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Description

The uPD482444 fast-page and uPD482445 hyper-page
video RAMs have a random access port and a serial
read/write port. The serial read/write port is connected
to an internal 8192-bit data register through a 512 x
16-bit serial read input/output circuit. The 256K x 16-bit
random access port is used by the host CPU to read or
write data addressed in any desired order.

Awrite-per-bit capability allows each of the 16 data bits
to be individually selected or masked for a write cycle.
Block write cycles can also be used to write the 16 data
bits to eight consecutive column addresses. Selection
and masking of the 16 data bits and eight column
addresses is provided. A flash-write option with write-
per-bit control enables data in the color register to be
written to a selected row in the random access port.

The uPD482444 and uPD482445 feature fully asynchro-
nous dual access between the RAM and serial ports.
During a datatransfer, the random access port requires
a special cycle using a transfer clock; the serial port
continues to operate normally. Following the clock
transition of adata transfer, serial output data changes
from an old line to a new line, and the new starting
location is addressable in the data transfer cycle.

An advanced CMOS silicon-gate process using poly-
cide technology and stacked capacitors provides high
storage cell density, high performance, and high reli-
ability. Refreshing is by RAS-only refresh cycles or by
normal read or write cycles on the 512 address combi-
nations of Ag - Ag during an 8-ms period. Automatic
internal refreshing is by hidden refreshing, CAS before
RAS timing, or self-refresh mode, which uses on-chip
refresh circuitry. The transfer of a row of data from the
storage array to the data register refreshes that row.
Data transfer from register to RAM array also refreshes
the row.

All inputs and outputs, including clocks, are TTL-
compatible. Alf address and data inputs are latched
on-chip to simplify system design. Both devices are
available in a 64-pin SSOP or 70-pin TSOP (400-mil)
plastic package, guaranteed for operation at 0 to
+70°C.

Features

O Three functional blocks
— 256K x 16-bit random access storage array
— 8192-bit data register
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— 512 x 16-bit serial read/write output circuit

Random access and serial read/write data ports

Fast-page operation (uPD482444)

Hyper-page operation (uUPD482445)

Addressable start of serial read and serial write

operation

Random access port o

— Two main clocks: RAS and CAS

— Multiplexed address inputs

— Direct connection of /O and address lines
allowed by OE to simplify system design

— 512 refresh cycles every 8 ms

—Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast-page
cycles

— Self-refresh mode (500 pA)

— Automatic CAS before RAS refreshing

— CAS-controlled hidden refreshing

— Persistent and nonpersistent write-per-bit option
regarding eight /O bits

— Write bit selection multiplexed on iOg - 1045

Eight-column block write option with write-per-bit

controf and column mask function,

Flash-write option with write-per-bit control

Split serial data register to aliow shifting from the

active half while loading the inactive half

Boundary jump function on the serial data register

RAS-activated data transfer; row data transferred

to data register as specified by row address inputs

Either full or split data register transfer to the row

specified by the row address inputs. Split write

transfer is always performed from inactive side of

data register

— Transfer of 8192 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT or RAS

— Data transfer during real-time operation or
standby of serial port

Fast serial read/write operation by means of the

SC pin

Serial data input and output on S10g - S1045

Direct connection of multiple serial outputs for

extension of data length

Fully TTL-compatible inputs, outputs, and clocks

Three-state outputs for random and serial access

Single +5-volt power supply

Single power supply

— +5 volts: uPD482444, 482445

— +3.3 volts: uPD482444L, 4824450
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Ordering Information, uPD482444; 5-Volt Power Supply

RAS Access Serial Access Time Fast-Page Cycle

Part Number Time (max) (max) (max) Package

HPD482444GW-60 60 ns 15 ns 40 ns 64-pin plastic SSOP
GW-70 70 ns 17 ns 45 ns
GW-80 80 ns 20 ns 50 ns

pPD482444G5-60 60 ns 15 ns 40 ns 70-pin plastic TSOP
G5-70 70 ns 17 ns 45 ns (normal pinouts)
G5-80 80 ns 20 ns S0 ns

uPD482444G5M-60 60 ns 15 ns 40 ns 70-pin plastic TSOP
G5M-70 70 ns 17 ns 45 ns (reverse pinouts)
G5M-80 80 ns 20 ns 80 ns

Ordering Information, uPD482445; 5-Volt Power Supply

RAS Access Serial Access Time Hyper-Page Cycle

Part Number Time (max) (max) (max) Package

uPD482445GW-60 60 ns 15 ns 30 ns 64-pin plastic SSOP
GW-70 70 ns 17 ns 35 ns
GW-80 80 ns 20 ns 40 ns

pPD4B2445G5-60 €0 ns 15 ns 30 ns 70-pin plastic TSOP
G570 70 ns 17 ns 35 ns (normal pinouts)
G5-80 80 ns 20 ns 40 ns

1PD482445G5M-60 60 ns 15 ns 30 ns 70-pin plastic TSOP
G5M-70 70ns 17 ns 35 ns (reverse pinouts)
G5M-80 80 ns 20 ns . 40 ns

Ordering Information, uPD482444L; 3.3-Volt Power Supply

RAS Access Serlal Access Time Fast-Page Cycle

Part Number Time (max) {max) {max) Package

HPD482444L GW-60 60 ns 15 ns 40 ns 64-pin plastic SSOP
LGW-70 70 ns 17 ns 45 ns
LGW-80 80 ns 20 ns 50 ns

(PD482444LG5-60 60 ns 15 ns 40 ns 70-pin plastic TSOP
LG5-70 70 ns 17 ns 45 ns (normal pinouts)
LG5-80 80 ns 20 ns 50 ns

uPD482444L.G5M-60 60 ns 15 ns 40 ns 70-pin plastic TSOP
LG5M-70 70 ns 17 ns 45 ns (reverse pinouts)
LG5M-80 80 ns 20 ns 50 ns
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Ordering Information, pPD482445L; 3.3-Volt Power Supply

RAS Access Serial Access Time Hyper-Page Cycle
Part Number Time {max) (max) (max) Package
HPD482445LGW-60 60 ns 15 ns 30 ns 64-pin plastic SSOP
LGW-70 70 ns 17 ns 35 ns
LGW-80 80 ns 20 ns 40 ns
uPD482445LG5-60 60 ns 15 ns 30 ns 70-pin plastic TSOP
LG5.70 70 ns 17 ns 35ns (normal pinouts)
LG5-80 80 ns 20ns . 40 ns
uPD482445LG5M-60 60 ns 15 ns 30 ns 70-pin plastic TSOP
LG5M-70 70 ns 17 ns 35 ns (reverse pinouts)
LG5M-80 80 ns 20 ns 40 ns
Pin ldentification Pin Configurations
Symbol Function . .
th 64-Pin Plastic SSOP
Ag - Ag Address inputs
CAS Column address strobe Vee 1 ./ & [ sC
DSF Special function enable DT/OE ] 2 83 [1 SE
DT/CE Data transfer/Output enable GND L} 3 8211 GND
- Siop O 4 81 |1 Si04g
LWE, UWE Write enable, lower byte and upper byte Wp 0o 05 60 3 Wy5 1045
QSF Spegcial function output si04 6 597 81044
RAS Row address strobe wino,G7 58 L1 Wyy 1044
Vec 8 571 Ve
SC Serial control S0, e 56 [ 51043
$10g - SI045 Serial data inputs and outputs W2 102 10 55 g Wi3/043
= N SI03 On 541181092
SE Serial enable w3105 0] 12 53 {1 Wy2 1012
Wo/lOg - W45/1045 Write-per-bit selects/Data inputs and outputs GND 13 s211 GND
GND Ground 8104 14 51 [ S1044¢
Wy 104 ] 15 50 [0 Wyq 1014
Vee +5-volt or +3.3-volt power supply s105 0 16 a9 si04p
NC No connection Wg 105 [ 17 48[ wyg 019
Vec 18 47 P Ve
siog 19 48 [0 si09
Wg N0g L} 20 451 wg i0g
s107 04 21 4411 s10g
w5 o, O 22 43 [ wgnog
Ei_NE 023 42 [ GND
LWE [] 24 41 [1 psF
UWE (] 25 40 [J NC
RAS [ 28 391 cas
Agl 27 sa 1 asF
A7 28 37 Ag
AgT)2s 38 Ay
A5 a0 s Az
AL 31 3 Ag
Vee Ul 32 33 |1 GND
B3YL-9302A (8/93)
3
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70-Pin Plastic TSOP (Normal Pinouts)

70-Pin Plastic TSOP (Reverse Pinouts)

uPD482444, 482445
vee O 1 " hsc
DT/OEL[] 2 691 SE
GND 3 88{J] GND
Si0g s 67 2 Si045
Wo /10O 5 66 [1 Wqs 1045
si04 8 65 |1 81044
wynogd7 6410 Wy 1044
vVeed s 63 Voo
siop; s 6213 s1043
Ws 105 10 (3§ ] Wy3 /1043
803 O 11 60 [0 S1042
W3 /103 12 59 3 W2 1042
GND O 13 58 [ GND
s104 0 14 57 [J 81044
W3 M104 ] 15 68 [J Wyq 1044
sios [ 18 55 |1 81049
NCc O 17 s4 [ NC
-74G
NC 19 s2 [ I NC
Ws 105 1] 20 51 {1 W1g 1019
Vee O 21 50 {1 vee
810g [ 22 49 1 s10g
WgN0g [ 23 431 wg10g
S107 0 24 47 [ sl0g
w; 107 25 48 [ wgnog
GND [ 28 451 GND
WEL [ 27 44 3 DSF
WEU [ 28 a3 N
FAS [ 29 a2[1cas
AgHao 41 {1 asF
Az a1 40H Ao
Ag a2 39 Ay
As (S 38[J A2
A0 34 37 Ag
VeeOas 36 {1 GND
BAYL-9303A (8/93)

uPD4B2444, 482445
scd1 ~ np Vo
SE[] 2 69 {1 DT/CE
GND 3 68 |1 GND
81045 4 67 [J S10g
W15/|O15E 5 66 |3 W /10g
81044 8 65 [1 5104
Wig 107407 64 {1 Wq/10¢
VCC Os 63 VCC
sto;3 s 621 s105
Wy3 /1043 10 613 Wa /10,
SO 11 60 {2 Sl03
Wi 1042 12 59 [0 w3105
GND [ 13 58 |0 GND
s1041 14 5711 8104
wyq 1041015 56 [ W4/104
S1049 ] 18 65 |1 8105
NC O 17 s4 [ NC
~-7KG
NC 119 52 [ NC
Wqg 1049 O 20 51 Ws5 /105
Vec H 21 s0{J Voo
S10g [} 22 491 s10g
Wg /10g [ 23 481 Wg/l0g
Siog} 24 47 [0 s107
Wg 10g [} 25 48 [1 W7 /107
GND [ 28 45 [1 GND
psF 27 a4 [AWEL
NC O 28 a3 WEU
cas [ 29 421 RAS
asrF a0 a1[JAg
Ag ™ a1 a0t as
A1 az 331 Ag
Az 3z 38l As
Azl aa ar[dag
GND ] 35 36 [J Yoo
83YL-0304A (8/93)

Pin Functions

Ap-Ag (Address Inputs). These pins are muitiplexed as
row and column address inputs. Each of 8 data bits in
the random access port corresponds to 262,144 stor-
age cells, which means that 9-bit row addresses and
9-bit column addresses are required to decode one cell

location. Row addresses are first used to select one of -

the 512 possible rows for a read, write, datatransfer, or
refresh cycle. Column addresses are then used to
select the one of 512 possible column decoders for a
read or write cycle or the one of 512 possible starting
locations for the next serial read cycle. (Column ad-
dresses are not required in RAS-only refresh cycles.)

Wo/10p-W1s/1045 (Write-Per-Bit Inputs/Common Data
Inputs and Outputs). Each of the 16 mask bits can be
individually latched at the falling edge of RAS in any
write cycle and then updated at the next falling edge of
RAS. In aread cycle, these pins serve as outputs for the
selected storage cells. In a write cycle, data input on
these pins is latched by the falling edge of CAS or
LWE/UWE.

RAS (Row Address Strobe). This pin is functionally
equivalent to a chip enable signal in that whenever it is
activated, the 8192 storage cells of a selected row are
sensed simultaneously and the sense amplifiers re-
store all data. The 9 row address bits are latched by this
signal and must be stable on or before its falling edge.
CAS, DT/OE, LWE/UWE, and DSF are simultaneously
latched to determine device operation.
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Block Diagram
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UWE —>
OSF ——>
£YLEG018

CAS (Column Address Strobe). This pin serves as a
chip selection signal to activate the column decoder
and the input/output buffers. The 9 column address
bits are latched at the falling edge of CAS.

QSF (Special Function Output). This pin indicates
which side of the split register is active. QSF high shows
that the upper half (addresses 256 through 511) is
active; QSF low indicates the lower half (addresses 0
through 255).

DSF (Special Function Control). At the leading edge
of RAS and CAS, the high or low level of DSF is latched
to initiate one of the operations shown in table 1.

LWE/UWE (Write-Per-Bit or Masked Write Control ). At
the falling edge of RAS, the LWE/UWE and DSF inputs
must be low and CAS and DT/OE high to enable the
write- per-bit option. When CAS, DT/OE, and DSF are
high at the falling edge of RAS, the level of this signal
indicates either a color register set cycle or flash write
cycle. A high LWE/UWE can be used at the beginning of
a standard write or read cycle.

DTOE {(Data _Transfer/Qutput Enable). At the RAS
falling edge, CAS and LWE/UWE high and DT/OE low
initiate a data transfer. DT/OE high initiates conven-
tional read or write cycles and controls the output
buffer in the random access port. The level of DSF
determines whether this is a read or split read data
transfer.

S10g - S1045 (Serial Data Inputs/Outputs). Eight-bit
data can be written or read from these pins, and during
aserial read, data remains valid until the next SC signal
is activated.

SC (Serial Control). Repeatedly activating this signal
causes serial read/write cycles (starting from the loca-
tion specified in the data transfer cycle) to be executed
within the 8192 bits in the data register. The rising edge
of SC activates either a serial read or write operation. In
the serial read mode, 16 of the 4096 data bits are
transferred to 16 serial data buses, respectively, and
read out. In the serial write operation, input data is
latched on the rising edge of SC. Whenever SC is low,
the serial port is in standby.
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SE (Serial Enable). This signal controls the serial
input/output buffer.

OPERATION

The uPD482444 and uPD482445 both incorporate a
random access port and a serial read or write port. The
random access port executes standard read and write
cycles as well as data transfer, block write, and flash
write cycles, all of which are based on conventional
RAS/CAS timing.

In a data transfer, data in each storage cell on the
selected row is transferred simultaneously through a
transfer gateto its corresponding register location. The
serial read port shows the contents of the data register
in serial order. The random access and serial ports can
operate asynchronously when split read or split write
operation is used.

Addressing

The storage array is arranged in a 512-row by 8192-
column matrix, whereby each of 8 data bits in the
random access port corresponds to 262,144 storage
cells, and 18 address bits are required to decode one
cell location. Nine row address bits are set up on pins
Aq - Ag and latched onto the chip by RAS. Nine column
address bits then are set up on pins Ap - Ag and latched
onto the chip by CAS.

All addresses must be stable on or before the falling
edges of RAS and CAS. Whenever RAS is activated,
8192 cells on the selected row are sensed simulta-
neously, and the sense amplifiers automatically re-
store the data. CAS serves as a chip selection signal to
activate the column decoder and the input and output
buffers.

Through one of 512 column decoders, eight storage
cells on the row are connected to eight data buses,
respectively. In a datatransfer cycle, 9 row address bits
are usedto select one of the 512 possible rows involved
in the transfer of data to the data register. Nine column
address bits are then used to select the one of 512
possible serial decoders that corresponds to the start-
ing location of the next serial read cycle.

In the serial read port, when SC is activated, 16 data
bits in the 8192-bit data register are transferred to 16
serial data buses and read out. Activating SC repeat-
edly causes serial read or serial write cycles (starting
from the location specified in the previous data trans-
fer cycle) to be executed within the 8192 bits in the data
register.

6

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet
all specifications, including minimum cycle time. To
reduce the number of pins, the following are multi-
plexed: DTOE, IWE/UWE, W,/I0, (n = 0 through 15).

The OE, WE, and [0, functions represent standard
operations; DT, WB, and W, are special inputs to be
applied in the same way as row address inputs with
setup and hold times referenced to the negative tran-
sition of RAS.

The level of DT determines whether a cycle is a random
access operation or a data transfer operation. WB
affects only write cycles and determines whether or not
the write-per-bit capability is used. W, defines data
bits to be written with the write-per-bit option. In the
following discussions, these multiplexed pins are des-
ignated as DT(/OE), for example, depending on the
function being described.

To use the uPD482244/5 for random access, DT(/OE)
must be high as RAS falls. Holding DT(/OE) high dis-
connects the 8192-bit register from the corresponding
8192 digit lines of the storage array. Conversely, to
execute a data transfer, DT(/OE) must be low as RAS
falls to open the 8192 transfer gates and transfer data
from one of the rows to the register.

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and by maintaining (WB/)WE while
CAS is active. The (W,)IO,, pin remains in high imped-
ance until valid data appears at the output at access
time. Device access time, tacc, will be the longest of the
following four calculated intervals:

+ tRac

. RASto CAS delay (trcp) + tcac

« RAS to column address delay (trap) + taa
. RAS to OE delay + toga

Access times from RAS (tpac), from CAS (tcac), from
the column addresses {taa), and from OE (toea) are
device parameters. The RAS-t0-CAS, RAS-to-column
address, and RAS-t0-OE delays are system-dependent
timing parameters. Output becomes valid after the
access time has elapsed and it remains valid while both
CAS and OE are low. Either CAS or OE high returns the
output pins to high impedance (uPD482444 only). See
explanation of “Extended Data Output.”

Write Cycle. A write cycle is executed by bringing
(WB/WE low during the RAS/CAS cycle. The falling



M Ly27525 0043624 531 EANECE

NEC

pPD482444, 482445

edge of CAS or (WB/)WE strobes the data on (W/)IO,
into the on-chip data latch. To make use of the write-
per-bit option, WB (/WE) must be low as RAS falls. In this
case, write data bits can be specified by keeping
Whn({/1Oy) high, with setup and hold times referenced to
the negative transition of RAS.

Write-Per-Bit-Cycle. A write-per-bit-cycle uses an /O
masking function to allow the system designer the
flexibility of writing or not writing any combinations of
Wu/l0p through Wqs/10¢5. Two types of masking are
possible: (1) new mask or the non-persistent mask that
requires the user to provide the mask data each cycle
and (2) old mask or the persistent mask. With the
persistent mask option, an LMR or load mask register
cycle is performed and the mask data is used during
write, block write, and flash write cycles.

Early Write Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS falls. Datais strobed
by CAS, with setup and hold times referenced to this
signal, and the output remains in high impedance for
the entire cycle. As RAS falls, (DT)OE must meet the
setup and hold times of a high DT, but otherwise
(DT/)OE does not affect any circuit operation while CAS
is active.

Read-Write/Read-Modify-Write Cycle. This cycle is ex-
ecuted by bringing (WB/)WE low with the RAS and CAS
signals low. (W.)IO, shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(Wn/)IOp, returns to high impedance when (DT)OE goes
high. The data to be written is strobed by (WB/)WE,
with setup and hold times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of (DT)OE, which can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS,

Refresh Cycle. A cycle at each of the 512 row ad-
dresses (Ag - Ag) will refresh all storage cells. Any cycle
executed in the random access port (i.e., read, write,
refresh, data transfer, color register set, flash write, or
block write) refreshes the 8192 bits selected by the RAS
addresses or by the on-chip address counter.

RAS-Only Refresh Cycle. A cycle having only RAS
active refreshes all cells in one row of the storage array.
A high CAS is maintained while RAS is active to keep
(WnN10,, in high impedance. This method is preferred
for refreshing, especially when the host system con-
sists of multiple rows of random access devices. The
data outputs may be OR-tied with no bus contention
when RAS-only refresh cycles are executed.

CAS Before RAS Refresh Cycle (CBRN). This cycle
executes internal refreshing using the on-chip control

circuitry. Whenever CAS is low as RAS falls, this cir-
cuitry automatically refreshes the row addresses spec-
ified by the internal counter. In this cycle, the circuit
operation based on CAS is maintained in a reset state.
When internal refreshing is complete, the address
counter automatically increments in preparation for
the next CAS before RAS cycle. CBRS and CBR also
performed internal refresh, stopping column control.

Hidden Refresh Cycle. This cycle is executed after a
read cycle without disturbing the read data output.
Once valid, the data output is controlled by CAS and
OE. After the read cycle, CAS is held low while RAS goes
high for precharge. A RAS-only cycle is then executed
(except that CAS is held at a low level instead of a high
level) and the data output remains valid. Since hidden
refreshing is the same as CAS before RAS refreshing,
the data output remains valid during either operation.

Fast-Page Cycle. Thisfeature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. Maintain-
ing RAS low while successive CAS cycles are executed
causes data to be transferred at a faster rate because
row addresses are maintained internally and do not
have to be reapplied. In fast-page operation, read,
write, and read-write/read-modify-write cycles may be
executed. Additionally, the write-per-bit control speci-
fied in the entry write cycle is maintained throughout
the next fast-page write cycle.

During a fast-page read cycle, the (W)/I0, data pin
(n = 0- 15) remains in a state of high impedance until
valid data appears at the output pin at access time.
Device access time in this cycle will be the longest of
the following intervals.

+ tacp
s tept+ tr+ toac
« CAS high to column address delay + taa

Glossary of Special Functions

Table 1 is a truth table for implementing the functions
described below.

Masked Write Cycle With New Mask (RWM new
mask). When the write-per-bit function is enabled as
shown below, mask data on the W,/IOy, pins is latched
by RAS and loaded directly into the write mask register.
A masked write cycle is then executed using CAS or
WB/WE to strobe the W,/IO,, data into the on-chip data
latch.

Mask Register Data Action
1 Write
0 Do not write



i b427525 0043b25 478 EENECE

uPDA82444, 482445 NEC

Load Mask Register Cycle (LMR). In this cycle, data  Masked Write Cycle With Old Mask (RWM old mask).
on W,/IQ, is written to a 16-bit write mask register,  This write-per-bit cycle, commonly referred to as a
where it is retained and used by subsequent masked  persistent mask write cycle, uses the mask data previ-
write and masked block write cycles. ously set by the last load mask register cycle.

Table 1. uPD482444/5 Function Truth Table (JEDEC Standard) for Random Access Port

Mnemonic RAS CAS| Address DQp Input  |Write | Register
Code TAS DY WE DSF|DSF| RAS |CAS| RAS |CAS/|"**| wm [Cotor Function
OE (Note 6) WE

CBRS [¢] X 0 1 — |STOP — X — — — — | CBR refresh/STOP (no reset)

(Notes 1, 3) (Note 4}

CBRN [¢] X 1 1 —_ X - X - - - — | CBR refresh (no reset)

(Note 1)

CBR 0 x 1 0 — X — x — — — — | CBR refresh (option reset)

(Note 1)

MWT 1 0 0 o] X Row | Tap |WM1 — | Yes |Load/] — |Masked write transfer (new/old)
(Note 5) Use

MSWT 1 (¢} 0 1 X Row Tap | WM1 _— Yes |Load/| — [Masked split write transfer
(Note 5) Use (new/old)

RT 1 0 1 0 X Row | Tap X — — — — | Read transfer

SRT 1 0 1 1 X Row | Tap X — — — — | Split read transfer

RWM 1 1 0 o 0 Row Col | WM1 Data | Yes |Load/| — |Read write (new/old mask)
{Note 5) Use

BWM 1 1 0 [¢] 1 Row Col | WM1 Col | Yes |Load/| Use |Block write {(new/old mask)
(Note 5) Use

FWM 1 1 [o] 1 X Row x | WM1 — | Yes |Load/| Use |Flash write {new/old mask)
(Note 5) Use

RW 1 1 1 ¢ 0 Row Col X Data | No — — | Read write (no mask)

BwW 1 1 1 [} 1 Row Col X Col No — Use | Block write (no mask)

LMR 1 1 1 1 o] Row X X WM1 0 Load | — |Load (old) mask register set cycle

(Note 2)

LCR 1 1 1 1 1 Row X X Color| 0 — | Load | Load color register

x = Dont care
— = Not applicable
RAS only refresh does not reset STOP or LMR functions.

Notes:

(1) CBRS, CBRN, and CBR all perform CAS before RAS refresh
cycles. CBR is used to reset all options and either CBRS or
CBRN is used to continue to refresh the RAM without clearing
any of the options.

After LMR, RWM and BWM use old mask. (CBR resets to new
mask. Use CBRS or CBRN to perform CAS before RAS refresh
while using old mask.)

With CBRS, all SAM operations use STOP register.

STOP defines the column on which shift out moves to the other
half of the SAM.

After LMR, WM1 is only changed by LMR (CBR resets).

Either write enable, UWE or LWE, in active state (low level) will
initiate the specified mode.

For the inactive mode, both UWE and LWE must be high level.

@

@
@

= 2

®
©
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Table 2. Eight-Column Block Write Masking
Function

Column Mask Select (Note 1) Column Address
Lower Byte Upper Byte Az-Ag
107 1015 111
I0g 1014 110
105 1043 101
104 1042 100
103 1044 on
102 1010 010
104 10g 001
10g 10g 000

Note 1: Write and don't write are selected by 1 and 0, respectively; for
example, /O7 = 1 means write to the lower byte of column address
111

Flash Write Cycle (FWM old mask). This flash write
cycle is the same as the FWM new mask except thatthe
bit mask inputs are supplied by the mask register set by
the previous L MR cycle.

Flash Write Cycle (FWM new mask). A flash write
cycle canclear or set each of the eight 512-bit data sets
on the selected one of 512 possible rows according to
datastored inthe previously set color register. Bit mask
inputs are latched as RAS falls. This cycle is useful in
graphics processing applications when the screen
should be cleared or set to some uniform value as
quickly as possible.

Load Color Register Cycle (LCR). This cycle is exe-
cuted in the same fashion as a conventional read or
write cycle, with a read or write cycle available to the
color register under the control of WE. In read opera-
tion, color register data is read on the common W/10,
pins. In write operation, common W, /IO, data can be
written into the color register. RAS-only refreshing is
internally performed on the row selected by Aj - Ag.
This setup cycle precedes the first flash write or block
write cycle supplying the 8 write data bits.

Block Write Cycle (BW no mask). In a block write
cycle, Ag, Ay, and Ap are ignored and the color data
stored in the previous Load Color Register cycle is
written to eight consecutive column addresses. Bits
10 - 1045 are used to write or mask any combination of
these eight column addresses for writing in an early
write, late write, page early write, or page late write
cycle. See table 2.

Block write data is previously stored in the color
register using a set color register cycle. Column select
datais latched by the W A0, pins at the falling edge of

CAS or WE. Block write cycles are useful for clearing
windows and for accelerating polygon fili operations.

Block Write Cycle (BWM new mask). This cycle allows
for Wo/lOg - W45/1045 masking during a block write
cycle. The masking function is identical to a standard
masked write cycle with new mask, except that eight
consecutive columns are written.

Block Write Cycle (BWM old mask). This cycle uses
the masked data previously set by the last LMR cycleto
write eight consecutive columns.

Read Data Transfer Cycle (RT). Inafull-row read data
transfer cycle, one of the possible 512 rows, as well as
the starting location of the following serial read cycle,
is defined by row and_column address inputs. The
low-to-high transition of DT/(OE) causes the 8192 bits of
cell data to be transferred to the serial data register.

Split Read Transfer Cycle. This cycle is a half-row
data transfer in which one of the 512 rows, the starting
location of the following serial read cycle, and either of
the split registers are specified by the address inputs.
On-chip control circuitry causes the previously speci-
fied half-row to be transferred to the selected upper or
lower split register.

Hyper-Page Mode With Extended Data Output. In
operation, hyper-page mode is the same as standard
fast-page mode. As in fast-page mode, a faster data
rate is possible by keeping the same row address while
successive column addresses are strobed onto the
chip. Maintaining RAS low while CAS cycles are exe-
cuted causes data to be transferred at a faster rate
because row addresses are maintained internally and
do not have to be reapplied. During hyper-page mode,
read, write, and read-modify-write cycles may be exe-
cuted. Additionally, the write-per-bit control specified
in the entry write cycle is maintained throughout the
successive fast-page write cycle.

Extended Data Output

The introduction of the extended data output feature
causes the output data to remain valid even after CAS
goes high. This is made possible by the addition of a
transparent latch to the data amplifier circuit. Ex-
tended data output eliminates the topr parameter. The
resulting longer data valid time allows for the speedup
of the fast-page cycle time. Fast-page mode applica-
tions that try to run at minimum cycle times find that
timing skews and propagation delays make the data
valid time so narrow that reliable sampling is impossi-
ble. Extended data output is intended to solve this
problem and permit faster page-mode cycle times,
hence the term “hyper-page mode.”
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Speed Grade  Fast-Page Mode
-70 tpc = 45 ns

Hyper-Page Mode
typc = 35ns

In this operation, data pins Wg/lOp through W4s/1045
remain in the low-impedance state and the valid data
appears after the device access time. Device access
time, tpac (page-mode access time), is the longest of
the following intervals:

» tacp
L) tAA

» tcac
o tawet
o tacet

T Page write to page read switch or continuous page
RMW cycles.

Serial Read Port

The serial read port is used to serially read the previ-
ously loaded contents of the data register starting from
a specified location. Other graphics buffers require
very tight timing to synchronize this port with the
random access port, but the gPD482444/5 has been
designed with a split register to eliminate the need for
synchronized timing between the two ports.

Read Data Transfer (RT). A datatransfer is executed
to both split registers, and the serial port direction is
switched to the serial read mode. During this cycle, the
row address selects the row, and the column address
sets the start address of the next serial read sequence.
The transfer trigger is DT/OE or RAS low-to-high transi-
tion, whichever occurs first. The read data transfer
cycle disables the boundary jump function in the serial
port but keeps the stop register value. QSF will change
depending on the column address specified during the
RT cycle.

Split Read Data Transfer (SRT). The split register
means that the serial data register is composed of
serial addresses 0-255 (lower half) and serial addresses
256-511 (upper half). With the serial port split in half,
data transfers can be executed to the inactive side
while SC clocks are input to access data from the active
side. This sequence allows for a longer time window to
perform the transfer, i.e., 256 x tgcc. Column address
bits Ag-A; are latched on-chip to provide the tap
address pointer for each split register. The most signif-
icant column address Ag is a “don't care.”

During a split read data transfer cycle, a half row of
memory data is transferred to one of the split half serial
registers. The row addresses select the half row to be
transferred and the column addresses (A7 - Ag) set the
tap or pointer for the start of the serial read operation

10

and boundary jump operation. A split read transfer
does not change the direction of the serial port 1/O.

Data in the data register is clocked serially by SC,
starting from the first specified address of either reg-
ister. After the last specified address has been trans-
ferred, QSF changes its level at the next rising edge of
SC, and serial data transfer switches to the other
(formerly inactive) register. Serial data output is main-
tained until the next SC clock.

Rising edges of the SC clock are not allowed for the last
serial address (either 255 or 511) of the active register
and for the first address (any address depending on
current address pointer) of the next active register
(figure 1).

SE controls the impedance of the serial output to allow
multiplexing of more than one bank of uPD482444/5 on
the same bus and has no effect on SC. When SE is low,
S0, is disabled and in a state of high impedance.
During serial write, the SE level is latched by SC rising
edge to control the serial input buffer. SC continues to
increment serial addresses independent of SE.

Serial Port Write Operation

Serial writes can also be performed to the serial data
register starting at the location (column address)
specified by the previous write or split write transfer
cycle. After writing to the serial register, the contents
can be transferred to the specified row address in the
DRAM array. This operation provides afast screen clear
function. Both a split write and full register write trans-
fer are possible. Refer to figure 2.

Masked Write Data Transfer (MWT). The MWT cycle,
under write-per-bit control, transfers the contents of
both halves of the serial data register to the selected
row in the DRAM array. Row addresses are used to
select the row to receive the data and the column
addresses set the start location of the following serial
write operation. If the previous serial port operation
was a serial read, then an MWT cycle is required to
change the direction of the serial I/O from serial read to
serial write. During all MWT cycles, SC clocks are not
allowed and system timing must meet the conditions of

tsrs and tgpHR.

In this type of transfer, the contents of the DRAM will be
changed unless the masking or write-per-bit functionis
employed. Keeping WE and all 16 1/Os low as RAS falls
will perform a write-per-bit mask and inhibit data from
being transferred to the RAM array. The MWT cycle
disables the boundary jump function of the serial port
but does not reset the stop register value. QSF will
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Figure 1. Restrictions on Rising Edges of SC for Split Read and Split Write Data Transfer Cycles

1. 0on the SC clocks at
the transition point from the end of one half to the beginning of the
other half split register. Rising edges of the SC clock for the tast
sarial address of the Idle split register (255 or 511) and the first tap
address are not allowed.

(1] For spit ragister , there is a

[21 The restrictions apply to spitt read transfers, spilt write transfers, spilt
read transfers with stopplng column control, full read data transfers
and write data transters.

RAS \
tSDHR
CAS /
[e—1sSC
TAP Address
* tsRs
sSC 7‘ \ Restriction
idle Side Activa Side
/ 255
sC / 254 \ A e TAP + 1
s 510 511 £ TAP TAP +1
tPD
4
X X
Notes:

> The same restrictions for spiit write transfars except tgrs apply.

B3YL-80418

change in accordance with the value set by the column
address specified during the MWT cycle.

Masked Split Write Data Transfer (MSWT). A data
transfer cycle is performed from the inactive split-half
serial register to the specified half row in the DRAM
array. A split write transfer is always performed from
the inactive half SAM. Column address CA8 is a “dont’
care.” The direction of the serial port 1/O (serial read or
write) remains unchanged. The same write-per-bit
masking function is used as described in the MWT
cycle.

QSF Special Function Output

This pin outputs a signal synchronized with the SC
clock and indicating which half of the serial data
register is active. A high level of QSF indicates that an
upper half address (256 -511) will be read from or
written to by the next SC clock. Read and write ad-
dresses 0 - 255 are indicated by a low QSF level. QSF
changes on the rising edge of the SC clock for serial
addresses 255, 511, and BJX (boundary jump).

Advanced Serial Write Operation

if the design objective is to write data into selected
blocks without disturbing the background data, the
sequence of operations in figure 3 should be followed.

11
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 1 of 3)

O, @ ©) ® ® ® ® @
Power | 8RAS | CBRS or | Read Data | Split Read | Split Read | Masked Write Split Write Split Write Read Data | Split Read
up Cycles CBR Transfer Data Xfer | Data Xfer | Data Transfer | Data Transfers | Data Transfers Transfer Data Xfar
Notes:
(1) ACBRS or CBR Is required to set up the serlal register boundaries. (4) No SC clocks are allowed during the period specified by tgrg and
A CBR alone ora CBRS with A7 - Agsat to (11111111) sats the serial tSDHA-

register to 265 and 511 splits.
(5) Rising edges of SC clocks are not allowed In this restricted window for

(2) Altull ine data transfer Is required before a sequence of spitt read or serlal addresses 255 and 511. The restricting parameters are tgpg
writo transfers. and tgpHR -

(3) Rising edges of SC clocks are not allowed in this restricted window for (6) No SC clocks are allowed during the period specifled by tggc and
serlal addresses 255 and 511. The restricting parameters are tssc tSDHRA.
and tgpHR-

(7) The numbers at SIOn Indicate the sedal read or write address.

83YL-80398-1
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 2 of 3)
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 3 of 3)
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Figure 3. Advanced Serial Write Operation (Sheet 1 of 2}

Glossary
MSWT Masked split-write transfer: half SAM to RAM RT Read transfor: full row in RAM to SAM
MWT  Masked write transfer: full SAM to RAM SAM Serial access memory
QSF  Special-function output SRT Split-read transfer: half row in RAM to SAM
RAM Random access memory Tap Selectable start address in SAM
Background data Serlal write data
Step Operation
1 After power-up, perform a CBRS cycle with 0111 1111 code. This
sets the SAM port to four stop addresses: 127, 255, 383, 511.
When the SAM address reaches any of these four positions, the
SAM pointer will jump to the opposite-half SAM address specified
by the previous SRT or MSWT.
2 Perform an MSWT after the boundary jump and the serial address
moves from the lower- to the upper-half SAM. This copies the _—
half-row back to the RAM port. —T T E——
sc sl I l
S O o G
127 Boundary Jump
3 During the previous serial write operation, an SRT was performed
to the lower-half SAM, setting the tap. The SRT preloads the
SAM with background data from the RAM. C o
R e
Set Tap 383
B83RC-98578-1 (/93)
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Figure 3. Advanced Serial Write Operation (Sheet 2 of 2)

Step

Operation

4

When the serial writes to the upper-half SAM reach 383, a
boundary jump to the lower-half SAM occurs, and SC clocks
begin writing to the lowar-half, starting at the sele