mode Write Cycle (WE high at the
falling edge of RAS)
When CAS and WE are set low after driving RAS
low, a write cycle is executed and I/O data is
written in the selected addresses. When all 4 I/Os
are written, WE should be high at the falling edge
of RAS to distinguish normal mode from mask
write mode.
If WE is set low before the CAS falling edge, this
cycle becomes an early write cycle and I/0
becomes in high impedance. Data is entered at the
CAS falling edge.
If WE is set low after the CAS falling edge, this
cycle becomes a delalyed write cycle. Data is
input at the WE falling. I/O does not become high
impedance in this cycle, so data should be entered
with OE in high.
If WE is set low after towp (min) and towp (min)
after the CAS falling edge, this cycle becomes a
read-modify-write cycle and enables read/write at
the same address in one cycle. In this cycle also,
to avoid I/O contention, data should be input after
reading data and driving OE high.
» Mask Write Mode (WE low at the falling edge
of RAS)
If WE is set low at the falling edge of RAS, the
cycle becomes a mask write mode cycle which
writes only to selected I/O. Whether or not an /O
is written depends on I/O level (mask data) at the
falling edge of RAS. Then the data is written in
high I/O pins and masked in low ones and internal
data is retained. This mask data is effective during
the RAS cycle. So, in high-speed page mode
cycle, the mask data is retained during the page
access.

High-Speed Page Mode Cycle (DT/OE high and
CAS high at the falling edge of RAS)

High-speed page mode cycle reads/writes the data
of the same row address at high speed by toggling
CAS while RAS is low. Its cycle time is one third
of the random read/write cycle. Note that address
access time (tpa), RAS to column address delay

time (tg Ap), and access time from CAS precharge
(tacp) are added. In one RAS cycle, 512-word
memory cells of the same row address can be
accessed. It is necessary to specify access
frequency within tg ogp max (100 ps).

Transfer Operation

The HM534251B provides the read transfer cycle,

pseudo transfer cycle and write transfer cycle as

data transfer cycles. These transfer cycles are set
by driving CAS high and DT/OE low at the falling
edge of RAS. They have following functions:

(1) Transfer data between row address and SAM
data register (except for pseudo transfer cycle)
Read transfer cycle: RAM to SAM
Write transfer cycle: SAM to RAM

(2) Determine SI/O state
Read transfer cycle: SI/O output
Pseudo transfer cycle
and write transfer cycle: SI/O input

(3) Determine first SAM address to access after

transferring at column address (SAM start
address).
SAM start address must be determined by read
transfer cycle or pseudo transfer cycle after
power on, and determined for each transfer
cycle.

Read Transfer Cycle (CAS high, DT/OE low and
WE high at the falling edge of RAS)

This cycle becomes read transfer cycle by driving
DT/OE low and WE high at the falling edge of
RAS. The row address data (512 x 4-bit)
determined by this cycle is transferred to SAM
data register synchronously at the rising edge of
DT/OE. After the rising edge of DT/OE, the new
address data outputs from SAM start address
determined by column address. In read transfer
cycle, DT/OE must be risen to transfer data from
RAM to SAM.

This cycle can access SAM even during transfer
(real time read transfer). In this case, the timing
tgpp (min) specified between the last SAM access
before transfer and DT/OE rising edge and tgpy
(min) specified between the first SAM access and
DT/OE rising edge must be satisfied. (See figure
L).
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RAS /
CAS \ /
‘Address X Xi X Yj X

DT/OE \ L a1

SC

sio X X X

X Yj+ 1

X Yij
SAM Data before Transfer SAM Data after Transfer

Figure 1. Real Time Read Transfer

When read transfer cycle is executed, SI/O
becomes output state by first SAM access. Input
must be set high impedance before tg7g (min) of
the first SAM access to avoid data contention.

Pseudo Transfer Cycle (CAS high, DT/OE low,
WE low and SE high at the falling edge of RAS)

Pseudo transfer cycle switches SI/O to input state
and set SAM start address without data transfer to
RAM.

This cycle starts when CAS is high, DT/OE low,
WE low and SE high at the falling edge of RAS.
Data should be input to SI/O later than tgyp (min)
after RAS becomes low to avoid data contention.
SAM access becomes enabled after tgrp (min)
after RAS becomes high. In ihis cycie, SAM
access is inhibited during RAS low, therefore, SC
must not be risen.

Write Transfer Cycle (CAS high, DT/OE low,
WE low and SE low at the falling edge of RAS)

Write transfer cycle can transfer a row of data
input by serial write cycle to RAM. The row
address of data transferred into RAM is determined

by the address at the falling edge of RAS. The
column address is specified as the first address for
serial write after terminating this cycle. Also in
this cycle, SAM access becomes enabled after
tgRD (min) after RAS becomes high. SAM access
is inhibited during RAS low. In this period, SC
must not be risen.

Data transferred to SAM by read transfer cycle can
be written to other address of RAM by write
transfer cycle. However, the address to write data
must be the same MSB of row address (AX8) as
that of the read transfer cycle.

SAM Port Operation
Serial Read Cycle

SAM port is in read mode when the previous data
transfer cycle is read transfer cycle. Access is
synchronized with SC rising, and SAM data is
output from SI/O. When SE is set high, SI/O
becomes high impedance, and the internal pointer
is incremented by the SC rising. After indicating
the last address (address 511), the internal pointer
indicates address O at the next access.
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Serial Write Cycle

If previous data transfer cycle is pseudo transfer
cycle or write transfer cycle, SAM port goes into
write mode. In this cycle, SI/O data is fetched into
data register at the SC rising edge like in the serial
read cycle. If SE is high, SI/O data isn’t fetched
into data register. Internal pointer is incremented
by the SC rising, so SE high can be used as mask
data for SAM. After indicating the last address
(address 511), the internal pointer indicates address
0 at the next access.

Refresh
RAM Refresh

RAM, which is composed of dynamic circuits,
requires refresh to retain data. Refresh is executed
by accessing all 512 row addresses within 8 ms.
There are three refresh cycles: (1) RAS-only
refresh cycle, (2) CAS-before-RAS (CBR) refresh
cycle, and (3) Hidden refresh cycle. Besides them,
the cycles which activate RAS such as read/write
cycles or transfer cycles can refresh the row
address. Therefore, no refresh cycle is required
when all row addresses are accessed within 8 ms.

(1) RAS-Only Refresh Cycle: RAS-only refresh
cycle is executed by activating only RAS
cycle with CAS fixed to high after inputting
the row address (= refresh address) from
external circuits. To distinguish this cycle
from data transfer cycle, DT/OE must be high
at the falling edge of RAS.

(2) CBR Refresh Cycle: CBR refresh cycle is set
by activating CAS before RAS. In this cycle,
refresh address need not to be input through
external circuits because it is input through an
internal refresh counter. In this cycle, output
is in high impedance and power dissipation is
lowered because CAS circuits don’t operate.

(3) Hidden Refresh Cycle: Hidden refresh cycle
executes CBR refresh with the data output by
reactivating RAS when DT/OE and CAS keep
low in normal RAM read cycles.

SAM Refresh

SAM parts (data register, shift register and
selector), organized as fully static circuitry, require
no refresh.

Absolute Maximum Ratings
Item ‘ Symbol Rating Unit
- Terminal voltage*! Vr -1.0t0 +7.0 v
Power supply voltage'1 Vee -0.5t0 +7.0 \
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +125 °C

Note: 1. Relative to Vgg.
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Recommended DC Operating Conditions (Ta = 0 to +70°C)

Item Symbol Min Typ Max Unit
Supply voltage™! Vee 45 5.0 5.5 v
Input high voltage™? Vi 2.4 — 6.5 \'
Input low voltage"? ViL -0.52 — 0.8 v

Notes: 1. All voltages referenced to Vgg.
2. -3.0V for pulse width < 10 ns.

DC Characteristics (Ta = 0 to +70°C, Voo = 5 V £ 10%, Vgg =0 V)

HM534251B
-6 -7 -8 -10 Test conditions
tem Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port
Operating  Icc — 75 — 70 — 60 — 55 mA RAS,CAS SC=V| ,SE=Vj
current cycling ——
lec7 — 1256 — 120 — 100 — 95 mA tgc=min SE=V,, SC cycling
tscc = min
» Standby lcca — 7 — 7 — 7 — 7 mA RAS,CAS SC=V|,SE=Vy
current =V S
lccs — 50 — 50 — 40 — 40 mA SE =V, SC cycling
tscc = min
RAS-only  Igca — 75 — 70 — 60 — 55 mA RAScyclingSC=V,,SE=Vy
refresh CAS=Vy ———oe
current lcce — 126 — 120 — 100 — 95 mA tgc=min SE=V, SC cycling
tscc = min
Page mode Igcy — 80 — 8 — 70 — 65 mA CAScyciingSC=V,,SE=Vy
current RAS=V ————
lcc1o — 130 — 130 — 110 — 105 mA tpc=min SE =V, SC cycling
: tscc = min
CAS-before- Iccs — 50 — 45 — 40 — 35 mA RAScyclingSC=V),SE=V|y
RAS refresh tpg=min ————
current lcc1i — 100 — 95 — 80 — 75 mA SE =V, SC cycling
tgog = min
*8CC
Data - lece — 80 — 75 — 65 — 60 mA RAS,CAS SC= ViL SE-= VIH
transfer cycling —_—
current lcc12 — 130 — 1256 — 105 — 100 mA tgc=min SE =V, SC cycling

tscc = min
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" DC Characteristics (Ta = 0 to +70°C, Voc =5 V £ 10%, Vgg = 0 V) (cont)

HM534251B
-6 -7 -8 -10 Test conditions
item Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port
Input leakage I -10 10 -10 10 -10 10 -10 10 A
current
Output leakagel) o -10 10 -10 10 -10 10 -10 10 pA
current
Output high Vou 24 — 24 — 24 — 24 — V loy=-2mA
voltage
Outputlow Vg — 04 — 04 — 04 — 04 V Ig =42mA
voltage
Note: 1. lgc depends on output loading condition when the device is selected. lcc max is specified at

the output open condition.

2. Address can be changed once while RAS is low and CAS is high.

Capacitance (Ta = 25°C, Voo =5 V, f = 1 MHz, Bias: Clock, I/O = V, address =

Vss)

Item Symbol Min Typ Max Unit
Address Ci1 — — 5 pF
Clock Ci2 - — 5 pF
/0, SIo Cio — - 7 pF

AC Characteristics (Ta = 0 to +70°C, Ve = 5 V £10%, Vgg = 0 V) *1, *16

Test Conditions

¢ Input rise and fall time: 5 ns

* Output load: See figures

* Input pulse levels : Vggt0 3.0V

* Input timing reference levels: 0.8 V, 2.4 V
* Output timing reference levels: 08 V,2.0V

|0H=-—2 mA
—_—

IOL =4.2mA
-

Output Load (A)
Including scope & jig.

Note: 1.

Output Load (B)
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Common Parameter

HMS534251B

-6 -7 8 -10
Item Symbol Min Max Min Max Min Max Min Max Unit Notes
Random read or write cycle time trc 125 — 136 — 150 — 180 — ns
RAS precharge time tpp 55 — 5 — 60 — 70 — ns
RAS pulse width thag 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width tcAs 20 — 20 — 20 — 25 — ns
Row address setup time tasR O —-— 0 — 0 — 0 =— ns
Row address hold time tRey 10 — 10 — 10 — 10 — ns
Column address setup time tas¢c 0 — 0 — 0 — 0 — ns
Column address hold time tcAow 15 — 15 — 15 — 16 — ns
RAS to CAS delay time thep 20 40 20 50 20 60 20 75 ns 2
RAS hold time referencedto CAS tggy 20 — 20 — 20 — 25 — ns
CAS hold time referencedtoRAS tcgy 60 — 70 — 80 — 100 — ns
CAS to RAS precharge time ttRp 10 — 10 — 10 — 10 — ns
Transition time (rise to fall) tr 3 5 '3 50 3 5 3 5 ns 3
Refresh period tREF — 8 — 8 — 8 — 8 ms
DT to RAS setup time tots 0 — 0 — 0 — 0 — ns
DT to RAS hold time oy 10 — 10 — 10 — 10 — ns
Data-in to CAS delay time toc 0 — 0 — 0 — 0 — ns 4
Data-in to OE delay time tooo 0 — O —~ 0 — 0 — ns 4
Output buffer tum-off delay torrr — 20 T 20 — 20 — 20 ns 5
referenced to CAS
Output buffer turn-off delay torFp — 200 — 20 — 20 — 20 ns S

referenced to OE

10
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Read Cycle (RAM), Page Mode Read Cycle

HMS534251B

-6 -7 -8 ‘ -10
item Symbol MinMax Min Max Min Max Min Max Unit Notes
Access time from RAS thac — 60 — 70 — 80 — 100 ns &7
Access time from CAS ttac — 20 — 20 — 20 — 25 ns 7.8
Access time from OE toc — 200 — 20 — 20 — 25 ns 7
Address access time taa — 3% — 3 — 40 — 4 ns 7.9
Read command setup time tRes 0 — o — 0 — 0o — ns
Read command hold time tgy 0 — O — 0 — 0 — ns 10
Read command hold time tRgy 10 — 10 — 10 — 10 — ns 10

referenced to RAS

RAS to column address delay time tgap 15 25 15 36 15 40 15 55 ns 2

Column address to RAS lead time tgy 35 — 3 — 40 — 45 — ns
Column address to CAS lead time g 35 — 35 — 40 — 45 — ns
Page mode cycle time tpc 45 — 45 — 50 — 55 — ns
CAS precharge time tcp 10 — 10 — 10 — 10 — ns
Access time from CAS precharge ta,gp  — 40 — 40 — 45 — 50 ns

Page mode RAS pulse width tgasp 60 100000 70 10000080 100000 100 100000ns

11
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Write Cycle (RAM), Page Mode Write Cycle

HM534251B

-6 -7 -8 -10
item Symbol Min Max MinMax MinMax Min Max Unit Notes
Write command setup time twes 0 — 0 — 0 — 0 — ns M »
Write command hold time tweh 15 — 15 — 15 — 15 — ns
Write command pulse width twp 15 — 15 — 15 — 15 — ns
Write command to RAS lead time tgy, 20 — 20 — 20 — 20 — ns
Write command to CAS lead time  toy, 20 — 20 — 20 — 20 — ns
Data-in setup time tos 0 — 0 — 0 — 0 — ns 12
Data-in hold time toH 15 — 5 — 15 — 15 — ns 12
WE to RAS setup time tws 0 — 0O — 0 — o0 -— ns
WE to RAS hold time twH 10 — 10 — 10 — 10 — ns
Mask data to RAS setup time ~ tyg 0o — 0 — 0 — 0 — ns
Mask data to RAS hold time tMH 10 — 0 — 10— 10 — ns
OE hold time referencedtoWE togy 20 — 20 — 20 — 20 — ns
Page mode cycle time tpc 45 — 45 — 50 — 56 — ns
CAS precharge time top 0€ — 10— 10— 10 — ns
CAS to data-in delay time ttpp 20 — 20 — 20 — 20 — ns 13

Page mode RAS pulse width trasp 60 100000 70 100000 80 100000 100 100000 ns

12
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Read-Modify-Write Cycle

HM534251B

% 7 8 -10
Item Symbol MinMax MinMax MinMax Min Max Unit Notes
Read-modify-write cycle time tawc 175 — 185 — 200 — 230 — ns
RAS pulse width trws 110 10000 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time towp 45 — 45 — 45 — 50 — ns 14
Column address to WE delaytime tayp 60 — 60 — 65 — 70 — ns 14
OE to data-in delay time toop 20 — 20 — 20 — 20 — ns 12
Access time from RAS thac — 60 — 70 — 80 — 100 ns 67
Access time form CAS tcac — 20 — 20 — 20 — 25 ns 7.8
Access time from OE toc — 20 — 20 — 20 — 25 ns 7
Address access time taa — 3 — 3 — 40 — 4 ns 79
RAS to column address delay time tgap 15 25 15 35 15 40 15 55 ns
Read command setup time tRegs 0 — 0 — 0 — 0o — ns
Write command to RAS lead time  tgyy, 20 — 20 — 20 — 20 — ns
Write command to CAS lead time  tcyy 20 — 20 — 20 — 20 — ns
Write command pulse width twp 15 — 15 — 15 — 15 — ns
Data-in setup time tos 06 — 0 — 0 — 0 — ns 1
Data-in hold time toH 15 — 156 — 15 — 15 — nps M2
OE hold time referencedtoWE  togy 20 — 20 — 20 — 20 —  ns

13
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Refresh Cycle

HMS534251B

% -7 -8 -10
Item Symbol Min Max MinMax MinMax Min Max Unit Notes
CAS setup time tcsp 10 — 10 — 10— 10 — ns
(CAS-before-RAS refresh)
CASholdtime tchR 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh) —
RAS precharge to CAS hold time  tgpc 10 — 0 — 10 — 10 — ns
Read Transfer Cycle

HM534251B

% -7 -8 -10
Item Symbol MinMax MinMax MinMax Min Max Unit Notes
DT hold time referenced to RAS tgpy 50 10000 60 10000 65 10000 80 10000 ns
DT hold time referencedto CAS tepy 20 — 20 — 20 — 25 — ns
DT hold time referenced to tapH 25 — 25 — 30 — 30 — ns
column address
DT precharge time torp 20 — 20 — 20 — 30 — ns
DT to RAS delay time toRpp 65 — 65 — 70 — 80 — ns
SC to RAS setup time tsRg 25 — 25 — 30 — 30 — ns
1st SC-to RAS hold time tsRpy 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time ts5cH 256 — 25 — 25 — 25 — ns
1st SC to column address hold time  tgay 40 — 40 — 45 — 50 — ns
Last SC to DT delay time tspp 5 — 5 — 5§ — 5 — ns
15t SC to DT hold time tgpy 10 — 10 — 15 — 15 — ns
Serial data-in to 1st SC delay time tgzg 0 — 0o — o — 0 — ns
Serial clock cycle time tscc 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
- 8C precharge time tscp 10 — 10 — 10 — 10 — ns

14
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Read Transfer Cycle (cont)

HM534251B

-6 -7 -8 -10
Rem Symbol MinMax MinMax MinMax Min Max Unit Notes
SC access time tschA. — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5§ — ns
Serial data-in setup time tsis 0 - 0 - 0o — 0o — ns
Serial data-in hold time gy 15 — 15 — 15 — 15 — s

RAS to column address delaytme tgap 15 25 15 35 15 40 15 55  ns

Column address to RAS leadtime tgy, 35 — 35 — 40 — 45 —  ns

DT high hold time from RAS precharge tpy 10 — 10 — 10 — - 10 — ns

Pseudo Transfer Cycle, Write Transfer Cycle

HM534251B
5 7 s -10
Item Symbol MinMax MinMax MinMax Min Max Unit Notes
SE setup time referenced to RAS  tgg o — 0 — 0 — 0 — ns
SE hold time referenced to RAS  tgy 0 — 10— 10 — 10 — ns
SC setup time referenced to RAS tggg 25 — 25 — 30 — 30 — ns
RAS to SC delay time tsrp 20 — 20 — 25 — 25 — ns

Serial output buffer turn-off time  tgpz 10 40 10 40 10 45 10 50 ns
referenced to RAS

RAS to serial data-in delay time tg;p 40 — 40 — 45 — 50 — ns
Serial clock cycle time tscc 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time tscpa — 20 — 22 — 25 — 25 ns 15

15
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Pseudo Transfer Cycle, Write Transfer Cycle (cont)

HM5342518B

-6 7 -8 -10
Item Symbol Min Max MinMax MinMax Min Max Unit Notes
SE access time tsggA — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tsoH 5 — 5 — 5 — 5 — ns
Serial write enable setup time  tgyg 5 — 5 — 5 — 5 — ns
Serial data-in setup time tsis 0O — 0 — 0o — o — ns
Serial data-in hold time tgy 15 — 15— 15 — 15 — ns
Serial Read Cycle, Serial Write Cycle

HM534251B

6 -7 -8 -10
item Symbol MinMax MinMax MinMax Min Max Unit Notes
Serial clock cycle time tscc 256 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge width tscp 10 — 10 — 10 — 10 — ns
Access time from SC tsgh — 20 — 22 — 25 — 25 ns 15
Access time from SE tseA — 20 — 22 — 25 — 25 ns 5
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial output buffer tun-off tsgz 2 — 200 — 20 — 200 — 20 ns S
time referenced to SE
Serial data-in setup time tsis 0 — 0 — 0 — 0o — ns
Serial data-in hold time tain 15 — 15 — 5 — 15 — ns
Serial write enable setup time  tgwg 5 — 5 — 5 — 5 — ns
Serial wiite enable holdtime ~ tgyy 15 — 15 — 15 — 15 —  ns
Serial write disable setuptime tgyis 5 — 5§ — 5 — 5§ — ns
Serial write disable hold time tswH 15 — 15 — 15 — i5 — ns

16
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Notes: 1. AC measurements assume ty =5 ns.

2. When tpcp > trep (Max) or tgap > trap (Max), access time is specified by toag or taa.

3. Vjy (min) and V| (max) are reference levels for measuring timing of input signals. Transition
time ty is measured between V| and V.

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write
cycle and delayed write cycle, either tpz¢ (min) or tpzg (min) must be satisfied.

5. topry (max), topra (Mmax) and tgez (Mmax) are defined as the time at which the output acheives
the open circuit condition (Vo —100 mV, Vg_+100 mV).

6. Assume that tacp < tpop (max) and trap < trap (Max). If trop or trap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

8. When tgep 2 trep (Max) and tgap < thap (Max), access time is specified by tcac.

9. When tgop < trep (Max) and tgap = thap (Max), access time is specified by taa.

10. If either tgcp of tpy is satisfied, operation is guaranteed.

11. When tywcs = twcs (min), the cycle is an early writs cycle, and I/O pins remain in an open
circuit (high impedance) condition.

12. These parameters are specified by the later falling edge of CAS or WE.

13. Either topp (min) or topp (min) must be satisfied because output buffer must be tumed off by
CAS or OE prior to applying data to the device when output buffer is on.

14. When tawp = tawp (min) and towp = towp (min) in read-modify-write cycle, the data of the
selected address outputs to an I/O pin and input data is written into the selected address.
topp (min) must be satisfied because output buffer must be turned off by OE prior to applying
data to the device.

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF.

16. After power-up, pause for 100 ps or more and execute at least 8 mmallzatlon cycle (normal
memory cycle or refresh cycle), then start operation.

17
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Timing Waveforms *17

Read Cycle
tac
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Early Write Cycle
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Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when

WE is low.
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Delayed Write Cycle
tre
tras tare
RAS N Vi h
tosn terp
thep tasH
N \ 1 Y —
cAs tasn | |tRan t =
ﬁ % E‘ASC teaH
Address ZZX Row )(XX Columun X XOOOCOOOOOOOOOOONNK
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110
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vo a5 KOO
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OEH
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Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle
when WE is low.
Read-Modify-Write Cycle
tawe
— taws tre
RAS \ 7 .
— tRcd tcrp
CAS = L
tRAD.
tash
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e} ‘ e
(Input) Mask Data tozo toFF2 M Valid Din ;WXXXX)O
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oToE Y/ Ve T NOOKKXX

Note:

1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle

when WE is low.
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Page Mode Read Cycle
tre
trasp tap ‘
4
s i A I
tesH tpc t tRsH t
cp
1RCD .0 teas tcp tcoas tCAS CRP
CAS N " trar K
. tRaD | |ltcaL toa o
ASR
[tpan tasc||toan | tasc ltomd o[t
Address RowX (X Columun CommmXXXXZX Columun
B oy ol el
| tACH sl | tACH el | thch

Wwe e ,OFFW AN ROOOXXX

taa T ltace T ltace L. Jtorr
tcAC feac tcac !
Vo vm%: { Vaid Valid Dout ]
{Output) i i h ]
toze tcoo[ Ly 1pze tcol toze tcop
<= _toac |toFrg toac |torr2) toac
/(o]
(Input)

tpzQ
tots tDTH |
DTIOE L XN XX

Page Mode Write Cycle (Early Write)

tac
tRasp f trp
. — —
RAS N A N
tcsH | tec tRsH
tcp e __f t
_ lcas o tcP | -_tcas tcas cap
CAS g N ]2JZ
le—oltcaH tasci, | tcaH tasciy ofl, . tcaH
Adcress KO camn ot XK
twcH twes| | twen, twes| | twi
e IR YRR YRR
1o High-Z
(Output) o toH tosh toH
Vo —— —
1 vasa 0} SO Y vaseom KOOSO DTK

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle
when WE is low.
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Page Mode Write Cycle (Delayed Write)

trRc
tRasP trp

RAS N N
RAS \ 7

tcp  |e—tRSH | teRp
e tcas
CAS N 7

tasc tcan

AV \/
saress. (0 ronT) Feaum {0COCOTN
thwe
towL

WE
110
(Output)
/o]
(Input)

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle
when WE is low.

RAS-Only Refresh Cycle

tre
tras o
o A -
RAS
tcrp e
- 1 XXX
CAS
tASR tRAH
torF1
Vo X EIIZITIN
(Output)  LLREEEKKR
tcop
tores,
& o XRXXIXIXIIIIX
(Input) toon XXX XXXXX X
tors || tom, |
ooE JAXKS OO0 TR KX IIKK
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CAS-Before-RAS Refresh Cycle
trc
tap tRas | trp
s R L p!
RAS — /. e X sz tRPC  4oen \_
tep tosr tcHR el
CAS A N /> inhibit Faliing Transition X X\

L XXX XXX
W XXX R KR X R KX KR X KKK KRR

1orFt High-Z

T RERBILIN
D Te SO TTOTOTITO,
RRRLLRLRRS

/o
(Output)

o110E - X XXX XXX X XXX KX XHXXXAX

Hidden Refresh Cycle
tRc tRe
tRas tap tRAs L _tRp
— E—
RAS N % ‘
trco tRsH | T on tcrp —
CAS N ha
tRAD tpaL [N
. LT ‘asql | ToAH
Joa———a!
assoss TSN ow KID_cotamn SOOI
|| __trosped tRRH="] I
e l taae 1 NOOOOOOXXXAXXXOOKXXX
t
: ‘:C toFF1
© < Valid Dout ‘
(Output) tpzc toac
""" torr;
v TR = torry
{inpuity M tozo
tors || toTH
5T0E XX XN IS
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Read Transfer Cycle (1)
tre
tRas tRP
e —_—
RAS f‘ 7 A
tesh tcrp
treo tRsH
tcas
CAS
trap tRAL
tAsR || traH tasc|[Tcan
~
saress TN ow XD ke XL
tws | [twH ‘ ‘
s, ||
we XX/
1o High-Z —-L<—‘DTHH
(Output) tcoH tbRD
tors taDH totp
o tRDH lr X
DT/OE \ 7 XX
tscc tsce tscc tsce
tsop tspH_ | | ts tscp
sC / N / \ / \ v / \
—]_tscal tsca tsca A tsca .
tsoH tsoH tsoH tsoH SoH
sio Valid Sout Valid Sout ;0K Valid Sout KRR Valid Sout KZI K Valid Sout KEZZE
(Output) Previous Row —*1 =—— New Row
SIo
(Input)
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Read Transfer Cycle (2)
trc
tras I trp
] Y
RAS N 7 N\
tesH tcrP
trcp tRSH
_ t o
CcAS : = 7
trRAD tRAL

tASR | | tRAH_ tasc | | tcal
Address XZ)Z( Row ;§<X>§‘ i%"&,ﬁ;i“ XX KAXAX W

tws ||twH
we  XXf AXOXXXHKXAK XXX XXX XX AAAX

tDTHH

Vo High-Z i
(Output) tcom toRD

= tRDH faDH i §tD><TP>< MK KKK KX
DT/OE ;Z §Z5

SRS lo_ tSDH tscc

tsc tscp tsc tsce
sc i NX X Inhibit Rising Transition < X O™ ] . K[ ;2 ‘

—_ = SCA SCA
tSOH fw—s

a0 =T ({XValid Sout]
(Outputy 'S1S ||t tszs
S0 Vaiid )
(Input)
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Pseudo Transfer Cycle
tRC
tRAS "
e - Y [P T
RAS N 1
osH I tcRP
tRcD tASH
CaS N tcas
CAS |
tasR, | | tRaH tasc || tcan
sasess SOO(_row XX e HOOTCUIA I
ws twH
we 00 £ XX XXXXX X XXX X XXX XXX XX
(Cutput High - Z
(Output) —
e XX | IR ORI IIIRR
| sz,
t
- tes [ 1en | o
* XXX XXX XXX XX
g tSRO tscc
= \ 1scP ]| tsc | tscp
sC f W Inhibit Rising Transition ><><><><\ ] ’ﬁz’ —
tspz
SWo - i
(Output) Valid Sout >
\ tsip s || tm e
| (& - et fot—]

N

(e LK vatia sin KK vatia sin JOO
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Write Transfer Cycle
tRe
tRAS tRp
J— \ e\
RAS N 7
tCsH 1CRP
tRCD tRSH
I tcas L
CAS X >
tASR tRAH 1AsC [} tCaH
adaress JOCK_ Row XX SBSR" ] XXX
tws twH
w30 (TR III KX II KK IIKIIIIIKK
7o) High-Z
(Output DTS | [toTH
omoE (X XA XXX AR KKK KRR XXX XKNK
tes 1EH tsws
5 XXX XXXXK KK HXHKXXXXXY
el 0] 1soo
LlS_W.S,'.sc_ﬂ tscp sc_ | tscp
sc 7 RO X nnivit Rising Transition f N
SO -
(Output) s _.:H s | e 105
ﬁ!f?w X>ﬂ Valid Sin » Valid Sin X Valid Sin'[(}
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Serial Read Cycle

SE S — tscc tooo

tscc |
s tsc _ tscp ﬂ tsc || tscP tsc_ || tscp tsc |
L T A e
4 _Jf R | 4 son
tsoH sz tsca 1soH
) " : 3 " { Varid
SOy _Vald Sout XZX_ Valid Sout Valid Sout DN Yak
Serial Write Cycle
. tswH tswis, , tswi tsws
= bl
tscc L tscc tsce \
tsc; | tscp itsc tsc 2 S|
1: N tscp £ tsce \

sc
tsis_|| tsH tsis ||tsH tsis ||tsiH
S0 | XX Valid Sin YXOOKXK valid Sin ] valid sin JOOK K

(Input) &N
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Package Dimensions Unit: mm
HMS534251B] Series (CP-28D)
18.17
- 18.54 Max
28 15
o e
S| o
p H H
e ®
8| =
1 4
0.74 &
(= oo
1113 Max 3 b +c>I
| () ™ <
! © / o
q o

HM534251BZ Series (ZP-28)

35.58
36.57 Max

L 8.71
10.16 Max

LALLM AR U [ oasz
0.50512 ] 1.045 Max | @

2.85
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Package Dimensions (cont)

HMS534251BT Series (TFP-32DA)

Unit: mm

8.0

8.2 Max
32 17

12.4

[y — N

l.o i %0_50
e | g3

ol | §2€ o05z0.1

H |0

Lol IS

S [=l]=]

14.0x£0.2

HMS534251BR Series (TFP-32DAR)

8.0
8.2 Max
17 32
o
O
16 1
0202090 (=70 08 T
14.0 £ 0.2
0.45 Max
________________ ‘ e \ .
K 3 g3 A
yavg o
= 0.10 5 2=
N ~ (=1
= NS ke
p \

050+0.10 | |,
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262,144-Word x 4-Bit Multiport CMOS Video RAM

HITACHI

The HM534253B is a 1-Mbit multiport video RAM
equipped with a 256-kword x 4-bit dynamic RAM
and a 512-word x 4-bit SAM (serial access
memory). Its RAM and SAM operate
independently and asynchronously. It can transfer
data between RAM and SAM. In addition, it has
two modes to realize fast writing in RAM. Block
write and flash write modes clear the data of 4-
word x 4-bit and the data of one row (512-word x
4-bit) respectively in one cycle of RAM. And the
HMS534253B makes split transfer cycle possible by
dividing SAM into two split buffers equipped with
256-word x 4-bit each. This cycle can transfer data
to SAM which is not active, and enables a
continuous serial access.

Features

» Multiport organijzation
Asynchronous and simultaneous operation of
RAM and SAM capability
RAM: 256 kword x 4 bit
SAM: 512 word x 4 bit
« Access time
RAM: 60 ns/70 ns/80 ns/100 ns max
SAM: 20 ns/22 ns/25 ns/25 ns max
¢ Cycle time
RAM: 125 ns/135 ns/150 ns/180 ns min
SAM: 25 ns/25 ns/30 ns/30 ns min

* Low power
Active RAM: 413 mW max
SAM: 275 mW max
Standby 38.5 mW max

* High-speed page mode capability

* Mask write mode capability

* Bidirectional data transfer cycle between RAM
and SAM capability

« Split transfer cycle capability
* Block write mode capability
* Flash write mode capability

Rev. 1
Mar, 1 1994

« 3 variations of refresh (8 ms/512 cycles)

— RAS-only refresh
— CAS-before-RAS refresh

— Hidden refresh
* TTL compatible
Ordering Information
Type No. Access time Package
HM534253BJ-6 60 ns 400-mil 28-pin
HM534253BJ-7 70 ns plastic SOJ
HM534253BJ-8 80 ns (CP-28D)
HM534253BJ-10 100 ns
HM534253B2-6 60 ns 400-mil 28-pin
HM534253B2-7 70 ns plastic ZIP
HM534253BZ-8 80 ns (ZP-28)
HM534253BZ-10 100 ns
HM534253BT-6 60 ns 8 mm x 14 mm
HM534253BT-7 70 ns 32-pin TSOP
HM534253BT-8 80 ns type |
HM534253BT-10 100 ns (TFP-32DA)
HM534253BR-6 60 ns 8 mm x 14 mm
HM534253BR-7 70 ns 32-pin TSOP
HM534253BR-8 80 ns type | reverse
HM534253BR-10 100 ns (TFP-32DAR)

[ ADE-203204A(2) |




HMS534253B Series

Pin Arrangement
HM534253BJ Series HM534253BT Series
sc Hi1 28 P vss
sl/o0 g 2 27 P svo3 _
DSFE 1 32 3
si/o1 3 26 1 s1/02 Vo2 = 2 2 Ega?
BT/OEY 4 25 J SE 1103 3 30 A0
oo g5 24 O 1/03 SEE 4 29 [ A1
o1 06 23 O /02 8l/02 5 28 [0 A2
SII0O3 6 27 2 A3
WE Q7 22 [1 DSF Ves O 7 5% O A7
NC ({8 21 O CAS NC ] 8 25 53 NG
RAS O 9 20 [0 QSF ggg ?0 gg g\,\;c
10 19 O A0
A8 O H S1100 = 11 2 &5 af°
A6 gl 1sp Al SI01 12 21 E1 A5
A5 12 17 g A2 DT/OEH 13 20 [ A6
A4 13 16 [ A3 1100 ] 14 19 [ A8
Vec 14 15 5 A7 /014 15 18 [ RAS
. WEC] 16 17 [ NC
(Top View) (Top View)
HM534253BZ Series
1 HM534253BR Series
5 1 DSF L
/02 3 103 WE = 16 17 B9 NC_
SE 4 5 SUo2 Vo1 = 15 18 = RAS
SI/03 6 7 Vss _Voo & 14 19 1 A8
sC 81 DT/OE CH 13 20 [ A6
9  si/oo syo1 = 12 21 O A
SI/01 10 5
11 DT/OE SIoo0 H 1 22 [O A4
Voo 12 13 /01 sC O 10 23 [ vee
WE 14 15 NC NC . 9 24 I NC
RAS 16 17 As NC 4 8 25 [ NC
A6 18 19 Vss & 7 26 [ A7
A4 20 AS sI/03 = 6 27 [ A3
21 Vec SI/02 5 5 28 [ A2
A7 22 23 A3 SE O 4 29 £ A1
A2 24 25 A1 1103 | 3 30 4 A0
A0 26 o7 /02 & 2 31 [ QSF
QSF DSF ] i 32 [ CAS
CAS 28 =
(Bottom View) (Top View)
Pin Description
Pin name Function Pin name Function
AO - A8 Address inputs sC Serial clock
I/00 - /O3 RAM port data inputs/outputs ~ SE SAM port enable
SI/00 - SI/03 SAM port data inputs/outputs ~~ DSF Special function input flag
RAS Row address strobe QSF Special function output flag
CAS Column address strobe Vee Power supply
WE Write enable Vss Ground
DT/OE Data transfer/output enable NC No connection
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Block Diagram

AOI—A8

v

+

Address Mask
Register

Column Address Row Addressi 4 Refresh
Buffer Buffer A Counter
- v
Serial Address
Row Decoder Counter H>-oQSF
- +
] [ — —— (- -
£ ® Memory Array 3 3 3
Te— |2 2y a8 |, 8
aE B p oS0 3 8
Ko 8| =0|oc o) 2
Lo ol g | Q| €
) cE| & - N s | 2
S 5|8 5 8|88
P:S—> 3| g 2o/ g2 2
25 2 8w ST %]
Sa gloxc
oo py f - L iF L
Input Data Serial Output| Serial Input
Controi Buffer Buifer
SI/00 - SI/03

h 4
Blwfaf:tr (B):,thf%l:t Timing Generator
/00 - 1/03 ‘ 1
) » OO0O0O0O0O0O0O
0 wla W s
MR
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Pin Functions

RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these
signals determine the operation cycle of the HM534253B.

Table 1. Operation Cycles of the HM534253B

Input level at the falling edge of RAS

DSF at the falling Operation mode
CAS DT/OE WE SE DSF edge of CAS

L X

X X X —_ CBR refresh
H L L L L X Write transfer
H L L H L X Pseudo transfer
H L L X H X Split write transfer
H L H X L X ‘ Read transfer
H L H X H X Split read transfer
H H L X L L Read/mask write
H H L X L H Mask block write
H H L X H X Flash write
H H H X L L Read/write
H H H X L H Block write
H H H X H X Color register read/write

Note: X: Don't care.

CAS (input pin): Column address and DSF signals are fetched into chip at the falling edge of CAS, which
determines the operation mode of the HM534253B. CAS controls output impedance of I/O in RAM.

A0 — A8 (input pins): Row address is determined by A0 — A8 level at the falling edge of RAS. Column
address is determined by AO — A8 level at the falling edge of CAS. In transfer cycles, row address is the
address on the word line which transfers data with SAM data register, and column address is the SAM start
address after transfer.
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WE (input pin): WE pin has two functions at the falling edge of RAS and after. When WE is low at the
falling edge of RAS, the HM534253B turns to mask write mode. According to the I/O level at the time,
write on each I/O can be masked. (WE level at the falling edge of RAS is don’t care in read cycle.)
When WE is high at the falling edge of RAS, a normal write cycle is executed. After that, WE switches
read/write cycles as in a standard DRAM. In a transfer cycle, the direction of transfer is determined by
WE level at the falling edge of RAS. When WE is low, data is transferred from SAM to RAM (data is
written into RAM), and when WE is high, data is transferred from RAM to SAM (data is read from RAM).

/OO — 1/03 (input/output pins): /O pins function as mask data at the falling edge of RAS (in mask write
mode). Data is written only to high I/O pins. Data on low I/O pins are masked and internal data are
retained. After that, they function as input/output pins as those of a standard DRAM. In block write cycle,
they function as address mask data at the falling edges of CAS.

DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently.

- SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of
SC is fetched into the SAM data register.

SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a
mask for serial write because internal pointer is incremented at the rising edge of SC.

SI/O0 - SI/03 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it
was a pseudo transfer cycle or write transfer cycle, SI/O inputs data.

DSF (input pin): DSF is a special function data input flag pin. It is set to high at the falling edge of RAS
when new functions such as color register read/write, split transfer, and flash write, are used. DSF is set to
high at the falling edge of CAS when block write is executed.

QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by
accessing address 255 in SAM and from high to low by accessing 511 address in SAM.

Operation of HM534253B
RAM Port Operation

RAM Read Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at the
falling edge of CAS)

Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device
as in standard DRAM. Then, when WE is high and DT/OE is low while CAS is low, the selected address
data outputs through I/O pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (t4) and RAS to

column address delay time (tg Ap) specifications are added to enable high-speed page mode.
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RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write)
(DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at the falling edge of CAS)

+ Normal Mode Write Cycle (WE high at the falling edge of RAS)

When CAS and WE are set low after driving RAS low, a write cycle is executed and 1/O data is written in
the selected addresses. When all 4 I/Os are written, WE should be high at the falling edge of RAS to
distinguish normal mode from mask write mode.

If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all /O become
in high impedance. Data is entered at the CAS falling edge.

If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. Data is input at the
WE falling. I/O does not become high impedance in this cycle, so data should be entered with OE in high.
If WE is set low after tcwp (min) and toawp (min) after the CAS falling edge, this cycle becomes a read-
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid I/O
contention, data should be input after reading data and driving OE high.

» Mask Write Mode (WE low at the falling edge of RAS)

If WE is set low at the falling edge of RAS, the cycle becomes a mask write mode which writes only to
selected I/O. Whether or not an I/O is written depends on I/O level (mask data) at the falling edge of RAS.
Then the data is written in high I/O pins and masked in low ones and internal data is retained. This mask
data is effective during the RAS cycle. So, in high-speed page mode, the mask data is retained during the
page access.

High-Speed Page Mode Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS)

High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, write, and
block write cycles can be mixed. Note that address access time (ta a), RAS to column address delay time
(trAD), and access time from CAS precharge (tACP) are added. In one RAS cycle, 512-word memory
cells of the same row address can be accessed. It is necessary to specify access frequency within tgasp
max (100 ps).

Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF high at the falling edge of
RAS)

In color register set cycle, color data is set to the internal color register used in flash write cycle or block
write cycle. 4 bits of internal color register are provided at each I/O. This register is composed of static
circuits, so once it is set, it retains the data until reset. Color register set cycle is just as same as the usual
write cycle except that DSF is set high at the falling edge of RAS, and read, early write and delayed write
cycle can be executed. In this cycle, the HM534253B refreshes the row address fetched at the falling edge
of RAS.
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Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF high at the falling edge of RAS)

In a flash write cycle, a row of data (512 word x 4 bit) is cleared to 0 or 1 at each I/O according to the data
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE
is set high, WE is low, and DSF is high at the falling edge of RAS, this cycle starts. Then, the row address
to clear is given to row address and mask data is given to I/O. Mask data is as same as that of a RAM
write cycle. High /O is cleared, low I/O is not cleared and the internal data is retained. Cycle time is the
same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. (See
figure 1.)

Color Register Set Cycle - Flash Write Cycle Flash Write Cycle
RAS ) ./
CAS AN R

RN

KR
: ":‘A’A HRRRLY

|

R R TR RRRSTRXILITT
LRRIRIKKK 50585859
fetetetererioiotetetetetetetetetsy

R

Set color register Execute flash write into each | Execute flash write into
I/O on row address Xi using | each /O on row address
color resister. Xj using color resister.

*1 /O Mask Data
Low: Mask
High: Non Mask

Figure 1. Use of Flash Write
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Block Write cycle (CAS high, DT/OE high and DSF low at the falling edge of RAS, DSF high at the
falling edge of CAS)

In a block write cycle, 4 columns of data (4 word x 4 bit) is cleared to 0 or 1 at each I/O according to the
data of color register. Column addresses A0 and Al are disregarded. The data on I/Os and addresses can
be masked. /O level at the falling edge of CAS determines the address to be cleared. (See figure 2.) Ina
page mode cycle, mixed cycle of normal Read/Write and block write can be allowed by controlling DSF.

« Normal Mode Block Write Cycle (WE high at the falling edge of RAS)

The data on 4 I/Os are all cleared when WE is high at the falling edge of RAS.

+ Mask Block Write Mode (WE low at the falling edge of RAS)

When WE is low at the falling edge of RAS, the HM534253B starts mask block write mode to clear the
data on an optional I/O. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low
/O is not cleared and the internal data is retained. The mask data is available in the RAS cycle. In page
mode block write cycle, the mask data is retained during the page access.

(?olor Register Set Cycle | Block Write Cycle | | Block Write Cycle K
J
CAS \ / \ / \ /

R R RRRTTTLRTR
LRRIRRL 500
SRR

ve J0ORA

(IR
NRRRZRSS

R TR RRRRRITLIN
R RXRRRARRRRRLY

NS K] RSB,
DT/OE & KRR R R

DSF 9/ % 4 ) (X
e} RN Color DataSZZX 1 YK address MaskiGESX 1 WX ddress MaskXB5.

"1

WE Vo Mode
Low | /O Mask Data Mask
High | Don't care Non mask
I/O Mask Data
Low: Mask
High: Non Mask
Address Mask Data
/{00 | ColumnO (AG = 0, A1 = 0) Mask Data
1/01 | Columni (A0 =1, A1 = 0) Mask Data |Low: Mask
1/102 | Column2 (A0 = 0, A1 = 1) Mask Data
I/O3 | Column3 (A0 = 1, A1 = 1) Mask Data | High: Non Mask

Figure 2. Use of Block Write
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Transfer Operation

The HM534253B provides the read transfer cycle, split read transfer cycle,pseudo transfer cycle, write
transfer cycle, and split write transfer cycle as data transfer cycles. These transfer cycles are set by driving
CAS high and DT/OE low at the falling edge of RAS. They have following functions:
(1) Transfer data between row address and SAM data register (except for pseudo transfer cycle)

Read transfer cycle and split read transfer cycle: RAM to SAM

Write transfer cycle and split write transfer cycle: SAM to RAM
(2) Determine SI/O state (except for split read transfer cycle and split write transfer cycle)

Read transfer cycle: SI/O output

Pseudo transfer cycle and write transfer cycle: SI/O input
(3) Determine first SAM address to access after transferring at column address (SAM start address).
SAM start address must be determined by read transfer cycle or pseudo transfer cycle (split transfer cycle
isn’t available) before SAM access, after power on, and determined for each transfer cycle.

Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF low at the falling edge of RAS)

This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF low at the falling edge of
RAS. The row address data (512 x 4 bits) determined by this cycle is transferred to SAM data register
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to
transfer data from RAM to SAM.

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tgpp
(min) specified between the last SAM access before transfer and DT/OE rising edge and tspy (min)
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.)

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set
high impedance before tgzg (min) of the first SAM access to aviod data contention.

s T /
ore \ /
Address X Xi X Yj X

DT/OE _\ L Vi
DSF _\_—_/

sC

><)
><'/ e

SI’o

SAM Data before Transfer SAM Data after Transfer

A 3 N\
X X j( Yi X Yji+1

Figure 3 Real Time Read Transfer
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Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, SE high and DSF low at the falling edge of
RAS) v

Pseudo transfer cycle switches SI/O to input state and set SAM start address without data transfer to RAM.
This cycle starts when CAS is high, DT/OE low, WE low, SE high and DSF low at the falling edge of
RAS. Data should be input to SI/O later than tgyp) (min) after RAS becomes low to avoid data contention.
SAM access becomes enabled after tgrp (min) after RAS becomes high. In this cycle, SAM access is
inhibited during RAS low, therefore, SC must not be risen.

Write Transfer cycle (CAS high, DT/OE low, WE low, SE low, and DSF low at the falling edge of RAS)

Write transfer cycle can transfer a row of data input by serial write cycle to RAM. The row address of data
transferred into RAM is determined by the address at the falling edge of RAS. The column address is
specified as the first address for serial write after terminating this cycle. Also in this cycle, SAM access
becomes enabled after tgrpy (min) after RAS becomes high. SAM access is inhibited during RAS low. In
this period, SC must not be risen. Data transferred to SAM by read transfer cycle or split read transfer
cycle can be written to other addresses of RAM by write transfer cycle. However, the address to write data
must be the same MSB of row address (AX8) as that of the read transfer cycle.

Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF high at the falling edge of RAS)

To execute a continuous serial read by real time read transfer, the HM534253B must satisfy SC and DT/OE
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it
possible to execute a continuous serial read without the above timing limitation. Figure 4 shows the block
diagram for a split transfer. SAM data register (DR) consists of 2 split buffers, whose organizations are
256-word x 4-bit each. Let us suppose that data is read from upper data reagister DR1 (The row address
AX8 is 0 and SAM address A8 is 1.). When split read transfer is executed setting row address AX8 0 and
SAM start addresses AQ to A7, 256-word x 4-bit data are transferred from RAM to the lower data register
DRO (SAM address A8 is 0) automatically. After data are read from data register DR1, data start to be
read from SAM start addresses of data register DRO. If the next split read transfer isn’t executed while
data are read from data register DRO, data start to be read from SAM start address 0 of DR1 after data are
read from data register DRO. If split read transfer is executed setting row address AX8 1 and SAM start
addresses AQ to A7 while data are read from data register DR1, 256-word x 4-bit data are transferred to
data register DR2. After data are read from data register DR1, data start to be read from SAM start
addresses of data register DR2. If the next split read transfer isn’t executed while data is read from data
register DR2, data start to be read from SAM start address 0 of data register DR3 after data are read from
data register DR2. In this time, SAM data is the one transferred to data register DR3 finally while row
address AX8 is 1. In split read data transfer, the SAM start address A8 is automatically set in the data
register which isn’t used.
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The data on SAM address A8, which will be accessed next, outputs to QSF. QSF is switched from low to
high by accessing SAM last address 255 and from high to low by accessing address 511.

Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF is high at the falling
edge of RAS. The cycle can be executed asyncronously with SC. However, tgys (min) timing specified
between SC rising and RAS falling must be satisfied. SAM last address must be accessed, satisfying tpgT
(min), teg (min), and taqy (min) timings specified between RAS or CAS falling and column address.
(See figure 5.) '

In split read transfer, SI/O isn't switched to output state. Therefore, read transfer must be executed to
switch SI/O to output state when the previous transfer cycle is pseudo transfer or write transfer cycle.

Memory
Array

DR1
DR3

AX8 =1

SAM I/O Bus
SAM Column Decoder
SAM I/O Bus
DR2

DRoO

SAM /O Buffer

I

Sio
Figure 4. Block Diagram for Split Transfer
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RAS

tsts (min) ﬁ( tRsT(Min)
I

CAS , /
tcst(min)

Address X Xi X:)Z Yj X
tast(min) ~C

DT/OE | \ /

DSF LN
511 255 S 255+ Y

n /s N Sessayy

s¢ _/ (255) (n + 255) — (511) )

Figure 5 Limitation in Split Transfer

Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF high at the falling edge of RAS)

A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write
transfer. Split write transfer cycle makes it possible. In this cycle, tgTg (min), tgg (min), tcg (min) and
tasT (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch SI/O to
input state in this cycle. If SI/O is in output state, pseudo transfer cycle should be executed to switch SI/O
into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written
to other addresses of RAM by split write transfer cycle. However, pseudo transfer cycle must be executed
before split write transfer cycle. And the MSB of row address (AX8) to write data must be the same as
that of the read transfer cycle or the split read transfer cycle.
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SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previous data transfer cycle is read transfer cycle. Access is
synchronized with SC rising, and SAM data is output from SI/O. When SE is set high, SVO becomes high
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address
(address 511), the internal pointer indicates address O at the next access.

Serial Write Cycle

If previous data transfer cycle is pseudo transfer cycle or write transfer cycle, SAM port goes into write
mode. In this cycle, SI/O data is fetched into data register at the SC rising edge like in the serial read
cycle. If SE is high, SI/O data isn’t fetched into data register. Internal pointer is incremented by the SC
rising, so SE high can be used as mask data for SAM. After indicating the last address (address 511), the
internal pointer indicates address O at the next access.

Refresh
RAM Refresh

RAM, which is composed of dynamic circuits, requires refresh to retain data. Refresh is executed by
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle,
(2) CAS-before-RAS (CBR) refresh cycle, and (3) Hidden refresh cycle. Besides them, the cycles which
activate RAS such as read/write cycles or transfer cycles can refresh the row address. Therefore, no
refresh cycle is required when all row addresses are accessed within 8 ms.

(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only RAS cycle with CAS
fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish this
cycle from data transfer cycle, DT/OE must be high at the falling edge of RAS.

(2) CBR Refresh Cycle: CBR refresh cycle is set by activating CAS before RAS. In this cycle, refresh
address need not to be input through external circuits because it is input through an internal refresh counter.
In this cycle, output is in high impedance and power dissipation is lowered because CAS circuits don’t
operate.

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating
RAS when DT/OE and CAS keep low in normal RAM read cycles.

SAM Refresh

SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh.

13



HM534253B Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vgg vVt -1.0to +7.0 \ 1
Supply voltage relative to Vgg Vee -0.5t0 +7.0 v 1
Short circuit output current lout 50 mA

Power dissipation Pt 1.0 w
Operating temperature Topr 0to+70 °C

Storage temperature Tstg -55 to +125 °C

Note 1. Relative to Vgg.

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage™! Vee 45 - 50 55 \ 1
Input high voltage™ VIH 2.4 — 6.5 ' 1
Input low voltage™ Vi 052 — 08 V 1

Notes: 1. All voltage referred to Vgg
2 -3.0V for pulse width < 10 ns.
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DC Characteristics (Ta =0 to +70°C, Voc =5V £ 10%, Vgg =0 V)

HM534253B
-6 7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test conditions
Operating gy — 75 — 70 — 60 — 55 mA RAS,CAS SC=V),SE=V|y
current cycling O ——
lccg — 125 — 120 — 100 — 95 mA tgg=min SE=Vj, SC cycling
tscc = min
Standby lccg2 — 7 — 7 — 7 — 7 mA RAS,CAS SC=V|,SE=V|y
Curl'ent = V|H _+'_
lcce — 50 — 50 — 40 — 40 mA SE = V|, SC cycling
tscc = min
AAS-only lgcg — 75 — 70 — 60 — 55 mA RAScyclingSC=V),SE=V)y
refresh CAS=Vy —m8M8M8M8M8m™
current lccg — 125 — 120 — 100 — 95 mA tge=min SE=Vj, SC cycling
tscc = min
Pagemode lcc4 — 80 — 80 — 70 — 65 mA CAScyclingSC=V,SE=Vy
current - RAS=V} —mMW—
lcctio — 130 — 130 — 110 — 105 mA tpg=min SE=V, SC cycling
tsgc = min
CAS-before- Igcs — 50 — 45 — 40 — 35 mA RAScyclingSC=V),SE=V|y
RAS refresh tRg=min —M——
current lccy — 100 — 95 — 80 — 75 mA SE = V), SC cycling
tscc = min
Data lcce — 80 — 75 — 65 — 60 mA RAS,CAS SC=V|,SE=V|y
transfer cycling S EEEE——
current lcclz — 180 — 125 — 105 — 100 mA tpc=min SE=Vy, SC cycling
tscc = min
Input leakagely -1010 -1010 -1010 -1010 pA
current
Output Lo -1010 -10 10 -1010 -10 10 pA
leakage
current
Outputhigh Voy 24 — 24 — 24 — 24 — V lIgy=—-2mA
voltage
Outputlow Vg — 04 — 04 — 04 — 04 V Ig.=42mA
voltage
Notes: 1. Igc depends on output load condition when the device is selected. o max is specified at the

output open condition.

2. Address can be changed once while RAS is low and CAS is high.
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Capacitance (Ta = 25°C, Vo =5V, f = 1 MHz, Bias: Clock, I/O = V¢, address =Vgg)

Parameter Symbol Typ Max Unit Note
Input capacitance (Address) Ciy —_ 5 pF 1
Input capacitance (Clocks) Cpo — 5 pF 1
Output capacitance (I/0, SI/O, QSF) Cio — 7 pF 1

Note: 1. This parameter is sampled and not 100% tested.

AC Characteristics (Ta = 0 to +70°C, Vo =5 V = 10%, Vgg =0 V) *1, *16

Test Conditions

- Input rise and fall times: S ns

— Input pulse levels: Vgg to 3.0V

— Input timing reference levels: 0.8 V, 2.4 V
— Output timing reference levels: 0.8 V,2.0 V
— Output load: See figures

loy=—2mA  +3V
—_—
|0L=4'2 mA
1/0 3
j;oo pF
Output Load (A) Output Load (B)
Common Parameter »
HM534253B
-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
Random read or write cycle time  tpc 125 — 135 — 150 — 180 — ns
RAS precharge time tp 55 — 55 — 60 — 70 — ns
RAS pulse width thas 60 10000 70 10000 80 10000 100 10000  ns
CAS pulse width tcAs 20 — 20 — 20 — 25 — ns
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Common Parameter (cont)

HM534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
Row address setup time tasp, 0 — 0 — 0 — 0 — ns
Row address hold time tRaw 10 — 10 — 10 — 10 — ns
Column address setup time tasc 0 — 0 — 0 — 0 — ns
Column address hold time tcan 15 — 15 — 15 — 15 — ns
RAS to CAS delay time tacp 20 40 20 50 20 60 20 75 ns
RAS hold time referencedto CAS tggy 20 — 20 — 20 — 25 — ns
CAS hold time referencedtoRAS tcgy 60 — 70 — 80 — 100 — ns
CAS to RAS precharge time ttpp 10 — 10 — 10 — 10 — ns
Transition time (rise to fall) tr 3 50 3 50 3 50 3 50 ns
Refresh period tRep — 8 — 8 — 8 — 8 ms
DT to RAS setup time tpoys 0 — O — 0 — 0 — ns
DT to RAS hold time ot 10 — 10 — 10 — 10 — ns
DSF to RAS setup time s 0 — O — 0 — 0 — ns
DSF to RAS hold time tRrn 10 — 10 — 0 — 10 — ns
DSF to CAS setup time t¢¢ 0 — O — 0 — 0 — ns
DSF to CAS hold time tcbW 15 — 15— 15 — 15 — ns
Data-in to CAS delay time toc 0 — 0 — 0 — 0 — ns
Data-in to OE delay time tpo 0 — 0 — 0 — | 0 — ns
Output buffer turn-off delay torpRy — 20 — 20 — 20 — 20 ns
referenced to CAS
Output buffer turn-off delay torF2 — 20— 20 — 20 — 20 ns

referenced to OE
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Read Cycle (RAM), Page Mode Read Cycle

HM534253B8

-6 -7 -8 -10
Parametef SymbolMin Max Min Max Min Max Min Max Unit Notes
Access time from RAS thac — 60 — 70 — 80 — 100 ns 6,7
Access time from CAS ttAc — 20 — 20 — 20 — 25 ns 7,8
Access time from OE toc — 20 — 20 — 20 — 25 ns 7
Address access time tAA — 35 — 35 — 40 — 45 ns 7,9
Read command setup time tRes 0 — 0o - 0 — 0 — ns
Read command hold time tagy 0 — O — 0 — 0 — ns 10
Read command hold time tRpgp 10 — 10 — 0 — 10 — ns 10
referenced to RAS
RAS to column address delay time tgap 15 25 15 35 15 40 15 55 ns 2
Column address to RAS lead time. tgy, 35 — 35. — 40 — 465 — ns
Column address to CAS lead time tcp, 35 — 3 — 40 — 45 — ns
Page mode cycle time tec 45 — 45 — 50 — 56 — ns
CAS precharge time tcp 10 — 10 — 10 — 10 — ns
Access time from CAS precharge tacp — 40 — 40 — 45 — 580 ns
Page mode RAS pulse width tgasp 60 100000 70 100000 80 100000 100 100000 ns
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle

HM534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0 - 0o — 0 — ns 11
Write command hold time tweH 15 — 15 — 15 — 15 — ns
Write command pulse width twp 15 — 5 — 15 — 15 — ns
Write command to RAS lead time  tgyy, 20 — 20 — 20 — 20 — ns
Write command to CAS lead time  tcyy, 20 — 20 — 20 — 20 — ns
Data-in setup time tps 0o — 0 — 0o — 0 — ns 12
Data-in hold time toH 15 — 15 — 15 — 15 — ns 12
WE to RAS setup time twg 0 — 0 — 0 — O — ns
WE to RAS hold time twy 10 — 10 — 10 — 10 — ns
Mask data to RAS setup time tas 0 — 0 — O — O — ns
Mask data to RAS hold time tyw 10 — 10 — 10 — 10 — ns
OE hold time referencedtoWE  tggy 20 — 20 — 20 — 20 — ns
Page mode cycle time tec 45 — 45 — 50 — 66 — ns
CAS precharge time tcp 10 — 10 — 10 — 10 — ns
CAS to data-in delay time tcop 20 — 20 — 20 — 20 — ns 13
Page mode RAS puise width trasp 60 100000 70 100000 80 10000 100 100000 ns
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Read-Modify-Write Cycle

HM534253B

= 7 8 -10
Parameter SymboiMin Max Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time trwe - 175 — 185 — 200 — 230 — ns
RAS pulse width taws 110 10000 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time towp 45 — 4 — 45 — 50 — ns 14
Column address to WE delay time tawyp 60 — 60 — 65 — 70 — ns 14
OE to data-in delay time toop 20 — 20 — 20 — 20 — ns 12
Access time from RAS thac — 60 — 70 — 80 — 100 ns 67
Access time from CAS ttAc — 20 — 20 — 20 — 25 ns 7,8
Access time from OE toc — 20 — 20 — 20 — 25 ns 7
Address access time tAA — 35 — 35 — 40 — 45 ns 7,9
RAS to column address delay time trap 15 25 15 35 _ 15 40 15 85 ns
Read command setup time tRes 0 — 0o - 0o — 0 — ns
Write command to RAS lead time thwe 20 — 20 — 20 — 20 — ns
Write command to CAS lead time tcw, 20 — 20 — 20 — 20 — ns
Write command puise width twp 15 — 15 — 15 — 15 — ns
Data-in setup time tps 0o — 0o — 0 — 0 — ns 12
Data-in hold time ty 15 — 15 — 15 — 15 — ns 12
OE hold time referenced to WE toey 20 — 20 — 20 — 20 — ns
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Refresh Cycle

HM534253B

-6 -7 -8 -10
Pa;ameter SymbolMin Max Min Max Min Max Min Max Unit Notes
CAS setup time tcsgg 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time tthp 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
RAS precharge to CAS holdtime  tgpg 10 — 10 — 10 — 10 — ns
Flash Write Cycle, Block Write Cycle

HM534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
CAS to data-in delay time ttop 20 — 20 — 20 — 20 — ns 13
OE to data-in delay time toop 20 — 20 — 20 — 20 — ns 13
Read Transfer Cycle

HM534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
DT hold time referenced to RAS trhoy 50 v10000 60 10000 65 10000 80 10000ns
DT hold time referenced to CAS ttoH 20 — 20 — 20 — 25 — ns
DT hold time referenced to tapH 256 — 25 — 30 — 30 — ns
column address
DT precharge time torp 20 — 20 — 20 — 30 — ns
DT to RAS delay time toRp 65 — 65 — 70 — 80 — ns
SC to RAS setup time tsRg 26 — 25 — 30 — 30 — ns
15t SC to RAS hold time tspH 60 — 70 — 80 — 100 — ns
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Read Transfer Cycle (cont)

HM534253B

- 7 8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
15t SC to CAS hold time tsgh 25 — 25 — 25 — 25 — s
15t SC fo column address hold time tsaw 40 — 40 — 45 — 50 — ns
Last SC to DT delay time tsp 5 — 5 — 5 — 5 — ns
15t SC to DT hold time tpy 10 — 10 — 15 — 15 — ns
RAS to QSF delay time tRgp — 65 — 70 ~—~ 75 — 85 - ns 15
TAS to QSF delay time ttap — 3 — 3 — 40 — 40 ns 15
DT to QSF delay time togp — 3 — 3 — 3 — 35 s 15
QSF hold time referenced to RAS thRgy 20 — 20 — 20 — 25 — ns
QSF hold time referenced to CAS ttoy 5 — 5 — 5 — 5 — ns
QSF hold time referenced to DT togy 5 — 5 — 5 — 5 — ns
Serial data-in to 1st SC delay time tsgzg 0 — o — 0 — 0 — ns
Serial clock cycle time tscc 26 — 25 — 30 — 30 — ns
SC pulse width tsc 5 - 5 — 10 — 10 — ns
SC precharge time tsgcp 10 — 10 — 10 — 10 — ns
SC access time tsga — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial data-in setup time tgg 0 — 0 — 0o — 0 — ns
Serial data-in hold time tsg 15 — 15 — 15 — 15 — ns
RAS to column address delay time tpap 15 25 15 35 15 40 15 55 ns
Column address to RAS lead time tau 35 — 35 — 40 — 45 — ns
RAS precharge to DT high hold time totHw 0 — 10 — 10 — 10 — ns 18
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Pseudo Transfer Cycle, Write Transfer Cycle

HM534253B

-6 -7 -8 -10
Parameter SymboiMin Max Min Max Min Max Min Max Unit Notes
SE setup time referenced to RAS  tgg 0o — 0o — 0o — 0 — ns
SE hold time referencedtoRAS tgy 10 — 10 — 10 — 10 — ns
SC setup time referenced to RAS tspg 25 — 26 — 30 — 30 — ns
RAS 0 SC delay time tspp 20 — 20 — 25 — 25 — ns
Serial output buffer turn-off time tsrz 10 40 10 40 i0 45 10 50 ns
referenced 1o RAS
RAS to serial data-in delay time tgp 40 — 40 — 45 — 50 — ns
RAS to QSF delay time thgp — 65 — 70 — 75 — 85 ns 15
CAS to QSF delay time ttap — 3% — 3 — 40 — 40 ns 15
QSF hold time referenced to RAS tRgy 20 — 20 — 20 — 25 — ns
QSF hold time referenced to CAS ttah 5 — 5 — 5 — 5 — ns
Serial clock cycle time tscc 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time tscA — 20 — 22 — 25 — 25 ns 15
SE access time tsgga — 20 — 22 2 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 - 5 — 5 — ns
Serial write enable setup time tsws 5 — 5§ — 5 — 5§ — ns
Serial data-in setup time tss 0 — 0o — 0o - 0 — ns
Serial data-in hold time tsiH 15 — 15 — 15 — 15 — ns
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Split Read Transfer Cycle, Split Write Transfer Cycle '

HM534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
Split transfer setup time ts;s 20 — 20 — 20 — 25 — ns
Split transfer hold time tRsT 60 — 70 — 80 — 100 — ns
referenced to RAS
Split transfer hold time tcst 20 — 20 — 20 — 25 — ns
referenced to CAS
Spiit transfer hold time referencedto  tagT - 36 — 35 — 40 — 45 — ns
column address .
SC to QSF delay time tsgp — 3 — 30 — 30 — 30 ns 15
QSF hold time referenced to SC tsg4 5 — 5 — 5 — § — ns
Serial clock cycle time tscc 256 — 25 — 30 — 30 — ns
SC pulse width tsc 5 -— 5 — 0 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time tscA — 20 — 22 — 25 — 256 ns 15
Serial data-out hold time ' tsoh 5 — 5 — 5 — 5 — ns
Serial data-in setup time ts)s 0 — 0o — 0o — 0 — ns
Serial data-in hold time tsgy 15 — 15 — 15 — 15 — ns
RAS to column address delay time tRap 15 25 15 35 15 40 15 55 ns
Column address to RAS lead time tRat 35 —~ 35 — 40 — 45 — ns
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Serial Read Cycle, Serial Write Cycle

HM534253B Series

HMS534253B

-6 -7 -8 -10
Parameter SymbolMin Max Min Max Min Max Min Max Unit Notes
Serial clock cycle time tscc 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge width tscp 10 — 10 — 10 — 10 — ns
Access time from SC tschA — 20 — 22 — 25 — 25 ns 15
Access fime from SE tsggp — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tsoH 5 — 5 — 5 — 5§ — ns
Serial output buffer turn-off time tsgz — 20 — 20 — 20 — 20 ns 5
referenced to SE
Serial data-in setup time tgg 0 — 0o — 0 — 0 — ns
Serial data-in hold time tsiH 15 — 15 — 15 — 15 — ns
Serial write enable setup time tsws 5 — 5 — 5 — 5 — ns
Serial wrtie enbable hold time tswqg 15 — 15 — 15 — 15 — ns
Serial write disable setup time tswis 5 — 5 — 5 — 5 — ns
Serial write disable hold time tswH 15 — 15 — 15 — 15 — ns
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Notes:

1.

220N

12.
13.

14.

15.
16.

17.

18.

AC measurements assume ty = 5 ns.

. When tgcp > trep (Max) and tgap > tyap (Max), access time is specified by toac or taa.

V|4 (min) and V; (max) are reference levels for measuring timing of input signals. Transition
time ty is measured between V| and V.

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write
cycle and delayed write cycle, either tpz¢ (min) or tpzo (min) must be satisfied.

torr1 (Mmax), topro (Max), and tggz (max) are defined as the time at which the output acheives
the open circuit condition (Vg — 100 mV, Vg + 100 mV).

Assume that tgep < tgop (Mmax) and tgap < trap (Max). If tgop or trap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

When trcp 2 trop (Max) and tgap < trap (Max), access time is specified by tcac.

When tgcp < trep (Max) and tgap = trap (Max), access time is specified by taa.

. If either tgc or trpy is satisfied, operation is guaranteed.
- When twcs 2 twes (min), the cycle is an early write cycle, and I/O pins remain in an open

circuit (high impedance) condition.

These parameters are specified by the later falling edge of CAS or WE.

Either tgpp (min) or topp (min) must be satisfied because output buffer must be turned off by
CAS or OE prior to applying data to the device when output buffer is on.

When tawp > tawp (min) and towp 2 towp (min) in read-modify-write cycle, the data of the
selected address outputs to an I/O pin and input data is written into the selected address. tgpp
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to
the device.

Measured with a load circuit equivalent to 2 TTL loads and 50 pF.

After power-up, pause for 100 ys or more and execute at least 8 initialization cycle (normal
memory cycle or refresh cycle), then start operation.

When the serial write cycle is used, at least one SC pulse is requied before proper SAM
operation after V¢ stabilized.

tpTHH (Min) must be satisfied only if DT/OE rises up before RAS rises in a read transfer cycle.

26



HMS534253B Series

Timing Waveforms*19
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Note:

1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low.
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Delayed Write Cycle
tac
tras Lo tap
e N \
tesh terp
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WE is low.

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low.
Read-Modify-Write Cycle
trwe
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DSF R\[ XN OO AL 00000 O OO LA OO TOTOTOTOTO OO
Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
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Page Mode Read Cycle
tac
trasp tap
N )\ a‘
RAS — 1 [ ’ N~
CsH PC RSH
TRD. Tors o o tep loas teap
—— N N -1
CAs N 7 ‘ 7 tea X /
tRaD | tcaL l tcAL ToaL
tasn s tasc| | tcan tasc | |tcan tasc t
) g gl
Address Row Columun m Columun { Columun
tRcs t ' tres 1RRH |
o | ool|  tROMl [ORd|  tROML i tRon
[ T dhace | ™ T Tltace
tcac teac, {CAC Lo {OFF
'(/8 ) VA Vaid s { Valid Dout
utput i
tpze 1CoDl_ i tpzc tcop|. toze tcop
toac |toFF2| | [*™||toac_|toFF2) toac
o (TR
(Input) tpzQ .
tDTS Jaui |, IDTH
ooe - Y)Xf N D0

trsR tRFH tcFH tFSG [+l leotcrH tESC ool FeeftcEH
DSF trsc

1 ¥ T T T

Page Mode Write Cycle (Early Write) “

RAS

CAS

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low. :
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Page Mode Write Cycle (Delayed Write)

[l[e}
(Output)  tms

. trp
P
theH terp
tcas
iy f
le—w; fCAH
Column ><><><X
tAwL
towe
va
tps ||toH
|
110 <\ Mas]
(input) OB X Yalid Valkd
!ors ToEn
DT/OE <X;T
TR [eel Lo tFSC]| toPH trsc) | toFm trsc| |t \XKM{

DSF

/XXRIXKIIIIX

| XX

.Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when

WE is low.
RAS-Only Refresh Cycle
the
- tras tre
_ N I's
RAS . N i
CRP RPC
= 4
cas QXXX
KL veall i
ssoss T rov XOOOTOTXRR IR RIIIXAIRK
torF1
Vo 5
(Output) f
,icno
t
livput) 2t — OO XXXX
?o'rs‘ ”i;TH_l
omoE XXX/ RLOCXXKXAKIUIIRICKH XK XXX XXX
trsn || tRFH
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trc
trp trAs | tAp

- f ‘
A tarc N . \
tcp “tcsa towr e
s il 1/ inhibit Falling Transition X }(X
T

Address ><><><><><I XXX HXX XX I XK XOCRIKXXAXXXAXHXXXX
we )OO XXX

torF1 High-Z

RAS

TR R LN D
ORI X XA
pPetetotetetedetetose!

110

(Output)
o10E XXX XXX XXX
psF XXX XXX XXX XXX XX XXX

CAS-Before-RAS Refresh Cycle

tre tre
tRas tap tRas ||l._tRp
_ —_— F—x
RAS N A N N\
trep tRsH [ tcap
—_— -
CAS tRAD  tpa [ /
ctAE. 1RAH [T ol Ttean
e | dASG| | JCAH,
saess ST ow KDL Goamn HOOOOOCOTTTIIITIRK
tRCslee tRRH" |
WE taae AN X XXX XXX XX XXXX
! o toFF:
trac | OFFL
110 g Valid Dout P
(Output) t h A
/o Dzo Loag] toFr2
-
(inpuy  LQOOO0OC—
tors |[_ toTH
—_ 3
otioE (X RO DOCOOCD

trsR || tRFH
oo
DSF ! o X XXX RXARCKHXIXAKAKXK

Hidden Refresh Cycle

31




HMS534253B Series

tRe
tRAs tRp
— — s \
RAS N / N__
tcsH tcap
tRcD tRSH
E;A_é L s tcas . P
tasa || tRaH

Address Rowt ) X XXX XX KXXEX KIS IX KKK HIAXXX
_'E_ WH twes| | twer .
W XXXF R YRR R KRR KKK XITIIXTLR

1
High-Z

o -
(Output)

tos | | tpH

0 TXXXIXIIIR oo b KX XXX XXX XXX KX LK IKIIKR
| {018 || tDTH

e TR0, R KRR KA X R

o5t XXX XK KX KX KI KL KK IIIR

Color Register Set Cycle (Early Write)

tRc
tRAS 1 trp
— —_— k——————-—-ﬁ
RAS N A
tosH tcRP

o tReD i tRsH
CAS \ tcas 4

X ¢4

tAsR||_tRaH

saess TXXX fow KX XX HXHK XXX HXXKXXIAIXXHXXXHKXAK
-]

tws towL
_ o twp
we  XXXF N/ XXOXOKXKIKKIK
Vo High-Z
(Outpis) tos |[tom
o e [a—e]
(Input) XX X Color Da
— 1DTS Ly o toen
BTiE XXX KIKIKIKK
XXX v e

s XU OO0 XXX KKK

Color Register Set Cycle (Delayed Write)
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RAS

cAs

Address

[l[e]
(Output)

/0
(Input)

DT/OE

DSF

trC
tRAS tRP.
e
9 4 \
tosH - tchp
trcD tRSH
L tcas g
tasr || t ~
RAH
e
Y p!
WXX_Row ]
tws twH tRcs tRRH 'ﬁ_‘l
la— ] tRCH
' Y
L0 N toac toon WSXXXX
trRaC toFF1
/- .
( Valid Out ¥
tozc toac torrF2 tonn
N W
- QOXX
tors totH

XXX RO XXAXXXK

Color Register Read Cycle
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tRe
tRas | tap
RAS ' / N\
tcrp tRcD
- 4
cas KL ILKIIIKIKIR
M task || tran

aaress XOODCCONRow XoOCCXCTCTIRKRN
tws i |_twH
WE 2 XXX AR XXX AKAXXKARX LXK AXX)

toFF ._.tCDD
Vo Ak High-Z
(Output) i » T

torr2
tobp tvs (| tmH
b0 (O Mask bt XOOOOOCOOCOOCTIIIIII KKK
tors totH | .
prioE XX eer || tomn ’]‘\><><><><><><><><><><><><><><><><><><><><><><><>

osr  XOUXXKKKF RIS

Flash Write Cycle
thc
tras | tap
> |
aAG N /
RAS tosH tomp \___
tcrp tRcD tRsH
J— R —
cas  XXXf IR N 7
ASR | | tRAH
e dasc )| _toan
aeross SOOI row Kool

TA?—-M KOOOKIXXAXXX

] tws || twh |

WE E 1 XXX XXX X XXX XXX

tcop
/o toFF1 ] High-Z
(Output) S r

T toon tms || tvH los || ton

110 . ;X)g‘yo Mask Daga: ddfgse K\/\/\/\/\/\/ SONNYYNNNNYY
nput) tors toTH |
omoe XX NI IXIIOLXAXXKAXAXXK

trsr || tRFH trsc || toFH

ose XOOOOOOOY /X NXOCOOOXXXKXX

Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle
when WE is low.

Block Write Cycle
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_ R
RAS o
tesH \
tRcD tcas
CAS N
tash|([trRaH  tasc | |tc,
Address Row Acgf"'“"
tws twH
WE "
iah-
ygm ) High-Z
put] t
tos toH D8 . lotom tos sy tOH

Address Address Address
Mask A__Mask
<>| toTH

omoe XX/ || NXX ‘
tFsR || tRFH ﬁ»”»(tcm {-tﬁ;-l L-’tCFH M{-—Itcm
7 ngzggf XEQQQ;

AQLLXXXOHX

DSF

Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle
when WE is low.

Page Mode Block Write Cycle
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trc
tRAS tae
RAS L b =
tesH teap
tRcp tRsH
J— tcas
CAS y
tRAD tRAL
tASR |1 tRaH tasc||tcan
Address ZZ)( Row ;@‘ SAM St 72X
tws ||t ‘ l
dws|
WE M ><><><><><>
110 . High-Z —-L<—tDTHH
(Output) tooH tDRD,
tots tapH torr -
I tROH
DT/OE \ ; AXX XX X
tFsA || tRFH
ose XXy I YXXX
tscc tscc tscc tscc |
I tsop tsoH, ||t tscp
/ \ V H ) \
se —_tsoa I 7tsca 7| _tsca tsca .
tsoH 1SOH | tsoH 1SOH Lﬂ".
SVO  Valid Sout XA Valid Sout KSR Valid Sout Koo, Valid Sout KK Valid Sout KoRsoosss:
(Outout Previous Row —=i —— New Row
SI/0
(Input) toap
. tDQH! -y
QsF ™! SAM Address MSB KOOXK
Bl tRaD ——————>itcap '
! teaH!
traH e
QsF ? SAM Address MSB XXX

Note: 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle
and CAS falling edge of this cycle (QSF is switched by DT rising).

2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS
falling edge of this cycle (QSF is switched by RAS or CAS falling).

Read Transfer Cycle (1)
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tRc
tRas L trpP
T 3
RAS X 4
tesH tcrp
tRcD trsH
e X tcas /
CAS 3 7
tRAD tRAL -
1ash || tray tasg || toan,
Address Row KX et WOOOCKX DOORAAK_
tws | |twH
’O-—v
we XXf A X KX XXX KX KKK XXX XXX
Lt_IiTHH
110 High-Z
(Output) teoH tDRD
Jots taoH tprp
DT/OE X
trsR_| |tRFH
osr OO0\ ;
tsRs, tspH tscc
tsc tsc tscp
e — tscp
sc q RO Inhibit Rising Transition ~ F Q ;2‘
t tsca tscA
tSOH fu—s
[Y1/e] <X>:Valid Sout
(Output) tsis || tsH tszs
(s'»I/O Vaiid N
nput)
tpao
leoy
DaH
asF SAM Address MSB — KXX
Read Transfer Cycle (2)
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tRC
tRAS tRP
_ —_— ]
RAS X ¥
1CSH tCRP
tACD tRSH

cas N oas ol

1ASR_| | _tRaH 1ASC | | tcaH
address YOO Row XX St WOOOOOOTOOTIIK XX

tws || twH
we O 2 XX ORI IR XX R KKK KK AR XA XAEXXX
Vo High - Z
(Output) DTS ||tpTH
e XX || YRR IIIIIS

tFsR || tRFH. ( \ \
or XN ||_ /RXXXXKIKIXKIHK XK

:SEZ _i \sws

tes EH

SE f AKX XX XX KA XK XXX
: tsRY tscc
tscP ™| tsc tSCP
sC \><><>< Inhibit Rising Transition ><><>§><\ A \‘ 7
tSRZ
%’Spm) valid Sout D
tsm ios, 1ot fism,
(slggn) y— fi><><>< /><><><>§>Valid Sin XXXX Valid Sin j@
tRaH
QSF SAM Address MSB JKXX
Pseudo Transfer Cycle
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tRC
tRAS tRp
— _—_\R 0\
RAS F ]
tCSH tcap
tacp tRSH
J— tcAs g
CAS y ~
tASR tRAH 1ASC tcAH
2 .
nadress JOQL__ Row ooy XXXXX OOXKKX
tws twH
we O\ £X X XXX XXX KKK XXX KKK AKX
o} High-Z .
(Output) 1018 ||tom
e || /IRHRIRIKIKIIK IR IIIKIKIR
trsR || tRFH H ’
psF XN £ 2K
tes tEH H tsws
A XXX
LS-EE tSRD tscc
Lsyssc { tscp tsc _tscp
sC 7 | ANXOOOO K nhibit Rising Transition { X X X XXX £\ 7
SI/o -
(Output) lsis_| |tsiH 10 | st s ||
SI/o fatid & S 3
oy DYais s XG0T vaia sin KO valia sin )0
‘ tcap
tRap < *™|tcaH
tRQH
QSF SAM Address MSB ‘F(Z)i
Write Transfer Cycle
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tRC
1RAS 1 tRP
. Y Zf————\
RAS - — A tcsH -~
tcRp tRCD tRSH . tcRP
—_— 7 tcas z—__
CAS M tRAD X A
tASR} | tRaH tasc||_ICAH | —
aassss SOOOOOOON Pow KO bt
tws | | twH
jo—e| |
we SXLAXAILLS
tOFF1
1o T : High-Z
(Output) XK
tpTs | {1DTH
DT/OE W\r ]/ XX XK AR IIERARAXAKAKRAL
tFSA | | 'RFH \
s YXOOOOOOT || NXXKAKAKARAXK XX IR ARAXIXAKAXKKL
! test
' tasT
. Low tRST
SE
tsTs
[ 511 n 255 Yi+255
8¢ _ A& (n+255) s\ vy
tsca
SIO 1SOH | X _ : _
(Output)  Vaig sout }@ Vaid vakd Vaid /T Veid Valid
SIO
(Input)
tsap tsab
| AsaH, | saty
QsF XX SAM Address MSB KO

Split Read Transfer Cycle
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tRC
{RAS 1 tRP
o X Z{r————\
RAS N tosH
tRCD tRSH
o " - tcas N
5 XXX — |
1ASR{ | tRAH tasc|| 1CAH 0

e ST on D B KOOI

‘ tws | [twH
w ool ) TXXIIXIIIIIKSS

‘ tOFF1 |

z
— o High-

10 TRIITTTT
(Output)  IKXKIIEEE

tots

e XXX, || IRKRR

tDTH

l.FSFI

st OOOOOOKK ROOKIHKARAXHKIAR AR AIKHX KKK
I tesT
! 1AST

o Low 1RST

SE

SC Z 511

—7 | (255)

o)

(Output)

6]

(Input) Vaiid Si Valid Sin

1sQH tsaH
QsF j SAM Address MSB WYX
l XXX
Split Write Transfer Cycle
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_ y \
Aoy ve— tsoo s
tsc | tscp 1, tsc |._tscp tsc _j[| tscp tsc |
/ v 7
S \ P4 A i tm\[ 7 won N
tsoH tsez tsca tsoH
s/o i i h i f’ Valid
(Output) Valid Sout Valid Sout  » Valid Sout Jj@( [ Yok
Serial Read Cycle
tswiH tswis, | tswil tsws
B Bl e ._."1
SE
tscc iscc tscc tsc
tsc tscp @t‘sc . <_——__—__\—|tsc
sC \_tscp_ 4 \__tscP_
tsis_|[ tsH tsis ||tsiH tsis |itsiH
SIo ¢ . { e ) o
510,y DY vata s YOOI vatasin Y0 vaia sm YLK

Serial Write Cycle
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Package Dimensions

HM534253B] Series (CP-28D) Unit: mm
18.17
18.54 Max
28 15
?_) [}
S| o
H H
P ° e
=]
1 14 R
8
0.74 S -
H c o
1.3 Max 3 s °
f (o] o <
| © Ty N
o
4 Ly J
9.40 + 0.25
HMS534253BZ Series (ZP-28) Unit: mm

JOTUDRORUOROUUODROuODIuOy . 1 oasz
0.50*3% || 027] 1045 Max | 3
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Package Dimensions (cont)

HM534253BT Series (TFP-32DA)

Unit: mm

8.0
8.2 Max

32

17

124

t—

0.17 + 0.05

E“‘C}O—S"

é 0.5+0.1
@

b
. 140202

0.08 Min TI

HMS534253BR Series (TFP-32DAR) Unit: mm
8.0
8.2 Max
17 aonnnnaenonnan | 32
o
¢ < ”
o
14.0%0.2
--------------- 'DL ; 0-5°
8 o g3
= =} ==
] d gk
\n - o|c ===y
o

0.50+0.10
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HM538123B Series

131072-word x 8-bit Muitiport CMOS Video RAM-:

HITACHI

« Flash write mode capal;ility _
« 3 variations of refresh (8 ms/512 cycles)

The HM538123B is a 1-Mbit multiport video
RAM equipped with a 128-kword x 8-bit dynamic
RAM and a 256-word x 8-bit SAM (serial access
memory). Its RAM and SAM operate
independently and asynchronously. It can transfer
data between RAM and SAM. In addition, it has
two modes to realize fast writing in RAM. Block
write and flash write modes clear the data of 4-
word x 8-bit and the data of one row (256-word x
8-bit) respectively in one cycle of RAM. And the
HM538123B makes split transfer cycle possible by
dividing SAM into two split buffers equipped with
128-word x 8-bit each. This cycle. can transfer data
to SAM which is not active, and enables a
condnuous serial access.

Features

» Multport organization
Asynchronous and simultaneous operation of
RAM and SAM capability
RAM : 128 kword x 8 bit and
SAM: 256 word x 8 bit
« Access time
RAM : 60 ns/70 ns/80 ns/100 ns max
SAM: 20 ns/22 ns/25 ns/25 ns max
Cycle time
RAM : 125 ns/135 ns/150 ns/180 ns min
SAM: 25 ns/25 ns/30 ns/30 ns min
» Low power
Active' RAM: 413 mW max
SAM: 275 mW max
Standby 38.5 mW max
 High-speed page mode capability
» Mask write mode capability
¢ Bidirectional data transfer cycle between RAM
and SAM capabtlxty
« SplioLive ejeis cupavility
. Block write mode capability

S L
Hitact] %
nmieonduaor

Rev. 1
Mar. 18, 1994

RAS-only refresh

TAS-before-RAS refresh

Hidden refresh
« TTL compatible
Ordering Informatior:
Type No. Access time  Package
HM5381238J-6 60 ns 400-mil
HM538123BJ-7 70 ns 40-pin
HM5381238J-8 80 ns plastic SQJ
HMS381238J-10 100 ns (CP-40D)

[ADE-203-231A (Z) |




HMS538123B Series

Pin Arrangement

HMS538123BJ Series
sc1 40 [J Vss
svoold 2 39 [J swo7
svo10 3 38 [J SI06
svo20 4 a7 [Q Sios
svoal 5 36 [] SUO4

OoT/0e( 6 3s [} SE
vool 7 34 ] 107
vo10 8 33 [J 106
vo2d ¢ 32 vos
voa(d 10 31 [J o4
\@&E‘H 30 [] Vss
we (12 29 [] DSF
NcO13 28 NC_
RAS (] 14 27 [0 CAS
Nc 15 26 [] QSF

As(l16 25 [J A0

As 017 24 [J A1

As ({18 23] A2

Asld19 22 ] A3

Vee 020 210 A7
(Top View)

Pin Description

Pin name Function

A0-A8 Address inputs

Vo0-1107 RAM port data inputs/outputs
SV00-SI/07 SAM port data inputs/outputs
RAS Row address strobe

CTAS Column address strobe

WE Write enabie

OTOE Data transfer/Qutput enabie
sC Serial clock

SE SAM port enable

DSF Special function input flag
QSF Special function output flag
Vee Power supply

Vss Ground

NC No connection




HMS538123B Series

Block Diagram
A0 - A8
AO-A7 & < A0 - A8
Column Address Row Addrass| Refresh
utfer Butfer Counter
|
Serial Address
Row Decoder Counter [0 QSF
A l ‘ i
2 2 s 51| | 3
s @ Memory Aray 511| 1§ 3
S5 5|0 Y 2q|all |, g
] 'E 9= S T|Te 3 8
S8 8= | |[Fojoa) | @
CEP I 2|
g . mh = |=2|3
5| |5|% s | 5 |3|8
E-—) 8 @ gs|8 E
£s 2 53158 3
<] & = 0 — =0 e
e F
Input Data lSerial Output| Serial input l
Control Butter Buffer
b
g
2 SO0 - SVO7
k&
Sc

b

Output
Butfer

I [ Timing Generator

vo0 - V07

|
|

w
(7]

1]

21251e &

o]
Q

DT/OE

7]




HMS538123B Series

Pin Functions Row address and signals as shown in tabie 1 are

' input at the falling edge of RAS. The input level
RAS (input pin): RAS is a basic RAM signal. It of these signals determine the operation cycle of
is active in low level and standby in high level. the HM538123B.

Table 1 Operation Cycles of the HM538123B

Input Leve! at the failing edge of FAS

DSF at the falling
TAS DTOE WE SE DSF odge of TAS Operation Mode

L X X X X - CBR refresh

H L L L L X Write transfer

H L L H L X Pseudo transfer
H L L X H X Spiit write transfer
H L H X L X Read transter

H L H X H X Split read transter
H H L X L L Read/mask write
H H L X L H Mask block write
H H L X H X Flash write

H H H X L Read/write

H H H X L H Block write

H H H X H X Color register read/write

Note: X; Don't care.



HM538123B Series

TAS (input pin): Column address and DSF signal
are feiched into chip at the falling edge of TAS,
which determines the operation mode of
HMS538123B. CAS controls output impedance of
1/0 in RAM.
A0-A8 (input pins): Row address (AX0-AX8) is
determined by A0-A8 level at the falling edge of
RAS. Column address (AY0-AY7) is determined
by AO-A7 level at the falling edge of TAS. In
ransfer cycles, row address is the address on the
word line which transfers data with SAM data
register, and column address is the SAM start
address after transfer.
WE (input pin): WE pin has two functions at the
falling edge of RAS and after. When WE is low at
the falling edge of RAS, the HM538123B tums to
mask write mode. According to the [/O level at the
time, write on each I/O can be masked. (WE level
at the falling edge of RAS is don't care in read
cycle.) When WE is high at the falling edge of
RAT, a normal write cycle is executed. After that,
WE switches read/write cycles as in a standard
DRAM. In a transfer cycle, the direction of
transfer is determined by WE level at the falling
edge of RAS. When WE is low, data is transferred
from SAM to RAM (data is written into RAM),
and when WE is high, data is transferred from
RAM 10 SAM (data is read from RAM).
U00-I'O7 (input/output pins): /O pins function
as mask data at the falling edge of RAS (in mask
write mode). Data is written only to high /O pins.
Data on low /O pins are masked and internal data
_are retained.  After that, they function as
input/ou