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M SM 5424331

222,720-Word x 24-Bit Field Memory

GENERAL DESCRIPTION

The MSM5424331 is an image data processing field memory organized as 222,720 (768 pixels by 290 lines) by 24
bits that can switch between the FIFO mode where the MSM5424331 is used as an ordinary field memory and a
block access mode where the MSM 5424331 can easily exchange data with personal computer and the like.

Serial writing in and serial reading from the M SM 5424331 are performed line by line. Inthe FIFO mode, any line
can be selected by specifying their addresses by the Serial Addressinput. 1n the Block Access mode, any line or
word address (10 hits) can be set by entering the address through the address multiplexer.

Asthe MSM5424331 in the Block Access mode can be controlled by RAS and CAS signals, it can easily interface
to the MPU.

The MSM5424331 contains dynamic memory cells. In the FIFO mode, the memory cells are automatically
refreshed by the self refresh control circuit, but in the Block Access mode, the memory cells must be refreshed by
the CAS before RAS Refresh function.

The MSM5424331 is not designed for high end use in such applications as medical systems, professional graphics
systems which require long term picture storage, data storage systems and others.
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FEATURES

» Switching between FIFO and Block Access modes by the D/F pin

FIFO mode; Serial write/read operation by line-by-line accessing

Block Access mode: Fast write/read operation on an 8-word basis by the RAS and CAS control
« QOrganization of 768 x 290 x 24 bits

FIFO mode: Input x 12 or x 24 controlled by L/UWE

Output x 24
Block Accessmode:  Input x 12 (Two 768 x 290 x 12-hit banks are controlled by L/UWE.)
Output x 12 (Two 768 x 290 x 12-bit banks are controlled by A9.)

» Asynchronous operation

Input and output asynchronous operation enabled only in the FIFO mode Single write or read operation in the

Block Access mode

» Seria Read and Write Cycle times (in both the FIFO mode and the Block Access mode)
Cycletime: 60 ns
Accesstime: 50 ns
» Operating supply voltage: 2.8t03.3V
* Refresh
FIFO mode: Self refresh
Block Accessmode: by the CAS before RAS refresh function (290 cycles/8 ms)
e Addressinput
FIFO mode: Setting random line address by the serial address input
Block Access mode: Setting random address in the address multiplexer by the RAS and CAS control
» Selectable seria addressinput setting or various address resetting in the FIFO mode
» Package:
70-pin 400 mil plastic TSOP (Type 2) (TSOP(2)70-P-400-0.50-K) (Product: MSM5424331TS-AK)
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PIN CONFIGURATION (TOP VIEW)

RADE/RX [1] ) RXAD
RCLK [2] RR

RE [3] RXINC
DOO[DQO] [4] Ves
DO1[DQ1] [5] DIF
DO2[DQ2] [6] DINO[RAS]
DO3[DQ3] [7] DIN1[CAS]
DO4[DQ4] [8] DIN2[AQ]
DO5[DQS] % DIN3[AL]

Ve [10 DIN4[A2]
DO6[DQS] 1] DIN5[A3]
DO7[DQ7] [12] DIN6[A4]
DOS[DQS] [L3] DIN7[A5]
DO9[DQY] [L4] DINS[A6]

DO10[DQ10] [i5] DIN9[A7]

BlrBlzlsERIEIRIEBRIEIEIBIRIRIEIRG B KglIBRIRIEIRIGBIR8E]E]

DO11[DQ11] [i6] DIN10[AS]
Ve 7] DIN11[A9]
V. [18] WAIT
DOo12 [19) Ve
D013 [20) DIN12
DO14 21 DIN13
DO15 [22] DIN14
DO16 23 DIN15
DO17 |24 DIN16
V. [25] DIN17
DO18 [26} DIN18
DO19 [27] DIN19
D020 2§ DIN20
D021 |29 DIN21
D022 [30 DIN22
D023 [31 DIN23
WXINC [32 WCLK
WR/TR [33] TWE
WADE/RX [34 TWE
WXAD [35] IE

70-Pin Plastic TSOP (2)
(K Type)
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Pin Name FIFO Mode

- - - Block Mode
FIFO Mode|Block Mode Address Setting Cycle Serial Read/Write Cycle
RCLK Read X Serial Address Strobe Serial Read Clock —
RE RE — Read Enable Read Enable
DOO0 - 11 DQO - 11 — Data Output Data Input/Output
DO12 - 23 — Data Output —
RR Read Address Reset Mode Enable — —
RXINC Read X Address Increment — —
RADE/RX Read X Address Input Enable . .

Read X Address Reset
RXAD Read X Serial Address Data — —
WCLK Write X Serial Address Strobe Serial Write Clock —
TWE TWE — Write Enable Write Enable
UWE UWE — Write Enable Write Enable
IE — Input Enable —
DINO RAS — Data Input X Address Strobe
DIN1 CAS — Data Input Y Address Strobe
DIN2-11 | AO-A9 — Data Input Address Input
DIN12 - 23 — Data Input —
WR/TR Write Address Reset Mode Enable | Write Data Transfer —
WXINC Write X Address Increment — —
Write X Address Input Enable
WADE/RX Write X Address Rgset o o
WXAD Write X Serial Address Data — —
WAIT . . Egigl\al Synchronous

D/F D/IF Mode Change (D/F = L) Mode Change (D/F = H)
Ve Power Supply Voltage (3.0 V)
Vss Ground (0 V)
Note: Same power supply voltage level must be provided to every V.. pin.

Same ground voltage level must be provided to every Vgg pin.
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BLOCK DIAGRAM
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PIN FUNCTION
Read Related

D/F
Thissignal switches between the FIFO mode and the Block Access mode. The FIFO mode is selected when this
signal islow “L” and the Block Access mode is selected when this signal is high “H”.

RCLK: Read Clock

RCLK istheread control clock input in the FIFO mode. Synchronized with RCLK’ srising edge, serial read access
from read ports is executed when RE is low.

Theinternal counter for the serial read addressisincremented automatically on therising edge of RCLK. In aread
address set cycle, all the read address bits which were input from RXAD pin are stored into internal address
registers synchronized with RCLK. In this address set cycle, RADE/RX must be held high and RR must be held
low.

In the read address reset cycle, various read address reset modes can be set synchronously with RCLK. These reset
cycles work to replace complicated seria address control which requires many RCLK clocks with a simple reset
cycle control requiring only asingle RCLK cycle. It greatly facilitates memory access.

In the Block Access mode, the RCLK signal isignored.

RE: Read Enable

RE isaread enable clock input in the FIFO mode. RE enables or disables both internal read address pointers and
data-out buffers. When RE is low, the internal read address pointer is incremented synchronously with RCLK.
When RE is high, even if the RCLK isinput, the internal read address pointer is not incremented.

The output pins are enabled in the read cycle of the Block Access mode when this pin (RE) islow “L”.

RR: Read Reset

RR is aread reset control input in the FIFO mode. Read address reset modes are defined when RR level is high
according to the “FUNCTION TABLE for read”.

In the Block Access mode, the RR signal isignored.

RXINC: Read X Address Increment

RXINC isaread X address (or line address) increment control input in the FIFO mode. In the read address reset
cycle, defined by RR high, the X address (or line address) is incremented by 1 when RXINC is pulled high with
RADE/RX low.

In the Block Access mode, the RXINC signal isignored.

RADE/RX: Read Address Enable/Read X Address Reset L ogic Function

RADE/RX isadua function control input in the FIFO mode. RADE, one of the two functions of RADE/RX, isa
read address enable input. In the read address set cycle, X address (or line address) input from the RXAD pin is
latched into internal read X address register synchronously with RCLK.

RX, the second function of RADE/RX, works as an element to set read X address (or line address) reset mode. In
an address reset mode cycle, defined by RR high, read X addressis set to 0 when RADE/RX is pulled high with
RXINC low.

In the Block Access mode, the RADE/RX signal isignored.
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RXAD: Read X Address

RXAD isaread X address (or line address) input in the FIFO mode. RXAD specifies the line address. 10 bits of
read X address data are input serially from RXAD.

The bits of an address are fetched starting from the higher order bits. The most significant bit (A9) isignored.

In the Block Access mode, the RXAD signal isignored.

DOO0-11 (DQO-11), DO12-23: Data-Outs

In the FIFO mode, these pins are used as serial outputs.
In the Block Access mode, pins DOO to DO11 (DQO to DQ11) are used as input and output pins.
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Write Related

WCLK: Write Clock

WCLK is a write control clock input in the FIFO mode. Synchronized with WCLK’s rising edge, seria write
access into write ports is executed when LWE or UWE islow.

According to WCLK clocks, the internal counter for the serial address isincremented automatically.

In awrite address set cycle, al the write addresses which were input from WXAD are stored into internal address
registers synchronously with WCLK. In this address set cycle, WADE/RX must be held high and WR/TR must be
held low.

In the write address reset cycle, various write address reset modes can be set synchronously with WCLK. These
reset cycles replace complicated serial address control with simple reset cycle control which requires only one
WCLK cycle. It greatly facilitates memory access.

In the Block Access mode, the WCLK signal isignored.

LWE: Write Enable

LWE isawrite enable clock input in the FIFO mode. LWE enables or disables both internal write address pointers
and data-in buffers. When TWE is low, the internal write address pointer is incremented synchronously with
WCLK. When LWE is high, even if WCLK isinput, the internal write address pointer is not incremented.

In the Block Access mode, writing in the L-bank is performed when LWE goes low at the falling edge of DINO
(RAS).

UWE: Write Enable

UWE is a write enable clock input in the FIFO mode. UWE enables or disables both internal write address
pointers and data-in buffers. When UWE is low, the internal write address pointer is incremented synchronously
with WCLK. When UWE is high, even if WCLK isinput, the internal write address pointer is not incremented.
In the Block Access mode, writing in the U-bank is performed when UWE goes low at the falling edge of DINO
(RAS).

DINO (RAS): Data-In

DINO is serial date-in in the FIFO mode.

In the Block Access mode, this pin servesasRAS. On thefalling edge of thissignal, the 10-bit row address (A0 to
A9) isfetched.

DIN1 (CAS): Data-In

DIN1 is seriad data-in in the FIFO mode.

In the Block Access mode, this pin serves as CAS. On the falling edge of this signal, the 10-bit column address
(A0 to A9) is fetched. This column address becomes a start address in the Block Access mode. When DIN1
(CAS) istoggled while DINO (RAS) remains low, the read/write operation in the Block Access mode is enabled.

DIN2-11 (AO-A9): Data-Ins
DIN2-11 are seria data-insin the FIFO mode.
In the Block Access mode, these pins serve as arow or column addressinput (A0 to A9). These pins fetch arow

address when DINO (RAS) is active or a column address when DIN1 (CAS) is active.

DIN12-23: Data-Ins
DIN12-23 are seriad data-insin the FIFO mode.
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WR/TR: Write Reset/Write Transfer

WR/TR isawritereset control input in the FIFO mode. Write address reset modes are defined when WR/TR level
is high according to the “FUNCTION TABLE for write”.

When the write operation on aline isterminated, be sure to perform awrite transfer operation by WR/TR in order
to store the written datain the write register to corresponding memory cells.

In the Block Access mode, the WR/TR signal isignored.

WXINC: Write X Address I ncrement

WXINC isawrite X address (or line address) increment control input in the FIFO mode. 1nthe write address reset
cycle, defined by WR/TR high, the write X address (or line address) is incremented by 1 when WXINC is pulled
high with WADE/RX low.

In the Block Access mode, the WXINC signal isignored.

WADE/RX: Write Address Enable/Write X Address Reset L ogic Function

WADE/RX isadual functional control input in the FIFO mode. WADE, one of the two functions of WADE/RX,
isawrite address enable input. In the write address set cycle, X address (or line address) input from the WXAD
pinislatched into internal write X address register synchronously with WCLK.

RX, the second function of WADE/RX, works as an element to set write X address (or line address) reset mode. In
the write address reset cycle, defined by WR/TR high, the write X address is set to 0 when WADE/RX is pulled
high with WXINC low.

In the Block Access mode, the WADE/RX signal isignored.

WXAD: Write X Address

WXAD isawrite X address (or line address) input in the FIFO mode. WXAD specifiesline address. 10 bits(0t0 9)
of write X address data are input serially from WXAD. The bits of an addressis fetched starting from the higher
order bits. The most significant bit (A9) isignored.

In the Block Access mode, the WXAD signal isignored.

IE: Input Enable

IE isaninput enable in the FIFO mode which controls the write operation. When IE is high, the input operation is
enabled. When IE is low, the write operation is masked. When LWE and UWE signals are low, and |IE low, the
internal serial write address pointer is incremented on the rising edge of WCLK without actual write operations.
Thisfunction facilitates picture in picture functionina TV system.

In the Block Access mode, the |E signal isignored.

WAIT:
This output pin enablesinterface to the MPU in the Block Access mode.

To cause the MSM 5424331 to operate in the Block Access mode, set the D/F pin high and afterward set RAS low.
The output of the WAIT pin goes low while a row or column address is set. Perform the actual read or write
operation in the Block Access mode after the output of the WAIT pin goes high again.
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OPERATION MODE

FIFO Mode
The FIFO mode is set when the D/F pin is set low.

1. Write

1.1 Write operation
Before the write operation begins, X address (or line address) must be input to set theinitial bit addressfor the
following serial write access. When LWE or UWE islow, a set of serial write data on DINO-11 or DIN12-
23 is written into write registers attached to the DRAM memory arrays temporarily on the rising edge of
WCLK. The LWE pin controlsthe write operation of DINO to DIN11 (12 bits) and the UWE pin controlsthe
write operation of DIN12 to DIN23 (12 bits).
Following 24-bit-width serial input datais written into the memory locations in the write register designated
by an internal write address pointer which is advanced by WCLK. This enables continuous serial write on a
line. When write clock WCLK and read clock RCLK are tied together and are controlled by acommon clock
or CLK, more than two MSM5424331 can be cascaded directly without any delay devices between the
MSM5424331 because the read timing is delayed by one CLK cycle to the write timing. When the write
operation on alineisterminated, be sure to perform a write transfer operation by WR/TR in order to store the
written data in the write registers to the corresponding memory cellsin the DRAM memory arrays.

1.2 Write address pointer increment operation
The write address pointer isincremented synchronously with WCLK when LWE or UWE islow.

Relationship between the LWE, UWE, and IE input levels,
Write Address pointer, and data input status

WCLK Rise
UWE IE

Internal Write Address Pointer Data Input

|

Increments both L- and U-banks.

Increments the L-bank only. Inputted

Increments the U-bank only.

Increments both L- and U-banks.

Increments the L-bank only.

r|lr|jr|IZT|XIZT|XI

Not Inputted
Increments the U-bank only.

IT|IT|r|(r|T|r|r|s

L
H
L
L
H
L
H

— Stopped

When LWE or UWE islow and IE is high, the write operation is enabled.
If IE level goes low while WCLK is active, the write operation is halted but the write address pointer will

continue to advance. That is, IE enables a write mask function. When LWE or UWE goes high, the write
address pointer stops without WCLK.
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2. Read

2.1 Read operation
Before the read operation begins, the X address (or line address) must be input for setting initial bit address
for the following serial read access.
When RE islow, aset of serial 24-bit-width read data on DO0-11, DO12-23 pinsis read from read registers
attached to DRAM memory arrays on the rising edge of RCLK.
Each accesstime is specified by the rising edges of RCLK.

2.2 Read address pointer increment operation
The read address pointer isincremented synchronized with RCLK when RE level is low.
The output data will be undefined when the read address pointer isincremented above the last address of one
line.

3. Initial Address Setting (Write/Read I ndependent)
Any read operations are prohibited in the read initial address set period. Similarly, any write operations are
prohibited in the write initial address set period. Note that read initial address set and write initial address set
can occur independently. Similarly, read access can be achieved independently from write initial address set
period and write access can be achieved independently from read initial address set cycles.

3.1 Write address setting
WADE/RX enablesinitial read address inputs. When WADE/RX is high, 10 bits of serial X address (or line
address) are input from higher order bits from WXAD.
The operations above enable selection of specific lines randomly and enables the start of seria write access
synchronized with write clock WCLK. Addressfor each line must be input between each line access. In other
words, MSM5424331's write is achieved in a“line by line” manner. Any write operations are prohibited in
the initial write address set periods.
Seria write input enable timetg, must be kept for starting a serial writejust after theinitial write address set
period. The most significant bit (A9) isignored.

3.2 Read address setting
RADE/RX enablesinitial read address inputs.
When RADE/RX is high, 10 bits of serial X address (or line address) are input from higher order bits from
RXAD.
The operations above enable selection of specific lines randomly and enables the start of serial read access
synchronized with read clocks, RCLK. Addressfor each line must be input between each line access. In other
words, MSM5424331’ s read operation is achieved in “line by line” manner.
Any read operations are prohibited in the initial read address set periods. Serial read operations are prohibited
while RADE/RX is high. Serial read port enable time tgz must be kept for starting a serial read just after the
initial read address set period. The most significant bit (A9) isignored.
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4. Initial Address Reset Modes (Write/Read | ndependent)
The initial address reset modes replace complicated read or write initial address settings with simple reset
cycles. Initial address reset modes are selected by RR high during read and WR/TR high during write. Asin
normal read or write address settings, any read operations are prohibited in the read address reset cycles.
Similarly, any write operations are prohibited in the initial write address reset cycles. Note that read initial
address reset and write initial address reset can occur independently.
Similarly, read access can be achieved independently from write initial address reset cycles and write access
can be achieved independently from read initial address reset cycles.
Input addresses are stored into address registers which are connected with address counter which controls
address pointer operation. In the serial access operation, the input address into the address registers are kept.
Seria write data input enable time tg,e and serial read port read enable time te must be kept for starting
serial read or write just after theinitial read or write address reset cycles.
Refer to the “FUNCTION TABLE” shown later.

4.1 Line hold operation (read only)
By the “Line hold operation” logic which is composed by a combination of control inputs' level, accessis
executed starting from the first word on the current line.

4.2 Original address reset operation
By the “Original address reset” logic, the address counter is set to (0,0). After the reset mode, seria access
starts from the address (0,0) .
The address counter is reset by this reset mode but the address register, which stored input address in the
previous address reset cycle or address set cycle, is not reset. The non-initialized address can be used as a
preset addressin “address jump reset” mode.

4.3 Lineincrement operation
By the “Line increment operation” logic, the X address counter is incremented by one from the current X
address. That is, serial accessfromthe Y = (0) on the next lineis enabled.

4.4 Address jump operation
By the “ Address jump operation” logic, ajump may be caused to the initialized line address.

Note: During one reset setting cycle, a plurality of resets cannot be set.
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Block AccessMode
The Block Access mode is configured when the D/F pin is set high.

1.  WriteOperation
The MSM5424331 fetches a 10-bit row address form lines A0 to A9 at the falling edge of the DINO (RAS)
pin and a 10-bit column address (10 bits long) from the lines at the falling edge of the DIN1 (CAS) pin. With
this operation, a head address can be set arbitrarily.
For awrite operation, the LWE or UWE pin must be set low at the falling edge of DINO (RAS). The actual
fetching of write data is performed at the falling edge of DIN1 (CAS) after tcoss. The write datais entered
from 1/0 pins DQO to DQ11. The write datais written in the L-bank at the falling edge of DINO (RAS) when
LWE islow and UWE is high or in the U-bank when LWE is high and UWE islow. When both LWE and
UWE are both low, datais written in either the L- or U-bank (which is undefined).
Data storage in the memory cell is executed at the rising edge of DINO (RAS) after the block write operation
is completed.
When changing a write operation in the FIFO mode to a write operation in the Block Access mode, it is
required to monitor on the WAIT pin whether self refresh in the FIFO mode is completed. Perform the block
write operation after the output of the WAIT pinishigh.
The block read operation and FIFO operation are disabled during a block write operation.

2.  Read Operation
The MSM5424331 fetches a 10-bit row address from lines A0 to A9 at the falling edge of the DINO (RAS)
pin and a10-bit column address from the lines at the falling edge of the DIN1 (CAS) pin. Withthis operation,
a head address can be set randomly.
For aread operation, the LWE or UWE pin must be set high at the falling edge of DINO (RAS). Read datais
fetches at the falling edge of DIN1 (CAS) after teass. The RE pin should be set low at the falling edge of
DIN1 (CAS).
Theread datais output from DQO to DQ11 1/O pins. TheL- or U-bank from which dataisread is selected by
the status of the “A9” bit of the row address. Datais read from the L-bank when the “A9” bitis“0” or from
the U-bank when the“A9” bitis“1”. When changing aread operation in the FIFO mode to a read operation
inthe Block Access mode, it isrequired to monitor onthe WAIT pin whether self refresh inthe FIFO modeis
completed. Perform the block read operation after the output of the WAIT pinis high.
The block write operation and FIFO operation are disabled during a block read operation.

Refresh

1. FIFO Mode
In the FIFO mode, the MSM 5424331 performs self refresh.

2. Block Access Mode

In the Block Access mode, self refresh isdisabled. Use the CAS before RAS refresh function to refresh.
Addressing from A0 to A9 pins is not required because refresh addresses are automatically given by the
built-in refresh counter.
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Power On

Power must be applied to RCLK, WCLK, and | E input signalsto pull them “Low”, and to RE, LWE, UWE, DINO
(RAS), and DIN1 (CAS) input signals to pull them “High” before or when the V. supply is turned on.

After power-up, the device is designed to begin proper operation in at least 200 us after V. has reached the
specified voltage (2.8 V). After 200 ps, a minimum of one line dummy write operation and read operation is

reguired according to the address setting mode, because the read and write address pointers are not valid after
power-up. After that, an operation can be started in the FIFO or Block Access mode.

New Data Read Accessin the FIFO Mode
In order to read out “new data’, the delay between the beginning of a write address setting cycle and read address
setting cycle must be at least two lines.

Old Data Read Accessin the FIFO Mode

In order to read out “old data’, the delay between the beginning of a write address setting cycle and read address
setting cycle must be more than 0 but less than a half line.
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FUNCTION TABLE

1.  Write(D/F="L")

Description of

Mode No. . WR/TR | WXINC | WADE/RX | Internal Address Pointer
Operation
Write Transfer Write Transfer H L
Reset H L H X address cleared to (0, 0)
Address Reset Mode 3 | Line Increment H H L i( idg)ress Increment to (Xn
4 | Address Jump H X address jump to (Xi, 0)
Address Setting Mode | 5 |First Address Setting L L H X address set
Note: For write, Line hold is not provided.
2. Read (D/IF="L")
Mode No |  Description of RR | RXINC | RADE/RX | Internal Address Pointer
Operation
1 |Line Hold H L X address hold to (Xn, 0)
Reset H X address cleared to (0, 0)
Address Reset Mode i
3 | Line Increment H H L X address increment to (Xn
+1,0)
4 | Address Jump H X address jump to (Xi, 0)
Address Setting Mode | 5 |First Address Setting L L H X address set
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ELECTRICAL CHARACTERISTICS
Absolute M aximum Ratings
Parameter Symbol Condition Rating
Pin Voltage Vo Ta = 25°C, with respect to Vg -0.5t04.2V
Short Circuit Output Current los Ta=25°C 50 mA
Power Dissipation Pp Ta=25°C 1w
Operating Temperature Topr — 0to 70°C
Storage Temperature Tsg — —55 to 150°C
Recommended Operating Conditions
(Ta=0to 70°C)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Ve 2.8 3.0 3.3 \%
Power Supply Voltage Vss 0 0 0 \%
“H” Input Voltage Viy 2.1 Vee Ve + 0.3 \Y
“L” Input Voltage V. -0.5 0 0.8 \%
DC Characteristics
(Ve =2.8103.3V, Ta=0to 70°C)
Parameter Symbol Condition Min. Max. Unit
“H” Output Voltage Vou loy =—=0.1 mA 2.2 — \%
“L” Output Voltage Voo lo. =0.1mA — 0.6 \%
0<V,<V¢c
Input Leakage Current I, ) -10 10 HA
Other input voltage 0 V
Output Leakage Current lo 0 < Vg <V -10 10 HA
Power Supply Current
(During Operation) lecs 60 ns cycle o % mA
Power Supply Current L
(During Standby) leco Input pin =V, /V,, 5 mA
Capacitance
(Ta=25°C, f=1MHz)
Parameter Symbol Max. Unit
Input Capacitance C 7 pF
Output Capacitance Co 7 pF
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AC Characteristics (1/3)

FIFO Mode
Measurement Conditions: (V.. =2.8t0 3.3V, Ta=0to 70°C)
Parameter Symbol Min. Max. Unit

WCLK Cycle Time tweik 60 — ns
WCLK “H” Pulse Width twweln 28 — ns
WCLK “L” Pulse Width twwelLL 28 — ns
Serial Write Address Input Active Set-up Time twas 5 — ns
Serial Write Address Input Active Hold Time twan 7 — ns
Serial Write Address Input Inactive Hold Time twapH 7 — ns
Serial Write Address Input Inactive Set-up Time twaos 7 ns
Write Transfer Instruction Set-up Time twrs 5 — ns
Write Transfer Instruction Hold Time twrrn 7 — ns
Write Transfer Instruction Inactive Hold Time twron 7 — ns
Write Transfer Instruction Inactive Set-up Time twros 7 — ns
Serial Write X Address Set-up Time twxas 5 — ns
Serial Write X Address Hold Time twxan 7 — ns
Serial Write Data Input Enable Time tswe 1500 — ns
Write Instruction Set-up Time twes 5 — ns
Write Instruction Hold Time twen 7 — ns
Write Instruction Inactive Hold Time twepn 7 — ns
Write Instruction Inactive Set-up Time twebs 7 — ns
Input Data Set-up Time tos 5 — ns
Input Data Hold Time ton 12 — ns
WR/TR-WCLK Active Set-up Time twrs 5 — ns
WR/TR-WCLK Active Hold Time twrh 7 — ns
WR/TR-WCLK Inactive Hold Time twron 7 — ns
WR/TR-WCLK Inactive Set-up Time twros 7 — ns
WXINC-WCLK Active Set-up Time twins 5 — ns
WXINC-WCLK Active Hold Time ting 7 — ns
WXINC-WCLK Inactive Hold Time twinoH 7 — ns
WXINC-WCLK Inactive Set-up Time twinps 7 — ns
WADE/RX-WCLK Active Set-up Time twrxs 5 — ns
WADE/RX-WCLK Active Hold Time twrxH 7 — ns
WADE/RX-WCLK Inactive Hold Time twrxoH 7 — ns
WADE/RX-WCLK Inactive Set-up Time twrxps 7 — ns
IE Enable Set-up Time tes 5 — ns
IE Enable Hold Time ten 7 — ns
IE Disable Set-up Time tieps 7 — ns
IE Disable Hold Time teon 7 — ns
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AC Characteristics (2/3)

FIFO Mode
Measurement Conditions: (V.. =2.8t0 3.3V, Ta=0to 70°C)

Parameter Symbol Min. Max. Unit
RCLK Cycle Time trelk 60 — ns
RCLK “H” Pulse Width twreLn 28 — ns
RCLK “L” Pulse Width twreLL 28 — ns
Serial Read Address Input Active Set-up Time tras 5 — ns
Serial Read Address Input Active Hold Time tran 7 — ns
Serial Read Address Input Inactive Hold Time trADH 7 — ns
Serial Read Address Input Inactive Set-up Time traps 7 — ns
Serial Read X Address Set-up Time trxas 5 — ns
Serial Read X Address Hold Time trxan 7 — ns
RE Enable Set-up Time tres 5 — ns
RE Enable Hold Time trer tac — ns
RE Disable Hold Time treon 7 — ns
RE Disable Set-up Time trens 7 — ns
Read Port Read Enable Time tsre 1500 — ns
Read Port Read Data Hold Time ton 12 — ns
Access Time from RCLK tac — 50 ns
Read Data Hold Time from RE toore 12 — ns
RR-RCLK Active Set-up Time trrs 5 — ns
RR-RCLK Active Hold Time trry 7 — ns
RR-RCLK Inactive Hold Time trroH 7 — ns
RR-RCLK Inactive Set-up Time trros 7 — ns
RXINC-RCLK Active Set-up Time trins 5 — ns
RXINC-RCLK Active Hold Time trinn 7 — ns
RXINC-RCLK Inactive Hold Time trinDH 7 — ns
RXINC-RCLK Inactive Set-up Time trinDs 7 — ns
RADE/RX-RCLK Active Set-up Time trrxs 5 — ns
RADE/RX-RCLK Active Hold Time trrRxH 7 — ns
RADE/RX-RCLK Inactive Set-up Time trrxDS 7 — ns
RADE/RX-RCLK Inactive Hold Time trrxoH 7 — ns
BLOCK-FRAM Mode Change Set-up Time tors 20 — ns
BLOCK-FRAM Mode Change Hold Time torn 5 — ns
Transition Time (Rise and Fall) tr 2 30 ns
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AC Characteristics (3/3)

Block Mode
Measurement Conditions: (V.. =2.8t0 3.3V, Ta=0to 70°C)
Parameter Symbol Min. Max. Unit

D/F to RAS Precharge Time tore 60 — ns
D/F to CAS Precharge Time toce 60 — ns
BLOCK Mode Set-up Time tas 40000 — ns
Row Address Set-up Time tasr 0 — ns
Row Address Hold Time tanr 10 — ns
Column Address Set-up Time tasc 0 — ns
Column Address Hold Time tanc 15 — ns
RAS to CAS Delay Time treo 20 35 ns
CAS to RAS Precharge Time tere 10 — ns
CAS Pulse Width teas 28 — ns
CAS Precharge Time tep 28 — ns
BLOCK Mode Start to CAS Pulse Width teass 600 — ns
BLOCK Mode Cycle Time tac 60 — ns
RAS Precharge Time (WRITE) tepw 400 — ns
RAS Precharge Time (READ) terr 60 — ns
Access Time from RAS trac — 600 ns
Access Time from CAS toac — 50 ns
Data-in Set-up Time taps 0 — ns
Data-in Hold Time taon 15 — ns
Data-in Hold Time (Head Bit) teon 585 — ns
BLOCK Mode Write Hold Time tawn 15 — ns
BLOCK Mode Read Hold Time taruy 15 — ns
Write Command Set-up Time twes 0 — ns
Write Command Hold Time twen 15 — ns
Read Command Set-up Time tres 0 — ns
Read Command Hold Time tren 15 — ns
RAS Hold Time trsn 50 — ns
Output Data Hold Time from RE toore 12 — ns
Output Data Enable Time from RE toere — 40 ns
Output Buffer Turn-off Delay Time torr 12 — ns
Read Data Hold Time from CAS taon 15 — ns
Write Command Set-up Time from CAS tewes 0 — ns
Write Command Hold Time from CAS tewen 15 — ns
RAS Precharge to CAS Active Time (CAS before RAS) tepc 10 — ns
RAS Pulse Width (CAS before RAS) trass 400 — ns
CAS before RAS Cycle Time (CAS before RAS) tac 465 — ns
RAS Precharge Time (CAS before RAS) tep 61 — ns
CAS Set-up Time (CAS before RAS) tesr 10 — ns
CAS Hold Time (CAS before RAS) tenr 15 — ns
CAS Precharge Time (CAS before RAS) tepn 28 — ns
Transition Time (Rise and Fall) tr 2 30 ns
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Note:

Measurement conditions
Input pulse level

Input timing reference level
Output timing reference level
Input rise/fall time

Load condition

Vy=21V,V, =08V
Vy=21V,V, =08V
Vou=22V,Vo =06V
:2ns

:CL=30pF
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TIMING WAVEFORM
Write Cycle (Address Setting Cycle)

(FIFO Mode)

OKI Semiconductor
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(FIFO Mode)
Write Cycle (LWE/UWE Controal)
D/F - Low
(N-2)CYCLE (N-1)CYCLE N CYCLE tweik N+1) CYCLE (N+2) CYCLE
WCLK L_\_T/ }
WADE/RX Low
IE N High
WR/TR - Low
WXINC Low
L : tWEH tW’EzS> tW DH %
LWE
o _ 7 N\
DINO - 11 ~ 7))/ valid Valid Valid Valid Valid \// /
DiNGz 25 SRS RSN SR Y s NSNS,

Write Cycle (IE Contral)

D/F

WCLK

WXINC

IE

DINO-11
DIN12 - 23__

Note:

(N-2)CYCLE (N-1)CYCLE N CYCLE twoLk l(N+2) CYCLE ‘(N+3) CYCLE e
N\ /
Low
Low
Low
Low
atIEH t@% tIEDH tIES

N7

Valid Valid Valid Valid
(N-3 (N-2 (N-1 D(N)

S ST

In the IE = “L” cycle, the write address pointer is incremented, though no DIN data is written and

the memory data is held.
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(FIFO Mode)
Write Cycle (Write Transfer)
D/F o Low
- (N-2)CYCLE (N-1)CYCLE N CYCLE twerk
WADE/RX_ Low
- Ywrrs| [twrrn
— tWTDH tWTDS
WR/TR
WXINC o Low
B twen fweos)
LWE -
UWE _ f
DINO - 11 _%Valid Valid valid Valid
DIN12 - 23 (N-3 D(N-2 (N-1 D(N)

Note: When finishing the write operation on a line, be sure to perform a write transfer operation because
the write data on the line is stored in the memory cell.
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Read Cycle (Address Setting Cycle)

OKI Semiconductor

(FIFO Mode)

AX PleA Xv&ﬁ PIeA |

1
IOH

MO

MO
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|
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(FIFO Mode)
Read Cycle (RE Control)

D/F Low
_ (N-2)CYCLE (N-1)CYCLE N CYCLE trek (N+1) CYCLE (N+2) CYCLE
RADE/RX Low
RR Low
RXINC Low
B tren 7tREDS treon, Ires
RE /
_ t toore t
|.oH AC

poo-23 —_oitth X ottt X ol JOCBRE)— (Lot X ofeh X1

Note: In the cycle of RE = “H”, the read address pointer is not incremented and the output enters the high
impedance state.
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(FIFO Mode)
Write Reset Mode
tDFS
_ pr
DIF / tDFH%l
tWCLK$r¢
_ tWWCLL
WCLK - _/E‘NK—7/ 7{ ../ 7Z \ 7/ 7/>
t\\;vvg\:(c;;'? twrxs| |twrxh, t
_ ’4—» 4—»1 WRXDS
WADE/RX /
. tWRD-i {tWRs tWRH i tWRDS
WRITR / \L
WXINC o Low
tweon twes
ﬁ : tSWE {
‘ED_S> tDH ‘ERE tDH
DINO-11 — 77 R ) %
DIN12 - 23 1 MValld % Valid

Note: Both the line address and word address are set to 0.

Write Line Increment Mode

tors
_ A o
D/IF tDFH%L
_ -
WCLK
_ twwere . )
WCLK _/‘—N_7/ 7/ A / ¥ \ 7/ 7/
o bwwern
WADE/RX
. twron r—»tWRS twen, \tWRDs
WR/TR
tWINDH G, | | twin twinos
_ ‘ p— i — S
WXINC f
_ 7
twepn t
— _ . | sewes
ﬁ _ tswe iI»
tos| | fon b ton
DINO-11 — 7 — =
- / . :
DiNI2-23 _ / D vaic) ) vaic)il

Note: The line address is incremented by 1 and the word address is set to 0.
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(FIFO Mode)
Write Address Jump M ode
tors
_ 7 -
D/F toen
twek
— —baweu] ’ ’ .
e~ AN YN N ]
- WWCLH o
. WRXDH\M fwrxy twrxps
WADE/RX / \
L tWRDﬂtWRS bR tyros
WR/TR /
‘tWINDHltWINS fwine, tWIND§
_ ‘ |
WXINC /
—_ 7 ~
tweon t
N | Wwes
e e i
~ fog [ fou Tos[ [ fon

DINO-11 — 77 . .
DINi2 -23_ ; Iy vais ),

Note: The line address is reset to the initialized addresses and the word address is set to 0.
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(FIFO Mode)
Read LineHold M ode
. tDFS
DIF (e §>J
_ e
RCLK
R V tWRCLL N
re A NTUONC L N N N\ S
- twreLh o
RADE/RX o Low
_ tRRDH \<tR—RS> ‘tRﬂ’i FRRDS
RR
RXINC o Low
treoH ‘ tres
RE - e N

— High-Z
DOO - 23 Q{[ Valid }<>< Valid ><><

Note: The line address is held and the word address is set to 0.

Read Reset M ode

tDFS
DIF (U
o tRCLK$T—‘¢
. tWRCLL
RCLK ._,NK_7 4_\_7/ \ l_\_/ [_\_/_\_/_\
- _/tWRCLH t t o J
_ RRXDH ‘& RRXH tRRXDS
RADE/RX / \
- tRRDH ‘tRRS tRRH { tRRDS
RR
RXINC Low

t
<REDH | | toes
t ton

R tore N
-AC
— High-Z
Q{ Valid }<>< valid ><><

Note: Both the line address and word address are set to 0.

DOO - 23
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(FIFO Mode)
Read Line I ncrement Mode

DFS

t
— Dh [+
DIF /tDFH éj

tecik |-
. tyreLL
e SN TN/ N D
o twretH o
RADE/RX Low
. trroH | es,| | teen . trros
RR
. trinDH ‘ trins | | trine t‘RINDS
RXINC
7 \ _

RE - toe T\L
|
‘tOH
— High-Z r ‘
DOO - 23 Q{ Valid ]}<>< valid ><><

Note: The line address is incremented by 1 and the word address is set to 0.

Read Address Jump Mode

DIF N /4 §>J

rek N TN/ N D

I
{ RO torxs | [trrxt
. RRXDH (5 | TRrxDs
RADE/RX /
. trroH \«tR—Rs> :mﬁ trros
RR
trinDH frg | |t | trinps
RXINC
7 _
treon | || tRes
RE tsre

tac t

\ *H.ﬂ

— High-Z
DOO - 23 Q{[ Valid ]}<>< Valid ><><

Note: The line address is reset to the initialized addresses and the word address is set to 0.
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(Block Access M ode)

OKI Semiconductor
Write Cycle
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(Block Access M ode)

OKI Semiconductor
Read Cycle
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(Block Access M ode)
CAS before RAS Refresh Cycle

DIF High
WAIT High
- tRC
trp trp
o N ——\ tRASB ﬁ—x
RAS | \ \
- 4/ trec - \—
tepn  fesr
o — DS terr |
CAS 7 \ 4
RE
Torr
DQO-11 /AR Open
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PACKAGE DIMENSIONS

(Unit: mm)
TSOP(2)70-P-400-0.50-K]
18.41:0.10
HAAAAAAAAAAAAAAAAAAARAAAARAAAAAAAAAA J
]| 2
o o
o| @
= s
[LELEEGL R GEEEELE LR L LG L] 0.8:0.2
INDEX MARK @ @  017:0.05 ) :8:0.
Mirror finish é
0.50 O.ZZtO,OS =
O.7T1TYP. 0,07 N d/ D\ \
3 =— 0~10°
o0 1
SIS Y
2|2 0.5TYP.
8|S 0.6:0.]
olo
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5pm)
Oki Electric Industry Co.,Ltd. Package weight (g) 0.49 TYP.
Rev. No./Last Revised 2/Nov. 13, 1998

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity
absorbed in storage.

Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the product
name, package name, pin number, package code and desired mounting conditions (reflow method,
temperature and times).
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NOTICE
1. Theinformation contained herein can change without notice owing to product and/or technical improvements.
Before using the product, please make sure that the information being referred to is up-to-date.

2. The outline of action and examples for application circuits described herein have been chosen as an
explanation for the standard action and performance of the product. When planning to use the product, please
ensure that the external conditions are reflected in the actual circuit, assembly, and program designs.

3. When designing your product, please use our product below the specified maximum ratings and within the
specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

4, Oki assumes no responsibility or liability whatsoever for any failure or unusual or unexpected operation
resulting from misuse, neglect, improper installation, repair, alteration or accident, improper handling, or
unusual physical or electrical stressincluding, but not limited to, exposure to parameters beyond the specified
maximum ratings or operation outside the specified operating range.

5. Neither indemnity against nor license of a third party’s industrial and intellectual property right, etc. is
granted by usin connection with the use of the product and/or the information and drawings contained herein.
No responsibility isassumed by usfor any infringement of athird party’ s right which may result from the use
thereof.

6. The products listed in this document are intended for use in general electronics equipment for commercial
applications (e.g., office automation, communication equipment, measurement equipment, consumer
electronics, etc.). These products are not authorized for use in any system or application that requires special
or enhanced quality and reliability characteristics nor in any system or application where the failure of such
system or application may result in the loss or damage of property, or death or injury to humans.

Such applicationsinclude, but are not limited to, traffic and automotive equipment, safety devices, aerospace
equipment, nuclear power control, medical equipment, and life-support systems.

7.  Certain products in this document may need government approval before they can be exported to particular
countries. The purchaser assumes the responsibility of determining the legality of export of these products
and will take appropriate and necessary steps at their own expense for these.

8.  No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2000 Oki Electric Industry Co., Ltd.

www.DataSheetdU.com
34/34



	GENERAL DESCRIPTION
	FEATURES
	PIN CONFIGURATION (TOP VIEW)
	BLOCK DIAGRAM
	PIN FUNCTION
	Read Related
	Write Related

	OPERATION MODE
	FIFO Mode
	1.Write
	2.Read
	3.Initial Address Setting (Write/Read Independent)
	4.Initial Address Reset Modes (Write/Read Independent)

	Block Access Mode
	1.Write Operation
	2.Read Operation

	Refresh
	Power On
	New Data Read Access in the FIFO Mode
	Old Data Read Access in the FIFO Mode

	FUNCTION TABLE
	ELECTRICAL CHARACTERISTICS
	Absolute Maximum Ratings
	Recommended Operating Conditions
	DC Characteristics
	Capacitance
	AC Characteristics (1/3)
	AC Characteristics (2/3)
	AC Characteristics (3/3)

	TIMING WAVEFORM
	(FIFO Mode)
	Write Cycle (Address Setting Cycle)
	Write Cycle (LWE/UWE Control)
	Write Cycle (IE Control)
	Write Cycle (Write Transfer)
	Read Cycle (Address Setting Cycle)
	Read Cycle (RE Control)
	Write Reset Mode
	Write Line Increment Mode
	Write Address Jump Mode
	Read Line Hold Mode
	Read Reset Mode
	Read Line Increment Mode
	Read Address Jump Mode

	(Block Access Mode)
	Write Cycle
	Read Cycle
	CAS before RAS Refresh Cycle


	PACKAGE DIMENSIONS



