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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction of
the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it once, when it has occurred. Environmental control must be
adequate. When it is dry, humidifier should be used. It is recommended to
avoid using insulators that easily build static eléctricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools including
work bench and floor should be grounded. The operator should be grounded
using wrist strap. Semiconductor devices must not be touched with bare
hands. Similar precautions need to be taken for PW boards with semiconductor
devices on it.

(2 HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of CMOS
devices must be fixed high or low by using a pull-up or pull-down circuitry. Each
unused pin should be connected to Vob or GND with aresistor, if it is considered
to have a possibility of being an output pin. All handling related to the unused
pins must be judged device by device and related specifications governing the
devices. -

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Production
process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed immedi-
ately after power-on for devices having reset function.
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Part Number

Dual Port Graphics Buffer

VCI\?O Letter : 5.0\&10%
L-A :3.3V+0.3V
1PD482445LG5-A70

Application Specific Memory

2
NEC CMOS ‘l'

Device code
1: Graphics RAM

5: Line Buff

8 : Rambus DRAM
Capacity

2 : 2M bits

4 : 4M bits

Words organization
3: X 8 words
4: %X 16 words

Function
4 : Fast page mode
5 : Hyper page mode

Package
LE : SOJ
GW : Shrink SOP
G5 : TSOP(II)

RAS access time
60 : 60ns
70: 70ns
80 : 80ns




Line Buffer

11PD48 5 506 G5 - 25

NEC CMOS Application
Specific Memory

Device code
1 : Graphics RAM
2 : Dual Port Graphics Buffer

8 : Rambus AM

Function
505 : 5K x 8 bits
506 : 5K x 16 bits/10K x 8 bits

Package
G : SOp
G5 : TSOP(I)

Read/Write cycle time
25 : 25ns(Read cycle), 25ns(Write cycle)
27 : 27ns(Read cycle), 25ns(Write cycle)
35 : 35ns(Read cycle), 35ns(Write cycle)




Field Buffer

11PD42280 GU - 30

2 M bits field buffer

Package
GU : SOP
vV :ZIP

Access time, Read/Write cycle time
30: 25ns(Access time), 30ns(Read cycle), 30ns(Write cycle)
40 : 30ns(Access time), 40ns(Read cycle), 40ns(Write cycle)
60 : 40ns(Access time), 60ns(Read cycle), 60ns(Write cycle)




Rambus DRAM

uPD48 8 170 L VN - A50

NEC CMOS Application
Specific Memory

Device code
1: Graphics RAM
2 : Dual Port Graphics Buffer
5 : Line Buffer

Capacity
170 : 18M bits(1M words X 9 bits X 2 banks)
130 : 16M bits(1M words X 8 bits X 2 banks)

Operating voltage
L: 3.3V0.15V

Package
VN: 32 pin plastic SVP(11 x 25)
G6 : 72/36 pin plastic SSOP type

Clock frequency
A50: 250 MHz
A45: 225 MHz
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DATA SHEET

NEC MOS INTEGRATED CIRCUIT

uPDA482444, 482445

4M-Bit Dual Port Graphics Buffer
256K WORDS BY 16 BITS

Description

The uPD482444 and pPD482445 have a random access port and a serial access port. The random access
port has a 4M-bit (262,144 words x 16 bits) memory cell array structure. The serial access port can perform
clock operations of up to 50 MHz from the 8K-bit data register (512 words x 16 bits).

To simplify the graphics system design, the split data transfer function and binary boundary jump function
have been adopted so that the number of split data registers can be programmed with the software during
serial read/write operations.

The uPD482445 is provided with the hyper page mode, an improved version of the fast page mode of the
uPD482444. The random access port can input and output data by CAS clock operations of up to 33 MHz. The
power supply voltage is 5V + 10 %.

Features
Dual port structure (Random access port, Serial access port)
@® Random access port (262,144-word x 16-bit structure)

uPDA482444
1PD482444-60 uPD482444-70°
RAS access time 60 ns(MAX.) 70 ns(MAX.)
Fast page mode cycle time 35 ns(MIN.) 40 ns(MIN.)
1PD482445
1PD482445-60 | uPD482445-70
RAS access time 60 ns(MAX.) 70 ns(MAX.)
Hyper page mode cycle time 30 ns{(MIN.) 35 ns(MIN.)

+ Flash write functionNote

« Block write function (8 columns)Note

« Mask write (Write-per-bit function)

« 512 refresh cycles /8 ms

« CAS before RAS refresh, RAS only refresh, Hidden refresh

Note Write-per-bit can be specified.

The information in this d t is

to change without noti

-3585 (Japan) 9
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@ Serial access port (512 words x 16 bits organization)
» Serial read/write cycle time

1PD482444-60 uPD482444-70
1PD482445-60 1PD482445-70
20 ns(MIN.) 22 ns(MIN.)

« Serial data read/write
« Split buffer data transfer
« Binary boundary jump function

Ordering Information

RAS Access Time : Power Supply
P M
Part Number ns (MAX.) Package Voltage age‘ ode
pPD482444GW-60 60 64-pin plastic shrink 5V+10% Fast page mode
HPD482444GW-70 70 SOP (525 mil}
uPD482445GW-60 60 64-pin plastic shrink 5Vt 10 % Hyper page mode
1PD482445GW-70 70 SOP (525 mil)
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Pin Configurations (Marking Side)

64-Pin Plastic Shrink SOP (525 mil)

\/ 64 [~—o0SC

Veco—— 1
DT/OE0—+| 2 O 63 ~—oOSE
GNDO— 3 62 —OGND
SIO0O=—+{ 4 61 f=—=0SI015
WOQ/IO0 O=—= 5 60 —=O0W15/I015
SIO10=~—={ 6 59 +—=0SIO14
W1/I01 O=—+ 7 58 +—=O0W14/I014
VeceO—1 8 57 F—0Vcc
SI020=—=9 56 [+—=0SI013
W2/l02 O0=—=1 10 55 f+—=0W13/I013
SIO3 0=—+ 11 54 f+—=0Si012
W3/I03 O=—=1 12 53 —=O0W12/1012
GNDO— 13 52 F—OGND

S104 0~—+ 14 5% 51 [~—=0SIO11
W4/104 0=~—= 15 gg 50 [=—=0W11/1011
SI05 O=—+ 16 NN 49 [=—=0SI010
W5/I05 0=—s] 17 5 b 48 [~—=0W10/1010
Veeo— 18 20 47 —ovee
S106 0=~—{ 19 s=s 46 [~—=0SIO9
W6/106 O=—={ 20 45 [=—=O0W9/I09
SIO7 O=—+ 21 44 (=—=0 S|08
W7/I07 O=—+ 22 43 (=—=0WS8/I08
GNDO—— 23 42 —OGND
LWEo—={ 24 41 [=——ODSF
UWEo—= 25 40 —oONC
RAS O— 26 39 =—OCAS
ABO—={ 27 38 —=0QSF
A70——= 28 37 ~—0A0
A6 O—={ 29 36 =—O0A1
Aso—] 30 O 35 —oA2
A40—= 31 34 *~—OA3
Vee O— 32 33 —OGND
A0 to A8 : Address inputs
WO to W15/I00 to 015 : Mask data selects/Data inputs and outputs
SIO0 to SI015 : Serial data inputs and outputs
RAS : Row address strobe
CAS : Column address strobe
DT/OE : Data transfer/Output enable
UWE, LWE : Write-per-bit/Write enable
SE : Serial data input/Output enable
SC : Serial clock
QSF : Special function output
DSF : Special function enable
Vce : Power supply voltage
GND : Ground
NCNote : No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.
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Block Diagram

(16 bits)

Color Register

Timing Generator

Mask Register

Wo/100 W15/1015

Common /O Buffer

DSF (16 bits)
Vee—
GND——
Refresh
Cer?tser 0 Column Decoder 511
AQ —» Sense Amp
Al—s| [AGwAS ) T fe——————— 512 columns x 16
A2—>
A3—=1 5 5| ¢
E 3 Memory Cell Array
o H 4
A== o S (512 x 512 x 16) H
jud Py H -
k=] a |
Sk )
A6 —] :
A7 —>
AB—= | ;
| ] A0 to AB L] .
. |
: Transfer Gate
S I
STOP: TAP Q @
.b T Ll 1
Data Register (512 words x 16 bits)
] ] !
@ Selector @
Serial Address |-
SC—— Pointer 255 | 256 511
SE

QSF

SI00

SI015
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1. Pin Functions

This product is equipped with the RAS, CAS, UWE, LWE, DT/OE, A0 to A8, DSF, SC, SE inputs, QSF output,
and WO to W15/100 to 1015, SIOO0 to SIO15 input/output pins.

(1/3)
1
Pin Name nput/ Function
Output
RAS Input | Thissignallatchestherowaddresses(A0to A8), selectsthe corresponding
(Row address strobe) word line, and activates the sense amplifier. It also refreshes the memory
cell array of the one line (8,192 bits) selected from the row addresses (A0
to A8).
It also serves as the signal which selects the following operations.
* Write-per-bit « Flash write
+ CAS before RAS refresh + Split data transfer
CAS This signal latches the column addresses (AO to A8), selects the digit line
(Column address connecting the sense amplifier, and activates the output circuit which
strobe) outputs data to the random access port.
It also serves as the signal which selects the following operations.
» Read/write » Block write
» Color register set « Mask register set
A0 to A8 These are the address input pins, TAP register input pins, and STOP
(Address inputs) register input pins.

This is a 9-bit address bus. It inputs a total of 18 bits of the address signal,
starting from the upper 9 bits (row address) and then followed by the lower
9 bits. (column bits) (address multiplex method). Using these, one word
memory cells (16 bits) are selected from the 262,144 words x 16 bits memory
cell array.

During use, specify the row address, activate the RAS signal, latch the row
address, switch to the column address, and activate the CAS signal. After
activating the RAS and CAS signals, each address signal is taken into the
device. For this reason, the address input setup time (tasr, tasc) and hold
time (traw, tcan) are specified for activating the RAS and CAS signals.

In the data tra\“nsfer. cycle, this TAP register input pin functions as the
address input pin which selects the memory cell for transferring (9 bits are
latched at the falling edge of RAS) and the TAP register data input pin
which specifies the start addresses of the serial read/write operation after
data transfer (9 bits are latched at the falling edge of the CAS).

This pin functions as the STOP register input pin when the STOP register
is set (STOP register data (9 bits) are latched at the falling edge of the RAS.)
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(2/3)

Pin Name

Input/
Output

Function

DT/OE
(Data transfer/
output enable)

UWE, LWE
(Write enable)

DSF
(Special function
enable)

Input

These are the datatransfer control signal and read operation control signal
respectively. They have different functions in the data transfer cycle and
read cycle. o

ow level is input to this pin at

The data transfer cy:

the falling edge of RAS.

Read operation is performed when this signal, and the RAS and CAS
signals are activated. The input/output pin is high impedance when this
signalis not activated. When the UWE and LWE signals are activated while
the DT/OE signals are activated, the DT/OE signals are invalid in the
memory and read operations cannot be performed.

These are the write operation control signal and mask write cycle (write-
per-bit function) mask data input control signal, respectively.
UWE controls the upper bytes (W8 to W15/l08 to 1015) and LWE controls
the lower bytes (W0 to W7/I00 to 107) of the input/output pins.
When this signal, RAS and CAS signals are activated, write operations or
mask write can be performed. These mode are determined by the level
of UWE and LWE at the falling edge of RAS.

« High level....... 8 or 16-bit write cycle

* Low level........ Mask write cycle (Write-per-bit)

This signal controls the selection of functions.
The selection of functions is determined by the level of this signal at the
falling edge of the RAS and CAS. The functions will change as follows
when this signal is high level.
« The data transfer cycle changes to a split data transfer cycle.
« The read/write cycle of each RAS clock changes to the flash write cycle.
+ The write cycle of each CAS clock changes to the block write cycle.

W0 to W15/100 to 1015
(Mask data selects/
Data inputs, outputs)

Input/
Output’

-a high level at the falling edge of RAS (new mask data).

These are normally 16-bit data bus and are used for inputting and
outputting data. (I00 to 1015).

Function as the mask data input pins (WO to W15) in the mask write cycle
(write-per-bit function).

Write operations can be performed only for W0 to W15 that are input with

Functions as the column selection data input pin in the block write cycle.
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(3/3)

Pin Name

Input/
Output

Function

Ssc
(Serial clock)

SE
(Serial data input/
output enable)

Input

This pin inputs the clock which controls the serial access port operation.

"'erhe data ofﬁt“he data register which is synchronized with the rising edge
of the SC are output from the SIO0 to SIO15 pins and kept until the next
SC rising edge.

The data from the SIO0 to SIO15 pins are latched at the rising edge of the
SC and written in the data register.

This is a control pin for the serial access port input/output buffer.
Itcontrols data output during serial reading and controls data input during
serial writing.

By inputting the serial clock, the serial pointer will operate even if SE has
not been activated (high level input).

(Special function
output)

SIO0 to SIO15 Input/ | These are the serial data input and output pins of the serial access port.
(Serial data inputs/ Output

outputs)

QsF Output | This is a position discrimination pin of the serial pointer (upper side or

lower side).
Which side is being serial accessed (upper side or lower side) can be
discriminated according to the output of this pin.

« High level....... Upper side (Addresses 256 to 511)

* Low level........ Lower side (Addresses 0 to 255)

15
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2. Random Access Port Operations

The operation mode is determined by the CAS, DT/OE, UWE, LWE, and DSF level at the falling edge of RAS
and DSF level at the falling edge of CAS.

Table 2-1. Operation Mode

RAS Falling Edge ‘CAS
Falling Edge ' Operation Mode
CAS | DT/OE |UWE|LWE | DSF DSF
H H H H L L Read/Write cycle
H H H H L H Block write cycle
H H L{L|L L Mask write cycleNote 1
H H L|H|L L Upper byte mask write cycleNote 1
H H H|{L|L L Lower byte mask write cycleNote 1
H H L |L|L H o | Block mask write cycleNote 1
H H L H L H L% Upper byte block mask write cycleNote 1
H H H|{LI|L H § Lower byte block mask write cycleNote 1
H H H|H]|H H g Color register set cycle
H H H|H|H L & | Write mask register set cycle
H H L|LJ|H X Flash write cycleNote 1
H{ H | L|H|H % Upper byte flash write cycleNote 1
H H H|L]|H x Lower byte flash write cycleNote 1
H L H H L x :;_ Single read data transfer cycle
H L H H H X .g: Split read data transfer cycle
H L L L L X E Single write data transfer cycleNote 1
H L L|L]|H x § Split write data transfer cycleNote 1
L X x | x| L x 2 CAS before RAS refresh cycle (Option reset)Note 1, 2
L X H H H X ) CAS before RAS refresh cycle (No reset)
L L|L|H x E CAS before RAS refresh cycle (STOP register set)Note 2
H H x X X X & RAS only refresh cycle

Notes 1. Observe the following conditions when using the new mask data or old mask data in these cycles.
(1) Old mask data
Can be used after setting the mask data using the write mask register set cycle.
(2) New mask data
Can be used after selecting the new mask register using the write mask register set cycle (new
mask selection) and after the optional reset cycle.
2. The STOP register is set to “FFH (11111111)" by the optional reset cycle.

Remark H: High level, L: Low level, x : High level or low level
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2.1 Random Read Cycle ‘

This product has a common 16-bit input/output pin. To output data, specify the address using the RAS and
CAS clocks and then set DT/OE to low level.

The data output will be kept until one of the following conditions is set.

(1) Set RAS and CAS to high level
(2) Set DT/OE to high level
(3) Set UWE and LWE to low level (UWE controls the upper bytes, LWE controls the lower bytes)

-The read cycle and data transfer cycle are differentiated according to the level of DT/OE at the falling edge
of the RAS clock. If DT/OE is set to low level at the falling edge of the RAS clock, data transfer cycle operations
will be initiated. Therefore, to set the read cycle, input a high level above toxt (MIN.) to DT/OE from the falling
edge of the RAS clock, and then input a low level.

Caution Set the DSF to low level at the falling edge of RAS. If set to high level, the memory cell data cannot
be output.

2.1.1 Extended Read Data Output (uPD482445)

The nPD482445 adopts the hyper page mode cycle which is a faster resd/write cycle than the fast page mode of
the pPD482444 (Hyper page mode cycle time: 30 ns (MIN.)).

With this cycle, the read data output can be kept until the next CAS cycle, and because the output is extended,
the minimum cycle can easily be used. For example, by fixing DT/OE at low level after dropping RAS and
executing the hyper page read cycle, each time the column address is latched at the falling edge of CAS, the data
output will be updated and kept until the next falling edge of CAS. As a result, the output will be extended only
during CAS precharge time (tcp) as compared to the normal fast page mode. ‘

Figure 2-1. Extended Data Output of Hyper Page Mode

RAS (Input) \ /

tep

CAS (Input)

tep
—\
A0 to A8 (Input) DCD@

DT/OE (Input)
Note 1 Note2|_ Note 1
High-Z
W/IO (Qutput)  -=-- oe...-. .( )(

Notes 1. Time during which the output data is kept in the fast page read cycle.
2. Time during which the output data is kept in the hyper page read cycle (] part: Extended data
output). i

17
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2.2 Random Write Cycle (Early Write, Late Write, Read Modify Write)

There are three types of random write cycles-the early write, late write, and read modify write. To use these
cycles, activate the RAS and CAS clocks and set UWE and LWE to low level. In addition, as this product has two
write enables, data input can be controlled for every 8 bits (upper byte and lower byte). UWE controls the upper
bytes (W8 to W15/108 to 1015) while LWE controls the lower bytes (W0 to W7/100 to 107). Byte write cycle can
therefore be performed by controlling UWE and LWE.

The random write cycle, regardless of the word/byte write cycle, latches the word data (16 bits) input to the
data bus. By inputting a low level to UWE (or LWE) during the byte write cycle, the latched word (16 bits) data
will be written only in the upper byte (or lower byte) and the data of the unselected lower byte (or upper byte)
will be ignored. In the same write cycle, by inputting a low level to LWE (or UWE) later, the ignored lower byte
(or upper byte) data can be written. By controlling the UWE and LWE pins, the word data (16 bits) in i’he same
cycle can be written in one byte (8 bits).

The UWE and LWE also control the mask data for the write-per-bit function {(mask write cycle). Therefore,
when performing the normal write cycle which does not use the write-per-bit function, set these pins to high
level at the falling edge of the RAS clock.

2.2.1 Early Write Cycle

The early write cycle controls data writing according to the CAS clock. )

To execute this cycle, set UWE and LWE to low level earlier than the CAS clock. The write data is taken into
the device at the falling edge of the CAS clock.

2.2.2 Late Write Cycle

The late write cycle controls data writing according to the WE clock. .

To execute this cycle, set UWE and LWE to low level later than the CAS clock. The write data is taken into
the device at the falling edge of UWE and LWE. To set the output to high impedance at this time, keep DT/OE
at high level until UWE and LWE are input.

2.2.3 Read Modify Write Cycle

The read modify write cycle performs data reading and writing in one RAS and CAS cycle.

To execute this cycle, delay UWE and LWE from the late write cycle by tawo (MIN.), tewo (MIN.), and tawp (MIN.).
Follow the toez and toeo specifications so that the output data and input data do not clash in the data bus. The
data after modification can be input after more than toeo (MIN.) from the rising edge of DT/OE.

2.3 Fast Page Mode Cycle (uPD482444)

The uPD482444 adopts the fast page mode. This mode accesses memory cells in the same row array in about 1/3
of the time taken by the normal random read/write cycle. This fast page mode cycle is executed by repeating the CAS
clock cycle more than two times while the RAS clock is being activated. In this mode read, write and read modify
write cycles are available for each of the consecutive CAS cycles within the same RAS cycle.

2.4 Hyper Page Mode Cycle (uPD482445, 482445L)

The uPD482445 adopts a hyper page mode cycle which is a faster read/write cycle than the fast page mode of the
1PD482444 (Hyper page mode cycle time: 30 ns (MIN.)).

In this cycle, because the read data output is kept until the following CAS cycle and as a result, the output
is extended, the minimum cycle can easily be used. The output is extended compared to the normal fast page
mode of uPD482444. Refer to 2.1.1 Extended Read Data Output.
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2.5 Flash Write Cycle

This cycle writes the color register data in a 8,192-bit or.4,096-bit memory cell in one cycle. The memory cell
range for one flash write cycle is 512 columns on the same row address (512-column x 16 - |0 = 8,192 bits or
512-column x 8 - |0 = 4,096 bits).

2.5.1 Execution of Flash Write Cycle

(1) Execution of flash write for word (512-column x 16 - 10 = 8,192 bits)
To execute the flash write cycle, set both UWE and LWE to low level at the falling edge of RAS.
By using the write-per-bit function (new mask data/old mask data), only the required W/IO can be selected
and written.

(2) Execution of flash write for byte (512-column x 8 - 10 = 4,096 bits)
To execute the flash write cycle, set either UWE or LWE to low level at the falling edge of RAS.
By using the write-per-bit function (new mask data/old mask data), only the required W/IO can be selected
and written. :

Figure 2-2. Memory Cell Range That Can be Written with Flash Write Cycle

16 W/I0

W8 to W15/108 to 1015

-~

511

/WO to W7/100 to 107

512 Rows

%

is the memory cell range that can be written in one flash write cycle.

512 Columns

Remark

19
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2.6 Block Write Cycle

This cycle writes the color register data in 128-bit or 64-bit memory cell in one cycle. The memory cell range
in which data can be written in one block write cycle is eight continuous columns on one row address (8-column
x 16-- 10 = 128 bits or 8-column x 8 - 10 = 64 bits).

Any column of the eight columns can be selected and writing prohibited. Determine whether to write or
prohibit writing according to the data selected for column.

2.6.1 Free Column Selection .

Determine which column to select according to the W/IO pin to which the data selected for the column is to
be input. )

The eight columns (1st to 8th) correspond to WO to W15/100 to 1015 to which the data selected for column
will be input (The following table shows the 1st to 8th columns specified by A0, A1, and A2 and the corresponding
W/IO pins to which the data selected will be input.).

2.6.2 Column Select Data .

Input column select data for every eight columns at the upper 64 bits and lower 64 bits (a total of 16 columns).
The data will be written if the column select data is “1”. Writing will be prohibited if the column select data is
"0”.



NEC uPD482444, 482445

2.6.3 Execution of Block Write Cycle

At the falling edge of the slowest signal (CAS, UWE, or LWE), input the “1” column select data or “0” column
select data to WO to W15/100 to 1015 corresponding to columns 1st to 8th.

By using the write-per-bit (new mask data/old mask data) function, only the required W/IO can be selected
and written.

Table 2-2. 1/0 Pins Input with Column Select Data Corresponding to Columns 1st to 8th

Column Select Data of Lower Byte (00 to 107) Column Select Data of Upper Byte (108 to 1015)
R e e olumn
Ce:ﬁ::gss W/IO Pin 9 Select |Writing Sg(‘)?ﬁ:ﬁgss w/io Bi,, 9 Select |Writing
A2|(A1|A0| IO Data A2 |A1(A0| 1O pata
1stcolumn | 0 | 0| 0 | 100 1 Yes istcolumn [0 |0 |0 | 108 1 Yes
0 No 0 No
2nd column [0 ] 0 | 1| 101 1 Yes 2ndcolumn |0 | O | 1 | 109 1 Yes
0 No 0 No
3rdcolumn [0 |1} 0| 102 1 Yes 3rdcolumn {0 | 1|0 [1010 1 Yes
0 No 0 No
4thcolumn [0 | 1] 1| 103 1 Yes 4thcolumn |0 | 1] 1 |Il01 1 Yes
0 No 0 No
Sthcolumn | 1 [0 | 0| 104 1 Yes S5thcolumn [ 1] 0|0 [1012 1 Yes
0 No 0 No
6thcolumn [ 1[0 | 1| IO5 1 Yes 6thcolumn {1 |0 | 1 |1013 1 Yes
0 No 0 No
Ttheolumn | 1|1} 0| |06 1 Yes Tthecolumn |1 |1 | 0 }1014 1 Yes
0 No 0 No
8thcolumn | 1|1 ] 1] 107 1 Yes 8thcolumn [ 1|1 ] 11015 1 Yes
0 No 0 No

21
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Figure 2-3. Memory Cell Range That Can be Written in Block Write Cycle

16 W/IO

Ly L
bef L [ L /L

L

L &th Column (W151015)
7th Column (W14/1014)
6th Column (W13/1013)
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511 ¢

512 Rows 8 Columns

4th Column (W11/1011)
3rd Column (W10/1010)
2nd Column (W8/109)
Lower 64 bits 1st Column (W8/108)
0

0 512 Columns%

Lol L L7 L L LS
bl L L L L L L/

|-

L 8th Column (W7/107)
7th Column (W6/106)
6th Column (W5/105)
5th Column (W4/104)
4th Column (W3/103)
3rd Column (W2/102)
2nd Column (W1/101)
1st Column (W0/100)

Remarks 1. [___]is the memory cell range that can be written in one block write cycle.
2, ( ) is the W/IO pin input with the column select data.

2.7 Register Set Cycle (Color Register, Write Mask Register)

This cycle writes data in the color register and write mask register. To execute the register set cycle, set CAS,
DT/OE, UWE, LWE and DSF to high level at the falling edge of RAS. Determine which register to select according
to the DSF level at the falling edge of CAS.

The register set cycle also serves as the RAS only refresh cycle.

Table 2-3. Register Selection

DSF level at CAS falling edge Selected register
High level Color register
Low level Write mask register

Caution After selecting the write mask register and writing the mask data, the write-per-bit function in the
mask write cycle will be set for the old mask register. Refer to 2.8.1 Write-Per-Bit Function.
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2.8 Mask Write Cycle .

Cycles that use the write-per-bit function during the random write cycle, flash write cycle, block write cycle,
write data transfer cycle, are called mask write cycles. In the fast page/hyper page mode write cycle, the mask
data cannot be changed during the CAS cycle.

2.8.1 Write-Per-Bit Function
The write-per-bit function writes data using the mask data only in the required I0-pin. It writes when the mask

data is “1” and prohibits writing when the data is “0".

Table 2-4. Mask Data Selection

W Pin _Mask Data Writing
‘WO to W15 1 Yes
0 No

2.8.2 Selecting Mask Data

There are two ways of selecting mask data. One is the new mask data method and the other is the old mask
data method. :

With the new mask data method, new mask data is set in the cycle writing. With the old mask data, mask
data set in the write mask register is used.

(1) New Mask Data Method
The new mask data method consists of the write mask register set cycle (new mask selection) method
and CAS before RAS refresh cycle (optional reset cycle) method.

(a) Method Using Write Mask Register Set Cycle (New Mask Selection)
To switch to the mode using new mask data, keep the DT/OE, UWE, LWE DSF to high level and set
the CAS and DSF to high level at the falling edge of RAS, the DSF to low level at the falling edge of
CAS, and start up the next RAS and CAS after the tcas and tras.
As a result, the write-per-bit function can be used using the new mask data from the next mask write
cycle.

Method Using CAS Before RAS Refresh Cycle (Optional Reset Cycle)

To switch to the mode using new mask data, set the DSF to low level at the falling edge of CAS in
the CAS before RAS refresh cycle.

As a result, the write-per-bit function can be used using the old mask data from the next mask write
cycle.

(b

-~

(2) Old Mask Data Method
To switch to the mode using old mask data, set the DSF to low level at the falling edge of CAS in the write
mask register set cycle, and write the mask data in the write mask register.
As a result, the write-per-bit function can be used using the old mask data from the next mask write cycle.

23
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2.8.3 Execution of Mask Write Cycle

To execute the write-per-bit function, select the new mask data method or old mask data method, and set UWE
and LWE to low level at the falling edge of RAS of each write cycle (UWE controls the upper byte (W8 to W15/
|08 to 1015) and LWE controls the lower byte (WO to W7/100 to 107).). At this time, input the mask data to the
W pin in the write cycle using the new mask data. In the write cycle using the old mask data, as the mask data
set to the write mask register will be used, there is no need to input the mask data to the W pin.

This function is valid only at the falling edge of RAS. In the fast page/hyper page mode write cycle, the mask
data determined in the first RAS cycle for moving onto the next fast page/hyper page mode will be valid while
the fast page/hyper page mode write cycle continues.

2.9 Refresh Cycle

The refresh cycle of this product consists of the CAS before RAS refresh cycle and refresh cycle using external
address inputs (RAS only refresh and read/write refresh). The refresh period is the same as the 2M-bit dual port
graphics buffer (x 8), 512 cycles/8 ms.

2.9.1 Refresh Cycle Using External Address Input (RAS Only Refresh and Read/Write Refresh)

By specifying the row address using the 9 bits between A0 to A8 at the falling edge of RAS, setting CAS to
high level, and keeping CAS at high level while RAS is low level, the memory cells on the specified row address
(512 » 16 bits) can be refreshed. At this time, refresh is executed, W0 to W15/100 to 1015 pins are kept at high
impedance, and information such as memory contents, register data, function settings, etc. are all also kept.

At the falling edge of RAS, all cycles whose CAS are high level input the external address. Therefore, in addi-
tion to the read/write cycle operations, etc. refresh operations similar to the RAS only refresh operations will be
performed. For this reason, in systems in which addresses in the memory are always increased or decreased,
it may not be necessary to perform refresh again.

When several devices exist on one bus, data will clash in the bus during the above read/write operations unless
cach device is equipped with a buffer. Consequently, as it is necessary to set the /O line to high impedance
beforehand during refresh, normally the RAS only refresh operation is used.
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2.9.2 CAS Before RAS Refresh Cycle (Including Hidden Refresh)

When CAS is setto low level at the falling edge of RAS, the refresh address is supplied fromthe internal refresh
address counter. The internal refresh address counter is increased automatically each time this refresh cycle
is executed. ’ ’

During this refresh cycle, functions of random access port and serial access port are selected as follows
according to the DSF, UWE, and LWE levels at the failing edge of RAS.

(1) When DSF is low level: Optional reset
All STOP register data become “1” and the mask write cycle switches to the new mask data method.

(2) When DSF is high level and UWE, LWE are low level: STOP register set
The STOP register data is input from the A0 to A8 pins at the falling edge of RAS.

(3) When DSF, UWE, and LWE are high level: No reset
Only refresh operations are performed and the function selection state is kept.

In all cases, the W/IO pin is kept at high impedance. When CAS and DT/OE are kept low level while the mode
is changed to the CAS before RAS refresh cycle following the read cycle, and RAS is activated, the hidden refresh
cyclewill be initiated. In this cycle, the W/IO pin does not become high impedance and the data read in the former
read cycle will be kept as it is.

Because internal memory operations are equivalent to CAS before RAS refresh, no external addresses are
required.

Like CAS before RAS refresh, in the hidden cycle, functions will be selected according to the level of DSF, UWE,
and LWE at the falling edge of RAS. Operations are guaranteed when DSF is low level and when DSF, UWE,
and LWE are high level.

25
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3. Serial Access Port Operations

There are two types of data transfer cycles-data transfer from the random access port to the serial access port
(read data transfer) and data transfer from the serial access port to the random access port (write data transfer).
There are also two types of data transfer methods-single data transfer and split data transfer.

To set the data transfer cycle, input high level to CAS and input low level to DT/OE at the falling edge of RAS.

The data transfer type differs according to the input levels of UWE, LWE, and DSF at the falling edge of RAS.

Table 3-1. Serial Access Port Operation Mode

At RAS Falling Edge Transfer Direction
CAS | DT/OE | UWE, LWE | DSF Data Transfer Type Transfer Source D:;:irr‘::;n
H L H L | Single read data transfer Random access | Serial access
H L H H | Split read data transfer port port _
H L L L | Single mask write data transferNote | Serial access Random access
H L L H | Split mask write data transferNote port port

Note Write-per-bit function can be specified.

Remark H: High level, L: Low level
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3.1 Single Data Transfer Method
With this method, 512 words x 16 bits (whole memory range of serial access port) data is transferred at one
time. This method can be used in both write data transfer and read data transfer.

3.1.1 Single Read Data Transfer Cycle
This cycle transfers the 8K-bit (512 words x 16 bits) data of the random access port to the serial access port

in one cycle.

(a) Setting of Single Read Data Transfer Cycle
To set the data transfer cycle, input a high level to CAS, UWE, and LWE and low level to DT/OE and DSF
at the falling edge of RAS.
Using the row address input to A0 to A8 at the falling edge of RAS, the memory celis (512 words x 16
bits) of the transfer source of the random access port can be selected. The address data input to A0 to
A8 at the falling edge of CAS will be latched as the TAP register data. Refer to 3.4 TAP Register.

(b

Execution of Single Read Data Transfer Cycle

To execute the data transfer cycle, set the single read data transfer cycle and then input a high level to
DT/OE and RAS.

When SC is active (edge control), data transfer will be executed at the rising edge of D_T/O_E. When SC
is inactive (self control), it will be executed at the rising edge of RAS. Atthe same time, the serial address
pointer jumps to the start column (TAP) of the next serial read cycle, and the TAP register will be set the
empty state.

After the transfer is completed, the new serial access port data is output after tsca following the rise of
the SC clock that occurs after tson if the SC is active, and after tsonr if SC is inactive.

Caution When the single read data transfer cycle is executed while the serial access port is performing
serial write operations, the serial access port will start serial read operations at the rising edge
of RAS. Refer to 4. Electrical Characteristics Read Data Transfer Cycle (Serial Write — Serial
Read Switching) Timings.
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3.1.2

Single Mask Write Data Transfer Cycle

This cycle transfers 8K-bit (512 word x 16 bits) data of the serial access port to the random access port in one

cycle.

Because UWE and LWE are low level at the falling edge of RAS, the write-per-bit function always functions

in this transfer cycle. Refer to 2.8 Mask Write Cycle.

(a)

Setting of Single Mask Write Data Transfer Cycle

To set this cycle, latch the data to be transferred to the serial access port, and then input a high level to
CAS and low level to DT/OE, UWE, LWE, and DSF at the falling edge of RAS. Because the write-per-bit
function functions in this transfer operation, for the new mask data method, the mask data must be
supplied to WO to W15 at the falling edge of RAS, and for the old mask data method, there is no need
to control the mask data.

The memory cells (512 words x 16 bits) of the transfer destination of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. The address data input to A0 to A8
at the falling edge of CAS is input as the TAP register data. Refer to 3.4 TAP Register.

(b) Execution of Single Mask Write Data Transfer Cycle

To execute this cycle, set the single write data transfer cycle and then input high level to RAS. Data will

be transferred at the rising edge of RAS. At the same time, the serial address pointer jumps to the start

column (TAP) of the next serial write cycle, and the TAP register will be set the empty state.

After the transfer is completed, the new serial access port data is latched at the rising edge of the SC clock

that occurs after tsoHs.

Caution 1. When the single mask write data transfer cycle is executed while the serial access port is
performing serial read operations, the serial access port will start serial write operations at
therising edge of RAS. Refer to 4. Electrical Characteristics Write Data Transfer Cycle (Serial
Read — Serial Write Switching) Timings.

2. Always make CAS low level in the write data transfer cycle and latch TAP. If write data
transfer is performed without setting TAP, serial access port operations cannot be ensured
until either one of the following points. If the SC clock is input during this time, the serial
register value also cannot be guaranteed.

« Until the falling edge of CAS during the write data transfer cycle
« Until the read data transfer cycle is executed again
Figure 3-1. Single Write Data Transfer and TAP Operation
Before transfer After transfer
Random Access Port Random Access Port

Transfer destination

TAP register TAP register

TAP data "Empty”

Serial Access Port Serial Access Port |

L TAP
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3.2 Split Data Transfer Method

With this method, the 512 words x 16 bits (whole memory range of serial access port) data is divided into the
lower column (0 to 255) and upper column (256 to 511), each consisting of 256 words x 16 bits.

Because the columns are divided into upper and lower columns with this method, data transfer can be
performed on lower column (or upper column) while performing read/write operations in the upper column (or
lower column). For this reason, transfer timing design is easy. This transfer method can be used in both write
data transfer and read data transfer.

3.2.1 Split Read Data Transfer Cycle

This cycle divides the 8K-bit (512 words x 16 bits) data of the random access port into the lower and upper
columns and transfers them to the serial access port.

In this cycle, the serial read/write can be performed in the columns to which data is not transfer.

(a) Setting of Split Read Data Transfer Cycle
To set this cycle, input a high level to CAS, UWE, LWE and DSF, and low level to DT/OE at the falling edge
of RAS.
The memory cells (512 words x 16 bits) of the transfer source of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. And the address data input to AO to
A7 at the falling edge of CAS is latched as the TAP register data of serial access port. There is no need
to control address data input to A8. Refer to 3.4 TAP Register.

(b

—_—

Execution of Split Read Data Transfer Cycle

To execute this cycle, set the split read data transfer cycle and then input the high level to RAS. Data will
be transferred at the rising edge of RAS. Data is transferred from the random access port to the serial
access port automatically at the column side where serial access port is inactive. To confirm the
transferred column side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.

29
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3.2.2 Split Mask Write Data Transfer Cycle

This cycle divides the 8K-bit (512 words x 16 bits) data of the serial access port into the lower and upper columns
and transfers them to the random access port.-

In this cycle, serial read/write can be performed for columns to which data is not transferred.

Because UWE and LWE are low level at the falling edge of RAS, the write-per-bit function always functions
in this transfer cycle. Refer to 2.8 Mask Write Cycle. :

(a)

(b)

Setting of Split Mask Write Data Transfer Cycle

To set this data transfer cycle, input a high level to CAS and DSF and low level to DT/OE, UWE, and LWE
at the falling edge of RAS. Because the write-per-bit function functions in this transfer operation, for the
new mask data method, the mask data must be supplied to W0 to W15 at the falling edge of RAS, and
for the old mask data method, there is no need to control the mask data.

The memory cells (512 words x 16 bits) of the transfer destination of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. The address data input to A0 to A7
at the falling edge of CAS is input as the TAP register data. There is no need to control address data input
to A8. Refer to 3.4 TAP Register.

Execution of Split Mask Write Data Transfer Cycle

To execute this cycle, set the split write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. Data is transferred from the serial access port to the random
access port automatically at the column side where the serial access port is inactive. To confirm the
transferred column side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.
When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.
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Figure 3-2. Split Mask Write Data Transfer and TAP Operations

Before transfer (Upper coiumn) After transfer (Uppér column)
Random Access Port Random Access Port
Transfer
destination
TAP register TAP register
TAP data 1 "Empty”

—l Serial Access Portl | l% S I

TAP data 1

Serial Access Port

Serial write start

Before transfer (Lower column) After transfer (Lower column)
Random Access Port Random Access Port

Transfer
destination

TAP register Rt B register

TAP data 2 "Empty”

Serial Access Port Serial Access Portl I I l J

TAP data 2
Serial write start (TAP data 1)

3.3 Serial Read/Write

The serial access port (512K x 16 bits) is independent from the random access port and can perform read and
write operations. The serial access port performing single data transfer and split data transfer can not perform
read and write operations independently.

Caution When the power is turned on, the serial access port sets into the input (write) mode and the SIO
pin is the high impedance state.

31



NEC ‘ uPD482444, 482445

32

3.3.1 Serial Read Cycle

To set the serial read cycle, perform the single read data transfer cycle (The mode will not change in the split
read data transfer cycle.).

Execute the single read data transfer cycle and latch the data and TAP data. By inputting a clock signal to
the SC pin and inputting a low level to the SE pin, data will be output from the serial address pointer specified
by TAP register. The data synchronizes with the rising edge of the SC clock and is output from the SIO0 to SIO15
pin, and the data is kept until the next rising edge of the SC clock.

{a) Reading-Jump
The SE pin controls the SIO pin output buffer independently from the SC clock. By setting the SE pin to
high level even while inputting the SC clock, SIO0 to SIO15 pins become high impedance. But the
operations of serial address pointer will be continued while the SC clcck is being input even though
reading has been prohibited from SE pin. Reading-jump of the column can be performed using this
function.

3.3.2 Serial Write Cycle

To set the serial write cycle, perform the single write data transfer cycle (The mode will not change in the split
write data transfer cycle.). To prevent the transfer data from being written in the memory cell of the random
access port, set all bits of the mask data to “0” and control the mask data.

Execute the single write data transfer cycle and set the serial write cycle. By inputting the clock signal to the
SC pin and inputting a low level to the SE pin, data can be latched from the serial address pointer specified by
TAP register. The data synchronizes with the rising edge of the SC clock and is input from SIO0 to SIO15 pins.
Be sure to follow the specifications for the setup time (tses) and hold time (tseu) of SE pin for the SC clock.

(a) Writing-Jumps (Intermittent Writing)
The SE pin controls writing operations independently from the SC clock. By setting the SE pin to high
level even while inputting the SC clock, writing will not be executed. But the operations of serial address
pointer will be continued while the SC clock is being input even though writing has been prohibited from
SE pin. These functions enable writing-jumps (intermittent writing) to be performed. The masked data
is kept as the old data.

3.3.3 QSF Pin Output
QSF pin determines whether the serial address pointer is at the upper column side (addresses 256 to 511)
or the lower column side (addresses 0 to 255) at the rising edge of the following SC clock during serial read or
write. In other words, it outputs the uppermost bit (A8) of the column address of the serial address pointer.
The following table shows the QSF pin output state and the access pointer of following SC clocks.

Access Address of Following SC clock QSF Output
Addresses 0 to 255 Low level
Addresses 256 to 511 High level
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3.4 TAP (Top Access Point) Register

The TAP register is a data register which specifies the start address (first serial address point = TAP) of the
serial read or serial write.

Set data to this register each time-a transfer cycle is executed.

3.4.1 Setting of TAP Register

The data input to AO to A8 at the falling edge of CAS during the setting of a transfer cycle is set as the TAP
register data. By executing the transfer cycle, the start address of the following serial read (or write) operations
is specified by the data of the TAP register and the TAP register will be kept in the empty state until the TAP regis-
ter is set again.

In the split data transfer cycle, because the inactive serial access port column addresses are specified by the
data of the TAP register automatically, there is no need to control the A8 data.

Caution When the TAP register is empty, the address following the 511 serial address point will be 0. In
addition, because the serial address pointer will not jump to the column specified by the STOP
register, the binary boundary jump function cannot be used. Refer to 3.6 Binary Boundary Jump
Function.

3.5 STOP Register

The STOP register is a data register which determines the column of the jump source when jumping to a
different column side (lower column or upper column) in the split data transfer cycle. Five types of columns can
be selected for starting jump (jumping is possible at 2, 4, 8, 16, and 32 points). The following table shows the
correspondence between the column at the jump source and data of the STOP register.

Once set, the STOP register data is kept until it is set again.

3.5.1 Setting of STOP Register ‘
To set the STOP register, set UWE and LWE to low level at the falling edge of RAS in the CAS before RAS
refresh cycle. The data input to A0 to A7 will be input as the STOP register data.

Table 3-2. STOP Register Data and Jump Source Column

STOP Register Data

Divi- | Bit . .
A7] A6 | A5 | At A3 to A0| sion |Width Jump Source Bit Column (Decimal Number)
255
111011 1 1/2 | 256
511
127, 255
of(111]1 1 1/4 | 128
383, 511

63, 127, 191, 255

319, 383, 447, 511

31, 63, 95, 127, 159, 191, 223, 255

287, 319, 351, 383, 415, 447, 479, 511

15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255

271, 287, 303, 318, 335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 511

0(0([1]1 1 1/8 64

01001 1 1716 | 32

0|j]0{0foO 1 1/32 | 16

Remark A8: Don't care.

Caution When the power is supplied, all STOP register data will be set to all “1”.
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3.6 Binary Boundary Jump Function

This function causes the serial address pointer jump to the TAP specified by the TAP register when the pointer
moves to a column specified by the STOP register (split data transfer).

This function cannot be used when the jump destination address is not set (TAP register is empty).

This function facilitates tile map application which divides the screen into tiles and manages data for each
tile.

3.6.1 Usage of Binary Boundary Jump Function

After setting the STOP register, execute the single read (or write) data transfer and initialize the serial access
port. The initialization process will switch the serial access port read (or write) operations, set TAP, sét the serial
access port data, and set the TAP register to empty. By inputting the serial clock in this state, the serial access
port will read (or write) operations from TAP in ascending order of address. Because the TAP register is in the
empty state, the address at the jump source set by the STOP register will be ignored, and the serial address
pointer will move on.

When the column to be jumped approaches, execute split data transfer and set new TAP data in the TAP
register. The serial pointer will jump at the desired jump source address. Jump can be controlled freely by
repeating these operations.

3.7 Special Operations

3.7.1 Serial Address Set Operations

Because the serial address counter is undefined when the power up, the serial access port operations when
the SC clock is input are not guaranteed. Execute single read (or write) transfer after turning on the power. The
serial access port will be initialized, enabling serial access port operations to be performed.

3.7.2 Lap Around Operations
If all the data of the register is read (write) during data transfer while the serial read (write) cycle is being
executed, the serial pointer will repeat 0 to 511.

3.7.3 Cycle After Power On
Execute the dummy cycle eight times more than 100 us after Vcc reaches the specified voltage in the recom-
mended operation conditions.

If RAS, CAS, DT/OE, UWE, LWE are kept at high level when the power is turned on, the following will be set
automatically.

@ Serial access port........ Input mode, SIO: High impedance
@ Color register ............... Undefined

® Mask register ............... All “1"

@ TAP register .....c.cceeenee Undefined

@ STOP register ... All "1
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4. Electrical Characteristics

4.1 uPD482444, 482445 (Power Supply Voltage Vcc =5V £ 10 %)

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Pin voltage Vr -1.0to +7.0 Vv
Supply voltage Vee -1.0 to +7.0 \
Output current lo 50 mA
Power dissipation Po 1.5 w
Operating ambient temperature TA 0to 70 °C
Storage temperature Tstg -55 to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
in the operational sections of this characteristics. Exposure to Absolute Maximum rating
conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol | MIN. | TYP. [ MAX. Unit
Supply voltage Vce 4.5 5.0 5.5 \
High level input voltage Vin 2.4 5.5 Vv
Low level input voltage ViL -1.0 +0.8 v
Operating ambient temperature Ta 0 70 °C
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DC Characteristics 1 {Recommended operating conditions unless otherwise noted)

Parameter Symbol Test conditions MIN. [ TYP. | MAX.| Unit

Input leakage current I ViNn=0Vto55V, -10 +10 | pA
Other inputs are 0 V '

Output leakage current ‘ lou WI/IO, SIO, QSF are inactive, | =10 +10 | pA
Vour=0Vto55V

Random access port | Vou (R) lon {(R) = -1.0mA 2.4 Vv
high level output voltage

Random access port Vo (R) loL (R) = 2.1mA 0.4 \
low level output voltage

Serial access port Vo (S) lox (S) = -1.0mA 2.4 \
high level output voltage

Serial access port Vo (S) loL (S) = 2.1mA 0.4 \
low level output voltage

Capacitance (Ta = 25 °C, f = 1IMH2)

Parameter Symbol Test conditions MIN. | TYP. | MAX.| Unit

Input Capacitance Cn | RAS, CAS, UWE, LWE, DT/OE, DSF, SE, SC 8 | pF
C2 | AOto A8 5

Input/Output Capacitance | Cio | W/IO (0 to 15), SIO (0 to 15) 7 | pF

Output Capacitance Co QSF 7 pF
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

Serial uPDA482444-60 | uPD482444-70
Random Access Port Access Port Symbol 1PD482445-60 | uPD482445-70| it [ Conditions
Standby |Active MIN. | MAX. | MIN. | MAX.
Random Read/Write Cycle 0 leer 110 95 | mA
RAS, CAS cycle,
trc = tac (MIN.), lo = OmA o leer 130 110
Standby _ o Iccz 10 10 | mA | Note2
RAS = CAS = Vi,
Dour = high impedance O Iccs 50 45 | mA | Note2
RAS only refresh cycle e} lecs 100 85 | mA | Note3
RAS cycle, CAS = Vi,
trc = tac (MIN.) (@] lccy 140 120
Fast/Hyper page mode cycle o) lecs 120 105 | mA | Note 4,5
RAS = Vi, CAS cycle,
tec = tec (MIN.) or tuec = tuec (MIN.) o lccio 150 130
CAS before RAS refresh cycle o lecs 100 95 | mA
tre = trc (MIN.)
(o] leca 130 120
Data transfer cycle o lecs 120 105 | mA
tac = tre (MIN.)
@] lecaz 150 130
Color/Mask write register set cycle o [ 90 80 | mA
trc = tac (MIN.)
O lcca 120 105
Flash write cycle o lects 90 80 | mA
tre = tac (MIN.)
O lecis 120 105
Block write cycle 0o leer 110 100 | mA
tre = tac (MIN.)
O lceis 140 125
Fast/Hyper page mode block write cycle o) lecrs 135 120 | mA
tec = tec (MIN.) or tuec = tupc (MIN.)
@] lec2o 155 135 Note 4,5

Notes 1. No load on W/IO, SIO, QSF. The current consumption actually used depends on the output load
and operating frequency of each pin.

A change in row addresses must not occur more than once in trc = trc (MIN.).

When the address input is set to Vi or ViL during the tras period.

Value when the address in tec one cycle is changed once when uPD482444 tec = tec (MIN.).
Value when the address in tipc one cycle is changed once when uPD482445 turc = tiec (MIN.).

g s nN
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AC Characteristics (Ta = 0 to 70 °C, Vcc = 5.0 V + 10 %, GND = 0 V)Notes 1, 2,3, 4

(Common for uPD482444, 482445)

1PD482444-60 | PD482444-70
Parameter Symbol 1PD482445-60 | uPD482445-70 | it | Condition

MIN. |MAX.| MIN. | MAX.

Access time from RAS traC 60 70 | ns Note 5

Access time from CAS tcac 18 18 | ns Note 5

Access time from column address 7YY 30 35 | ns Note 5

Access time from CAS trailing edge tace 30 35 | ns

Access time from OE toea 18 18 | ns

Serial output access time from SC tsca 15 17 ns

Serial output access time from SE tsea 15 17 ns

Output disable time from SE high tsez 0 15 0 15 | ns Note 6

Random read or write cycle time ch 110 130 ns

Read modify-write cycle time trRwc 160 180 ns

Transition time (Rise/Fall) tr 3 35 3 35 | ns

RAS precharge time trRP 40 50 | ns

RAS pulse width tras | 60 [10,000{ 70 {10,000| ns

(Non page mode)

RAS pulse width traspP 60 {125,000 70 {125,000, ns

(Fast page/Hyper page mode)

RAS hold time tash | 15 18 ns

CAS precharge time teen 10 10 ns

(Non page mode)

CAS precharge time tep 10 10 ns

(Fast page/Hyper page mode)

CAS hold time tesi | 60 70 ns

RAS to CAS delay time tRCD 25 | 40 | 30 | 50 | ns Note 5

CAS high to RAS low precharge time | tcre 10 10 ns

RAS high to CAS low precharge time | taec 10 10 ns

Row address setup time tAsR 0 0 ns

Row address hold time tRAH 15 15 ns

Column address setup time tasc 0 0 ns

Column address hold time tcaH 10 10 ns

RAS to column address delay time tRAD 15 30 15 35 ns Note 5

Column address to RAS lead time tRAL 30 35 ns

Read command setup time trcs 0 0 ns

(1/4)
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uPD482444, 482445

(Common for uPD482444, 482445)

uPDA82444-60 | uPD482444-70
Parameter Symbol [#PD482445-60 | iPD482445-70 | ynit| Condition
MIN. [MAX.| MIN. [MAX.
Read command hold time after tRRH 0 0 ns Note 7
RAS high
Read command hold time after tRCH 0 0 ns Note 7
CAS high
OE hold time after RAS high toRH 10 10 ns
OE hold time after CAS high tocH 10 10 ns
Write command setup time twes 0 0 ns Note 9
Write command hold time tweH 12 12 ns
Write command pulse width twp 12 12 ns
Write command to RAS lead time tawe | 20 20 ns
Write command to CAS lead time tewe 15 15 ns
Data in setup time tos 0 0 ns Note 8
Data in hold time toH 15 15 ns Note 8
Refresh period tREF 8 8 ms
CAS to UWE, LWE delay time tcwo 40 40 ns Note 9
RAS to UWE, LWE delay time tRwD 85 90 ns Note 9
Column address to UWE, LWE delay time |  tawp 55 55 ns Note 9
CAS setup time L tesa 5 5 ns
(for CAS before RAS refresh cycle)
CAS hold time tewr | 10 10 ns
(for CAS before RAS refresh cycle)
Masked byte write setup time tMmcs 0 0 ns
Masked byte write to RAS hold time | twmru 0 0 ns
Masked byte write to CAS hold time | tmcH 0 0 ns
DT low setup time toLs 0 0 ns
DT low hold time after RAS low trROH 55 60 ns Note 10
DT low hold time after RAS low taows | 15 15 ns Note 10
DT low hold time after CAS low tcon | 20 20 ns Note 10
DT low hold time after address tabD 25 25 ns Note 10
SC high to DT high tsop 0 0 ns Note 10
SC high to CAS low tssc 10 10 ns | Note 10, 14, 15
SC low hold time after DT high tsDH 60 60 ns Note 10

(2/4)
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NEC uPD482444, 482445

(Common for uPD482444, 482445) (3/4)
1PD482444-60 | iPD482444-70
Parameter Symbol HPD482445-60 | PD482445-70 | ypjt | Condition
MIN. | MAX. | MIN. | MAX.
SC low hold time after DT high tSDHR 60 60 ns | Note 10, 14
OE high to data in setup delay time toED 15 15 ns
@igh_hold time after tOEH 0 0 ns
UWE, LWE low
Serial clock cycle time tscc 20 22 ns
SC pulse width tscH 5 5 ns
SC precharge time tscL 5 5 ns
SE low to serial output setup tsoo 3 5 ns
delay time
Serial output hold time after tsoH 3 5 ns
SC high
DT high setup time toHs 0 0 ns
DT high hold time toHH 15 15 ns
DT high to RAS high delay time toth 0 0 ns Note 10
DT high pulse width tote 20 20 ns
OE to RAS inactive setup time toes 0 0 ns
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 15 15 ns
DSF setup time from RAS tFRS 0 0 ns
DSF hold time from RAS tFRH 15 15 ns
DSF setup time from CAS trcs 0 0 . ns
DSF hold time from CAS trcH 12 12 " ns
Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twH 15 15 ns
SE pulse width tSEE 5 5 ns
SE precharge time tsep 5 5 ns
SE setup time tses 0 0 ns
SE hold time from SC tSEH 10 10 ns
Serial data in setup time tsis 0 0 ns
Serial data in hold time tsiH 10 10 ns
Serial input disable time from SC tsiz 0 0 ns
Serial output disable time from RAS| tsrz 0 0 ns




NEC

uPDA482444, 482445

(Common for uPD482444, 482445)

uPD482444-60 | uPD482444-70
Parameter Symbol 1PD482445-60 | uPD482445-70 | it | Condition

MIN. | MAX. [ MIN. | MAX.

Serial input enable time from RAS tszH 40 40 ns

SC setup time from RAS tsrs 10 10 ns | Note 13, 14, 15

SC hold time from RAS tsRH 10 10 ns Note 13

Propagation delay time from trD 0 20 0 20 | ns

SC to QSF

Propagation delay time from traD 0 80 0 95 | ns

RAS to QSF

Propagation delay time from tcao 0 60 0 65 | ns

CAS to QSF

Propagation delay time from toap 0 30 0 30 | ns

DT/OE to QSF

Propagation delay time from toor 0 40 0 40 | ns

RAS high to QSF

(4/4)
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(uPD482444 Only)
1uPD482444-60 | uPD482444-70

Parameter Symbol MIN. VA | VIN. TVIAX. Unit| Condition
Output disable time from CAS high toFF 0 15 0 15 | ns Note 6, 11
Output disable time from OE high toez 0 15 0 15 ns Note 6, 11
Output disable time from I:VVE, UWE low twez 0 15 0 15 ns Note 6, 11
Write command pulse width twpz 12 12 ns Note 11
Fast page mode cycle time trc 35 40 ns
Fast page mode read modify tPRWC 90 95 ns
write cycle time
CAS pulse width tcas 15 [100,000] 15 [100,000| ns

(uPD482445 Only)
1uPD482445-60 | uPD482445-70

Parameter Symbol . T | v, Tviax Unit| Condition
Output hold time from CAS toHC 3 5 ns
Output disable time from RAS high | tors 0 15 | 0 15 | ns | Notes, 12
Output disable time from CAS high | torc 0 15 0 15 | ns | Notes, 12
Output disable time from OE high toez 0 15 0 15 ns Note 6, 12
Output disable time from LWE, UWE low | twez 0 15 | 0 15 | ns | Notes, 12
Write command pulse width twpz 12 12 ns Néte 12
Hyper page mode cycle time tHPC 30 35 ns
Hyper page mode read modify tHPRWC 80 90 ns
write cycle time
CAS pulse width tHCAS 10 {100,000 10 |100,000{ ns




NEC

uPD482444, 482445

Notes 1.

ViHming = 2.4V

ViLmax) = 0.8V

All applied voltages are referenced to GND.

After power up, wait more than 100 us and then, execute eight RAS cycles as dummy cycles to
initialize internal circuit.

Measure at tt =5 ns

AC characteristic measuring conditions

(1) Input voltage, timing (2) Output voltage determined
VoHming = 2.0V
VoL max) = 0.8V
(3) Output load conditions
Random Access Port Serial Access Port
T Vee —— Vee
2 18380 § 1,838 Q
W/I0 SIO b
50 pF 30 pF
G 993 Q c 993 Q

. For read cycle, access time is defined as follows:

Input conditions Access time | Access time from RAS
trAD < trap (MAX.) and treo < treo (MAX.) trac (MAX.) trac (MAX.)
trap > trap (MAX.) and trco < trco (MAX.) taa (MAX.) traD + taa (MAX.)
treo > treo (MAX.) tcac (MAX.) treo + tcac (MAX.)

trao (MAX.) and trco (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trap > trap (MAX.) and treo 2 treo (MAX.)
will not cause any operation problems.

tsez, toez, twez, torFr, torr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Vo or Vou.

Either trcH (MIN.) or treu (MIN.) should be met in read cycles.

These parameters are referenced to the following points.

(1) Early write cycle : The falling edge of CAS

(2) Late write cycle : The falling edge of UWE, LWE

(3) Read modify write cycle : The falling edge of UWE, LWE

twes > twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance
during the cycle.

trwp = tawd (MIN.), tewp > tewo (MIN.), tawp > tawp (MIN.), are conditions for read modify write cycle
to be set. The data of the selected address is output to Dour. ‘

If any of the above conditions are not met, pin W/IO will become undefined.
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Notes 10.

1.

12.

13.

14.

15.

One ofthe following specifications will be valid depending on the type of read data transfer method
used. :
(1) DT/OE edge control: Satisfy the following specifications.
- For DT/OE edge inputs : trDH, tcoH, tADD, tOTR
« For SC inputs . tsop, tsoH
(2) Self control: Satisfy the following specification.
- For DT/OE edge inputs : troHS
* For SC inputs : tssc, tSDHR
Control pins CAS, OE, UWE, LWE to set pin W/IO to high impedance. Because thetimings atwhich
CAS and OE are set to high level and UWE and LWE are set to low level affect the high impedance
state, the specifications will change as follows.
(1) When CAS is set to high level at OE (low level) and UWE and LWE (high level) at the end of
the read cycle: torr is valid
(2) When UWE and LWE are set to low level at CAS (low level) and OE (low level) at the end of
the read cycle: twez and twez are valid
(3) When OE is set to high level at CAS (low level) and UWE and LWE (high level) at the end of
the read cycle: toez is valid
Control pins RAS, CAS, OE, UWE, LWE to set pin W/IO to high impedance. Because the timings
at which RAS, CAS, and OE are set to high level and UWE and LWE are set to low level affect the
high impedance state, the specifications will change as follows.
When controlling RAS and CAS, the output cannot be made high impedance unless both pins are
set to high. There is difference between torc and torr, because RAS and CAS control is specified
from the rising edge of the slower one.
(1) When RAS is set to high level after CAS is set to high level at OE (low level) and UWE and
LWE (high level) at the end of the read cycle: torr is valid
{2) When CAS is set to high level after RAS is set to high level at OE (low level) and UWE and
LWE (high level) at the end of the read cycle: torc is valid
(3) When UWE and LWE are set to low level at RAS, CAS (low level) and OE (low level) at the
end of the read cycle: twez and twez are valid
(4) When OE is set to high level at RAS, CAS (low level) and UWE and LWE (high level) at the
end of the read cycle: toez is valid
The tsrs and tsru in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle
and optional reset cycle) are specified to guarantee the serial port operations until the transfer
cycle is executed after the STOP register value is changed. When the STOP register value is not
to be changed, or when the binary boundary jump function is not used (when the TAP register
is empty), tsrs and tsru will not be specified.
tssc (split read data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising
edge of SC which reads/writes the address of the jump source in the binary boundary jump
function. tsphr (split read data transfer cycle and split write data transfer cycle) is specified at the
rising edge of SC which reads/writes the address of the jump destination in the binary boundary
jump function. The rising edge of these SCs cannot be input in periods (1) and (2).
(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that
ofthe SC specifying tsoHr (Refer to Note 2 Split Read/Write Data Transfer Cycle Timing Chart.)
(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that
ofthe SC specifying tsoHr (Refer to Note 2 Split Read/Write Data Transfer Cycle Timing Chart.)
Limitations of split read/write data transfer cycle during serial write operations. When split read/
write data transfer is performed while serial write is executed for the column specified by the STOP
register, serial write operations cannot be guaranteed.



NEC uPD482444, 482445
Read Cycle (uPD482444)
tRAS - trp
RAS (Input) \\//':: ‘\( / ) |
tcrp tRCD ~ tRSH ICTZ:?N
tcas
CAS (inpu) {1~ 7 N / \__
t_A_s_R ‘tRA:RTD tasc tRA:CAH
Address (lnpu) V1 XXX>§' ROW :L<X>|f coL. KON
—_
wWewon ' //////1/1/]/ Y
tRRH PZ
tRes tch-—: ——m—'EZ——]
e o [////[//1]]] \_/
tows || town ‘tWPZ e
T A ANV AR .
T:f tore
teac
toea
HPASAAY TGP R | e { ostaour  }--
tFRs trRH
oss e Vi \\\ LI

Remark Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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Read Cycle (Extended data output: uPD482445)

tRC

tras trP
—_ -
RAS (Input) \\//'l':_ \ ;/ ) | W,
tesH tere
tcrRp tRCD tRSH tcen
theas
CASnpuy = F N 7 \
tRAD ) tRAL
ES_.R - tRAH tasc tcaH
Address (Input) "~ XXXX ROW $<X>|f coL. ]
tRRH|
tRCS tRCHes
= ViH- . 3
wEwen > [/ /111 []]]
tRRH| twez
I.L. tRcH|we] fortWEZ
—— Vin— 3
LWE (input) ViL- //////////// toes \ /
.,ItWPz
toHs tOHH twez
! | I
_— = Vin—
ST g \oZ AN
tRac toez
taa torc
tcac torR
toEA
WO to W15/ Vor- High-Z s \
10010 101210utpUD (X7 oo fm e e e { DpataouT  B---
tFRS tFRH

SCERURNN | ,////////////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.




NEC uPD482444, 482445

Early Write Cycle/Early Block Write Cycle

tRC

RS W N B /i{ - N
e . XN R R
e e W I 1/// /LA U1
O e W NN 7/ // /A /AL
/78 B (VAR AR ARRRRRRARRRARNARY
T 1 S o ST 0O ORORONONY
O 77 == U

Note tcas for the uPD482444
trcas for the uPD482445

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Upper Byte Early Write Cycle/Upper Byte Early Block Write Cycle

trc

tras tre
— Vin—~ ' Y
RAS (Input) \;, _ \ / N\
tesH terp
tcrp trCD tRSH tePN
teas, theasMe
— ViH— \ 'S Y
CAS (input) v, _ / N J \
1raD traL
tasr| | tRAH tasc tcan
Vin— X R
pesess s 2 XXX row XXX cor ) XXXXXXXXX
twes twCH
twes | | twes e
— ViH—
OV tmpun i~ YOXK e $<§\ L[
tMCH
twes | [ twaH tes tmRH

— - )
TWE (lnput) vy~ /// \/// m

oo o Vil // ] ALLLALALLERARARARRRARRARRRRRRAASY
L twe | [ vy tog | tow
T8 1o WIS input) \y XXX Mask data :ﬁ@: paramvcoL. select X XXX
osr et . \\ Y[ D7 7777777777 7T7TTT777777

Note tcas for the uPD482444
trcas for the uPD482445

Remarks 1. WO to W7/I00 to |07 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
4. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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uPD482444, 482445

Lower Byte Early Write Cycle/Lower Byte Early Block Write Cycle

tAC

tRas trp
J— Vin-
RAS (Input) v, N \
tCcsH terp.
tcrp tRCD tRSH teen
teas, theaghe
— Vii- y f b
CAS (Input) vy, _ / N / \
tRaD tRAL
tash tRAH tasc tcaH
ViH= f 3 . 3
Address (Input) y, _ m“ ROW ’@( COL.
tMcH
twas | [ twsH tmes
tMRH
JR— ViH— ' Y
OWE (Input V':_XX/ \{{/’ \555555
twes tweH
twas | | tweH twp

TWE (Input) v/~ XX>§'WPB | t‘m
nput) y _ I select | A
— - y
BT/OE (input) v~ ///

i

toHS tOHH

ANAEAARARLARARARRRRRRRARARARARAN

tws

ton

WO to W7/ Vin— y
10010107 (INPUL) m( Mask data |

4
@( DATA IN/COL. select

trRS

DSF (Input) \\?:: ; ; \(

trcs

trCH

XXXXRXXXXXXXXXXX

X
Block write select

LT

Note tcas for the uPD482444

trcas for the uPD482445

Remarks 1.
2.

3.
4.
5.

W8 to W15/108 to 1015 : Don't care

When DSF is high level : Block write cycle

When DSF is low level : Write cycle

WPB : Write-per-bit

When block write cycle is selected, input the column selection data to DATA IN.

Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Late Write Cycle/Late Block Write Cycle

tre

- tras | tre
RAS (Input) \\?:: N ;f | W
tesH cre
| _tga: tRCD - t?su . cen
cas, tHeash
CAS (Input) \\//':: / \ 1/ ) | -
trRAD tRAL
tashl | tran tasc tcaH
| l"
Address (Input) \\//I‘H: m ROW )I®§! COL. KXXXXXXXXXXXXXXXXXX
L b, \
twes | | tweH tres :xt
twp
O topun Y XX X et setect K/ / N ////l////////[///
tAwi
twas tweH i tnes 1CWE
twe
T D i \_ VI
toHS ot
BTG tnpun 41 ATRARARARRARRRRRAANY
tws twh tos toH

WO to W15/ Vin=~ -
10010 1015 (INPUD) y;, m‘ﬂask data

1FRS

trRH

DSF (Input) \\//I::_ ; ; \‘

:

@{ DATA IN/COL. select ‘v’V‘V‘V‘V ‘V‘V‘V‘V‘V‘

/ ; ; ><Blockwmeselect

X T

Note tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. When DSF is high level :

When DSF is low level
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

Block write cycle

. Write cycle



NEC uPD482444, 482445

Upper Byte Late Write Cycle/Upper Byte Late Block Write Cycle

tre i

tras trp
ﬁA_«S-(Input) \\//Ilr:: X J/ !\
tesH tecre
tCRP )
r—’ e Ims,t::;s““' = Y
m(lnput) \\//l‘:: / S‘ J/l \
traD traL
tASR | tRAH tasC tcaH
sasuss oo Y22 YOO P HOH_cor KOORCRXCKCKCRXCKIXXRX
tRwWL I |
twas | | twen tRcs towy |
twe
410 = 4 N V7T7ITITTTTITTT
tMCH
twas | | tweH tmcs T
LWE (Input) \\;I:: f { /( L\ ! /J L
toHs E).e-li
N ViH— '
DTIOE tnowt V.- /// AN
tws tWH tos toH
oo ors mo) V2 YOO Mesk ate oata oL seect KXOOOONXX
tFRS . tFRH 1rcs trcH

os tom V7T \\ X Y/ Koo X[ 11111 TTTTTTTTTTTT777

Note tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. WO to W7/l00 to |07 : Don’t care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

&
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Lower Byte Late Write Cycle/Lower Byte Late Block Write Cycle

tRas - trp
RAS (Input) \\//'::: N Jil ) —
. tcrp taco = 1RSH tc:Zm
teas, theaghee
CAS (Input) vr'~ / N / ! \__
traD tRAL
TI:S: tRAH tasc teaH
Address (Input /'~ ROW @Q: coL. :
tmcH
twas | | tweH tMcs IMRH_|
U_VWE(lnput) \\//':: Ml !\Z/l ) m
TRwL
twes | | twaH tRcs tom,
t
ot XN s N V77777 77TTTTTTT]
toHs t‘?E_’I*
T 2 777 ALAARARRARRRRARRANNY
tos t
WO to W7/ Vin— y i - _ 7
100 10 107 {InPUL) , _ m‘ Mask data J W DATA IN/COL. selecbm
trAs | | teR [_IF_Ci trcH
osr ) {1~ NN\ Y/ eoiess X/ /111111111171 711/ 777

Note tcas for the uPD482444
thcas for the uPD482445

Remarks 1. W8 to W15/108 to 1015 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle. -

-~



NEC uPD482444, 482445

Read Modify Write Cycle/Read Modify Block Write Cycle

tRwC
tras - 15p
JE— ViH- Y /l
RAS (input) v _ N i N_
tCSH tcrP
terp tRCO 1R teen
v \ tcas, thcasNe y Y
CAS (Input) VI:_: / \L 7/
tRAD tRAL
tasR| | tran tasc tcaH
Vin- 3 3
Address (Input) ;, _ XXX ROW 1!<><L coL.
tRWD towe
tawp tRwL
twas || tweH
| tRCS tewo twe
- - Y \ \
UWE (Input) \\//':_ Eﬂ&vPB selet:t)ﬁC/{r \ ,///////////
tawD towl !
tawp
twes || twan s t‘::lwo TRwL
, Jatwe
JE— - / \
LWE (Input) \\//':_ X>§(WPB select)@C/ . ///////////
toHs toHH toEH
[ ViH— 3
DT/OE (Input) vy / \\ \\\ / \\\\\\\\\\;
tRaC
taa
tcac
tws twH toEA toep tos toH
Vin— / X _ High-Z £ DATAIN/ Y
VX,O (Input) vy, _ :X>§( Mask data ,?----9---- ------ "QXX L Sekct
W15/,
100 10z
to
- High-Z - y High-Z
1015 (Output) \\//%'Z_ SRR | RS L SR ) S { DATAOUT }-------------lg-h -----------
N
teRs 1FRH FCS 1rCH

oseimaun VT \\ 90, 225 VT sy,

Note tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

w
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NEC 1PD482444, 482445

Read Modify Upper Byte Write Cycle/Read Modify Upper Byte Block Write Cycle

tawe
trac tap
— Ve Y v Y
RAS (Input) y;, _ \( / R
tesk tere
terp tRCD tRsH teen
v, - tcas, thcagher f
CAS (Input) V‘:-—- /i \‘ / \
trao tRAL
1asR| | than tasc tcaH
Vii= 4 \ '4 \
Address (Input) \; _ L ROW - A A coL.
trwo towe |
twas | | twer 1RCS towo tawL
twe
—_— Vin— { | Y \
RN X 1/, 7777777777
tMeH
toHs 10HH e tawo tMRH
— Vi 7 p Y
LWE (Input) Vl:: f / \Z/ \ } } E }
tows 1OHH toeH
— ViH= 4 X ' Y
DT/OE input) yy_ WY/ AL
trac
taa toeo |
teac
toea
Vin- High-Z
wo [ (nput) yy_ X>----~-------.'9--. ....... I S
to
W7/
100 ltogz
to . : .
- High- Y \ 2
107 (Output) \or T -eee--- pHish2 I ) SECEEEEEE I Y - /17 A
trac
tan toep
t
tws | | _tw S tos| | tou
toEA tes]
Vin- Y High-Z 'Y \
AR L) e e s B
to
W15/
108 [toez
to High-Z / igh-
Von- 9 3 High-Z
1015 | (Output) g~ =======qf=====-=mcmmttennn- ) SenEECEEEE LR P EEETEPELE ML e
1FRS 1FRH tFcs trCH

oseime 2NN W77 TTT T TTTTT77 77,




NEC

uPD482444, 482445

Note tcas for the uPD482444
tHcas for the uPD482445

Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, S—E, SIO pins in this cycle.
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NEC uPD482444, 482445

Read Modify Lower Byte Write Cycle/Read Modify Lower Byte Block Write Cycle

tRwC
trac 18P
— V- "\ s Y
RAS (Input) V]:— \ Jl \_
tcsH tcre
tcRp tRCD RSH teen
teas, tHcashete
N - \ s
CAS (Input) \\//l:_ / N ;Z 1\
tRAD tRAL
tashf | tran tasc tcan
Vin= 4
Address (Input) y, _ K ROW COL.
hmcn
twas | | tweH tMes. tMRH
OWE (input) |~ // N {/’ \ M
tRwD towt
tawo
twas | [ twen tRWL
' tacs tcwo
—_— Vi { 3 =
TWE (input) v — X>§ WP select f N V[
toHs tonH tOEH
— —— - !7
BT/OE (nputl v~/ AN/ 2\ 5 \\ 5 5 \
trac |
taa toep
teac
tws twh toEA tos| | tou
Vi y High-Z DATAIN/
Vt\f)o (Input) yy, — X>§‘l/lask data$ ------- i bl il COL. select 4
w7/
100
to
VoH-
107 | (Output) o -
we [ (nput \o
to
W15/
08 s
to _ High-Z \ High-Z
S TR .S | - AL
ters || teRM tFCs trcH

e 2 N Y7ol I 7T 7TTTTTTTTTTITTTTTT,




NEC uPD482444, 482445

Note tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, ﬁ, SIO pins in this cycle.
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NEC

uPD482444, 482445

Fast Page Mode Read Cycle (:PD482444)

trasp tre
—_— -
RAS (input) S~ /
tcrp
tec tRSH b
tcas tee teas .| teen
P Vin— Y\ y
CAS (input) v, _ /N Jf
tasc tasc| | tean
' p
Address (Input) \;:_ coL."2" m COLN"
that tRCH
tRRH [+
J— ViH— 3
UWE (Input) y, \S 3{
twez
treH
trRH [
NE Vin— R
LWE (Input) ViL— &
ta twrz
tace
toes
— ViH—
DT/OE (nput) v/~ 1\ \ ///
10EA toeA
teac teac
-tﬂ.' f—a]
Torr 1OFF

WO to W15/ Vor-
100 to 1015 1OutPutl o, _

DSF (Input) \'

Remark Because the serial access port operates independently of the random access port, there is no need

igh-, 4 X
e { DATA ouT 1"}

1 —\
DATA OUT "2" J

-1

- - - {' DATAOUT'N' |

.l////////////////////////////////////

to control the SC, SE, SIO pins in this cycle.




NEC uPD482444, 482445

Hyper Page Mode Read Cycle (Extended data output: 1 PD482445)

trC
trasP tRP
— V- / Y
RAS (Input) \y; _ N\ / \_
tcrp
thec tHeC tAsH

tcre tReD thcas tce tHeas tcp THeAS L teen
— Vin— \ —\ Y\
CAS (input) v~ _/ N 4 N 4 N

traD
tesH
skl [tran | tasc || tean tasc| | tcan tasc| | tcam
el b 2] =g

ViH- 3 p 4 \ A
Address (Input) y, _ b ROW 7& CcoL.* m coL."2 ;mr COL.'N*
\ tRCS,

WEwpw - /////] )\‘L—__'/F

AL tRCH
tRRH [

twpz
e
i tRCS tRAH
TWE Vin— 3
WEwew) \*~ [/ /) )] \ [
twez| |
ta taa L twez
tons ﬁ’% tace tace
toEs
DT/OE Vin= s \ — 7
orice i v~ /|1 AN\ I\ //
'tOEA toEZ e tOEZ
teag feag teac foF
trac Tore toHC toFR
WO to W15, Vor- High- s \AAS \AAS \
o e o (Outpu) y o == = = =1 j-- ez { pataour '1')<X>]‘ DATA OUT -z-)i®§‘ DATAOUT'N' ==

tFRs| | tFRH

DSF npun %‘::i\r .J////////////////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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NEC ‘ uPD482444, 482445

Fast Page, Hyper Page Mode Early Write Cycle/Fast Page, Hyper Page Mode Early Block Write Cycle

trasp . tep
— - T —
RAS (Input) v~ N 711 A\
tec, tHpchew ! tpc, thpchow? trsH teap
1crp tRCD feas, theas™2 | tep || teas, tHeasM2 - tep teas, tHeaghow? teen
Vi ] \
CAS (Input) VI::: j N\ N N\ /
traD J K
tcsH traL
tASR| | tRan tasc | | tean tascl| tcad tasq | tcam
|
ViH—
Address (Input) v, _ ROW ]}0{ coL 1" | coL2 §<XXX>§ COL"N' )@XXXXXXX:
twas | ftwen wes| tweH tws| tweH twes | tWeH
= twe twe twe
N Vin-
N WPB
UWE (Input) Vie— ﬁt select ’x \_\ }_/ \: 1/ \ / ; ; ; ; ; ; ;/
twes| twen wes 1] twer es| | twen
twes| [twon W twe twe
—_— Vin— WeB Y /\ [\
LWE (Input) Vie- D( select Z X 2 \ 7 /
t[n_ni lu.ulu
e Vin—
57 et v~ /77 11 AL L L L VALV VLV VN
tws | |toH tos| |_ tou tos| | tou tos| | tow
WO to W15/ Vin= DATAIN '1* f DATAIN *2* DATAIN'N' ¥ VVVVY VYV VY
100 10 1015 (Input) , Egms“ data /COL. select /COL. select (/COL. select ‘A‘A‘A‘A‘A‘A‘A‘A
eRS| |tFRH tecs| | tece tecs| | trcn tres| | teon
ViH- - p , \ L 3 y
DSF (Input) ;, _ _\[ K Block write sﬂim, @‘Blockwnte select}@@lockwme selectjm

Notes 1. tec for the uPD482444
tuec for the uPD482445
2. tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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NEC uPDA482444, 482445

Fast Page, Hyper Page Mode Upper Byte Early Write Cycle/
Fast Page, Hyper Page Mode Upper Byte Early Block Write Cycle

tRasP tRp
J— - Ty s Y
RAS (Inpu) \\/,':_ N W \
tec, thpchet! teC, tHpchet? tRSH . tcrp
lfiﬁ: RCD tcas, tHeasM*2  tep | | teas, thcasM 2 tce 1Cas, tHeagMe? tceN
— Vin- \ \ —
CAS (inpu) _/ 0 \ ‘S /N \
: 1CSH tRAL
tash| | tran tasc | [ tean tasc| | tcan tasc| | tcan
Vi ‘ s
Address (Input) VI::_ D ROW th coL: 1 m\ coL.2 ’m COL."'N*
bwes | twen twes| twe e twe
tuss | |twari twe twe twe
T Vik= WPB / \ / \
OWE (Input) v, _ X>]‘ 56.93(_\ ! ;/ / / / / / / /
1
twag| |twaH tMes LR
I... _.I =1 tmcH
J— - '
LWE (Input) \\//I:_ !/ 1\[/ \ 5 5 5 5
toHS lo.'m«
R/ T ATEI T TR RERARARERARRRRRRRRARRANY
tws| |twH tos toH tos toH tos ton
r‘— s fet—m{ p—ai
W8 to W15/ Vin- DATA N "1 DATAIN *2* DATAIN *N'
108101015 {Input) \, D Mask data @ JCOL. select \ /COL. select | JCOL. select
tFRS| |tFRH tecs | [ trcH trcs| | trcn tecs| | trcH

| ——»l
DSF (Input) \\//]::: Block write semm Block write select Block write select ‘X X‘I’x‘x I‘x‘x

Notes 1. trc for the uPD482444
tupc for the uPD482445
2. tcas for the uPD482444
tHcas for the pPD482445

Remarks 1. WO to W7/I00 to IO7 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
4. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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NEC - uPD482444, 482445

62

Fast Page, Hyper Page Mode Lower Byte Early Write Cycle/
Fast Page, Hyper Page Mode Lower Byte Early Block Write Cycle

trasp 1RpP
— V- ¥ s Y
RAS (Input) v _ N Y N
tec, thpchet! tec, thpcN®? tRSH tcrp
r‘f_”: trco foas, ticas¥e? | tep_ | fcas, theas™2 tep | | teas, thoas? TcPN
CAS \ y X
CAS (Input) V,L / o N 7 N N \_
. tesH tRAL
LASR| | tRaH tasc tcaH tasc| | tcan ftasc| | tcan
Vin= ( r \ —
Address (Input) Vie— L ROW ﬂ coL." 1t s COL.'Z;, I COL.'N
twes| | twaH tMmes AR
r—— <-.‘ tMeH
WE (nput) ' V'“' 2/ i 1\[/ X E E E E
twes | tweH “ﬁ‘ﬁ tweH “_55. _tweH
twes | [twen twe twe twe

— Vin- 3
LWE (input) W_X>§ g X\ / \ / /7;7;777,

/2 R \ALATARIATARIARARATARARARARARARANY

tws| | twe tos toH tos tou tos ton
<—>1 |-emd] |a—o] e

WO to W7 Vin- DATAIN"1* ATA IN 2" DATAIN'N'
10010 107 (Input) Vi - E‘ Mask data ><XX>§ /COL. select RO sbleat [COL. select

trRg] | trRH . trcs tFCcH rCs| trCH trCs| trcH
N [-— ey |
Vin= 4 } Y N \ s - p
DSF (Input) y, ‘Block write select’ (Block wiite selec1) (Block wiite selec&}

Notes 1. trc for the uPD482444
tupc for the uPD482445
2. tcas for the uPD482444
tHcas for the uPD482445,

Remarks 1. W8 to W15/I08 to 1015 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit .
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIo pins in this cycle.
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NEC uPDA482444, 482445

Fast Page, Hyper Page Mode Late Write Cycle/Fast Page, Hyper Page Mode Late Block Write Cycle

tRasP 1o__tRP
v \ tesH A‘__S___.
RAS (Input) v N A \___
tec, trpchee! tec, trpche? tRSH tcrp
taco tcas, tHeasNe? tep | | feas, thcaghee? - tce teas, tHeashe? _teen
= ViH=- 3 2 \ 2 A X
CAS (input) 1~ N /A 7 N / \
tRaD
TSR | tRaH  tasc| | tcam tasc| | tcan fascl | tean toaL
Vin- X .
pasess oo '~ XX(row XY cor ) oz o XXX
TRWL
wunel | towl tow "m-’_.
BS| [tWBH  trcs
L] trCY tRCS
/ "-— \ - \ = \ =
oz Ve WPE
UWE (Input) v, _ X); salbct N \ / N/
. " 1 tRwL
- owL WL Towt
S H  tReS
DA trcs tRCS twi
v r-— ‘ twp ived twe e P
— H=
WE ot v XX saes: K/F N V) /
1DHS toEH
-D'-l’/ﬁ(lnput)\\//':: f/ \5555555!5
ws | |t tos| tos| tos!
s I toH ,.l-'h toH
WO to W1 Vin— s \ \ )
o0 w1018 (nput) '~ [ Mask | DATAIN 1 DATAIN'ZJKXXX DATAIN'N] KXXXXXXX
teRs| [ tFRH tFCS| trcH trcs trcH

E_cﬂ trcH
ViH- 4 . ) ) ! . y

Notes 1.- tec for the uPD482444
trpc for the uPD482445
2. tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

w
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NEC

uPD482444, 482445

64

Fast Page, Hyper Page Mode Upper Byte Late Write Cycle/
Fast Page, Hyper Page Mode Upper Byte Late Block Write Cycle

trasp trP
~ tesH
JE— ViH— ' Y
RAS (Input) ;. N / \
tec, thpcNte ! tPC, tHpchew? RSH tCRP
tRco teas, tHoasMe2 | tcP || tcas, thoash*2  tep teas, tHeagNet2 teeN.
N - \
CAS (Input) \\/,':_ N ] N ] 7 J‘:
tRaD
traL
tasr| [tRaH tasc] tcan tasc) | tcan tascl | tcan
DN [y IR B . ]
- 4 AL —\ s
Address (Input) \\//':_ EELROWJEOL coL.1* I COL,-2-J LCOL,"N-
towt tow TRWL
twes| |tweH ¢ tow,
ey Fes twp  IRCS twe RS twe
V \ l‘-. \ == \ \
TWE W= WpB
UWE (lnput) v _ Xx s )(/F N ;f N 7 N J[
tMRH
twas| | tWeH  tracs]
I_.. fa—em| ] tmeH
—_— ViH- 3
LWE (Input) Viem f } \ 5 ! 5
toHs toeH
— ViH—
BT/GE (input) / / \ \\\ 5 A\
tos tos| tos
s [twh, tou tou | tou
W8 to W15/ Vik- £ MASK 3 4 Y / " —
108 10 1015 {NPUD) @;t data (DATAIN 1; PATAIN 2; DATAIN ‘N
tFRS| |tFRH trCs| treH rCs| trcH tecs| tFCH
et [
Vin- 4 \ 4 ) \ 4 -
DSF (input) , _ (BIockwme select ] Block write select] Block write select;

Notes 1. tec for the uPD482444

turc for the uPD482445
2. tcas for the uPD482444
trcas for the uPD482445

Remarks

1. WO to W7/100 to 107 : Don't care

2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle

3. WPB: Write-per-bit

4. When block write cycle is selected, input the column selection data to DATA IN.

5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.




NEC ‘ uPD482444, 482445

Fast Page, Hyper Page Mode Lower Byte Late Write Cycle/
Fast Page, Hyper Page Mode Lower Byte Late Block Write Cycle

trasP tRP
fcsu v
— ViH— \
RAS (Input) y;, _ Q‘ pli \
trc, thpcht! tec, thpchete! tRSH CRP
tRCO tcas, tHeas™®2 | tep CaS, tHcas™? 1cp tcas, tHeaghete? tcen
_— Vin— 3
CAS (input) v, N }; N JVI | J
tRrAD
~ tRAL
SRI | tRAH  [tasc] tcan tasc|| tcan Trscl T Tean
j—t pe—a—{ [—
ViH— - YAYL . s 3 —
Address (Input) v~ ROW coL" ;(XXX>3 coL"2 ig(XXX);{ coLN' |
twas| [tweH  tmcs | tMRH
H —-.l l-—. tMcH
UWE (Input) \\2’:: { ]l K }l K 5 5 5
towe towL | tRwWL
towL
twas| | twal
y :f'. ___: tcs ) twe 't_"f , twe _, IACS ) twe
TVE H— WPB : V
LWE (Input) v, — ﬁ\ select 7# S: 72F - Jf 7
ltg’_'li tOEH,
BT/OE tnput \~ [/ | SN
tos tos| tos|
tws | | twh tDH tDH ton

Wotows/ Vi S— ‘— — "S—
10010107 INPUD) \, [ Mask daa ‘ (DATAIN "1} DATAINZ) DATAIN'N]

1FRS| |tFRH trCs| trCH trcs tFCH trcs trCcH

- 4 X 4 . R R
DSF (nput) v~ _\r LXBlwmsem,mBlmkmmsem’@ Bmwmesem’[@XXXXXXXX

Notes 1. trc for the uPD482444
tnec for the uPD482445
2. tcas for the uPD482444
tHcas for the uPD482445

Remarks 1. W8 to W15/l08 to 1015 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

&
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NEC

uPD482444, 482445

66

Fast Page Mode Read Modify Write Cycle (uPD482444)/
Fast Page Mode Read Modify Block Write Cycle (uPD482444)

— V= Y
RAS (Input) VI:- \‘ ZF

— ViH—-
CAS (Input)

7
teas
Vih= 4 4 -y .
Address (Input) X>§ ROW §<> coL.1" KXXXX coL.'2 COL."N"
VX 7 7 K

rlm jw’, -
Vin— f j ! ]
OWE (lnput) v~ Z>§(§/Ve|2§t K_/( S i

trasp trRP

1

trRWC trRWC tcre

RS
trco tcp tep " teen

X tesH 4 )N

teas tRaL

tAsR| [tRan tasc| | tcan tascl | tcan
]

£
o
2
g
3

twas| | tweH tRes towp

|

]
Ei
2
-
2
S

tRCS| towo

iz 12
2

tRWD T
- - o o tawp towt
ow | +
| [ Tfi tono |t [‘m towo twe tRCs| towp twe tRwL
|
ViH= f WPB 3 k | |
TWE (nputh yr _ XXSeIect;EC/‘ |- \ S
tRWD
trRac e i

S Viu- 73 ' r
BT/OE (nput) v,y |
tcag [toeo tcac| [toep [teac] _ [toeo
1 T

toen
taa t
foEA) o——jme" foEa —— \ tozal "_.I

1oHs| | toHH toez toez toez
o ((oupun Yo - .-.‘iiQE'Z-_.-gE;L-. | Hisnz ) oy Al Henz_ ey L ez
o .
Vl\/0105/ tws || twh o o o
to = i tos ) tos i 1os
S ) S| Lt .,.j_-._w.-z_b( - :;---.-"."Sfl'g.gbgi w XX0

trRs| [trRH tres| | treH trcs| | tren trcs| | trcH
et |- -y

Vine Foar ) ook TR VVAVAVAVAVAVAVAY,
e 52 TN RO KN KRR

Remarks 1. When DSF is high level : Block write cycle

When DSF is low level : Write cycle

2. WPB : Write-per-bit

3. When block write cycle is selected, input the column selection data to DATA IN.

4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Fast Page Mode Read Modify Upper Byte Write Cycle (uPD482444)/
Fast Page Mode Read Modify Upper Byte Block Write Cycle {1PD482444)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

wo [ (Output)

to
W7/
100

to

107 (Input)

ws [ (Output)
to

W15/
108
to

1015 (Input)

DSF (Input)

ViH-
ViL-

Vik-
Vi~

ViH-
ViL-

ViH-
Vie-

Vin-
ViL-

ViH-
ViL-

tRaSP trP
"Q-.
T -
ﬁ( Z : \_
tRSH
tPRWC tPRWC tcrRP
tRCD tep tep teen
T ' R
b f K 7 K 7 \
tRaD teas tcas tRAL
t_:_si tjﬂ tasc | | tcaH X_A_S£ tean 252 tcan
s YAL \ - \ r \
Crow X} coLr coL ] couw XXX
tawp tow] tAWD towL tawD 1_c_w_:|
tfi 3N_:H tRCS towp | twel  Itcs towp we | [RCS towd ::VWL
P
s \ \ \ \
WPB
[ X f i } \ \_J
tRWD Loy tuck
twas | | twaH tMes tMRH
[ ﬂv A\
tRAC tach tace
taa taa toex
taa toEH| |- toEH| I+
3 [ JooE e el i
\( \( / X / \_
ltcad
1oHs| [toHK E‘ﬁ t—c-Aﬁ [
toEZ toez toez
..... High-Z SR R ET 0 A B -.-.gcz- ..--....--.--.-.gl'—N' WL HehZz .
- - -
[tRAC, tacp [tace
taa taa taa
| | JIOEA toEA| [toEAl
HeE XXXXXR
ltcac|  |toep tcac]  [toeo [tcac| | toep
angn | [ o=t (-t ot
[toez toez itoez
High-Z Y High-Z High-Z Y High-Z
..... ---------.-.{-1- -..-------.-.g-z- ----------.-.g-Nn L L
- N7
tws | | twn ton toH tox
-—' ) tos ; tos ) tos
ced Mask}____] HighZ Ay -~ L iz 2 -4 PRI N )
data J . 7 K
trRs| | tFRH tres| |treH tres| | treH tres| | trcH
\ ‘ " ‘V‘V‘V‘V‘V’ /- Block Block
X £ [Rwrite selectf \/ N/ N/ N/ \/\/FRwrite select write selec
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NEC

uPD482444, 482445

68

Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle .

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC uPD482444, 482445

Fast Page Mode Read Modify Lower Byte Write Cycle (uPD482444)/
Fast Page Mode Read Modify Lower Byte Block Write Cycle (uPD482444)

1RasP trP
S Yo ) i
RAS (Input) v - i 7N
tRsH I
teRWC tPRWC tcRe|
trcD tcp tep teen
1
—_— Vin- 3 tesH 3 4 3
CAS (Input) , _ (( 7:’ S( ;Z S‘ / \
traD teas tcas tRaL
tasR | |t tasc | | tcan tasc| | tcan
)A‘-— <R-A—H - fr—— -LAS-—C tean
ViH- 4 YN\L e 4 X / \
Address (inpuy - XX ROW XX coL1* ] coL2 coun XOOOOKXX
l--— tMcH
twas | |twsH tmes
I" _-.l tMRH
_ ViH- \
UWE inout) v~/ 7 ’\_ f W\
tawp tS’YJ tawp towt tawp EWJ
twas | | twan s towo | twi r'"—“: tewp twe | fRCS towo -“;—J TRWL
[ P
_—_ Viu- ¥ WPB 3 X . \ \
LWE (Input) Vie- D( select 7K_f \__ - S S
tRwD
tRac tacs tace|
‘ . {:‘é toen| tt:: toen |_j=—} toN: ‘M.I
_— Vim- 4 ll 4 4
DT/OE (Input) Vie- ! 5( / \t \
tons| [torm itcad to?o ltca toeio teag toeio
toez
Von- — -
WO [ (Output) V?;- ------ H ---—-~------§LN_'7--- High2 ..
to
W7/ tACH
100 toH taa 1oH
t0 ws tos | jeti0% tos
107 ViK- . \
(Input) Vl::_ -- "é‘:s P SRR EE R ) Y §<XX§
tead
[toez
ws [ (Output) \\//z:: ----- L Hi L : L __I_-li_gtl-_Z"_____g - HighZ
to
W15/]
108
to
ol e 205 TR 2 (R RN
tFRs| | tFRH tres ) [treH tecsy | trcH tres| | treH

s i) VT AN W QU N e KOO Nt e KIOQOKXX
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Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Hyper Page Mode Read Modify Write Cycle (Extended data output: ;PD482445)
Hyper Page Mode Read Modify Block Write Cycle (Extended data output: pPD482445)

_ Vin—
RAS (input] v,

— Vin=
CAS (Input) , _

Vin— /
Address (Input) \;, _

OWE (input) v~

R ViH—
TWE (input v,

DT/CE (Input) \\/;::

Vor—
WO | (Output) Vc:;:_
to

W15/]
100
to
1015

DSF (Input) vy~

Remarks 1.

trasp tRP
—_— 2! Y
\ 7/ N\
RSH .
tHPRWC tHPRWC tcrp
tRCD tep tep tHecas teen
Ny N AN
X 7 N 7 X 7 \
tRAD 1HCAs tHCAs tRAL
tAsR| |traH tasc| | tcan tasc | | tean tasc| | tcaH
RN | AT S el s
Y AL ! s \ { \
row KX coL 1 XXX XXXX coLz coLn X XXX
FVK b K 7 N 7

tawo

tawp tawp

tRCs towp

thes tewp tRCS| towo

tRwL

(Input) \C:: -

When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

j
trRwD -
tawp lowy tawo tawd towl]
twes| |twen | tRCS| | towp twel | ltacs towo tacs| |, town taw
p— —o [ twp
r;VP‘B—.I - ’\ ! ‘S l 3
select | ﬁ
trRwD
tRAC t:C" t:‘AiP
taa AL toEH
toeH [tOEA toEH [LOEA|
) {togal | |
\ ' )L\ 4 Y X
_/L .)l\ [tead toep \ ftcac toED | cac] | tOED
tons| | tonn to;‘z tois‘z toez
iah- igh- i —\ i
oo ez ey ez ] oy ) HenZ_ )y Ll vz
ws ||t 1oH 1DOH toH
e tos tos tos
{ Mask High-Z .. High-Z S High-Z e Y
=0 et T b R A AT o i
trRs| |tFRH trcs fﬁ: tres| | treH trcs| | trew
¢ Block Block VVVVV Block VVVVVVVV
fwrite selecty write select ‘A‘A‘A‘A’A‘ " ‘A’A‘A’A‘A‘A‘A‘A

When DSF is high level : Block write cycle

need to control the SC, SE, SIO pins in this cycle.
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NEC

uPD482444, 482445

Hyper Page Mode Read Modify Upper Byte Write Cycle (Extended data output: 1PD482445)
Hyper Page Mode Read Modify Upper Byte Block Write Cycle (Extended data output: ;PD482445)

trasP trP
J— ViH— B! Y
RAS (Input) y; _ ﬁ‘ /I
tRSH .
tHPRWC tHPRWC [tcRe
tRCO tcp tcp tHcas tcPN
— Vin— tes! 4 \ { {
CAS (Input) v — — \ 4 N / \
|
tRAD tHcas tHcas tRAL
tash | |Tran | tasc | | tcaw tasc | | tcan tasc| | tcaH
foe] || o] [t tams] ]
ViH—- 4 YAL ! Y /s
Adaress (Input) v/~ Xx ROW ;50]: coL ] coL? | [ COL'N XXX
tawo towt tawp towl tawp T&Nﬂ
twes| |twen | thes towo | | twe) . [tacs| towd | twe, | |tRcs town :\‘""’-
P
R ViH— f WPB X RS —\ ){
UWE (input) ;, _ D( select 4 k| S
trRwWD
lea{ TMCH
twas| [tweH t™me! tMRH
LWE (Input) \\/,':: f / f \ 5 5
tace
taa 1oEH
y toeH i L [tozA ‘_’l
DT/OE (Input) VI:Z_ ' / \
I‘CA;C
toEz
- ‘- igh-
o (tovpun V21 Jooef v ez
to
W7/ [tace
100 150
to || ltogA
tcaqd | toeo
toez
- High-Z Yy High-Z
ws {(Output) \\//%':- 29T} N S A R
to 7
W15/
108 oH TOH
to tos tos
1015 Vin— \ High-Z Af y
(NS fall SEEEE LECAER ) U SR e 7 ’E“-W --9--@;‘ N XXX}
tres| | treH
ViH= VVVVV VVVVVWVWVW/V
DSF (lnput) -, _ ‘A‘A‘A’A’A“ wite selec "A’A‘A‘A AA A’
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Remarks 1.

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Hyper Page Mode Read Modify Lower Byte Write Cycle (Extended data output: ©PD482445)
Hyper Page Mode Read Modify Lower Byte Block Write Cycle (Extended data output: pPD482445)

- Visi—
RAS (Input) .

CAS (Input) \\;l::

Vin=
Address (Input) \/,

N ViH—
OWE finput) .

WE (input) \\/,','::

BT/OE (Input) \\//I.'::

(Output) \\//g'::
W0
to
w7/
100
to
107

ViH=-
(Input) y _

DSF (nputl v~

tRASP tRe
/F'S —
- 7N
tRsH N
tHPRWC tHPRWC e
trCD tcp tce tHcas tcPN
X tesH £ !S {—\& /
U K X 7 \
tRAD tHcas tHeas tRAL
tasR | [tran  [tasc | | tcan tasc) | tean tasc| | tcan
y X AL Y\ 4 4
ROW coL. 1 COL."2 COL."N" ><><><X
K AVX 1 X N
Lbk tMCH
twes | |twaH tmes 1
I.-— -o-o-] l.» MR‘H
0 \J A\
tawp t:xv_L tawp tow tawp 1£_w.
WS | | twBH 1RC! towo twel | [tRes| towp twe, | tRcs tewo F—-—
] '... '.L_.. l e tRwL
- WPB )S )S ‘!x
select k|
' tRwD
trac tace tace
[tas 1an ERALLYY | o TOEH _,
r_ toeA =] JOEA ] JTOEA I
2 4 4
X \ \(
[tcaq | togp tcag  [toep fcaq |toeo
T T T
Toms | | tonw toez toez toez
High-Z ' - T\ High-
SR A gh-Z | ---.g-fi-----.--.-.-.g-z- 1 Ll oy -4 ez
- A  N—
tRaC tace! tacH
taa toH taa toH_, taa toH
s o, toz4 tos togA tos | et JOEA tos
- Mask) _____ doJ.L o [ B O I wn RO G A N
L Mesiy R Y IED S RV
tonc [teag teag
toEz toez toez
————- . HighZ |} JHighz L DN s e SIS SV S L S
AN NNNNNN
tFRS| [1FRH trcs| |tecH trcs| | treH tres| | treH
Block Block 3 Block Y
Rwrite selects write select # write select £
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Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Flash Write Cycle

RAS (Input) \\//I,'::

-\

tcrp

Ic—.

\_ \

JR— Vin-
CAS (Input) v, 7

o s 112 KN
ddress {Input) \, _

ALAARALERRRRARARARRRRRRRARRRRANY

RRXXUKXIKXXKXKXXIIXKKXKKXXXXXXX

twes

— ViH=
OWE (Input) v, _ ; ; \

OJ,// LI T

twas

LWE (Input) \\//':: ; ; \

j// L

1OHS

tonH

R - +
BT/OE (Input) \\/,’,’:_ //]

WO to W15/ Vin—
100101015 {INput) , _

ALAAAAAARALAIATARERRARARRRRRRAAN

o Y XXXKXXXKXXKXXKXXKXXKXXKXXXXXXXX

Vin— 4
DSF (input) ,~ / /]

ANNARATARARATARARRRRRRARRRRARAANY

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

77



NEC

1PD482444, 482445

78

Flash Write Cycle (Upper Byte Flash Write)

tre

ﬁ_,AS(Input) \\9,':: ‘ N F ]\_
-~ ’.tiﬁi tcHR ) . '
S o) 1 AALAEALAREARRRRRARRRRRARARRARRANS
Adoress (npu) '~ row XX XXX XRXXIIIKXXXXXXX

— ViH—
TWE (input) v, _

OJ// JIIIITIiiiiiiiiia

e v /77 11 ATV VMV ANNAVAAAA N ANNNWNA

toHs || toHH

R Rl/7AN AN \1 || EERERLLRRRRARRRRRARRRRRNNY

tws| | twe

152158 o Y2 XXR o KKK X KRR XX KRR XX KX X XRRX X KKK XKXX XK

tFRS tFRH

ostmn v /77 AMEET VNV VMV NNNANAARARN ANV

Caution After the falling edge of RAS, the operations performed for the upper byte will be the same as the

RAS only refresh cycle.

Remark Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Flash Write Cycle (Lower Byte Flash Write)

tAc

tras N trp

RAS (Input) \i' - ——\S( )\__
S o 1 _/I: ALAAAEARARARERRARRRRARRRRAARAY

r-a-

ViH-
Address (input) | — XXXX ROW

QAXXXXXXXKKIXXXKKRXXXKKXXXXXKRXX

twaes

twex

TWE (nput) v~ / {/F
TWE (mpu) Y~ \ \ \

ALNARARRARAAAEEAAARARRRARRARAAAN

’-J,// T

toHH

— - ¥
BT/OE (Input) \C:_ / Z /

twh

ALANARARARATARARRARRRRRRARRRRRANY

WO to W7 Vin-
100t 107 (Input) \, MMask data

AKX XXKIXXIXKKXXXXKXXXAXXXXX

trRs

trRH

_TTF
osk tnpu) '~ / /]

ALAEARARERRARARRARARRARAARRRRRANY

Caution After the falling edge of m, the operations performed for the upper byte will be the same as the
RAS only refresh cycle.

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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RAS Only Refresh Cycle

tre

tras trp
RAS (Input) V"= N / !
ViL- X 7 \_
terp tRPC
CAS (Input) V= /-l )-\ { !
ViL-

tasr traH

s oo+~ RO o KRR QKRR QKKK

tDHs tonH

oicE e v~ [/ 5 L LARRARTRRRRARRRARRRARRRARNN

ost e (17 \\\Y LI T

Remarks 1. UWE, LWE : Don’t care

2. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.




NEC uPD482444, 482445

CAS Before RAS Refresh Cycle (Optional Reset)

tre
tRAS , trp
RAS {Input) \\//':: N JZ \_
tRPC
. tese tCcHR )
CAS (Input) \\//':: J( J/
\1%%(3;\12155/ {Output) \\//?3:: -------------------- F===eeee= l—'{' lgil% """""""""""""""""
tFRS TFRH
osF tnpur Y~ \NA N\ VL LI
tshs tsar
SC (input) \\//':: / \ ‘ 47/_\_

Remarks 1. AO to A8, UWE, LWE, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no

need to control the SE, SIO pins in this cycle.
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NEC uPD482444, 482445
CAS Before RAS Refresh Cycle (STOP Register Set)
tRC
tras | trp
RAS (Input) \\//l:: i JZ \

tcsh

1CHR

=c ViH=
CAS (Input) Viee \

N

tasrR

tRAH

Address (Input) V"~ m
A -

sounoany cooe XX XXXXXXXXXXXXKKXXXXXXXX

AN 77T ITTTTTTTIT777
PR AN 77777 ITTTTITTTTIT
ssrimas - TTTTTTTF AALLLRRLARARRAARANARANNY

ViH=-
SC (Input) Vi- / \

Remarks 1. DT/OE : Don't care

2. Because the serial access port operates independently of the random access port, there is no
need to control the SE, SIO pins in this cycle.



NEC uPD482444, 482445

CAS Before RAS Refresh Cycle (No Reset)
tRC

RS npu) Y1 N ) f—’\_ |
aﬁmm»m:____—-_\(ma 3 7/ |
OWE oo 317 W —— 4\\\\\\\\\\\\\\\\\\\\\\“
Wﬁmw)m:ZZAQQZ} - tmnk\YYQQO&AX\YQOO&AANNV\

osewen 12 /////1/F ’i\\\\\\\\\\\\\\\\\\\\\\\\

Remarks 1. AO to A8, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.
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Hidden Refresh Cycle (uPD482444)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

WO to W15/
100 1o 1015 (Outeut)

ViH -
DSF (input) K\r

tsrs
SC (Input) \\/}:: _/_\ / \ / \

tre tre
- tRas - L tre tRAS 1RP
R F L N
terp
tRCD tRSH tCHR teen L,
" tcrp l—-— ' . tcas ; |
ViL - / S( -,Z \
1RAD tRAL
tasr | [tRAH tasc || tcaw
i |
e XXX ROW ’5@@: coL.
tRCS tweH
w- L1 SCAMMMNNNN
twez
tres tweH twez \
I
vo LT AN
toHS | [ tomw toes - twEz
o [/7 ANAANE ]
1hag torF
taa
tcac toEz
. toEA .
AT TR | M et -g: DATA OUT :E- ----- Highz_
1FRS tFRH tFRS tFRH
" Reset select

Remarks 1. When DSF is high level : Reset select = No Reset

When DSF is low level : Reset select = Optional Reset

2. Because the serial access port operates independently of the random access port, there is no
need to control the SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Hidden Refresh Cycle (Extended data output: 1PD482445)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

WO to W15/
100t 1015 {Output

DSF (Input)

SC (Input)

Remarks 1.

tRC trRC

tRAS | _tre 1RAS trP
Vi~ B!

ViL- ﬁr j‘_SSr 12

tere

- tesp l'" tRCD tRSH ticas tCHR ) teen |
ViL- / S( Z —
traD tRaL

tasr tjf tasc || tcan

vim XL rom X cor XXXXXX
llkcs twioH
: I
- LT S AN
WPZ
tRcs TWeH twez i

v LU AN

tons || tonH - twEZ

toes
\\//':: w " A\\ \\\\\ / les tOFR
toac torc
taa
tcac toez

Von- High-Z o 2 p High-Z
VoL— ~TTmmTempmmeetee e —3( DATA OUT 1} ----------

tFRS trRH tFRS TFRH
W\ L/ XQQCKKK_resetseeet XRXXXAXOOOOXX

tsms tsRH

Vin- /__\—/—\
ViL-

When DSF is high level : Reset select = No Reset
When DSF is low level : Reset select = Optional Reset

. Because the serial access port operates independently of the random access port, there is no

need to control the SE, SIO pins in this cycle.
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NEC uPD482444, 482445

Register Set Cycle (Early Write)

tRC

tras . trP
RAS (Input) \\//I:_: %( 72IF ] | U
I‘t& o2 = t;\Rss:HtHcas”"" ! tci::PN
m(lnput) \\9:: / ' £ )\_
tasR| | tRaH
Address (Input) \\//II: mLRO\/\/"ﬂez)
twes | | tweH twes tw:w e
WE tnpw s /)] AN \iin
’ twes | |tweH tuves tw:W o
WE oo V2 [/ AN LI
tOHS | | toHH
570 trow) \oZ / /] ATEAE1ELERARRREEARRRRRRRRRANAN
tos toH
anoiors e V22 XXOOQOOQ000L_ oaram XXXXKXXXKXXXXXX
tFRS &mq_l lt_sg trcH

O N// AR/ ST C\\\\\\\\\\\\\\Y

Notes 1. tcas for the uPD482444
tHcas for the uPD482445 ]
2. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
2. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.



NEC 1PD482444, 482445

Register Set Cycle (Upper Byte Early Write)

tRC
tRAS trRe

— Vin = \ ¢ 3

RAS (input) v, N /] n
tesn tcre
| terp tRcD tRSH tcPN

teas, trcasNote? |

PR - ) . -
CAS (Input) \\/,’:_ i N ‘ / \

Address (Input) v - XXXXROW"“" AN ><XXXXXXXX
WE o o/ N ,///////////////44///////

[r— - A )
TWE (inputh vy /// \f{/' K§§§§§§

toHs tOHH

57GE wew Vi~ [/ ALEHALEARERARERERRRRRRRRRRRRANANY

t0s tox
AR R L osai K XXX
tFRS tFRH .ti‘ﬁ __tsi’
ot oo V12 // N/ K pesster s K XKXXRKOORRXOXKXXXXX

Notes 1. tcas for the uPD482444
tHeas for the uPD482445
2. Refresh address (RAS only refresh)

Remarks 1. W0 to W7/I00 to 107 : Don't care
2. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
3. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Register Set Cycle (Lower Byte Early Write)

tRC

tras trp
J— Vii- Y
RAS (Input) v, N 7 \
tesH tere i
1crp trcD tRSH tePN
v tcas, tHeaghote
— W~ R ¢
CAS (input) y;, _ 7 \ / \
7
tash| | tran
"7
ViH - ¢ 3
Address (Input) , _ XXXXROW"‘”"
twas | [twsH e

-—-—I tmes r—— : tMRH
—_— Vin - ' X
UWE (Input) ViL— f{/ \{f; \5}5555

W o U zz/m N |
57GE wop N2 [/ AALALALARRARARARRARRRARRRARARAAY
52 o Y e XXX
7V /) = 3 O OO OO OO OO

Notes 1. tcas for the uPD482444
tHecas for the uPD482445
2. Refresh address (RAS only refresh)

Remarks 1. W8 to W15/108 to 1015 : Don't care
2. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
3. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Register Set Cycle (Late Write)

RAS (input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

ﬁ/ﬁ (Input)

WO to W15/
100to 1015 ({InPut)

DSF (Input)

trRC

TR R KKK XK
t U I
v T I
t: zz/m A TLTAARARVARARRVAN
v XOO00OO0C ——ommm——— XXXCKKKXIXOKX

Vin -
ViL - Z Z /

Y%

Notes 1. tcas for the uPD482444
tHcas for the uPD482445
2. Refresh address (RAS only refresh)

Creosrerseiect A\ \ A LAV AA VAN

Remarks 1. When DSF is high level : Register select = Color Register Select

When DSF is low level : Register select = Write Mask Register Select

2. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle. '
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Register Set Cycle (Upper Byte Late Write)

RAS (Input)

CAS (Input)

Address (input)

UWE (Input)

LWE (Input)

DT/OE (Input)

W8 to W15/
108 10 1015 {INPut)

DSF (Input)

Notes 1. tcas for the uPD482444

Vim -
Vit =

Vin -
Vie-

ViH =
Vit -

ViH -
ViL-

Vi -
Vi -

Vin =
ViL -

ViH =
Vit~

Vi =

Vi -

trRC

tras trP
5\( ) Zl )‘
tesy tcre
I_tgt; trco ) - ct:ss,H:HCAsN‘"“ [ tepn - )
7 \ 7 \_
tashl | tran
;‘Rovv"o“ 2
TRWL ]
twes | | twan tom '
. twe
‘ NNNN\S AT
tmeH
twes | | tweH tMes -

777

toEH

AANANANY

tos

ﬂk\\\\\\\\\\\\\\\\\\\

toH

XXX

DATAIN

tFRS

trRN

tres tecH

REROOORAXIAX

777

trcas for the uPD482445
2. Refresh address (RAS only refresh)

Remarks 1.
2.

3.

V2!

Register select

FANLLLARRRRRRARRRANS

WO to W7/100 to 107 : Don't care
When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select

Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC

1PD482444, 482445

Register Set Cycle (Lower Byte Late Write)

RAS (Input)

CAS (Input)

Address (Input)

UWE (input)

LWE (Input)

DT/OE (Input)

WO to W7/
100 to 107 {INPUt)

DSF (Input)

tRC

tRAS trRP
Vin — 5\ V‘ 3
ViL— X 7 ~_
tcsH tcre
tcrp tRCD tRSH teen
teas, trcasNote !
ViH - 3 ¢
ViL - / ﬁ( 7Z \
tasR | | tran
|-t

ViL -
twes twen tmcs I—M‘

S/ (I
w777 NN\ V7777777 777777777

w /L) ﬂ\\\\\\\\\\\\\\\\\\\\

tos

Ve XYXXXXX T owan KXOOOOOOOXXXX

tFHS tFRH trcs treH

e [[/‘ WE et (LLEEARRRRRRRRRRANY

L.

Notes 1. tcas for the uPD482444
trcas for the uPD482445
2. Refresh address (RAS only refresh)

Remarks 1.
2.

3.

W8 to W15/I08 to 1015 : Don’t care

When DSF is high level : Register select = Color Register Select

When DSF is low level : Register select = Write Mask Register Select

Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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92

Mask Register Set Cycle (New Mask Selection)

tRC
tras G4
P V- 2 4 Y
RAS (Input) V,:— S( . 72 |
tesH
CRP “tRco tRSH trec
teas, trcaghvote 1
R VH - A \ 4 Y
CAS (input) . _ i teen N 7 \
tasm| | tran
"-.

Vin - 4 3
Address (Input) s, _ XXE!(ROW’“’“ z,

XXXXXXXXXKKK

twes

1RRH
trcH

— - 4
UWE (nput) v~ //]
twas

I‘—b

tRRH
trcH

TWE (input) o~ // /

tows

r—’

tORH
tocH

DT/OE (Input) \\//l:_: Z { /

WO to W15/
10010 1015

VoH -
Vou -

| trRs tFRH

(Output) |, =eecceccedbomcacccccccaccnnn Ll e m

|
ViH—
DSF (Input) v, _ { { /

Notes 1. tcas for the uPD482444
* tueas for the uPD482445

S\

LT

2. Refresh address (RAS only refresh)
3. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Read Data Transfer Cycle (SC Active)

trC

1RAS | trP
RAS (Input) \\//':: \( ;f ‘ |
tesH teae
tcrp tRCO tRSH teen
1cas, tHcagNote
CAS (inpu) "~ ] )\ ; \__
tash| | tran tasc tcan
saress v o~ OO row KX cor— }XOORRROOOOORKXX
i twas | | tweH |
weens /77 1 AV LA VL VA VA NN
twes || tweH
| l
ECLE R/ AN RANELRELRLRELTRRRRRRARRRRARAANY
taoo e to1R
tois tROH § tore _]
DT/OE (Input) \\/,':: w( ,Z‘ \ 5 5 5 5 5 5 5
WOOWIS g V= oo R
trRS | | trRH
LRSS 77/
SE (Input) \\//l::: L
tscc tsoo tSDH
SC (input) V)"~ \ i ’SL‘&‘,IZ \ 7 \ /
sca tsca tsca
1soH
51001051015 Ol (2"~ n2 )<X>]: o XX n m
o toao New data output start
QSF (Output) V"~ i X

Note tcas for the uPD482444
tucas for the pPD482445
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Read Data Transfer Cycle (SC Inactive)

tRC

FAS (Input) V1"~ \ - 7 B - )\____
CAS (input) J : N 7 __
adaress tnpur V'~ XXX ROVﬂkXX coL KIOOOOOOXXXXINIKXX
itwas tWwi
e io) V2 [/ ATARLARARARAARARARRARERARRARRRAS
i twes | | tweH i .
WE e \= /// AT VAN VAN VAN VA NN NN
s toors , L
st - TR\ [ FINRARRARARRRRARNNY
ose e V2 \\\ //////// //////////////////////'
SC (nput) \\//':: _\ L 1 - )J‘\ B - \

<L

VoH - )
S100 to SI015 (Output) VoL— n-1 m n ‘&

New data output start

trD toaor
: Vo - 4 r
QSF (Output) Vo — )3 >§

Note tcas for the ;PD482444
tHcas for the uPD482445
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Read Data Transfer Cycle (Serial Write — Serial Read Switching)

tre
tras tRP
RAS (nput) \" ™ “ ,/{ ]
tesH tcrp -
,[‘tg: e tt:AS; tHcagNote ) et
i Y2 ] ! N
tasR tRAH tasc 1CcAH
aagess ooy Ve~ XX row  JOOK co XXXXXXXXOXOOOOOOOCKK
twes || tweH
'————
EEER//ZB AL N\ 11 | 1111 HHARRRRRRRRRRRNANY
twas "tﬂ"l
EEER/ZANBARTITITITRIRETERERRRRRRRRRRRRRARNY
oLs tROHS ) torp ]
megima 12 YT\ / AALARANRARRARNRRANY
"gg :2 :g/::(dutput) \\//‘;':: ------------------------------ gz el
teRs tFRH
oseanews 12 \\ LI T
SE(npuy V7
tSDHR
traD
tssc tcao
L tscu tscH toao tscH |
SCinput) {1~ / 7
s SiH tsiz
(Input) \\//':: ----- -{[ DATAIN | XX}-- ........ High-Z _
SI00
to tsca
SI015
{Output) \\//%':: ---------------------------- HighZ el 1 m
tPD boR New data output start
QSF Outpuy V2"~ X X

Note tcas for the uPD482444
tHcas for the uPD482445
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Split Read Data Transfer Cycle

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (input)

DT/OE (Input)

WO to W15/
100 to 1015 Qutpud

DSF (Input)

SE (Input)

SC (Input)

(Input)

SI00
to
SI015

(Output)

QSF (Qutput) o _

trC

TN m =\
e jsaﬂovtvm" KXX — HKOOKRIKIOOOUHKKKX
i ZZ/'F - MBHJ’L\\\\\\ AU NN
i /L) - “”:\\\\\\ A1 H111AARRARARARRARRARARANY

Vi =
ViL -

AN

LT

VoH -
VoL -

ViH -

L

LALALARARARRARRRARRRRRRNANY

Vi -
ViH =
V- _L
tssc tSOHR
tscc Note 2
tscH tscL tseH _, tsct tscH _, tscL tscH tscL
ViH - 2 F Zz Jﬂs d
Vie - b N
tsis tsiH tsis tsiH tsis tsiH tsis tsiH IEEJ tsiH
ViH = 3 \ \ \
Vi { DATAIN DATA IN DATAIN DATA IN DATA IN
L= y / / ), 7
tsca tsca tsca tsca
1SOH tSoH 1SOH 1SOH | tson
EEFIIICT, 470 GRS 0\ G0 90 S 010 G 004
VoL - DATA OUT} A DATA OUT ] < DATA OUT ] s DATA OUT , X DATA OUT
teo teo

VoH -

A
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Notes 1.

tcas for the uPD482444

tHcas for the uPD482445

Do not perform the following two serial read/write during this period.

« Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.

« Serial read/write of last address of data register (Address 255 or 511)
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Write Data Transfer Cycle

tRC

RS (nput V1~ _—m:\ W;N ,/F—L\_
e e W

s - RN KO0 RRRXRRIRARRRR
S SN S\ WS /i
wewns 2 \\\\ || Y77777777777777777 7777777777777
e 2 NN\ || /777777777 T7T77777 T TTTTT7T7777

XXXX><» XOXAXAXRXRRXX
s 2 NN\ || /777711 TT7T 1777777777777
SEmput (T |

o o0 412 KXo R KR RIK KK R KRR o
st Oup) (217 X A

Note tcas for the uPD482444
tHcas for the uPD482445
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Write Data Transfer Cycle (Serial Read — Serial Write Switching)

tRC

tRas tap
‘RAS (Input) \\//':: \ ;/ ~
- tRCD - tRsH
tcas, tHcagNote
CAS (Input) \\//':_—_ i teen \‘ ;/
task | | tRaM | tasc tean
Address (Input) \\/,',':: {XXXX ROW [ co. ] ‘X‘X‘X’X X‘I"X‘X‘I’X’X‘X’XOX‘X’X’X‘I‘X
twas || tweH
o o Vo> \\\N I
twas | | tweH
wews i \\\N || /7111111717717 777777
toLs | | tROHS
swtwen \i2 \\N\N || S/ /7777777777777 /7777777777
tws [ | twn .
Yé%‘&\{\gfé (Input) \\//':: szaskdata; ' MOOOOOO()OO(
ters | | teRe
osewes 12 \\N\N || S/ /7117177711777 77777
SEtnpu ' |
. - tsoHR
ls_ns_ traD
tscL tscH ) =
SClinpuy) V- _\( 1 ’\ 7 [\
tszu » 185) | tom
(Input) \C:: _"___-_______-__I-l_ig_h:Z_ """"""" '<:><><X><><><X><><><>< DATA N :P
SI00 N o :
to :
SI015 tson
Output) V¥~ DATAOUT | DATAOUT :-,--"""'"jigb"z """""""""""
teo
QSF (Outpur) (!~ X A

Note tcas for the uPD482444

tHcas for the uPD482445,
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Split Write Data Transfer Cycle

RAS (Input)

cAs (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/CE (Input)

WO to W15/
100 101015 {INPUY

DSF (input)

SE (Input)

SC (input)

(Input)

SI00
to
SIo15

(Output)

QSF (Output)

ViH-
Vie=

Vin=-
Vie-

V-
ViL-

VIH -
ViL-

V-
Vie—

V-
ViL-

ViH—
ViL-

ViH=
ViL-

Vin-
ViL-

ViH-
ViL-

ViH-
ViL-

Vor—
VoL~

Vor-
VoL-

tRC

tRAS

tesH

tRSH

tcas, tHeagNote 1

h

N

tcan |

tasc

|
o RXXXOXXXKIXKXXHKIOIXN

L

LI

twar

Jiiiiiiin

LI

TROHS

twH

<
@
17}
=

s X XKXXRXXXKXXXXXXX

tERH

T

ANARARRRARRRRRARNY

AARARRRRRRANY

Note 2

tsrs

tscc

tsen,

tscL

tscH tsc

tscH

=
P

7

I

K

tsis
pe——a—

tsiH

tsiH

sis tsiH

tsis

1sIH

tsis

Y
{E DATA IN :@E DATA IN DATA IN
tsca tsca tsca tsca
tson 1SOH 1S0H 1soH tsoH
| 4 y 4 4
DATA OUT i@" DATA OUT ]|®i‘ DATA M DATA OUT DATA OUT

tPD
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Notes 1. tcas for the uPD482444
tHcas for the uPD482445
2. Do not perform the following two serial read/write during this period.
» Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
+ Serial read/write of last address of data register (Address 255 or 511)
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Serial Read Cycle

Vin-

SE (Input) Vi

ViH=

SC (Input) Vi—

SI00
to
SI015

Von-

(Output) VoL—

QSF (Output) \\//z’::

_/

tsep

tsee

7'2 tsez

tscc tsccNote 1 tsccNote2
tscH tscL tscH tscL tscH tscu
j / 7 /
tsea tsca tsca
lt.S@ tSOH tSOH
JL NN/ >E>><<§-DATA32>>
________ 2 7 K 7 } _-
T\ DATA OUT AN DATA OUT § L OUT 4

tr0

N

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, UWE, LWE, DT/OE, WI/O, DSF pins in this cycle.

Serial Write Cycle

P

tsce tsccNote 1 tsccNote 2
tscH tscu tscH tscL tscH tscL
—
£ / /

tses| [tsen tses | |tsen tses| | tseH tses| | tsen
e~

tsis _tin— 55| | tom E'ﬂ |t
o KX KRR KKK IX KRR o XD A0

teo

SCInpu) '~
SE (input) \\//'::
SI00
to  (input) \\//ZH:
SI015 -
Vou -

QSF (Output) \or

A

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, UWE, LWE, DT/OE, WI/O, DSF pins in this cycle.
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5. Package Drawings

64 PIN PLASTIC SHRINK SOP (525 mil)

detail of lead end

\ vy

104

J
|
= == =
B L
DleM@
P64GW-80-525A-1
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.10
mm (0.004 inch) of its true position (T.P.) at A 26.30 MAX. 1.036 MAX.
maximum material condition. B 0.75 MAX. 0.030 MAX.
C 0.8 (T.P.) 0.031 (T.P.)
D 0.35+0.05 0.014:3:3%3
E 0.15£0.05 0:00620.002
F 2.3 MAX. 0.091 MAX.
G 2.0 0.079
H 13.8%0.3 0.543*3:813
[ 11.80.1 0.465:3:008
J 1.0%0.2 0.039:3:3%8
K 0.20%8:32 0.008:3:3%3
L 0.5£0.2 0.020%3:8%8
M 0.10 0.004
N 0.10 0.004
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD482444 and 482445 .
Types of Surface Mount Device

pPD482444GW : 64-Pin Plastic Shrink SOP (525 mil)
uPD482445GW : 64-Pin Plastic Shrink SOP (525 mil)
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[MEMO]
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DATA SHEET

MOS INTEGRATED CIRCUIT

1uPD482234, 482235

2M-Bit Dual Port Graphics Buffer
256K-WORD BY 8-BIT

NEC /

Description

The uPD482234 and uPD482235 have a random access port and a serial access port. The random access
port has a 2M-bit (262, 144 words x 8 bits) memory cell array structure. The serial access port can perform
clock operations of up to 55 MHz from the 4K-bit data register (512 words x 8 bits).

To simplify the graphics system design, the split data transfer function and binary boundary jump function
have been adopted so that the number of split data registers can be programmed with the software during
serial read/write operations.

The uPD482235 is provided with the hyper page mode, an improved version of the fast page mode of the
1PD482234. The random access port can input and output data by CAS clock operations of up to 33 MHz.

Features
Dual port structure (Random access port, Serial access port)
® Random access port (262, 144-word x 8-bit structure)

1PD482234
1PD482234-60 | uPD482234-70 | uPD482234-80
RAS access time 60 ns(MAX.) 70 ns(MAX.) 80 ns(MAX.)
Fast page mode cycle time 40 ns(MIN.) 45 ns(MIN.) 50 ns(MIN.)

1PD482235

1PD482235-60

1PD482235-70

1PD482235-80

RAS access time

60 ns(MAX.)

70 ns(MAX.)

80 ns(MAX.)

Hyper page mode cycle time

30 ns(MIN.)

35 ns(MIN.)

40 ns(MIN.)

* Flash write functionNote

« Block write function (4 columns)Note
* Mask write (Write-per-bit function)

* 512 refresh cycles /8 ms

« CAS before RAS refresh, RAS only refresh, Hidden refresh

Note Write-per-bit can be specified.

h

The information in this d t is

to ge without

1C-3645 (Japan)
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@ Serial access port (512 words x 8 bits organization)

+ Serial read/write cycle time

.uPDA482234-60, 482235-60

1PD482234-70, 482235-70

uPD482234-80, 482235-80

18 ns (MIN.)

22 ns (MIN.)

25 ns (MIN.)

« Serial data read/write
» Split buffer data transfer
» Binary boundary jump function

Version A, F, and E

There are three versions, A, F, and E, to both the uPD482234 and uPD482235. These versions operate with

different specifications.

Overview of each version
uPD482234

The table below summarizes the operation of each version of the pPD482234.

Item

Reference

Version A

Versions F and E

Specifying a column for data transfer

3.2 Split Data

"MSB Don't Care" only

Version F: MSB bon't Care

during split data transfer cycle Transfer Method Version E: MSB Care
Selecting a new mask data method 2.8.2 Selecting Option reset cycle only | Both option reset cycle and
during mask write cycle Mask Data new mask selection can be

used.

uPD482235

The table below summarizes the operation of each version of the uPD482235.

Item Referonce Version A Versions F and E
Specifying a column for data transfor |3.2 Split Data "MSB Don't Care" only | Version F: MSB Don't Care
during split data transfer cycle Transfer Method Version E: MSB Care
Selecting a new mask data system 2.8.2 Selecting Option reset cycle only | Both option reset cycle and
during mask write cycle Mask Data new mask selection can be

used.

"OE control system during hyper page
mode cycle

2.4.1 Setting the
Output to the
High Impedance
State

Latched control

(conforming to JEDEC)

Non-latched control

« How to identify each version

Each version is identified with its lot number (Refer to 7. Example of Stamping).
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Ordering Information

Part Number

RAS Access Time

Package

Page Mode

ns (MAX.)
uPD482234LE-60 60 40-pin plastic SOJ (400mil) Fast page mode
nPD482234LE-70 70
uPD482234LE-80 80
1PD482234G5-60 60 44-pin plastic TSOP (ll)
1PD482234G5-70 70 (400mil)
1PD482234G5-80 80
1PD482235LE-60 60 40-pin plastic SOJ (400mil) Hyper page mode
uPD482235LE-70 70
uPD482235LE-80 80
1PD482235G5-60 60 44-pin plastic TSOP (ll)
1PD482235G5-70 70 (400mil)
uPD482235G5-80 80
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Pin Configurations (Marking Side)

40-pin plastic SOJ (400 mil)

Vee O—— 1 40 ——O GND
SCO——{ 2 39 «——0 SIO7
SI0O0 O=——+{3 38 [«=—=( SIO6 .
SIO1 O=—+ 4 37 f=—0O SIO5
SI02 O=——+{5 36 f=——=0O SIO4
SI03 O=—+16 35 f~—0O SE
DT/OE O—~ 7 34 fe—=0O W7/I07
W0/100 O——— 8 33 f~—=0O W6/106
W1/101 Q=— 9 '% "% 32 +——=0O W5/I05
W2/102 O=~—+] 10 2E 31 f—=0 Wa/104
W3/103 O~—=] 11 NN 30 ——0O GND
GND O—| 12 BE 29 |~——O DSF
WB/WE O———-{ 13 28 ——O NC
RAS O—~] 14 27 [+——0 CAS
ABO——{ 15 26 —0O QSF
A7 O——{ 16 25 +—0O A0
A6 O——{ 17 24 l«——0 A1
A5 O—] 18 23|—0 A2
A4 O——] 19 22|~—C0A3
Vee O——— 20 21 ——O GND
A0 to A8 : Address inputs
WO to W7/I00 to I07 *: Mask data selects/Data inputs and outputs
SI00 to SI07 : Serial data inputs and outputs
RAS : Row address strobe
CAS : Column address strobe
DT/OE : Data transfer/Output enable
VV——BN—WE : Write-per-bit/Write enable
SE : Serial data input/Output enable
SC : Serial clock
QSF : Special function output
DSF : Special function enable
Vce : Power supply voltage
GND : Ground
NCNote : No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.
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44-pin plastic TSOP (ll) (400 mil)

VeceQO—— 1 O U 44— GND
SCO——= 2 43l«——=0 SIO7
SIO0O=—+{ 3 42f«——=0 SIO6
SIO1 O=——{ 4 41l+—=0 SIO5
SI02Q0=—+{ 5 40f«——=0 SIO4
SI03O~——+{ 6 39—oO SE
DT/OEO——+{ 7 38}+—=0O W7/107
WO/I00 O=~——+{ 8 37——=0O W6/106
WI1/I01 O=—+{ 9 Fu Fu 36 f«—=0O WH5/105
W2/102 O~—+{ 10 28 35f~—=0O W4/I04
88
W3/103 O=~—+] 13 32——O GND
GNDO— 14 31—0 DSF
WBWEO—] 15 30——O NC
RASO—=] 16 29~——0O CAS
ABO—= 17 28—=O QSF
A7O0—= 18 27+—0 A0
A6 O—=] 19 26~—0 A1
A5 O——= 20 25[~——0 A2
AO—= 21 24~—0 A3
Vee O— 22 O 23—O GND
A0 to A8 : Address inputs
WO to W7/I00 to I07  : Mask data selects/Data inputs and outputs
SIO0 to SIO7 : Serial data inputs and outputs
RAS : Row address strobe
CAS : Column address strobe
DT/OE : Data transfer/Output enable
WB, WE : Write-per-bit/Write enable
SE . : Serial data input/Output enable
SsC : Serial clock
QSF : Special function output
DSF : Special function enable
Vce : Power supply voltage
GND : Ground
NCNote : No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.
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Block Diagram

RAS—»
o
TAS g WO0/100 ) W7/107
— e [
| O
DT/OE o Colqr Register
WB/WE —» E (8 bits) Common I/O Buffer
- Mask Register
DVS F (8 bits)
cc
GND——
ESH:;; 0 Column Decoder 511
AQ —+ Sense Amp
Al —o»] 7\0 10 A8 > i Je———————— 512 columns x8
A2 —»]
A3— 5 5| |
;51 2 : Memory Cell Array »
o i
A== o gl (512 x512x8) 3
2 2| o
] ' ~
A5—= B 2| o
A6 —» E
A7 —> E
A8 —»] :
A0 to A8
|
Transf?r Gate
STOP: TAP @ @
1 T 1
Data Register (512 words x 8 bits)
| ] 1
ii Selector @
sc Serial Address 0 255 256 511
Pointer
SE
Serial InfOut Buffer
QSF SI00 SI07
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1. Pin Functions

This product is equipped with the "RAS, CAS, WB/WE, DT/OE, A0 to A8, DSF, SC, SE mputs, QSF output, and

WO to W7/100 to 107, SIO0 to SIO7 input/output pins.

(Row address strobe)

CAS
(Column address
strobe)

A0 to A8
(Address inputs)

(1/3)
Pin Name Input/ Function
Output
RAS Input | Thissignal latchesthe row addresses (AOto A8), selects the corresponding

word line, and activates the sense amplifier. It also refreshes the memory
cell array of the one line (4,096 bits) selected from the row addresses (AO
to A8).

It also serves as the signal which selects the following operations.
« Write-per-bit » Flash write
» CAS before RAS refresh « Split data transfer

This signal latches the column addresses (A0 to A8), selects the digit line
connecting the sense amplifier, and activates the output circuit which
outputs data to the random access port.

It also serves as the signal which selects the following operations.
» Read/write » Block write
« Color register set * Mask register set

These are the address input pins, TAP register input pins, and STOP
register input pins.

Address input

This is a 9-bit address bus. Itinputs a total of 18 bits of the address signal,
starting from the upper 9 bits (row address) and then followed by the lower
9 bits (column bits) (address multiplex method). Using these, one word
memory cells (8 bits) are selected from the 262,144 words x 8 bits memory
cell array.

During use, specify the row address, activate theR_AS signal, latch the row
address, switch to the column address, and activate the CAS signal. After
activating the RAS and CAS signals, each address signal is taken into the
device. For this reason, the address input setup time (tasr, tasc) and hold
time (traH, tcan) are specified for activating the RAS and CAS signals.

In the data transfer cycle, this TAP register input pin functions as the

address input pin which selects the memory cell for transferring (9 bits are -

latched at the falling edge of RAS) and the TAP register data input pin
which specifies the start addresses of the serial read/write operation after
data transfer (9 bits are latched at the falling edge of the CAS).

This pin functions as the STOP register input pin when the STOP register
is set (STOP register data (9 bits) are latched atthe falling edge of the RAS.)
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(Data transfer/
output enable)

'WB/WE
(Write-per-bit/
Write enable)

DSF
(Special function
enable)

(2/3)
Pin Name Input/ Function
Output
DT/OE Input | These arethe datatransfer controlsignal and read operation control signal

respectively. They have different functions in the data transfer cycle and
read cycle.

The data transfer cycle is initiated when a low level is input to-this pin at
the falling edge of RAS.

Read operation is performed when this signal, and the RAS and CAS
signals are activated. The input/output pin is high impedance when this
signal is not activated. When the WB/WE signal is activated while the
DT/OE signal is activated, the DT/OE signal is invalid in the memory and
read operations cannot be performed.

These are the write operation control signal and mask write cycle (write-
per-bit function) mask data input control signal, respectively.
When this signaI,R_A_S and CAS signals are activated, write operations or
mask write can be performed. These mode are determined by the level
of WB/WE at the falling edge of RAS.

* High level....... 8-bit write cycle

* Low level........ Mask write cycle (Write-per-bit)

This signal controls the selection of functions.
The selection of functions is determined by the level of this signal at the
falling edge of the RAS and CAS. The functions will change as follows
when this signal is high level.
« The data transfer cycle changes to a split data transfer cycle.
« Theread/write cycle of each RAS clock changes to the flash write cycle.
« The write cycle of each CAS clock changes to the block write cycle.

WO to W7/100 to 107
(Mask data selects/
Data inputs, outputs)

Input/
Output

Theseare normally 8-bit data bus and are used for inputting and outputting
data. (OO0 to 107).

Function as the mask data input pins (W0 to W7) in the mask write cycle
(write-per-bit function).

Write operations can be performed only for W0 to W7 that are input with
a high level at the falling edge of RAS (new mask data).

Functions as the column selection data input pin in the block write cycle.
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(Special function
output)

(3/3)
Pin Name Input/ Function
Output
SC Input | This pin inputs the clock which controls the serial access port operation.
(Serial clock)

"‘The data of the data register which is synchronized with the rising edge
of the SC are output from the SIO0 to SIO7 pins and kept until the next SC
rising edge.

Write
The data from the SI00 to SIO7 pins are latched at the rising edge of the
SC and written in the data register.

SE This is a control pin for the serial access port input/output buffer.
(Serial data input/ It controls data output during serial reading and controls data input during
output enable) serial writing.
By inputting the serial clock, the serial pointer will operate even if SE has
not been activated (high level input).
SI00 to SIO7 Input/ | These are the serial data input and output pins of the serial access port.
(Serial data inputs/ Output
outputs)
QSF Output | This is a position discrimination pin of the serial pointer (upper side or

lower side).
Which side is being serial accessed (upper side or lower side) can be
discriminated according to the output of this pin.

* High level....... Upper side (Addresses 256 to 511)

« Low level........ Lower side (Addresses 0 to 255)
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2. Random Access Port Operations

The operation mode is determined by the CAS, DT/OE, WB/WE, and DSF level at the falling edge of RAS and
DSF level at the falling edge of CAS.

Table 2-1. Operation Mode

ﬁ;_A—S Falling Edge E .CAS
alling Edge Operation Mode
CAS |DT/OE | WB/WE | DSF DSF
H H X L X Read cycle
H H H L L Write cycle
H H H L H g Block write cycle
H H L L L E Mask write cycle (New mask/Old mask)Note 1
H H L L H g Block mask write cycle (New mask/Old mask)Note 1
H H H. H H E Color register set cycle
H H H H L Write mask register set cycle
] H H L H x Flash write cycle (New mask/Old mask)Note 1
ﬁH L H L % § Single reaa data transfer cycle
H L H H X g Split read data transfer cycle
H L L L b .‘_5 Single write data transfer cycle (New mask/Old mask)Note 1
H L L H x g Split write data transfer cycle (New mask/Old mask)Note 1
L x x L x o | CAS before RAS refresh cycle (Option reset)Note 1.2
L X H H X c% CAS before RAS refresh cycle {(No reset)
L L H X g CAS before RAS refresh cycle (STOP register set)Note 2
H x L x E RAS only refresh cycle

Notes 1. Observe the following conditions when using the new mask data or old mask data in these cycles.
(1) Old mask data
Can be used after setting the mask data using the write mask register set cycle.
(2) New mask data
Can be used after selecting the new mask register using the write mask register set cycle (new
mask selection) (Unusable in version A) and after the optional reset cycle.
2. The STOP register is set to “FFH (11111111)" by the optional reset cycle.

Remark H: High level, L: Low level, x : High level or low level
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2.1 Random Read Cycle

This product has a common 8-bit input/output pin. To output data, specify the address using the RAS and
CAS clocks and then set DT/OE to low level.

The data output will be kept until one of the following conditions is set.

(1) Set RAS and CAS to high level
(2) Set DT/OE to high level
(3) Set WB/WE to low level

The read cycle and data transfer cycle are differentiated according to the level of DT/OE at the falling edge
of the RAS clock. If DT/OE is set to low level at the falling edge of the RAS clock, data transfer cycle operations
will be initiated. Therefore, to set the read cycle, input a high level above tonn (MIN.) to DT/OE from the falling
edge of the RAS clock, and then input a low level.

Caution Set the DSF to low level at the falling edge of RAS. If set to high level, the memory cell data cannot
be output.

2.1.1 Extended Read Data Output (uPD482235)

The pPD482235 adopt the hyper page mode cycle which is a faster read/write cycle than the fast page mode
of the uPD482234 (Hyper page mode cycle time: 30 ns (MIN.)).

With this cycle, the read data output can be kept until the next CAS cycle, and because the output is extended,
the minimum cycle can easily be used. For example, by fixing DT/OE at low level after dropping RAS and
executing the hyper page read cycle, each time the column address is latched at the falling edge of CAS, the data
output will be updated and kept until the next falling edge of CAS. Asaresult, the output will be extended only
during CAS precharge time (tcp) as compared to the normal fast page mode.

Figure 2-1. Extended Data Output of Hyper Page Mode

RAS (Input) \ /

tee tee

CAS (Input) \ A

Address (Input) D@ZD(_
DT/OE (Input) /

Note 1 Note 2 Note 1 Note 2 Note 1 Note 2

K

Notes 1. Time during which the output-data is kept in the fast page read cycle.
2. Time during which the output data is kept in the hyper page read cycle (F] part: Extended data
output).

High-Z
W/IO (Output)  ====cmm=m=ma= <
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2.2 Random Write Cycle (Early Write, Late Write, Read Modify Write)

There are three types of random write cycles-the early write, late write, and read modify write. To use these
cycles, activate the KAS and CAS clocks and set WB/WE to low level. .

The WB/WE also controls the mask data for the write-per-bit function (mask write cycle). Therefore, when
performing the normal write cycle which does not use the write-per-bit function, set this pin to high level at the
falling edge of the RAS clock.

2.2.1 Early Write Cycle

The early write cycle controls data writing according to the CAS clock.

To execute this cycle, set W—BNW to low level earlier than the CAS clock. The write data is taken into the device
at the falling edge of the CAS clock.

2.2.2 Late Write Cycle

The late write cycle controls data writing according to the WE clock.

To execute this cycle, set WB/WE to low level later than the CAS clock. The write data is taken into the device
at the falling edge of WB/WE. To set the output to high impedance at this time, keep DT/OE at high level until
WB/WE is input.

2.2.3 Read Modify Write Cycle

The read modify write cycle performs data reading and writing in one RAS and CAS cycle.

To execute this cycle, delay WB/WE from the late write cycle by tawp (MIN.), tewo (MIN.), and tawp (MIN.). Follow
the toez and toep specifications so that the output data and input data do not clash in the data bus. The data after
modification can be input after more than toeo (MIN.) from the rising edge of DT/OE.
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2.3 Fast Page Mode Cycle (uPD482234)

The pPD482234 adopts the fast page mode. This mode accesses memory cells in the same row array in about 1/3
of the time taken by the normal random read/write cycle. This fast page mode cycle is executed by repeating the CAS
clock cycle more than two times while the RAS clock is being activated. In this mode read, write and read modify
write cycles are available for each of the consecutive CAS cycles within the same RAS cycle.

2.4 Hyper Page Mode Cycle (uPD482235)

The pPD482235 adopts a hyper page mode cycle which is a faster read/write cycle than the fast page mode of the
wPD482434 (Hyper page mode cycle time: 30 ns (MIN.)).

In this cycle, because the read data output is kept until the followingm cycle and as a result, the output
is extended, the minimum cycle can easily be used. The output is extended compared to the normal fast page
mode of uPD482234. Refer to 2.1.1 Extended Read Data Output.

2.4.1 Setting the Output to the High Impedance State

The hyper page mode can use one of three methods of setting the output pin to the high impedance state
depending on the version; these methods are WE control, OE control (latched control), and OE control (non-
latched control).

Table 2-2 lists the correspondence between the output control types and versions A, F, and E.

Table 2-2. Correspondence between Each Output Control Method and Versions A, F, and E

Output control Version A Version F Version E
WE control usable usable usable
OE control (latched control), usable unusable unusable
conforming to JEDEC
‘OE control (non-latched control) unusable usable usable
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(1) 'WE control (usable in all versions)
After a high level is input to CAS, when a pulse conforming to the twez specification is supplied to the
‘WE pin (WE = enable) during the same CAS cycle, the W/IO pin is held in the high impedance state until
the next CAS cycle.

Figure 2-2. 'WE Control Output Control

RAS (Input)

CAS (Input)

Address (Input)

WE/WB (Input)

DT/OE (Input)

W/I0 (Output)

(2) OE control (latched control) (usable in version A)
After a high level is input to CAS, when a high level is supplied to the OE pin (OE = disable) during the
same CAS cycle, the W/IO pin is held in the high impedance state until the next CAS cycle. This specification
enables efficient use of OE interleaving during parallel connection.

Figure 2-3. 'OE Control Output Control (Latched Control)

RAS (Input) \

CAS (Input) —___\_/__\—/_—
o s E)EE XD X R KRR X KR KRN KKRR)
WE/WB (Input) _/

DT/OE (Input) \

W/IO (Output) ================
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(3) OE control (non-latched control) (usable in versions F and E)
When a high level is input to the OE pin (OE = disable) during the same CAS cycle, the W/IO pin enters
the high impedance state. If alow level is input to the OE pin again before the next CAS cycle (OE = enable),
the.data at the same address is output to the W/IO pin again.

Figure 2-4. OE Control Output Control (Non-Latched Control)

RAS (Input) \
CAS (Input) \ / ‘
aceress (oo XXEom)QOCKEoL YOO XXX

WE/WB (Input) _/

-

DT/OE (Input)

W/IO (Output)
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2.5 Flash Write Cycle

This cycle writes the color register data in a 4,096-bit memory cell in one cycle. The memory cell range for
one flash write cycle is 512 columns on the same row address (5612-column x 8 - IO = 4,096 bits).

2.5.1 Execution of Flash Write Cycle
To execute the flash write cycle, set WB/WE to low level at the falling edge of RAS.

By using the write-per-bit function (new mask data/old mask data), only the required W/IO can be selected
and written.

Figure 2-5. Memory Cell Range That Can be Written with Flash Write Cycle

511

W01t W7/I0010 107

512 R?ws

512 Columns/g”

Remark [T ]is the memory cell range that can be written in one flash write cycle
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2.6 Block Write Cycle

This cycle writes the color register data in 32-bit memory cell in one cycle. The memory cell range in which
data can be written in one block write cycle is four continuous columns on one row address {4-column x 8 - 10
= 32 bits).

Any column ofthe four columns can be selected and writing prohibited. Determine whether to write or prohibit
writing according to the data selected for column.

2.6.1 Free Column Selection

Determine which column to select according to the W/IO pin to which the data selected for the column is to
be input.

The four columns (1st to 4th) correspond to W0 to W3/I00 to 103 to which the data selected for column will
be input (The following table shows the 1st to 4th columns specified by A0 and A1 and the corresponding
W/IO pins to which the data selected will be input.).

2.6.2 Column Select Data
Input column select data for every four columns at the 32 bits (4-column x 8 - 10). The data will be written
if the column select data is “1”. Writing will be prohibited if the column select data is “0”

2.6.3 Execution of Block Write Cycle

At the falling edge of the slowest signal (CAS, WB/WE), inputthe “1” column select data or “0” column select
data to WO to W3/100 to 103 corresponding to columns 1st to 4th.

By using the write-per-bit (new mask data/old mask data) function, only the required W/IO can be selected
and written.

Table 2-3. 1/0 Pins Input with Column Select Data Corresponding to Columns 1st to 4th

Column Address and Corresponding
Selected 4 Columns WO Pin Column Select Data | Writing
A1l A0 10

1st column 0 0 100 1 Yes
0 No

2nd column 0 1 101 1 Yes
0 No

3rd column 1 0 102 1 Yes
0 No

4th column 1 1 103 1 Yes
0 No
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Figure 2-6. Memory Cell Range That Can be Written in Block Write Cycle

8W/I0

511 G

512 Rows 4 Columns

WO0/100 to W7/107

0 512 Columns %

i— 4th Columns (W3/103)
3rd Columns (W2/102)
2nd Columns (W1/101)
1st Columns (W0/100)

Remarks 1 is the memory cell range that can be written in one block write cycle.
2. ( ) is the W/IO pin input with the column select data.

2.7 Register Set Cycle (Color Register, Write Mask Register)
This cycle writes data in the color register and write mask register. To execute the register set cycle, set CAS,

DT/OE, WB/WE and DSF to high level at the falling edge of RAS. Determine which register to select according

to the DSF level at the falling edge of CAS.
The register set cycle also serves as the RAS only refresh cycle.

Table 2-4. Register Selection

DSF level at CAS falling edge Selected register
High level Color register

Low level Write mask register

Caution After selecting the write mask register and writing the mask data, the write-per-bit function in the
mask write cycle will be set for the old mask register. Refer to 2.8.1 Write-Per-Bit Function.
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2.8 Mask Write Cycle

Cycles that use the write-per-bit function during the random write cycle, flash write cycle, block write cycle,
write data transfer cycle, are called mask write cycles. In the fast page/hyper page mode write cycle, the mask

data cannot be changed during the CAS cycle.

2.8.1 Write-Per-Bit Function
The write-per-bit function writes data using the mask data only in the required I0-pin. It writes when the mask

data is “1” and prohibits writing when the data is “0".

2.8.2 Selecting Mask Data

There are two ways of selecting mask data. One is the new mask data method and the other is the old mask

data method.

With the new mask data method, new mask data is set in the cycle writing. With the old mask data, mask

Table 2-5. Mask Data Selection

W Pin Mask Data Writing
WO to W7 1 Yes
0 No

data set in the write mask register is used.

(1) New Mask Data Method
The new mask data method consists of the write mask register set cycle (new mask selection) method

and CAS before RAS refresh cycle (optional reset cycle) method.

However, only the CAS before RAS refresh cycle (option reset cycle) can be used in version A. Table 2-

6 lists how to select the new mask data method for each version.

Table 2-6. New Mask Data Selection Method for Each Version

New mask data selection method

Version A

Version F

Version E

selection)

Method to use the write mask
register set cycle (new mask

unusable

usable

usable

cycle.)

Method to use the CAS before
RAS refresh cycle (option reset

usable

usable

usable

(a) Method Using Write Mask Register Set Cycle (New Mask Selection) (Versions F and E)

This method is usable in both version F and version E.

To switch to the mode using new mask data, keep the DT/OE, WB/WE DSF to high level and set the
CAS and DSF to high level at the falling edge of RAS, the DSF to low level at the falling edge of CAS,

and start up the next RAS and CAS after the tcas and tras.

As a result, the write-per-bit function can be used using the new mask data from the next mask write

cycle.
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(b) Method Using CAS Before RAS Refresh Cycle (Optional Reset Cycle) (All versions)
This method is usable in all versions.
To switch to the mode using new mask data, set the DSF to low level at the falling edge of CAS in
the CAS before RAS refresh cycle.
As a result, the write-per-bit function can be used using the old mask data from the next mask write
cycle.

(2) Old Mask Data Method
To switch to the mode using old mask data, set the DSF to low level at the falling edge of CAS in the write
mask register set cycle, and write the mask data in the write mask register.
As a result, the write-per-bit function can be used using the old mask data from the next mask write cycle.

2.8.3 Execution of Mask Write Cycle

To execute the write-per-bit function, select the new mask data method or old mask data method, and set
WB/WE to low level at the falling edge of RAS of each write cycle. At this time, input the mask data to the W
pin in the write cycle using the new mask data. In the write cycle using the old mask data, as the mask data set
to the write mask register will be used, there is no need to input the mask data to the W pin.

This function is valid only at the falling edge of RAS. In the fast page/hyper page mode write cycle, the mask
data determined in the first RAS cycle for moving onto the next fast page/hyper page mode will be valid while
the fast page/hyper page mode write cycle continues.
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2.9 Refresh Cycle

The refresh cycle of this product consists of the CAS before RAS refresh cycle and refresh cycle using external
address inputs (FE only refresh and read/write refresh). The refresh period is the same as the DRAM (Standard),
512 cycles/8 ms.

2.9.1 Refresh Cycle Using External Address Input (F_!I\_é Only Refresh and Read/Write Refresh)

By specifying the row address using the 9 bits between A0 to A8 at the falling edge of RAS, setting CAS and
DT/OE to high level, and keeping CAS at high level while RAS is low level, the memory cells on the specified
row address (512 x 8 bits) can be refreshed. At this time, refresh is executed, W0 to W7/I00 to |07 pins are kept
at high impedance, and information such as memory contents, register data, function settings, etc. are all also
kept.

At the falling edge of RAS, all cycles whose CAS are high level input the external address. Therefore, in addi-
tion to the read/write cycle operations, etc. refresh operations similar to the RAS only refresh operations will be
performed. For this reason, in systems in which addresses in the memory are always increased or decreased,
it may not be necessary to perform refresh again.

. When several devices exist on one bus, data will clash in the bus during the above read/write operations unless
each device is equipped with a buffer. Consequently, as it is necessary to set the I/O line to high impedance
beforehand during refresh, normally the RAS only refresh operation is used.

2.9.2 CAS Before RAS Refresh Cycle (Including Hidden Refresh)

When CAS is set to low level at the falling edge of RAS, the refresh address is supplied from the internal refresh
address counter. The internal refresh address counter is increased automatically each time this refresh cycle
is executed.

During this refresh cycle, functions of random access port and serial access port are selected as follows
according to the DSF and WB/WE levels at the falling edge of RAS.

(1) When DSF is low level: Optional reset
All STOP register data become “1” and the mask write cycle switches to the new mask data method.

{2) When DSF is high level and WB/WE is low level: STOP register set
The STOP register data is input from the A0 to A7 pins at the falling edge of RAS.

(3) When DSF, WB/WE is high level: No reset
Only refresh operations are performed and the function selection state is kept.

In all cases, the W/IO pin is kept at high impedance. When CAS and DT/OE are kept low level while the mode
is changed to the CAS before RAS refresh cycle following the read cycle, and RAS is activated, the hidden refresh
cycle will be initiated. In this cycle, the W/IO pin does not become high impedance and the data read in the former
read cycle will be kept as it is.

Because internal memory operations are equivalent to CAS before RAS refresh, no external addresses are
required.

Like CAS before RAS refresh, in the hidden cycle, functions will be selected according to the level of DSF,
WB/WE at the falling edge of RAS. Operations are guaranteed when DSF is low level and when DSF, WB/WE
are high level.
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3. Serial Access Port Operations

There are two types of data transfer cycles-data transfer from the random access port to the serial access port
(read data transfer) and data transfer from the serial access port to the random access port (write data transfer).
There are also two types of data transfer methods-single data transfer and split data transfer.

To set the data transfer cycle, input high level to CAS and input low level to DT/OE at the falling edge of RAS.

The data transfer type differs according to the input levels of WB/WE, and DSF at the falling edge of RAS.

Table 3-1. Serial Access Port Operation Mode

At RAS Falling Edge Transfer Direction
CAS |DT/OE | WB/WE | DSF Data Transfer Type Transfer Source Tra.nsfci,-r
Destination
H L H L Single read data transfer Random access | Serial access
H L H H Split read data transfer port port
H L L L Single mask write data transferNote | Serial access | Random access
H L L H | Split mask write data transferNote port port

Note Write-per-bit function can be specified.

Remark H: High level, L: Low level
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3.1 Single Data Transfer Method
With this method, 512 words x 8 bits (whole memory range of serial access port) data is transferred at one
time. This method can be used in both write data transfer and read data transfer.

3.1.1 Single Read Data Transfer Cycle
This cycle transfers the 4K-bit (512 words x 8 bits) data of the random access port to the serial access port

in one cycle.

(a) Setting of Single Read Data Transfer Cycle
To set the data transfer cycle, input a high level to CAS and WB/WE and low level to DT/OE and DSF at
the falling edge of RAS.
Using the row address input to A0 to A8 at the falling edge of RAS, the memory cells (512 words x 8 bits)
of the transfer source of the random access port can be selected. The address data input to A0 to A8 at
the falling edge of CAS will be latched as the TAP register data of serial access port. Refer to 3.4 TAP
Register.

(b

-

Execution of Single Read Data Transfer Cycle

To execute the data transfer cycle, set the single read data transfer cycle and then input a high level to
DT/OE and RAS.

When SC is active (edge control), data transfer will be executed at the rising edge of DT/OE. When SC
is inactive (self control), it will be executed at the rising edge of RAS. At the same time, the serial address
pointer jJumps to the start column (TAP) of the next serial read cycle, and the TAP register will be set the
empty state.

After the transfer is completed, the new serial access port data is output after tsca following the rise of
the SC clock that occurs after tson if the SC is active, and after tsowr if SC is inactive.

Caution When the single read data transfer cycle is executed while the serial access port is performing
serial write operations, the serial access port will start serial read operations at the rising edge
of RAS. Refer to 4. Electrical Characteristics Read Data Transfer Cycle (Serial Write — Serial
Read Switching) Timings.
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3.1.2
Th

cycle.

Single Mask Write Data Transfer Cycle
is cycle transfers 4K-bit (512 word x 8 bits) data of the serial access port to the random access port in one
Because WB/WE is low level at the falling edge of RAS, the write-per-bit function always functions in this

transfer cycle. Refer to 2.8 Mask Write Cycle.

(a)

(b)

Random Access Port Random Access Port

Setting of Single Mask Write Data Transfer Cycle

To set this cycle, latch the data to be transferred to the serial access port, and then input a high level to
CAS and low level to DT/OE, WB/WE, and DSF atthefalling edge of RAS. Because the write-per-bit function
functions in this transfer operation, for the new mask data method, the mask data must be supplied to
WO to W7 at the falling edge of RAS, and for the old mask data method, there is no need to control the
mask data.

The memory cells (512 words x 8 bits) of the transfer destination of the random access port are selected
using the row address input to AO to A8 at the falling edge of RAS. The address data input to AO to A8
atthe falling edge of CAS is input as the TAP register data of serial access port. Refer to 3.4 TAP Register.

Execution of Single Mask Write Data Transfer Cycle

To execute this cycle, set the single write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. At the same time, the serial address pointer jumps to the start
column (TAP) of the next serial write cycle, and the TAP register will be set the empty state.

After the transfer is completed, the new serial access port data is latched at the rising edge of the SC clock
that occurs after tsonn,

Caution 1. When the single mask write data transfer cycle is executed while the serial access port is
performing serial read operations, the serial access port will start serial write operations at
therising edge of RAS. Refer to 4. Electrical Characteristics Write Data Transfer Cycle (Serial
Read » Serial Write Switching) Timings.

2. Always make CAS low level in the write data transfer cycle and latch TAP. If write data
transfer is performed without setting TAP, serial access port operations cannot be ensured
until either one of the following points. If the SC clock is input during this time, the serial
register value also cannot be guaranteed.

« Until the falling edge of CAS during the write data transfer cycle
« Until the read data transfer cycle is executed again

Figure 3-1. Single Write Data Transfer and TAP Operation

Before transfer After transfer

Transfer destination

A

TAP register TAP register

TAP data "Empty”

Serial Access Port

Serial Access Port I

L TAP
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3.2 Split Data Transfer Method

With this method, the 512 words x 8 bits (whole memory range of serial access port) data is divided into the
lower column (0 to 255) and upper column (256 to 511), each consisting of 256 words x 8 bits.

Because the columns are divided into upper and lower columns with this method, data transfer can be

performed on lower column (or upper column) while performing read/write operations in the upper column (or
lower column). For this reason, transfer timing design is easy. This transfer method can be used in both‘write
data transfer and read data transfer.

This transfer method uses either of two modes, "MSB Care" and "MSB Don't Care," depending on the method
used to select the column for data transfer (See the table below.). The mode to be used varies from one version
to another. Refer to 7. Example of Stamping for how to identify each version.

Table 3-2. Differences between the MSB Don't Care and MSB Care Modes

Mode Version Function

MSB Don't Care | Versions A and F A8 input as TAP is ignored, and an inactive column is selected

automatically for data transfer.

MSB Care Version E Thecolumn (upper or lower) is specified for datatransfer according

to A8 input as TAP.

3.2.1

Split Read Data Transfer Cycle (Versions A and F: For "MSB Don't Care")

This cycle divides the 4K-bit (512 words x 8 bits) data of the random access port into the lower and upper
columns and transfers them to the serial access port.
In this cycle, the serial read/write can be performed in the columns to which data is not transfer.

(a) Setting of Split Read Data Transfer Cycle

To set this cycle, input a high level to CAS, WB/WE and DSF, and low level to DT/OE at the falling edge
of RAS.

The memory cells (612 words x 8 bits) of the transfer source of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. And the address data input to A0 to
A7 at the falling edge of CAS is latched as the TAP register data of serial access port. Refer to 3.4 TAP
Register. There is no need to control address data input to A8 (See the table below.).

Table 3-3. Relationships among Data Register Transfer Destination, A8 Inputs, and QSF
Outputs (Split Read Data Transfer Cycle in the MSB Don't Care Mode)

A8 data input to the TAP register QSF output Data register transfer destination
A8 = x QSF =1 Lower column (addresses 0 to 255)
QSF =0 Upper column (addresses 256 to 511)

(b)

Remark 1=highlevel;0=lowlevel; x=high orlowlevel

Execution of Split Read Data Transfer Cycle »
To execute this cycle, set the split read data transfer cycle and then input the high level to RAS. Data will
be transferred at the rising edge of RAS. Data is transferred from the random access port to the serial
access port automatically at the column side (Column not pointed to by the serial address pointer) where
serial access port is inactive. To confirm the transferred column side, check the output state of the QSF
pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.
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3.2.2

Split Read Data Transfer Cycle (Versions E: For "MSB Care")

This cycle divides the 4K-bit (512 words x 8 bits) data of the random access port into the lower and upper
columns and transfers them to the serial access port.
In this cycle, the serial read/write can be performed in the columns to which data is not transfer.

(a) Setting of Split Read Data Transfer Cycle

To set this cycle, input a high level to CAS, WB/WE and DSF, and low level to DT/OE at the falling edge
of RAS.

The memory cells (512 words x 8 bits) of the transfer source of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. And the address data input to A0 to
A8 at the falling edge of CAS is latched as the TAP register data of serial access port. Refer to 3.4 TAP
Register.

If the address data input to A8 is 0, data in lower columns is trasferred from the random access port to
the serial access port. If it is 1, data in upper columns is transferred from the random access port to the
serial access port. To perform the data transfer in columns for which no serial read is not being made
(columns for which the serial register is inactive), it is necessary to supply an‘inverted QSF output to A8
(See the table below.).

Table 3-4. Relationships among Data Register Transfer Destination, A8 Inputs, and QSF
Outputs (Split Read Data Transfer Cycle in the MSB Care Mode)

A8 data input to the TAP register QSF output Data register transfer destination
A8=0 QSF =1 Lower column (addresses 0 to 255)
A8 =1 QSF =0 Upper column (addresses 256 to 511)

(b)

Remark 1 = high level; 0 = low level

Execution of Split Read Data Transfer Cycle

To execute this cycle, set the split read data transfer cycle and then input the high level to RAS. Data will
be transferred at the rising edge of RAS. Datain the upper or lower column istransferred from the random
access port to the serial access port, depending on the data input to A8. To confirm the transferred column
side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.

Caution When data is tranferred in a split read data transfer cycle, if the related serial register is already
involved in serial read/write operation, the serial address pointer changes during data transfer,
and the TAP register becomes empty. The timing for this operation is the same as for the read
data transfer cycle (SC inactive).
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3.2.3 Split Mask Write Data Transfer Cycle (Versions A and F: For "MSB Don't Care")

This cycle divides the 4K-bit (512 words x 8 bits) data of the serial access portinto the lower and upper columns
and transfers them to the random access port.

In this cycle, serial read/write can be performed for columns to which data is not transferred.

Because WB/WE is low level at the falling edge of RAS, the write-per-bit function always functions in this
transfer cycle. Refer to 2.8 Mask Write Cycle.

(a) Setting of Split Mask Write Data Transfer Cycle

To set this data transfer cycle, input a high level to CAS and DSF and low level to ﬁ/O_E,mNW at the
falling edge of RAS. Because the write-per-bit function functions in this transfer operation, for the new
mask data method, the mask data must be supplied to WO to W7 at the falling edge of RAS, and for the
old mask data method, there is no need to control the mask data.

The memory cells (512 words x 8 bits) of the transfer destination of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. The address data input to A0 to A7
at the falling edge of CASis input as the TAP register data. Refer to 3.4 TAP Register. There is no need
to control address data input to A8 (See the table below.).

Table 3-5. Relationships among Data Register Transfer Source, A8 Inputs, and QSF
Outputs (Split Write Data Transfer Cycle in the MSB Don't Care Mode)

A8 data input to the TAP register QSF output Data register transfer destination
A8 = x QSF =1 Lower column (addresses 0 to 255)
QSF=0 Upper column (addresses 256 to 511)

(b

-—

Remark 1=high level; 0=lowlevel;x=highorlow level

Execution of Split Mask Write Data Transfer Cycle

To execute this cycle, set the split write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. Data is transferred from the serial access port to the random
access port automatically at the column side (Column not pointed to by the serial address pointer) where
the serial access port is inactive. To confirm the transferred column side, check the output state of the
QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.
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3.2.4 Split Mask Write Data Transfer Cycle (Versions E: For "MSB Care")

This cycle divides the 4K-bit (512 words x 8 bits) data of the serial access port into the lower and upper columns
and transfers them to the random access port.

In-this cycle, serial read/write can be performed for columns to which data is not transferred.

Because WBAWE is low level at the falling edge of RAS, the write-per-bit function always functions in this
transfer cycle. Refer to 2.8 Mask Write Cycle. )

(a)

Setting of Split Mask Write Data Transfer Cycle :

To set this data transfer cycle, input a high level to CAS and DSF and low level to DT/OE, WB/WE at the
falling edge of RAS. Because the write-per-bit function functions in this transfer operation, for the new
mask data method, the mask data must be supplied to WO to W7 at the falling edge of RAS, and for the
old mask data method, there is no need to control the mask data.

The memory cells (512 words x 8 bits) of the transfer destination of the random access port are selected
using the row address input to AO to A8 at the falling edge of RAS. The address data input to A0 to A8
at the falling edge of CAS is input as the TAP register data. Refer to 3.4 TAP Register.

If the address data input to A8 is 0, data in lower columns is transferred from the serial access port to
the random access port. If it is 1, data in upper columns is transferred from the serial access port to the
random access port. To perform the data transfer in columns for which no serial write is not being made
(columns for which the serial register is inactive), it is necessary to supply an inverted QSF output to A8
(See the table below.).

Table 3-6. Relationships among Data Register Transfer Source, A8 Inputs, and QSF
Outputs (Split Write Data Transfer Cycle in the MSB Care Mode)

A8 data input to the TAP register QSF output Data register transfer destination

A8=0 QSF =1 Lower column (addresses 0 to 255)

A8 =1 QSF =0 Upper column (addresses 256 to 511)

(b)

Remark 1 = high level; 0 = low level

Execution of Split Mask Write Data Transfer Cycle

To execute this cycle, set the split write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. Data in the upper or lower column is transferred from the serial
access port to the random access port, depending on the data input to A8. To confirm the transferred
column side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the
serial address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column
side, and the TAP register will be set the empty state.
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Figure 3-2. Split Mask Write Data Transfer and TAP Operations

Before transfer (Upper column) After transfer (Upper column)
Random Access Port Random Access Port
Transfer
destination
TAP register TAP register
TAP data 1 "Empty"

I: l Serial Access Portl | % l

Serial Access Port

TAP data 1
Serial write start
Before transfer (Lower column) After transfer (Lower column)
Random Access Port Random Access Port

dTransfgr R

SU280O0 1 TAP register —————1 TAP register

TAP data 2 "Empty*
Serial Access Port ] % o I Serial Access Portl l | | |
T—— L TAP data 2

Serial write start (TAP data 1)
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3.3 Serial Read/Write

The serial access port (512K x 8 bits) is independent from the random access port and can perform read and
write operations. The serial access port performing single data transfer and split data transfer can not perform
read and write operations independently.

Caution When the power is turned on, the serial access port sets into the input (write) mode and the SIO
pin is the high impedance state.

3.3.1 Serial Read Cycle

To set the serial read cycle, perform the single read data transfer cycle (The mode will not change in the split
read data transfer cycle.).

Execute the single read data transfer cycle and latch the data and TAP data. By inputting a clock signal to
the SC pin and inputting a low level to the SE pin, data will be output from the serial address pointer specified
by TAP register. The data synchronizes with the rising edge of the SC clock and is output from the SIO0 to SIO7
pin, and the data is kept until the next rising edge of the SC clock.

(a) Reading-Jump
The SE pin controls the SIO pin output buffer independently from the SC clock. By setting the SE pin to
high level even while inputting the SC clock, SIO0 to SIO7 pins become high impedance. But the
operations of serial address pointer will be continued while the SC clock is being input even though
reading has been prohibited from SE pin. Reading-jump of the column can be performed using this
function.

3.3.2 Serial Write Cycle

To set the serial write cycle, perform the single write data transfer cycle (The mode will not change in the split
write data transfer cycle.). To prevent the transfer data from being written in the memory cell of the random
access port, set all bits of the mask data to “0” and control the mask data.

Execute the single write data transfer cycle and set the serial write cycle. By inputting the clock signal to the
SC pin and inputting a low level to the SE pin, data can be latched from the serial address pointer specified by
TAP register. The data synchronizes with the rising edge of the SC clock and is input from SIO0 to SIO7 pins.
Be sure to follow the specifications for the setup time (tses) and hold time (tsen) of SE pin for the SC clock. .

(a) Writing-Jumps (Intermittent Writing)
The SE pin controls writing operations independently from the SC clock. By setting the SE pin to high
level even while inputting the SC clock, writing will not be executed. But the operations of serial address
pointer will be continued while the SC clock is being input even though writing has been prohibited from
SE pin. These functions enable writing-jumps (intermittent writing) to be performed. The masked data
is kept as the old data.

3.3.3 QSF Pin Output
QSF pin determines whether the serial address pointer is at the upper column side (addresses 256 to 511)
or the lower column side (addresses 0 to 255) at the rising edge of the following SC clock during serial read or
write. In other words, it outputs the uppermost bit (A8) of the column address of the serial address pointer.
The following table shows the QSF pin output state and the access pointer of following SC clocks.

Access Address of Following SC clock QSF Output
Addresses 0 to 255 Low level
Addresses 256 to 511 High level
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3.4 TAP (Top Access Point) Register

The TAP register is a data register which specifies the start address (first serial address point = TAP) of the
serial read or serial write.

Set data. to this register each time a transfer cycle is executed.

3.4.1 Setting of TAP Register

The data input to A0 to A8 at the falling edge of CAS during the setting of a transfer cycle is set as the TAP
register data. By executing the transfer cycle, the start address of the following serial read (or write) operations
is specified by the data of the TAP register and the TAP register will be kept in the empty state until the TAP regis-
ter is set again. ‘

In the split data transfer cycle (Versions A and F: For "MSB Don't Care"), because the inactive serial access
port column addresses are specified by the data of the TAP register automatically, there is no need to control
the A8 data. However in the split data transfer cycle (Version E: For “"MSB Care"), the data in the TAP register,
which is input to A8, specifies the column on the side that performs the transfer (A8 = 0: Lower column, A8 =
1: Upper column).

Caution When the TAP register is empty, the address following the 511 serial address point will be 0. In
addition, because the serial address pointer will not jump to the column specified by the STOP
register, the binary boundary jump function cannot be used. Refer to 3.6 Binary Boundary Jump
Function.

3.5 STOP Register

The STOP register is a data register which determines the column of the jump source when jumping to a
different column side (lower column or upper column) in the split data transfer cycle. Five types of columns can
be selected for starting jump (jumping‘is possible at 2, 4, 8, 16, and 32 points). The following table shows the
correspondence between the column at the jump source and data of the STOP register.

Once set, the STOP register data is kept until it is set again.

3.5.1 Setting of STOP Register
To set the STOP register, set WB/WE to low level at the falling edge of RAS in the CAS before RAS refresh
cycle. The data input to A0 to A7 will be input as the STOP register data.
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Table 3-7. STOP Register Data and Jump Source Column

STOP Register Data | pyi. Bit
A7|A6| A5 | A4 |A3 to AD| sion (Width

Jump Source Bit Column (Decimal Number)

255
11111 ]1 1 1/2 | 256

511

127, 255
o111 7]1 1 174 | 128

383, 511

63, 127, 191, 255

319, 383, 447, 511

31, 63, 95, 127, 159, 191, 223, 255

287, 319, 351, 383, 415, 447, 479, 511

15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255

271, 287, 303, 319, 335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 511

0|10 |11 1 1/8 64

01001 1 1/16 | 32

0(0|0]0 1 132 | 16

Remark A8: Don't care.
Caution When the power is supplied, all STOP register data will be set to all “1".

3.6 Binary Boundary Jump Function

This function causes the serial address pointer jump to the TAP specified by the TAP register when the pointer
moves to a column specified by the STOP register (split data transfer).

This function cannot be used when the jump destination address is not set (TAP register is empty).

This function facilitates tile map application which divides the screen into tiles and manages data for each
tile.

3.6.1 Usage of Binary Boundary Jump Function

After setting the STOP register, execute the single read (or write) data transfer and initialize the serial access
port. The initialization process will switch the serial access port read (or write) operations, set TAP, set the serial
access port data, and set the TAP register to empty. By inputting the serial clock in this state, the serial access
port will read (or write) operations from TAP in ascending order of address. Because the TAP register is in the
empty state, the address at the jump source set by the STOP register will be ignored, and the serial address
pointer will move on.

When the column to be jumped approaches, execute split data transfer and set new TAP data in the TAP
register. The serial pointer will jump at the desired jump source address. Jump can be controlled freely by
repeating these operations.
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3.7 Special Operations

3.7.1 Serial Address Set Operations

Because the serial address counter is undefined when the power up, the serial access port operations when
the SC clock is input are not guaranteed. Execute single read (or write) transfer after turning on the power. The
serial access port will be initialized, enabling serial access port operations to be performed.

3.7.2 Lap Around Operations
If all the data of the register is read (write) during data transfer while the serial read (write) cycle is being
executed, the serial pointer will repeat 0 to 511.

3.7.3 Cycle After Power On

After supplying power, initialize the internal circuitry by waiting for at least 100 us after Vcc > 4.5 V, then
supplying at least 8 RAS clock cycles. The RAS clock only requires that tac, tras, and tap are satisfied; there is
no problem if other signals are in any state. Note however that if the signal supplied to RAS, CAS, DT/OE, and
WB/WE is high at power-on, the serial access port and each register have the following values.

® Serial access port Input mode, SIO: High impedance

@ Color register .....c.ue.... Undefined
@ Mask register All “1"
® TAP register ..... ..Undefined
@ STOP register All “1"
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4. Electrical Characteristics

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Pin voltage Vt -1.0 to +7.0 \
Supply voltage Vce -1.0 to +7.0 \"
Output current lo 50 mA
Power dissipation Po 1.5 ‘ w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55 to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
in the operational sections of this characteristics. Exposure to Absolute Maximum rating

conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol | MIN. | TYP. [ MAX. Unit
Supply voltage Vce 4.5 5.0 5.5 Y
High level input voltage Vi 2.4 5.5 Vv
Low level input voltage Vi -1.0 +0.8 Vv
Operating ambient temperature Ta 0 70 °C
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DC Characteristics 1 (Recommended operating conditions unless otherwise noted)

Parameter Symbol Test conditions MIN. | TYP. | MAX.| Unit
Input leakage current I8 ViNn=0Vto55V, -10 +10 | pA
Other inputs are 0 V
Output leakage current lou W/IO, SIO, QSF are inactive, | —-10 +10 | WA
Vour=0Vto55V
Random access port VoH (R) lon (R) = -1.0mA 2.4 \
high level output voltage
Random access port VoL (R) lot (R) = 2.1mA 0.4 \
low level output voltage
Serial access port Vo (S) loH (S) = -1.0mA 2.4 v
high level output voltage
Serial access port VoL (S) lo. (S) :: 2.1mA 0.4 \%
low level output voltage
Capacitance (Ta = 25 °C, f = TMHz)
Parameter Symbol Test conditions MIN. | TYP. |MAX.| Unit
Input Capacitance Cn R_AS, %, 'VWNW, 51—'/&, DSF, 55, SC 8 pF
Ci2 A0 to A8 5
Input/Output Capacitance Cio W/IO (0 to 7), SIO (0 to 7) 7 pF
Output Capacitance Co QSF 7 pF
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

(uPD482234)
Serial Access Port| 11PD482234-60 | 1PD482234-70 | uPD482234-80
| . -
Random Access Port Standby |Active | > ™! ['min. [max. | min. [max. | min, [max, | Unit |Conditions
Random Read/Write Cycle O lccr 110 130 130 | mA | Note2
RAS, CAS cycle,
tac = tac (MIN.), lo = OmA O lec 155 195 190
Standby (@) lec2 10 10 10 | mA
RAS = CAS = Vi,
Dout = high impedance 1 1 1| mA | Note3
O lccs 55 70 65 | mA
RAS only refresh cycle o Iccs 110 115 115 | mA | Notes
RAS cycle, CAS = Vi,
tac = tac (MIN.) (@] [ 155 180 175
Fast page mode cycle o) lccs 100 100 90 | mA | Notes
RAS = Vi, CAS cycle,
tec = tec (MIN.) o lccro 145 165 150
CAS before RAS refresh cycle e} lecs 110 90 90 | mA
tnc = tac (MIN.)
O leen 155 155 150
Data transfer cycle O lccs 120 140 140 | mA
tnc = tre (MIN.)
O lccrz 165 205 200
Eolor/Mask write register set cycle o) leca 100 120 120 | mA
tne = tac (MIN.)
O lccw 145 185 180
Flash write cycle o) lecis 100 120 120 | mA
tnc = tac (MIN.)
(@) lccie 145 185 180
Block write cycle (e} Iccr? 120 130 130 | mA
tnc = tec (MIN.)
O lccis 165 195 190
Fast page mode block write cycle le) lccis 100 110 100 | mA
tec = tec (MIN.)
O lcc2o 130 175 160 Note 5

Notes 1.

and operating frequency of each pin.
2. A change in row addresses must not occur more than once in tac = trc (MIN.).
3. RAS, CAS, and SE remain at Vin = Vcc - 0.2 V, and A0 to A8, WB/WE, DT/OE, DSF, SC remain at
ViH=Vcc-0.2VorViLsGND + 0.2 V.
4. When the address input is set to Vi or ViL during the tras period.
5. Value when the address in tec one cycle is changed once when tec = trc (MIN.).

No load on W/IO, SIO, QSF. The current consumption actually used depends on the output load
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

(uPD482235)
Serial Access Port 1PD482235-60 | uPD482235-70 | uPD482235-80
Unit | Conditi
Random Access Port standby |Active] V™00 [ vin. [max. | min. [max. | min. [max, | Y| conatons
Random Read/Write Cycle @) lect 110 130 130 | mA | Note2
RAS, CAS cycle,
trc = trc (MIN.), lo = OmA O lecr 155 195 190
Standby e} lecz 10 10 10 | mA
RAS = CAS = Vi,
Dour = high impedance 1 1 1] mA | Note3
. @] lccs 55 70 65 | mA
RAS only refresh cycle e} leca 110 115 115 | mA | Note s
RAS cycle, CAS = Vi,
tre = tac (MIN.) O lecs 155 180 175
Hyper page mode cycle ) lccs 120 130 120 | MA | Notos
RAS = Vi, CAS cycle,
tuec = tuec (MIN.) O lecro 155 195 180
CAS before RAS refresh cycle e} lecs 110 90 20 | mA
trc = tac (MIN.)
@] lecn 155 155 150
Data transfer cycle o) Iccs 120 140 140 | mA
trc = tac (MIN.)
(@] lccaz 165 205 200
Color/Mask write register set cycle o) lec1s 100 120 120 | mA
tac = tre (MIN.)
(@] lccia 145 185 180
Flash write cycle o) lects 100 120 120 | mA
tac = tre (MIN.)
O lecis 145 185 180
Block write cycle o lect? 120 130 130 | mA
tre = trc (MIN.)
(@] lecis 165 195 190
Hyper page mode block write cycle 1) lects 140 135 125 | mA
tuec = tiec (MIN.)
O lcc2o 190 200 185 Note 5

Notes 1. No load on W/IO, SIO, QSF. The current consumption actually used depends on the output load
and operating frequency of each pin.
2. Achange in row addresses must not occur more than once in trc = tac (MIN.).
3. RAS, CAS, and SE remain at Vin = Vcc - 0.2 V, and A0 to A8, WB/WE, DT/OE, DSF, SC remain at
Vin2Vec-0.2VorVik<GND +0.2 V.
4. When the address input is set to Vin or Vi during the tras period.
5. Value when the address in tirc one cycle is changed once when tupc = tupc (MIN.).
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AC Characteristics (Ta = 0 to 70 °C, Vcc = 5.0 V + 10 %, GND = 0 V)Notes 1, 2,3, 4

(Common for yPD482234, 482235) (1/4)
uPD482234-60 | uPD482234-70 | uPD482234-80
Parameter Symbol |#PD482235-60 | iPD482235-70 | uPD482235-80 | it | Condition
MIN. [MAX. | MIN. | MAX.| MIN. | MAX.
Access time from RAS tRAC 60 70 80 | ns Note 5
Access time from CAS teac 15 20 25 | ns Note 5
Access time from column address taa 30 35 40 ns Note 5
Access time from CAS trailing edge tacp 35 40 45 | ns
Access time from OE toea 15 20 25 | ns
Serial output access time from SC tsca 15 17 20 ns
Serial output access time from SE tseA 15 17 20 | ns
Output disable time from SE high tsez 0 15 0 15 0 20 ns Note 6
Random read or write cycle time trRc 120 140 150 ns
Read modify-write cycle time tRwC 165 185 205 ns
Transition time (Rise/Fall) tr 3 35 3 35 3 35 | ns
~I%/i\—s precharge time tRP 50 60 60 ns
RAS pulse width taas | 60 [10,000[ 70 [10,000[ 80 [10,000| ns
(Non page mode)
:RA_S pulse width trASP 60 (100,000{ 70 [100,000( 80 |100,000{ ns
(Fast page/Hyper page mode)
RAS hold time tRsH 15 20 25 ns
—éZA_S precharge time tceN 10 10 10 ns
(Non page mode)
CAS precharge time tep 10 10 10 ns
(Fast page/Hyper page mode)
CAS hold time tesH 60 70 80 ns
RAS to CAS delay time tRcD 20 | 40 | 20 | 50 | 22 | 55 | ns Note 5
CAS high to RAS low precharge time | tcrp 5 10 10 ns
RAS high to CAS low precharge time | taec 10 10 10 | ns
Row address setup time tasr 0 0 0 ns
Row address hold time tRAH 10 10 12 ns
Column address setup time tasc 0 0 0 ns
Column address hold time tcAH 10 10 12 ns
RAS to column address delay time tRAD 15 30 15 35 17 40 ns Note 5
Column address to RAS lead time trAL 30 35 40 ns
Read command setup time tRcs 0 0 0 ns
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(Common for uPD482234, 482235) (2/4)
uPD482234-60 | uPD482234-70 | uPD482234-80
Parameter Symbol |#PD482235-60 | uPD482235-70 | uPD482235-80 | ypit | Condition
MIN. | MAX.| MIN. [ MAX. | MIN. [ MAX.

Read command hold time after tRRH 0 0 0 ns Note 7
RAS high

Read command hold time after tRCH 0 0 0 ns Note 7
CAS high

OE hold time after RAS high toRH 10 10 10 ns Note 8
OE hold time after CAS high tock 10 10 10 ns Note 8
Write command setup time twces 0 0 0 ns Note 10
Write command hold time tweH 10 12 15 ns

Write command pulse width twp 10 12 15 ns

Write command to RAS lead time tRWL 20 20 20 ns

Write command to CAS lead time tewt 15 15 20 ns

Data in setup time tos 0 0 0 ns Note 9
Data in hold time toH 12 12 15 ns Note 9
Refresh period tREF 8 8 8 ms

CAS to WB/WE delay time tewo | 40 40 50 ns Note 10
RAS to WB/WE delay time tawo | 85 90 105 ns |  Note10
Column address to WB/WE delay time tawp 55 55 65 ns Note 10
CAS setup time tcsr 0 0 0 ns

(for CAS before RAS refresh cycle)

CAS hold time teHR 10 10 12 ns

(for CAS before RAS refresh cycle)

DT low setup time. ‘ tots 0 0 0 ns

DT low hold time after RAS low tRDH 55 65 70 ns Note 11
DT low hold time after RAS low tRows | 10 25 30 ns Note 11
DT low hold time after CAS low teoH 15 20 25 ns Note 11
DT low hold time after address tAbD 20 25 30 ns Note 11
SC high to DT high tsoo 0 0 ] ns Note 11
SC high to CAS low tssc 10 10 10 ns | Note 11, 15, 16
SC low hold time after DT high tsoH 40 40 50 ns Note 11
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(Common for uPD482234, 482235) (3/4)
uPD482234-60 | uPD482234-70 | uPD482234-80
Parameter Symbol |#PD482235-60 | uPD482235-70 | uPD482235-80 | ypit | Condition
MIN. [MAX.| MIN. [MAX. | MIN. [MAX.

SC low hold time after DT high tSDHR 40 45 55 ns | Note 11,15
OE high to data in setup delay time toeo 15 15 20 ns
_—O:E_ high hold time after toen 0 0 0 ns
WB/WE low
Serial clock cycle time tscc 18 22 25 ns
SC pulse width tscH 5 5 7 ns
SC precharge time tscL 5 5 7 ns
SE low to serial output setup tsoo 3 5 5 ns
delay time
Serial output hold time after tsoH 3 5 5 ns
SC high
DT high setup time toHS 0 0 0 ns
DT high hold time tDHH 10 10 12 ns
DT high to RAS high delay time toTR 0 0 0 ns Note 11
DT high pulse width tote 20 20 25 ns
OE to RAS inactive setup time toes 0 0 0 ns
Write-per-bit setup time twes 0 0 0 ns
Write-per-bit hold time tweH 10 10 12 ns
DSF setup time from RAS tFRS 0 0 0 ns
DSF hold time from RAS e | 10 10 12 ns
DSF setup time from CAS trcs 0 0 0 ns
DSF hold time from CAS teeh | 10 12 15 ns
Write-per-bit selection setup time tws 0 0 0 ' ns
Write-per-bit selection hold time twH 10 10 12 ns
SE pulse width tSEE 5 5 7 ns
SE precharge time tsep 5 5 7 ns
SE setup time tses 0 0 0 ns
SE hold time from SC tSEH 10 10 12 ns
Serial data in setup time tsis 0 0 0 ns
Serial data in hold time tsiH 10 10 12 ns
Serial input disable time from SC tsiz 0 0 0 ns
Serial output disable time from RAS| tsaz 0 0 0 ns
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(Common for uPD482234, 482235) (4/4)
1PD482234-60 | uPD482234-70 | uPD482234-80
Parameter Symbol uPD482235-60 | uPD482235-70 | uPD482235-80 | ynit| Condition

MIN. | MAX. | MIN. [ MAX. [ MIN. [ MAX.

Serial input enable time from RAS tszH 20 20 25 ns

SC setup time from RAS tsrs 10 10 10 ns | Note 14, 15, 16

SC hold time from RAS tshH 10 10 10 ns Note 14

Propagation delay time from trD 20 20 25 ns

SC to QSF

Propagation delay time from tRaD 80 95 105 | ns

RAS to QSF

Propagation delay time from tcap 60 65 75 ns

CAS to QSF

Propagation delay time from toap 30 30 35 ns

DT/OE to QSF

Propagation delay time from toar 40 40 45 ns

RAS high to QSF
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(uPD482234 Only)
1PD482234-60 | uPD482234-70 | uPD482234-80
Parameter Symbol Unit| Condition
MIN. |MAX. [ MIN. [MAX. | MIN. |MAX.
Output disable time from CAS high toFF 0 15 0 15 0 20 ns Note 6, 12
Output disable time from OE high toez 0 15 0 15 0 20 | ns Note 6, 12
Output disable time from WB/WE low twez 0 5 | 0 5 | 0 | 20 | ns | Notes, 12
Write command pulse width twez 10 12 15 ns Note 12
Fast page mode cycle time trc 40 | 45 50 ns
Fast page mode read modify tPRWC 90 90 105 ns
write cycle time )
CAS pulse width tcas 15 {10,000 20 {10,000 20 (10,000 ns

(1PD482235 Only)

1PD482235-60 | uPD482235-70 | uPD482235-80

Parameter Symbol . Tviaoc | v, Tviax | v, Tvax. Unit| Condition
Access time from previous CAS tace 60 65 75 | ns Note 17
Access time from previous WE tAwE 55 60 70 ns Note 17
Output hold time from CAS toHe 3 5 5 ns
Output disable time from RAS high torr 0 15 0 15 0 20 ns Note 6, 13
Output disable time from CAS high torc 0 15 0 15 0 20 | ns Note 6, 13
Output disable time from OE high torz 0 15 0 15 0 20 | ns Note 6, 13
Output disable time from WB/WE low twez 0 15 0 15 0 20 | ns | Notes, 13
Write command pulse width twpz 10 12 15 ns Note 13
Hyper page mode cycle time tHPC 30 35 40 ns
Hyper page mode read modify tHPRWC 80 90 105 ns
write cycle time
CAS pulse width tHCAS 10 {10,000 10 {10,000 12 |10,000( ns
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Notes 1. All applied voltages are referenced to GND.
2. After supplying power, initialize the internal circuitry by waiting for at least 100 us after Vcc 2 4.5 V,

then supplying at least 8RAS clock cycles. The RAS clock only requires tre, tras, and tre are satisfied;

there is no problem if other signals are in any state.

3. Measure at tt =5 ns

4. AC characteristic measuring conditions

(1) Input voltage, timing
ViHming = 2.4 V

Viemax) = 0.8V

(2) Output voltage determined

(3) Output load conditions

Random Access Port

Vonming = 2.0V

Voumax) = 0.8V

Serial Access Port

Vce Vee
1,838 Q 1,838 Q
W/10 SIO —-
50 pF 30 pF
C 993 Q G 993 Q

5. For read cycle, access time is defined as follows:

Input conditions

Access time

Access time from RAS

traD < trap (MAX.) and taco < treo (MAX.) trac (MAX.)

trac (MAX.)

trap > trap (MAX.) and tacp < treo (MAX.) taa (MAX.)

traD + taa (MAX.)

trco > treo (MAX.)

tcac (MAX.)

trco + tcac (MAX.)

trap (MAX.) and treo (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trab > trap (MAX.) and trco > treo (MAX.)
will not cause any operation problems.
6. tsez, toez, twez, toFF, torr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Vox or Vo.

7. Either trcH (MIN.) or trre (MIN.) should be met in read cycles.

8. Because tord and tocH are used during the mask register set cycle (new mask selection) only, these
ratings are applied only to versions F and E.
9. These parameters are referenced to the following points.

(1) Early write cycle

: The falling edge of CAS
(2) Late write cycle : The falling edge of WB/WE
(3) Read modify write cycle : The falling edge of WB/WE
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Notes 10.

1.

12.

13.

14.

twcs 2 twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance
during the cycle.
tawp > tawp (MIN.), tcwp = tewp (MIN.), tawp > tawp (MIN.), are conditions for read modify write cycle
to be set. The data of the selected address is output to Dour.
If any of the above conditions are not met, pin W/IO will become undefined.
One ofthe following specifications will be valid depending on the type of read data transfer method
used.
(1) DT/OE edge control: Satisfy the following specifications.
« For DT/OE edge inputs : troH, tcoH, tapbp, toTr
« For SC inputs : tsop, tspH
(2) Self control: Satisfy the following specification.
- For DT/OE edge inputs : trpHs
» For SC inputs : tssc, tSDHR
CAS and DT/OE are set to high level and WB/WE is set to low level affect the high impedance state,
the specifications will change as follows.
(1) When CAS is set to high level at DT/OE (low level) and WB/WE (high level) at the end of the
read cycle: torr is valid
(2) When WB/WE is set to low level at CAS (low level) and DT/OE (low level) at the end of the
read cycle: twez and twrz are valid
(3) When DT/OE is set to high level at CAS (low level) and WB/WE (high level) at the end of the
read cycle: toez is valid
Control pins RAS, CAS, DT/OE, WB/WE to set pin W/IO to high impedance. Because the timings
at which RAS, CAS, and DT/OE are set to high level and WB/WE is set to low level affect the high
impedance state, the specifications will change as follows.
When controlling RAS and CAS, the output cannot be made high impedance unless both pins are
set to high. There is difference between torc and tors, because RAS and CAS control is specified
from the rising edge of the slower one.
(1) When RAS is set to high level after CAS is set to high level at DT/OE (low level) and WB/WE
(high level) at the end of the read cycle: tors is valid
(2) When CAS is set to high level after RAS is set to high level at DT/OE (low level) and WB/WE
(high level) at the end of the read cycle: torc is valid
(3) When WB/WE is set to low level at RAS, CAS (low level) and DT/OE (low level) at the end of
the read cycle: twez and twez are valid
{4) When DT/OE is set to high level at RAS, CAS (low level) and WB/WE (high level) at the end
of the read cycle: toez is valid
The tsrs and tsr in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle
and optional reset cycle) are specified to guarantee the serial port operations until the transfer
cycle is executed after the STOP register value is changed. When the STOP register value is not
to be changed, or when the binary boundary jump function is not used (when the TAP register
is empty), tsrs and tsrH will not be specified.
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15.

16.

17.

tssc (splitread data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising

edge of SC which reads/writes the address of the jump source in the binary boundary jump

function. tsoHr (split read data transfer cycle and split write data transfer cycle) is specified at the
rising edge of SC which reads/writes the address of the jump destination in the binary boundary

jump function. The rising edge of these SCs cannot be input in periods (1) and (2).

(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that
ofthe SC specifying tsoHr (Refer to Note 2 Split Read/Write Data Transfer Cycle Timing Chart.)

(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that
ofthe SC specifying tsour (Refer to Note 2 Split Read/Write Data Transfer Cycle Timing Chart.)

Restrictions to the split read data transfer cycle during serial write operation

(1) If split read data transfer is attempted for an address which is already involved in serial write,
normal operation is not guaranteed, except for a period in which no serial write has been
performed, that is from when SE goes low at the rising edge of SC to just before the serial
write begins.

(2) Ifsplitread datatransfer is attempted when an address involved in serial write is the boundary
address specified by the STOP register, normal operation is not guaranteed, except for a
period in which no serial write has been performed, that is from just after the mask write or
mask split write transfer cycle is executed to just before the serial write is started by setting
SE to a low level at the rising edge of SC.

Inthe hyper page mode, the hyper page mode read modify write cycle, the hyper page mode read

modify block write cycle, this parameter is valid when the read cycle changes to the write cycle.
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Read Cycle (uPD482234)

tRC

tRAS trp
=he Vin = 4 )
RAS (Input) Vi — ;Z o
tcsH tcae
tcrp trcD tRsH teen
tecas
— - X 4 |
CAS (Input) |1~ 7 N 7 \
tRAD tRAL
LA_S.R‘ tRAH tasc tcaH
Address Inpu) V1"~ XXXX ROW $<X>({ coL. )
| tRRH
tRcs 1ACH | ¢ ]
Wi o V- [/ /[ /11 [1]) \
tons || town 2, twez
twez
= =F Vi = 3 Y
BTE tnpu) AALLARARAMRRRRARAN /
- X
* _/ tRac toEz
taa tore
tcac
toea
WO to W7, Vor - High-Z 4 \
WO W Gutput) N7 e I, T . { oataour  }--
tFRS tFRH

SRS\ S 7/

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Read Cycle (Extended data output: PD482235)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/
100 t0 107

DSF (Input)

Vin —
ViL -

Vin—
ViL -

Vin =
Vie-

Vi =
ViL—

Vi =
Vi -

Vor -
(Output) VoL —

Vin -

Vi -

tRAS = trp
N 7 N
tcsH tcre.
tcrp trcD tRSH teen
|<_. trHcas
/ ! / N
tRAD tRAL
LA_S.R tRAH tasc tean
XXX)(( ROW :|<X>gf coL. )
tRRH|
tRs tRCH|-»-1

J7777/777777 T T—

twez

| 1DHS tDHH | twez
_/ AN /[ -

1
o o
teac torR
10EA

-------- . --------'-'-ig-h-'z-—----------------------{ DATA OUT :}---

tFRS

AN

LT

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Early Write Cycle/Early Block Write Cycle

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

W0 to W7/

10010107 {INPUY)

DSF (Input)

tRC

W ‘ / N
T
e XX><: mx\\ i i 1/ /) IO
W [A/ AAA11 11111 1AALARRARRRRARRRRANY
2 XXX “JE<X><K KXOCCKKKIICXXKHRX
v N0 / //): X/ L1177 7777 77T

Note tcas for the uPD482234
tHcas for the uPD482235

Remarks 1.

2.
3.
4.

When DSF is high level : Block write cycle

When DSF is low level : Write cycle

WPB : Write-per-bit

When block write cycle is selected, input the column selection data to DATA IN.

Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Late Write Cycle/Late Block Write Cycle

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

'DT/OE (Input)

WO to W7/
100 to 107 {INPUY)

DSF (Input)

tRC

tras A tre
i /l' AN
test tcae.
tcrp. tAco tRSH -
| tcas, tHcas Note
) N
___/ R 7
tRAD tRAL
TASR | _tRan tasc tean ,
\ '
L0 T, GO
thwi
twas | | twsH . taes tewt 1
l twe.
‘ ) i
XX)‘(WPB select )W J

tOEH

tos

ANRARRARARRRRRRRAANY

toH

Block write select ]

Note tcas for the 1PD482234
trcas for the uPD482235

Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

QUK XXXXXXKXXX
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Read Modify Write Cycle/Read Modify Block Write Cycle

tRwC
tras L tap
RAS (Input) \\/,‘::: \( £ \
tesH tcap
tcap) trcD tRSH teen
v \ tcas, tHcas Note h <
CAS (Input) y, _ / N ; \
tRAD tRAL
It_A_S_H RAH tasC tcaH
ViH = RYAY 4
Address (Input) \; _ m ROW )50(‘ COL. J
tRWD tewl
tawp tRWL !
twas | [ twaen
‘ | tRCS tewo twe
—_— Vi = - R 3
WBAWE (Input) v _ X>ﬂ | wes select)(_ / N ) / / / // / / / / /
toHS | | toHH toEH
—— . s ' Y
DT/OE (input) \), _ / AN /] ALRRRRRARRY
thac
tan
teac
tw twi toea | toro Jtos|_ tod
WO Mask dat LT R - -?J:X%
o [Pt - :Xx i 3 7 COL select
Ygg - ‘ toez
to
- High-Z s \ High-Z
107 ™ (output) \\/,Z':_ SRR | SR 1. LAY § R { paTAOUT Po-cenemn--ld g ..
— 7
tris i FCS trcH

osF o YT\ W0, 223 TG,

Note tcas for the uPD482234
tcas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Fast Page Mode Read Cycle (uPD482234)

tRC
trasp tRP
. _ X
RAS (Input) \/,':_ N / \_
trC tec tRsH tcre .
It_C": tRco teas tep tcas tep teas o LN,
— ViH - \ s \ y \
CAS (Input) VII— _/ \‘ ,[ \ V \
tRAD
tesH
t:f than tasc | [ tean tasc| | tcam tasg| | toan
Vin = 4 L YAY 2 . . £ o
Address {Input) y;, _ X> ROW ’m coL.1” KXXEO!( COL."2 rﬁOL' N ;
tha tRcH
| tacs tRRH
Vi s Y
WeinE inpu) v~ //// /] \_/
twez)
toHs | | tomH A tr:v t‘/:\c/:- twez
I" ".1 toEs
S Vi — 4
oridE et v~/ ] AN\ A\ A\ /7
[tOEA toEA toea
tcac tecac teac
toez toez el toe2
torr torr torr
tRaC
WO to W7, Vou - iah- 4 Y 4 \
100 o 10 (OutpU) \or = m = == o ez { patAoUT 1" }---{ DATAOUT 2 }---{  DATAOUT'N' }---
trRs| | trRH

v 5\ V7777777777777 ITTTITTTTTIITITTIITY

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (Extended data output: ;PD482235)

tRC
tRasP trP
—_— Vi - b
RAS (Input) v, _ N / \_
tHpc ‘ tHpc tRSH il
g trco tHeAs tep tHeas tep [ | teen
N Vin — s \ 4 \
CAS (input) v — _/ N 4 N /) J? ;
tRaD
tesH
s [t | tasc || tean tasc| | toan tasc| | toan
ViH - 4 oy I \
Address (Input) y;, _ ROW coL.v coL."2" ) COL."N*
tRAL tRCH
| tres tRRH
. - Y
weme o \i- /////] \
twez
tan taa taa ' twez
toHs| {toHH taCh tach
‘-.l toes
—_— - 4
orice oew) v~/ [ NN\ f \ - f///
|t05A toez] toez
tea toag teac foF
trac - toHe toHe torR
- igh-: { X
et T Outpun Vo T - - - ] { SHeZoL ¥ Y ourrji@]‘ DATA OUT 2" @]‘ DATAOUT'N'  }---
teRs| | tFRH

DSF tnpun %‘.’::R\l.‘ .Jf////////////////////7//7///////7///

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (WE controlled)
(Extended data output: uPD482235 (Versions A, F and E))

tRC
tRASP tRP
R - T
RAS (Inputh \r' ~ N / N\
tHPC tHrC tRSH e,
tch tRCD thHCcAs tcp tHCAs tep tHcAs Clteen
—_— Vin - 3 3 f 3
CAS (inputh v _/ N A N 4 N
traD
tn tesH
SRl [tRAH tasc | | tcan tasc| | tcan tasc| | tcan
r—— -] -] -
Vin— 4 \
Address (Input) y, _ D ROW 0 coL."1* mLCOL'Z' Imf COL."N*
tRAL I
i tRCs tAcH ties tRCH tacs trm:aREH’
TWRANE Vi - 3 4 h
WB/WE (input) ////// \
ViL - / twezN MPZE \
twez]
taa taa taa tWEZ
toHS| |tDHH i
tors
DT/OE (Input) \\/,I:: j \\\ \ L 7/ ;
toeA tcac tcac =] toez
ﬁtCA 1oHC| toHe tol
tRAC twez twez torR
WO to W7, Vo — iah- / \ \ / \
o0 o 1o Output) Ve e e e jo-Henz . { pataout 1 }--{ pATAOUT 2 }---{  DATAOUT'N' }---
trRs| | tFRH

osr o 7 \\ ‘1////f/[//f///[//////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (OE controlled: Latched control)
(Extended data output: uPD482235 (Version A))

trC
trasp trp
Ja— - T \
RAS (Input) \\//[::_ \( / \_
tHPC tHPC tRSH A
tcre tRCO tHCAS tce tHCAS tcp THCAS | teen
= Vin - 3 4 b
CAS (Input) v/ _/ N 7 N 7N ,‘?
traDp
tcsH
task) tha | tasc [ tean tasc| | fean tasc| | tean
Vik = NS 4 \
Address (Input) ;. _ X>] Row XX coL KXXXX coL'z er coLN"
tRAL
tRCH
i tRCS tRRH [
\WRANE Vin = 3
WB/WE (Input) Vit - // /// teac tcAC \
: teac taa taa twez
taa tace tace
1OHS| ﬂ)ﬂ]{ toes ez
I Vi — . k
DT/OE (Input) v _ j \\\\\\ i N\ 77 /
toHC] toHC! toEz
tOEA toea toe tor
trac toez toez toFR
W0 to W7, Vou - iah- 4 y y - X
o o Oupu) = mmmd g mm Highz ... { pATAOUT"1" }---4 DATAOUT'Z }---4  DATAOUT'N' }---
tFRS

oSt pus %:::Y\r l/////////////////j//////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (OE controlled: Non-Latched control)
(Extended data output: uPD482235 (Versions F, E))

tRC
trasp trp
_ - T\ - Y
RAS (input) \1' N N\
tcrp
thec tRSH
terp treo trcas tep tHcas L teen
JE— ViH - \ N
CAS (input) v — _/ N 7N ,L ;
trAD
tesn
tasR than tasc || tean tasc| | tean
Vi - 4 INS
dsress inpun) v X Row K} cowr KXXXXXXXXXXXX): coLN
traL
then
i tics, LG
WB/WE (Input) \\;':: // // tcac 3
tcac ta twez
taa tace N
toHS| |tDHH twez
. toes

R ViH —

DT/OE (input) yyy _/ 7J; /
les{ tOEZ
1OFC_

trac torr
Wi W7, Vou ~ igh- p § ) -
o o Outpu) (o == mmmd den HighZ ... {amour '} -{oatour 13-4 DATAOUT‘1'J>O§ DATAOUT'N' -~
trRS| | tFAH

DSF o) v:::vl‘ (/11T

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle. ‘
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Fast Page, Hyper Page Mode Early Write Cycle/Fast Page, Hyper Page Mode Early Block Write Cycle

tRASP . tre
—_— ViH = \ —
RAS (Input) v, _ N 7/’I \
tPc, thpc Note 1 tec, tHpc Note 1 tRSH tcap
crp tRCD tcas, tHcasNote2 | tcp | tcas, tHcasNote2 tcp tcas, tHcas Note 2 . teen
J— ViH = 3 J
CAS (Input) v, — j . N JA ! N /
tcsH trAL
1ASR| | tRaH tasc | |_tcan tasc| | tcan tasq | tcan
ViH = 1 \ s \
Address (Input) ViL - ROW coL."1" ) COL.'2"’ COL.'N",
t
tuas| [twer RS en P B joid
Vi twe twe twe
—— H —
e o U2 K KR NI NI 7z
toHs| [tonn
RN Vin -
LR/ TATIIFI1 1111 HITEAEERERRARARRRARRRRAAY
o tos) | ton os | ton Jos] | ton
WO to W7/ Vin— f { DATAIN*1" Y { DATAIN'Z" Y DATAIN'N VNNV VYV
10010 107 (InPut) ViL - XX Mask s $<XX> JCOL. select JCOL. select JCOL. select ’A‘A’A‘A’A’A’AA
tFRS| |tFRH tFﬁ' trcH tres| | trew tres| | tecn

Vi - y ¢ 4 - p
DSF (Input) y;, _ | Block write select ) ‘Blockwriteselect} Block write select )

Notes 1. tec for the uPD482234
tuec for the uPD482235
2. tcas for the uPD482234
tHcas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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Fast Page, Hyper Page Mode Late Write Cycle/Fast Page, Hyper Page Mode Late Block Write Cycle

tRAsP  tee .
v \ tcsH }_X_
_ M=
RAS (Input) vy, _ N 7 N
tpC, tHPC Noteft trc, tHpC Note 1 tRSH tCRP
tRCD tcas, trcas Note 2 tce | tcas, tHcasNote2  tcp tcas, tHcas Note2: tceN
—— ViH - 3 L N \ 4
CAS (input) N /N 7N z
N 7 ~ 7
traD
tASR | [tRan tasd | tcan tasd | tcan Thsd | toan ton
[ - e
Vin -
Address (Input) Vi — X>< ROW >O< coLt”
. RWL
Jow [ tow

twes| | twBH  tpcs

_,‘ r.., N twp tre \ twi tRCs) Y twp
[ — Vin—
WE/WE (Input) v, _ WPB ekl 5(/ N 4 j N
1DHS! t(i‘n
— ViH— Y
DT/OE (Input) v, _ {/' \\\\\\\\\\
tws I:’NH YDF tos, tos
T ton ton T ton
WO to W7, V. — ——\ / \ ———
000 107 Input) 4"~ mMaskdata DATAIN'I;EOOOOO{DATA[N?; OATA I
trRs| [ tFRH  tFCS] trcH trcs trcH trcs trcH

] ||
H=

Vi { ) \ - \ r -
DSF (Input) , _ tBlockwmeseIectj X Block wiite select @t Block write select

Notes 1. tec for the uPD482234
tuec for the uPD482235
2. tcas for the uPD482234
tHcas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.

w
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Fast Page Mode Read Modify Write Cycle (uPD482234)/
Fast Page Mode Read Modify Block Write Cycle (uPD482234)

trasp trp
— Vin - \ -
RAS (Input) ;, _ \ 7; \
trRwC tPRWC tcre
tACD tcp tce thsH teen
J— ViH - y tesm £ 3 4 3 3
CAS (Input) ;, _ b 4 \; ;Z S( JZ ] \
tRAD tcas tcas tRAL
tASR| |tran tasc| | tcan tasc| | _tean [tasc| | _tean
| Vi VY XX coL " coL2 E(XXXXX)E COLN' |
Address (Input) v, _ ROWJ : Y 2 ' AN
tawp tew tawp towt tawp
ot | ktCWW
twes| [twen | trcs towp twp tRCS tewo twe tRCS tewo
laom [ oot |t—n i tRWL
_— Vin— 4 \ . \ \
WB/NE (Input) v Z>§iWPBselec1 5(_ / N | / \ Si ]Z
tAwn
thac tace CP
167 toen s toeH g toen
: , | ftota ey | Y AL e o OR ——
—_ ViH - 4 N \
DT/OE (Input) Vie— K
tcac| [toeo toacl [totp ’ tcac| _[toep
- ] } - = e
tous| | tonu toez totz toE:
Vor - igh- igh- o igh- " igh-
= A— {Honz._ L1y L ez ] > fd_---mh.Z.--J_< v I A
to
W7/ t t toH
100 tws | | twh o o
to 1= tos tos tos
107 Vin - 4 - igh- e igh-. S igh- e
(Input) \/I::—- _-g‘ Maskdy }.-_-_ _H_IS'J.Z%% 1 D-_ .J‘ilQh.Z{y( 2 ’i--- .—H.Ig..-{&t N ]@
tens| |t trcs| [trcH trcs| | trcH t_FCi trcH

Vin - £ Block wiite Block wiite - Block wiite

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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uPDA482234, 482235

Hyper Page Mode Read Modify Write Cycle (Extended data output: uPD482235)/
Hyper Page Mode Read Modify Block Write Cycle (Extended data output: uPD482235)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input) Vie -

WO | (Output)
to

w7/

100

to

107 (Input)
DSF (Input)
Remarks 1

w

tRasp e
ViH - \ )[ 5
Vi - N | \_
tRsH
tHPRWC tHPRWC tcrp
tACD tcp tce tHeas teen
Vi — Y tesh F 3\ f \ f ‘\
Vie - X £ 7 X 7
traD thecas tHCAS tRAL

TASR| |tRaH tasc| | tcan tasc| | tcan

TP ) AR S | S
Vi — / AL \ 4 \
ViL— ROW AA coL"” ) " coL."2" )

tawp tewt tawn
twas| | twer trcs tcwp [twp ties| tewn twi tnes| tewn
B | B —a| o] o |... - thwe
T
Vin— 4 3 3 3 N
Vi Z>§(WPBselea;§<_ /F \ \ \\_J/
tRWD
tRaC t&ci S l;:%
LCT toeH ffoeA] toeH

[toEA|

017 L toen

[tead toep cac|  |toEp lteac] | toep

tows| | tokw toF'; tave tog'; tawe toez
VoH — High-Z van High-Z v High-Z oo High-Z
Voo mmmmofftE [RGE RISRRSEED 1-402 - 0 B R

tace
tace

tws | | tws ton toH toH

e [y tos tos tos
Vi - 4 3 High-Z A\f ... High-Z P High-Z e
VANEEE ol SRt bl R S SR f D Sttt ) A

trRS| | tFRH trcs| | trcH tres| | tren trcs| | tren
f—a

BT /) K0 K0 KRR

. When DSF is high level : Block write cycle

When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.
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166

Flash Write Cycle

tRas I trp

ViH - \

|
_— 3
RAS (Input) vy, _ N Jf |

tcrp tcHR

]
S VT f ANLALALALAARARRRRRRARRRRARRAAAAS

tasr| [ tRan

Address (Input) \\;I:: XXXX- ROW

JOOOCKXXKXXKXXKIXKIXXHKIKXXKIXXXXXXX

twas

WEE o 3T L\ QJ/////////////////////////////////

tons || tonn

o0k tnput Y~/ AUAEARARATAARRRAAARARRARARARAAAN

tws || twn

s (KRR X KX X KRR KRR X KKK KKK XKRXX,

os topt \1 / /] wi\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'\

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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uPD482234, 482235

RAS Only Refresh Cycle

tRC

D
ViH =

tras trp

RAS (Input) ("~ \ JZ | U
tcre tRPC
]
CAS finput) V"~ Vi N/
tasR tRaH
s 32~ YOO 00— KRR AKX KR XXX KRR RXKRRRY,

DT/QE (Input)

WO to W7/
100 to 107 OVPU)

DSF (Input
(Input) Vi

Remarks 1.
2.

toHH

ViH -
ViL—

Vor -
VoL -

Vin -

AN

L=

2

T

WB/\E : Don’t care
Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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CAS Before RAS Refresh Cycle (Optional Reset)

tre
tRAs ) trp
RAS (Input) \\//'::: Sr JZ n_
tRPC
__ tesm tCHR ,
CAS (Input) \\//':: \l J/
R I P ———
trRs tran
ose et ¥~ \\VN\ N\ Y LI
t5ns __tff'f__.
SC linput) V' / \ ;l/_\,

Remarks 1. Address, WBN_VI-E, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no

need to control the _S_I—E, SI0 pins in this cycle.
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uPD482234, 482235

CAS Before RAS Refresh Cycle (STOP Register Set)

tRC

Vin -

RAS (Input) Vi -

CAS (Input)

)

tRAS |

trp

tRrC

tCHR

Vin - \
ViL -
t

ASR

tRAH

e .- TTXTXRON

BOUNDARY CODE j

twin

WBAWE (nput) V™~

AN

LI/

Von -
VoL -

WO to W7/

100 to 107 {OUtPUY)

DSF (Input)

Vi - f f f f f f f j‘
ViL-

J|ARRRRRRAAARARRRRRRRARN

Vi -
SC (Input) ViL— / \

Remarks 1. DT/OE : Don't care

tsRH
}”__“\___

2. Because the serial access port operates independently of the random access port, there is no
need to control the SE, SIO pins in this cycle.
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170

CAS Before RAS Refresh Cycle (No Reset)
trRC

tras | trRP

—_ - N Y \
RAS (input) vy N\ J{

trRrC

tcsh tcHR )
CAS (input) v~ \ J/

wewe o 12 ///// 1/ A ANAALLLARRRRRRRRRNAN

WO to W7/ VOU= e HighZ e
10010107 (OUPUU v

osewn Vo= /////1/] ALRRARAAARRRRRRRRRAARRAY

Remarks 1. Address, IZ—)?/O_E : Don't care
2. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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pPD482234, 482235

Hidden Refresh Cycle (uPD482234)

tRC

trC

trRas | _tae trAS trp
JE— - X L D
RAS (lnput) o~ N 7Z| N N\
terp
terp I"’ tRCD tRSH tons tcHR PN i
— ViH = Y
CAS (input) y;, _ ? gt ’\
trAD traL
tasr | [tRaH tasc || tcan
Vi 4 -’-1 4
Address (Input) XX>§ ROW j§<X>§L coL.
trcs twaH
[
—_— Vin ~ p
Wi - // [/ /)] SFANMARRARRNNANY
twez
tons | | toww twez
toes
- ViH— r N A—
BTOE tnpwt e/ /] RN 7
trac
taa
tcac
toea
WO to W7/ Von — High-Z s — N High-Z
100 1o 107 OutpUl yor == mmmmm e e i DATA OUT 75—------9---
teRs tFRH trRs teRH
Vin = 's
DSF (input) v/ _ ;x /Wr Reset select XOXOOOXXX

SC lInput) vr— _/_—\___/_\

tsms

tsRH

Remarks 1. When DSF is high level : Reset select = No Reset
When DSF is low level : Reset select = Optional Reset

2. Because the serial access port operates independently of the random access port, there is no

need to control the ﬁ, SIO pins in this cycle.
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Hidden Refresh Cycle (Extended data output: uPD482235)

trRe tRC
tRAS trp tRAS tap
- Vin = p Y
RAS (Input) y, _ N j N 4 \
tcre
tRCD tRSH tCHR tcen
‘ toRp f=— tHcas |
— Vi = \ y "
CAS (Input) ' / \ ,V X
traD tRAL
tasr | ftran tasc || tcau
Vin — 4 \
Address (Input) ! ROW | 3 COL,J
.tRCS tweH
|
o e ViH - p
i wew v.= [/ /1] O AN
twpz
twez
tons || tomu
toes
e - A X r
DT/OE (Input) \\/,','L'_ f{/ \\\\ \\ /
| el tOFR
traC
torc
taa
::;i toez
WO mW7I‘ Vou - High-Z s p| High-Z
100 10 107 (Output) VoL— ~TTTTTssqpTsssSssssssssssseses -Z( DATA OUT E‘ """""
trRs tFRH trRs teRH
Vin - ' \
tsns tSRH

SClinpu) y1 _/_\ / 0\

Remarks 1. When DSF is high level : Reset select = No Reset
When DSF is low level : Reset select = Optional Reset

2. Because the serial access port operates independently of the random access port, there is no
need to control the SE, SIO pins in this cycle.
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Register Set Cycle (Early Write)

tRC

tras | trP
ﬁs—(ln‘put) \\/;:: \( ,f \
tes tcre
tcre tRCD tRSH tcen
tcas, thcas Note 1
m(lnput) \\//1:: / )X( 72! !\_
tas| | tRaH
Vin— \
Address (Input) Vi — XXX>§R0W~M
twes | | twer
‘ twes. tWthcu
WoATE oot V.= /[ ] N L1101
toHs | | toHH
ook e ViZ [/ A1A11111EERRRRRREEAAERRRRRRRAAY
tos toH
oo wou Vi (o XO000000CO00XX
tFRS | | tFRH trcs trcH
osk oot vu- // [ Resistorsolect X X)X XXX

Notes 1. tcas for the uPD482234
tHcas for the pPD482235
2. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
2. Because the serial access port operates independently of the random access port, there is no
need to control the SC, SE, SIO pins in this cycle.
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174

Register Set Cycle (Late Write)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/ |
10010107 {InPUt)

DSF (Input)

ViH -
Vie -

Vin -
Vi -

ViH -
Vie -

ViH -
Vie -

Vin -
Vi -

Vi -
ViL -

ViH -

ViL-

tre

e -

X KKK XX

0 A R S V2SS AL LA

g S LLRARRRRVARARARNY
e KRR

zz/ .oxoxoxoxoxoxoxoxoxo:o:oxoxoxoxoxo:o:oxo:oxox

Notes 1. tcas for the uPD482234
tHcas for the pPD482235
2. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select

2. Because the serial access port operates independently of the random access port, there is no

need to control the SC, SE, SIO pins in this cycle.



NEC

uPD482234, 482235

Mask Register Set Cycle (New Mask Selection) (Versions F and E only)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/

100 10 107 ©OUtPY

|
ViH -
DSF (nput) v, / / 7/

Notes 1. tcas for the uPD482234
tHcas for the uPD482235

2. Refresh address (RAS only refresh)

Remark Because the serial access port operates independently of the random access port, there is no need

K

tRC
tras trp
N S—
tcsH
CRP trcD tian treC
teas, thcas Note 1
A \ 4 !
teen S Z \
/ K
tash| | traH
-]
\
thRH
twas tacH
L7 AARARANY
tonRH
toHs tocH
L7 ANARNANY
........................... oo e L
trRS tFRH trcs trcH

T

to control the SC, SE, SIO pins in this cycle.
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Read Data Transfer Cycle (SC Active)

tRC
1rRAS N trRP
J— - \
RAS (Input) \c:_ N /l( \
tcsH tcrp
tcap tRCD tRSH tcen

| tcas, trcas Note

A Vin -
CAS (Input) '~ 7 X s \
tasc

tean

Es% tRAH |
Address (nput) V"~ XXXX ROW i@(h coL. (m)
i twes || tweH '
WoE ot 12 [/ ATALARARAHARARARAARARARARARARSARY
tcou
toLs tROH e tDTRtDTP i
DT/OE (Input) \\//I::: “\ le \ 5 5 5 § 5 \\
WOt W Output) VO wmm e oo E
trRS || tFRH

osron V2 NN /7111 TT

SE (Input) Vi -

Vie - L
tscc tsop tsoH
_ '4 tscL
SCnpuy V'~ \ oo N :1/ \ j \ /
tsca tsca tsca
tson

Vou -

4 Y 4 4
$10010 5107 (Oupu) \/ n2 ><X>§ n1 §<X>§ n m m
oL - A |\ ¥

New data output start

tro toap

Vou -

QSF (Output) Yo¥ i >§

PT

Note tcas for the uPD482234
tHcas for the uPD482235
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1PD482234, 482235

Read Data Transfer Cycle (SC Inactive)

trC
tras tre
RAS (Input) \\9:: ! ;/{ i N
tcsH tcap
tcrp trRCD tAsH teen
tcas, trcas Note
CAS (Input) \\/,':: / )\L A/t ! —
tash| | tRaH tasc tcan \
PRI S0 100, I 0 TS 000 NN
| twes || tweH
I |
TEE o) = [/ ] ANRALAARAHRRARARASRARARASRARRRASY
toLs tRDHS totp i
oToE e {17 \\Y / ATARARARRRRRARARANY
Y(\g%t;)\fg; (Output) \\//?;:: --------- T --------- 0 S A O
IFRS‘ tFRH -
DS nput ' LI
'SE (Input) \\j/'u':: L -
toap
trap
tssc tcap
tscL tscH tscL tscH
SC (Input) \\//lllt: I \ Fixed at either a low or high level \‘ 12 \
tsca tsca
5100105107 Outpu | >~ n1 XX>§: n m

teD

toar

New data output start

QSF (Output) {~

Note tcas for the uPD482234
trcas for the uPD482235
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Read Data Transfer Cycle (Serial Write — Serial Read Switching)

tras = tre
RAS (Input) \\//':: \‘ ;/ ‘ | W
tesH tcrp
| _t_ci tRCD t'(Cﬁsu e tcen
AS, ote
CAS (Input) \\//':: / \F / \__
tasr tRAH tasc tcaH
agaress (oot Ve~ XX mow XX cou i XOOOO0OOOOOOXXXX
twas ‘tﬂ"l
LR/ AL FNNR1 11 RERELRERRARRRARRRRRRRNNY
tors trons tow i
BTt i {12 \\ Y ) ANEARARRRRARRARRANANY
I\gg :g Ivc\)/; (Output) \\//2: LR Me===-===egemmmm=—— JHeh L """"""""""
tFRS trRH
ose e V17 \\ Y LI
S—E(Input) \X'LH: tSDHR
toap
troD
tssc tcap
L tscL tscn : i tscL tscH .
SC (Input) ‘\//‘: - i K Fixed at either a low or high level \‘ )Zl N\
, lsis s tsiz
finput) V¥~ oo DATAIN ] xx;ﬁ- BN L
SIo0
to tsca
SIo7
(Output) \\//%':: ---------------------------- 1 O A 1 m
1o toaR New data output start
QSF (Output) \62':: ){E )ﬂl

Note tcas for the uPD482234
tHcas for the uPD482235
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Split Read Data Transfer Cycle

RAS (Input)

CAS (Input)

Address (Input)

Vin - y

Vi -

tRC

tRAS tap

tcsH

trRCD tAsH
tcas, tHcas Note 1

tRAH tasc tcan

row XXX co XXXXOXOOOOOOOOOOOOONK

e Vin—
WB/WE (Input) Vi —
=, ViH -
DT/QE (Input) ;" _
WO to W7/ VoH -
10010107 OUPU v _
Vin—
DSF (Input) Vi —
=F ViH -
SE (Input) Vi -
ViH -
SCilnput) ;" _
Vin —
(Input) ViL -
SI00
to
S107

Voh -

'i\\\\\\\ ALAELLARRRARRARRRRRRRRRRANY

trons

LT

‘_-"\\\Y\\ LA|ARALARRRRARARRARARARAANY

1ssc tsoHR
tscc Note 2

tscH tscL tsc tscL tscn tscL tsch tscL

I o e I an\l

@
@

tsis tsH tsis tsiH tsis tsiH

tsis l tsiH

A R
{ DATAIN }§<X>¢ DATA IN }@i DATAIN )@( DATAIN ] DATAIN

tsiH

VR,

tsca tsca tsca tsca

tsoH

1SOH tson tsoH tSoH

\ 4 \ 4 \ Y
(Output) VoL— DATAOUT 1@( DATA OUT ;@ﬂ( DATA OUT 1@( DATA OUT J@‘L DATA OUT J§<XX

VoH -

QSF (Output) y, ' _

teD

trD

)

4
A

><

Notes 1. tcas for the uPD482234
tHcas for the pPD482235
2. Do not perform the following two serial read/write during this period.
 Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
+ Serial read/write of last address of data register (Address 255 or 511)
+ Data register serial read for the side to be involved in data transfer cycle (for version E only)
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NEC uPD482234, 482235

Write Data Transfer Cycle

trc
trRas trp

Vin - \ 4 \

RAS (Input) Vi — ;/ |
tcap tesH
tRCD tRSH

tcas, tHoas Note

_ 4 /
CAS (Input) \\//'H - / teen \( f

aaress o Yo~ TXYXYrow j@( cor._ XXX
wmE oo Vo NN\ LI
R ANNNY L1

WO to W7/ ViH— 4
100 to 107 (Input) ViL— _XXXX)& Mask data ><XXXXXXXXX><XX

tins tran

DSF (Input) \\/}E:W‘ ;////// //////l//f /7/////////7

SE (Input)

Vi- _L
tsoHR
tcan
1sms trao
tscL tsen_, - | tscL tscH |
1
SC (Input) \\/,':: _\ /A \ Fixed at either a low or high level \& ,[ L\
tsis tsbH
SI00 Vi = — \
to_(nput) ('~ X)q DATAIN
507 * \ 7
tro
Von - 7 i
QSF (Output) V'~ X X

Note tcas for the uPD482234
tHcas for the uPD482235
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Write Data Transfer Cycle (Serial Read — Serial Write Switching)

trRe
tras trp
RAS (Input) \\//':: \ ;/ | W
tere | tesH
tRCD tRSH
tcas, tHcas Note
CAS (Input) \\//':: ]‘ tepn \F f
tAsR | | tRAH tasc tean
Ascress npu) |1 _row J(XX cor. KXXXKOOUXXARXKXKXXX
twas || tweH
BV (o) i~ L
tous | | tRoHs
swoewen = \\\N || /////1T1T 1177777777777 77777777
tws | twH
oy e i OQQK s XXX
tFRS tFRH
ose e Y2 \N\ T
SE (Input) \\//':: L
tsbHR
tcap
tscL Vts?z%n " : tscL tscH
SC (Input) \\/ll::: _-\L /i ‘L Fixed at either a low or high level \k ;[ L\
tszn LS_I& ‘ﬂ’
(Input) V'“: SR AR NN o -1 AR .< i
SIt(go nput) -\, - o . DATAIN
SI07 tsoH
©Output) V'~ DATAOUT :E<X>f DATAOUT J--=---=--=- LA (A
tro
QSF (Output) '~ X X

Note tcas for the uPD482234
tHcas for the uPD482235
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Split Write Data Transfer Cycle

trC

tRAS trp
e Vi — y 4 !
RAS (Input) '~ \ ,/ \
tcap tcsH
theo tRSH

tcas, tHcas Note

_ \
CAS (Inpup) VM= ]t tepn N /

Adcross npu [ co XXXKXXXXXXXXX
wwEwen o= \\\\ || /L7711 T
swoewsn i \\\N || Y ////TTT1TTTTT T T T

tws twh
e

WO to W7/

(Input) Vi - i Mask data
100 to 107 A R

tFRS tFRH

pseiee) v /777 T AN MMM AN NNV VAN MANNNANA NN

SE (Input) \\//I::: L

(XCRRRRRRRXXOX

QOQOOAXXXX

Note 2
tsRs tsour
tscc

tscH._, tscL tscH tscL tscH tscL tscH _, tscu

ViH - / JQ ¥ Jg / Jﬁ { Jg
SC (input ViL— K JA X A jz X 7Z
tsis tsiH tsis tsiH I tsiH tsis tsiH tsis tsH

tsis
Vin— \ 4 \ A
{Input) Vi - ‘l DATAIN ] X DATA IN 4 DATAIN DATA IN DATAIN

9

5

SISO . . tsca . tsca . tsca , tsca | )
Sl 07 SOH ‘ﬂb.l_l SOH SOH SOH
(Output) \\’/‘;*: " DATA E@f DATA OUT m’ DATA MDATA M DATA ;T—kzx
tPD
QSF (Output) ¥~ X X
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Notes 1. tcas for the uPD482234
tHcas for the uPD482235
2. Do not perform the following two serial read/write during this period.
+ Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
» Serial read/write of last address of data register (Address 255 or 511)
+ Data register serial read for the side to be involved in data transfer cycle (for version E only)
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Serial Read Cycle

tsep tsee
F Vin -
SElnput /= / ‘S‘ | 72‘ .
tscc tscc Note 1 tscc Note2
tscn L tscL tscH oo tsc tscH L tscL
- a /
SC linput) V1~ I / /
tsea tsca tsca
[ts00 tSOH tsoH
SIO0 .
Vou- ___Highz ___£L[F N\7F IN\//Foata E‘}}"‘
B TNk DATAOUT J7ANY DATAOUT 277N our 4
tPD
VoH - =
QSF (Output) V"~ X

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates mdependently of the serial access port, there is no need
to control the RAS CAS Address, WBNVE DT/OE WI/0, DSF pins in this cycle.

Serial Write Cycle

tscc tscc Note 1 tscc Note2
tscH o tscu tsch .o tscL tscH o tsc
Vin - & 2
SC (input) "~ / / /)
tses| | tsen tses | [tsen tses| | tseH tses| | tsen
e 7%
SE (Input) ViL— \ :
tsis | [t E'SJ tsiH

SI00 v " \
to (Input) V(c):: §>§ FoATAIN DATA IN
S107 —

=

A
QSF (Output) V'~ )]

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates mdependently of the serial access port, there is no need
to control the RAS CAS Address, WB/WE, DT/OE, WI/O, DSF pins in this cycle.
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uPD482234, 482235

5. Package Drawings

40 PIN PLASTIC SOJ (400 mil)

40 21
miminininisisinininisisinininininininis

ITII_II_IL_II_II_II_H_H_II_ILIL_ILILJLJLILILJLJE_OL.

F o
S
1
/
(D | U U I !
- - O a
NOTE

Each lead centerline is located within 0.12 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

[a)
|
b a
|
4 ! \S
T
P
ITEM MILLIMETERS ' INCHES
+0.2 0.008
B 26.29%535  1.035% 5574
C 10.16 0.400
D 11.18+0.2 0.440+0.008
+0.008
E 1.08:0.15 0.043*5'067
F 0.7 0.028
G 3.5:0.2 0.138+0.008
0.009
H 2.4:0.2 0.094*3-608
| 0.8 MIN. 0.031 MIN.
J 2.6 0.102
K 1.27(T.P.) 0.050(T.P.)
0.004
M 0.40+0.10 0.016*5'008
N 0.12 0.005
P 9.40+0.20 0.370+0.008
Q 0.15 0.006
T R0.85 R0.033
+0.10 0.004
u 0.20+5:q¢d 0.008%3-605
P40LE-400A-2
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44 PIN PLASTIC TSOP(I) (400 mil)

44 23
HHHHHAAAAAA | HHAHAAHAAA

detail of lead end

?HHHHHHHHE EEHHHEHHH%

A
H
' J
1
¥-¥———4 ___________ =
L
NOTE ITEM MILLIMETERS  INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of A 18.63 MAX.  0.734 MAX.
its true position (T.P.) at maximum material condition. B 0.93 MAX. 0.037 MAX.
[¢ 0.8 (T.P.) 0.031 (T.P.)
0.08
) 0327593 .0.013£0.003
E 0.110.05 0.004+0.002
F 1.2 MAX. 0.048 MAX.
G 0.97 0.038
H 11.760.2 0.463+0.008
| 10.16+0.1 0.400+0.004
+0.009
J 0.8+0.2 0.031*3-508
K 01453928 0.006+0.001
0.004
L 0.5:0.1 0.020%5: 008
M 0.13 0.005
N 0.10 0.004
o+7° o+7°
P 3t 3t
S44G5-80-7JF4
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD482234, uPD482235.

Types of Surface Mount Device

1PD482234LE-xx : 40-pin plastic SOJ (400 mil)
uPD482235LE-xx : 40-pin plastic SOJ (400 mil)
1PD482234G5-xx : 44-pin plastic TSOP (Il) (400 mil)
1PD482235G5-xx: : 44-pin plastic TSOP (I1) (400 mil)

7. Example of Stamping

Letter A in the fifth character position in a lot number signifies version A, letter F, version F, and letter E,
version E.

NEC e

D482235

XXX X[OX XXX

&——v___/

Lot number
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DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT
uPD485506

LINE BUFFER
5K-WORD BY 16-BIT/10K-WORD BY 8-BIT

Description

The uPD485506 is a high speed FIFO (First in First Out) ine buffer. Word organization can be changed either
5 048 words by 16 bits or 10 096 words by 8 bits.

Its CMOS static circuitry provides high speed access and low power consumption.

The uPD485506 can be used for one line delay and time axis conversion in high speed facsimile machines
and digital copiers.

Moreover, the uPD485506 can execute read and write operations independently on an asynchronous basis.
Thus the uPD485506 is suitable as a buffer for data transfer between units with different transfer rates and
as a buffer for the synchronization of multiple input signals.

Features

* 5048 words by 16 bits (Word mode) /10 096 words by 8 bits (Byte mode)

+ Full static operation; data hold time = infinity

« Suitable for sampling one line of A3 size paper (16 dots/mm)

« Asynchronous read/write operations available

» Variable length delay bits; 21 to 5 048 bits or 10 096 bits (Cycle time: 25 ns)
19 to 5 048 bits or 10 096 bits (Cycle time: 27 ns)

» Power supply voltage Vecc =5V £ 10 %
* All input/output TTL compatible

» 3-state output

Ordering Information

Part Number R/W Cycle Time Package Quality Grade
1PD485506G5-25 25 ns
1PD485506G5.27 27 ngNote

44-pin plastic TSOP (ll)
(400 mil)

Standard

Note Write cycle time is 25 ns.

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number |EI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

The information in this d t is subject to change without noti
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1PD485506

Pin Configuration (Marking side)

Douro
Doum
Dourz
Dours
Doura
Dourts
Doute
Dourr
OE
RE
GND
RSTR
RCK
Vee
Dours
Doure
Dourio
Dourn
Douriz
Douris
Douria

Douris
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44-pin Plastic TSOP (II) (400 mil)

43 [«—O
42 [«—0O
41 [«—O
40 |=—O
39 [«—O
38 [«—O
37 [«—O
36 f«—O
36 f«—0
34 —O
33 [«—0
32 «—0
31 —0
30 [«—O
29 [«—O
28 [«—O
27 [«—0O
26 [«—0O
25 [«—O
24 «—0O
23 [«—O

Qe— 1

OQ=— 2

Q=e—— 3

O=—— 4

O~— 5

o-—1 6

Oo—/ 7

O<— 8

o—= 9 5

o—={ 10 g

o— 1" &

O—> 12 g

o—= 13 v

o— 14

O=—— 15

O<—— 16

O=——- 17

O=—— 18

O=<—— 19

O=<—— 20

O—o/ 21

O 22
Dino to Dinis @ Data Inputs
Douto to Doutis : Data Outputs
WCK : Write Clock Input
RCK : Read Clock Input
WE : Write Enable Input
RE : Read Enable Input
OE : Output Enable Input
RSTW : Reset Write Input
RSTR : Reset Read Input
MD : Mode Set Input
Vce : +5 V Power Supply
GND : Ground

Dino
Dini
Dinz
Ding
Ding
Dins
Dine
Din7
WE
MD
GND
RSTW
WCK
Vee
Ding
Ding
Dinto
Dinn
Dz
Dini3
Dinta
Dinis



NEC

1/PD485506

Block Diagram

Dino
Dint
Dinz
Ding
Ding
Dins
Dine
Dinz

Ding

Ding

Divo
Dinnt
Dini2
Dinia
Dinia

Dinis

RSTW ——>
WCK —>

Write. Address Pointer Read Address Pointer

-

Vce
GND

[ RSTR
< 'RCK

Input Control

Input Buffer

----

\ 40 384 bits
L‘/ (5048 by 8)

Memory Cell Array

Douro

Dour

Dourz2

Douts

Doura

Output Buffer

Output Control

Dours

Dourts

Doutz

Input Control

Input Buffer

ﬂ\ 40 384 bits
(5048 by 8)

Memory Cell Array

Dourts

Dours

—> Doutio

Dourin

Output Buffer

Output Control

Dour12

Doumis

—> Doutis

Douris

Mode Control

T

MD
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Pin Function

Pin
Pin Symbol Pin /0 Function
Number ¥moe Name
23 - 30 Dino Data In Write data input pins.
| Input The data inputs are strobed by the rising edge of WCK at the end of a
37 - 44 Dinis cycle and the setup and hold times (tos, tou) are defined at this point.
1-8 Douro Data Out Read data output pins.
| Output The access time is regulated from the rising edge of RCK at the beginning
15 - 22 Douis of a cycle and defined by tac.
33 RSTW Reset In Reset input pin for the initialization of the write address pointer.
Write The state of RSTW is strobed by the rising edge of WCK at the beginning
Input of a cycle and the setup and hold times (trs, trx) are defined.
12 RSTR Reset In Reset input pin for the initialization of the read address pointer.
Read The state of RSTR is strobed by the rising edge of RCK at the beginning of
Input a cycle and the setup and hold times (trs, tru) are defined.
36 WE Write In Write operation control signal input pin.
Enable When WE is in the disable mode (“H” level), the internal write operation is
Input inhibited and the write address pointer stops at the current position.
10 RE Read In Read operation control signal input pin.
Enable When RE is in the disable mode (“H" level), the internal read operation is
Input inhibited and the read address pointer stops at the current position. The
data outputs remain valid for that address.
9 OE Output In- Output operation control signal input pin.
Enable When OE is in the disable mode (“H” level), the data out is inhibited and
Input the output changes to high impedance. The internal read operation is
executed at that time and the read address pointer incremented in
synchronization with the read clock.
32 WCK Write In Write clock input pin. .
Clock When WE is enabled (“L” level), the write operation is executed in
Input synchronization with the write clock. The write address pointer is
incremented simultaneously.
13 RCK Read In Read clock input pin.
Clock When RE is enabled (“L” level), the read operation is executed in synchro-
Input nization with the read clock. The read address pointer is incremented
simultaneously.
35 MD Mode In Mode set input pin.
Set The level of MD gives the operation mode. When MD is in “L" level,
Input 5 048 words by 16 bits configuration with Dino - Dints, Douto - Doutis is
enabled. When MD is in “H" level, 10 096 words by 8 bits configuration
with Dino - Dinz, Doute - Doutr is enabled.
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Operation Mode

(1) Mode Set Cycle (5 048 words by 16 bits or 10 096 words by 8 bits organization)

uPD485506 has a capability of selecting from two operation modes by judging the MD level when RSTW

or RSTR is enabled in the reset cycle.

MD Level Bit Configuration Data Inputs/Outputs Control Signal
L 5 048 words by 16 bits Dino - Dints WCK, WE, RSTW
» Douro - Dourtis RCK, RE, RSTR
“H 10 096 words by 8 bits Dino - Diny WCK, WE, RSTW
Douro - Dout? RCK, RE, RSTR

Caution Don’t change the MD level during a reset cycle.

5 048 Words by 16 Bits FIFO

WCK

0 9

RSTW

Dino - DIN15D— by

5048 Words

—-D Dourto - Doutis

10 096 Words by 8 Bits FIFO

WCK WE

y 9

Dino - Ding D—

10'096 Words by 8 Bits

-*-D Dourto - Dout?

noo0

RCK RE

W

RSTR

Remark Fix Dins - Dints to “L” or “H” level in the 10 096 words by 8 bits mode.
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(2) Write Cycle

(3)

(4)

When the WE input is enabled (“L” level), a write cycle is executed in synchronization with the WCK clock
input.

The data inputs are strobed by the rising edge of the clock at the end of a cycle so that read data after
a one-line (5 048 bits or 10 096 bits) delay and write data can be processed with the same clock.
When creating a variable length delay line by controlling WE or RSTW, delay bits are as follows.

Part Number Cycle Time ) Delay Bits
uPD485506-25 25 ns . 21 to 5 048 bits/21 to 10 096 bits
uPD485506-27 ’

Unless inhibited by WE, the internal write address will automatically wrap around from 5 047 to 0 and
begin incrementing again.

Read Cycle

When the RE input is enabled (“L" level), a read cycle is executed in synchronization with the RCK clock
input. When the OE input is also enabled (“L” level) at that time, data is output at tac.

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows.

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5 048 bits/21 to 10 096 bits
nPD485506-27 27 ns 19 to 5 048 bits/19 to 10 096 bits

When read and write cycles contend for the same line for atime axis conversion, etc., the old data (previous
line) may be output for the last 21 bits in the case of 25 ns read cycle time, the last 19 bits in the case of
27 ns read cycle time.

Unless inhibited by RE, the internal read address will automatically wrap around from 5 047 to 0 and begin
incrementing again.

Write Reset Cycle/Read Reset Cycle

After power up, the uPD485506 requires the initialization of internal circuits because the read and write
address pointers are not defined at that time.

It is necessary to satisfy setup requirements and hold times as measured from the rising edge of WCK
and RCK, and then input the RSTW and RSTR signals to initialize the circuit. '

Remark Write and read reset cycles can be executed at any time and do not depend on the state of RE, WE

or OE. \

Caution Write and read reset cycles can be executed asynchronously. However, 1/2 cycle and 500 ns is

required after a write cycle to read the data written in a cycle.

uPD485506
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Electrical Specifications
« All voltages are referenced to GND.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on any pin relative to GND Vr -0.5Note g Vee + 0.5 v
Supply voltage Vee -0.5 to +7.0 \
Output current lo 20 mA
Power dissipation Po 1
Operating temperature Topt 0 to +70 °C
Storage temperature Tstg -55 to +125 °C

Note -3.0 V MIN. (Pulse width = 10 ns)

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum Rating

conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee 4.5 5.0 5.5 "
High level input voltage Viu 2.4 Vee + 0.5 \
Low level input voltage " -0.3Note +0.8 \Y
Ambient temperature Ta 0 70 ‘c

Note -3.0 V MIN. (Pulse width = 10 ns)
DC Characteristics (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Operating current lec 140 mA
Input leakage current h Vi = 0 to Ve, Other Input 0 V -10 +10 HA
Output leakage current lo Vo =0 to Ve, -10 +10 HA

Dout: High Impedance
High level output voltage Vou lon = -1 mA 2.4 \"
Low level output voltage Vou loo =2 mA 0.4
Capacitance (Ta = +25 °C, f = 1 MHz)

Parameter Symbol Test Condition MIN. TYP. MAX. | Unit
Input capacitance C 10 pF
Output capacitance Co 10 pF
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1. 2,3

1PD485506-25

1PD485506-27

Parameter Symbol MIN MAX. MIN. MAX. Unit Notes
Write clock cycle time twek 25 25 ns
Write clock pulse width twew 9 9 ns
Write clock precharge time twee 9 9 ns
Read clock cycle time tRCK 25 27 ns
Read clock pulse width tRew 9 9 ns
Read clock precharge time trep 9 9 ns
Access time tac 18 18 ns
Output hold time toH 5 5 ns
Output low-impedance time tz 5 18 5 18 ns 4
Output high-impedance time thz 5 18 5 18 ns 4
Input data setup time tos 7 7 ns
Input data hold time toH 3 3 ns
MD Set setup time tms 20 20 ns
MD Set hold time tMH 10 10 ns
MD Set time tmD 0 0 ns 5
Output low-impedance time (Mode change) tizm 5 18 5 18 ns 4
Output high-impedance time (Mode change) tHzm 5 18 5 18 ns 4
RSTW/RSTR Setup time trs 7 7 ns 6
RSTW/RSTR Hold time tan 3 3 ns 6
RSTW/RSTR Deselected time (1) | tarn 3 3 ns 7
RSTW/RSTR Deselected time (2) tanz 7 7 ns 7
WE Setup time twrs 7 7 ns 8
WE Hold time twri 3 3 ns 8
WE Deselected time (1) twen 3 3 ns 9
WE Deselected time (2) tWEN2 7 7 ns 9
RE Setup time tres 7 7 ns 10
RE Hold time tREH 3 3 ns - 10
RE Deselected time (1) tREN 3 3 ns 11
RE Deselected time (2) tREN2 7 7 ns 11
OE Setup time toes 7 7 ns 10
OE Hold time toEH 3 3 ns 10
OE Deselected time (1) toent 3 3 ns 1
OE Deselected time (2) toEnz 7 7 ns 1
WE Disable time twew 0 0 ms
RE Disable time trew 0 0 ms
OE Disable time toew 0 0 ms
'Write reset time tRSTW -0 0 ms
Read reset time tRSTR 0 0 ms
Transition time tr 3 35 3 35 ns
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Notes 1. AC measurements assume tt = 5 ns.
2. AC Characteristics test condition

Input Timing Specification

3.0V

ov

Output Timing Specification

Output Loads for Timing

Vee Vee
1.8 kQ 1.8 kQ
Dour Dour
1.1 kQ 30 pF 1.1 kQ 5 pF
(tac,ton) (tuz, thz)

3. Input timing reference levels = 1.5 V.

4. tiz, thz, tizm and tuzm are measured at+200 mV from the steady state voltage. Under any conditions,
tiz > tHz and tizm 2 tHzm.

5. Mode set signal (MD) must be input synchronously with write reset signal (tsstw period) or read
reset signal (trsTr period). Under this condition, tasTw = tMD (trRsTR = tmp).

6. If either trs or tan is less than the specified value, reset operations are not guaranteed.

7. Ifeither tan1or tanz is less than the specified value, reset operations may extend to cycles preceding
or following the period of reset operations.

8. If either twes or twen is less than the specified value, write disable operations are not guaranteed.

9. If either twen1 or twenz is less than the specified value, internal write disable operations may extend
to cycles preceding or following the period of write disable operations.

10. If either tres or tren, toes or toex is less than the specified value, read disable operations ar