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331,776-word x 8-bit Frame Memory
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The HM530281 series memory products provide
completely asynchronous 1/0 and operate at the
high speed of 50 MHz. A 0.8 im CMOS process is
used in their fabrication.

The HMS530281 series memory products provide
reset, jump, and line increment/hold pointer con-
trol functions that can be used in synchronization
with independent clocks on each of the 1/O ports.
Memory can be accessed immediately without any
waiting period after the execution of these func-
tions.

In addition to the FIFO function, the 281 series
products support an address structure that is com-
patible with HDTV, NTSC, and PAL standards,
and can be used in a wide range of applications,
such as noise reducers, TBC (time-based correc-
tion), inter-frame YC separation, and special func-
tion modes (e.g., multi-freeze, P-in-P) in the digital
TV, VCR, and video camera application.

They are also appropriate for use as inter-system
speed conversion buffer memories in communica-
tions systems.

Ordering Information

Features

L]

Organization: 331.776 words X 8 bits
Completely asynchronous operation of the serial
read port and write port.
— Internal generation of read and write
addresses
— Internal memory operation control provided
on-chip
High speed read/write cycle time: 50 MHz
Reset, jump functions
— Independent execution for read and write
ports
— Can be executed with arbitrary timing
— Allow immediate access after execution
(read/write) (for the jump function. when
the address setup is complete)
— Jump address specifiable in 32-word units
2 dimensional address
Line increment/hold address pointer control
function
Window scan function
Can handle HDTV, NTSC, and PAL standards
— Line length: Up to 1152 bits (Arbitrary line
lengths can also be handled by using the
line reset function.)
— Line count: Up to 324 lines
Built-in self-refresh eliminates the need for
external refresh control.
Power supply voltage: Voo =5.0V £ 10%.
Low power consumption

Product No. Cycle time Memory organization Package
HM530281TT-20 20 ns 331,776 words x 8 bits'2 44-pin TSOP
HM530281TT-25 25ns 1152 dots x 288 lines x 8 bits™ (TTP-44DB)
HM530281TT-34 34 ns 1024 dots x 324 lines x 8 bits

HM530281TT-45 45 ns

Notes: 1. Selectable following two kinds of addressing mode by mode pins

2. 1 dimensional addressing mode
3. 2 dimensional addressing mode

Note: The specifications of this device are subject to change without notice. Please contact your nearest

Hitachi's Sales Dept. regarding specifications.
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HM530281 Series
Pin Arrangement
pino (1 ~ "  44]7 Douo
Din1 ]2 43| ] Doutt
Din2 |3 42{7] Dout2
Din3[]4 41[] Dout3
Din4 [|5 40 [] Dout4
Din5 |6 39 [] Douts
Diné []7 38| | Douts
Din7 (|8 37 ] Dout7
Vss (]9 36[] Vss
Vee []10 35[] Vee
WE [ 34] OE
caw [J12 33[] CGR
wCK [ 1183 32[] RCK
WRS [ 14 31{] ARS
WLRS [ 15 30[ ] RLRS
WCLR 16 29 ] RCLR
WWND [ 17 28] RWND
WAS |18 271 RAS
WAD [|19 26{ ] RAD
MODEO [ 20 25 ] TESTH
MODE1 [ 21 24| ] TEST?
TESTOL_|22 23 | TEST3
(Top view)
Pin Functions
Pin functions
Symbol 2 dim. add. 1 dim. add.
Din0to  Data input Data input
Din7
DoutOto Data output Data output
Dout7
WCK Write clock Write clock
RCK Read clock Read clock
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Pin functions

Symbol 2 dim. add. 1 dim. add.
WRS Write reset Write reset
RRS Read reset Read reset
WE Write enable Write enable
OE Output enable Output enable
CGW  Write clock gate Write clock gate
CGR Read clock gate Read clock gate
WAS Write address set ~ Write address set
WAD Write address Write address
RAS Read address set  Read address set
RAD Read address Read address
WLRS  Write line reset Vee or GND
RLRS Read line reset Vg or GND

- WWND  Write window mode V¢ or GND
RWND  Read window mode V¢ or GND
WCLR  Write clear Vg or GND
RCLR Read clear Ve or GND
MODE Mode selection Mode selection
Oto1 input input
Vee Power supply Power supply
Vss Ground Ground
TESTOto Connectto ground Connect to ground

TEST3
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HMS530281 Series
Block Diagram
32-word  32-word 32-word  32-word
xg xg X %8
5 - Memory 5
%8 B § amay g [ x8
e 2 3
Din 8 g g 8 Dout
3 ° o 1152 dot x 288 line xB': © °
— 2 £ 1024 dot x 324 line x8* ] B oy
WE S S 10368 dot x32 word x8'1| V | & e O

WeK Write _.Memory Read . lo RCK

counter controller counter
CGW 1 CGR
WRS 3 Refresh +——————© RRS
R counter JE—
WAS b RAS
WAD RAD

WWND a RWND
WCLR RCLR

Note : 1. Selected by the mode pin

Absolute Maximum Ratings

item Symbol Rating Unit
Pin voltage™ Vr -1.0t0 +7.0 v
Power dissipation Py 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -5510 +125 °C
Storage temperature (when biased) Thias -10to +85 °C

Note: 1. The permissible values with respect to Vgg.
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Recommended DC Operating Conditions (Ta = 0 to +70°C)
Item Symbol Min Typ Max Unit
Power supply voltage Voo 45 5 5.5 v
» Vsg 0 0 0 v
Input voltages Viu 2.7 - 6.5 v
ViL -0.5" — 0.6 v

Note: 1. When the pulse width is under 10 ns, Vy min =-3.0 V.

DC Characteristics (Vo =5.0 V1 10%, Vgg =0V, Ta=0to +70°C)
HM530261-20  HM530281-25 HM530281-34  HM530281-45

ftem Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Testconditions

Operating power oo — 110 135 — 80 120 — 70 95 — &8 75 mA lout=0,

supply voltage twee = taee = Min

Standby power  lcpg - 15 25 — 15 25 — 15 25 — 15 25 mA

supply voltage

Input leakage Iy -0 — 10 10 — 10 10 — 10 -10 — 10 mA Vgg=55V,

cument : Vin = Vggto Vog

Output leakage o -0 — 10 10 — 10 10 — 10 -10 — 10 mA OE=Vy

cument Vout =Vggto Vg

Output voltages Vg — — 04 — — 04 — — 04 — — 04V Ig=21mA
Vou 24 — — 24 - — 24 — — 24 — — V gy=-10mA

Capacitances

Item Symbol Typ Max Units Test conditions

Input capacitance Cin — 5 pF Vin=0V

Output capacitance Cout - 7 pF Vout=0V

Note: These parameters are sampled values, not values measured for all units.
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HM530281 Series
AC Characteristics
Test Conditions
* Input pulse level: Vggto3.0V ¢ Qutput load: 1 TTL + 50 pF
» Input rise/fall times: 3 ns (including jig and scope capacitances)

* 1/O timing reference level: 1.5V

HM530281-20 HM530281-25 HM530281-34 HM530281-45

Item Symbol Min Max Min Max Min Max Min Max Unit
Write clock cycle time twee 20 — 25— 34 - 445 — ns
Write clock pulse width (high) twe 8 — 10 — 12 — 15 — ns
Write clock pulse width (low)  twcp 8 — 10 — 12 — 15 — ns
WRS setup time twas 8 — 10 — 10 — 10 — ns
WRS hold time twRH 8 — 10 — 10 — 15 — ns
Data input setup time , tos 5 — 5 — 5 — 5 — ns
Data input hold time ton 10 — 12 — 12 — 15 — ns
CGW setup time twas 8 — i — 10 — 10 — ns
CGW hold time twaH 8 - 10 - 10 - 15 — ns
WE setup time tWES 5 — 5 — 5 — 5 — ns
WE hold time tweH 10 — 12 — 12 — 15 — ns
Read clock cycle time trcc 20 — 25 - 34 — 45 — ns
Read clock pulse width (high) tgc 8 — 10 —_ 12 _ 15 — ns
Read clock pulse width (low)  tpcp 8 — 10 — 12 — 15 — ns
RRS setup time trRs 8 — 10 — 10 — 10 — ns
RAS hold time ey 8 — 10 — 10 — 15 — ns
Access time from RCK trac — 18 — 238 — 30 - 35 ns
Output hold time toH 5 —_ 5 — 5 — 5 — ns
Output enable time torz 0 — 0 — 0 — 0 — ns
Output enable access time toac — 18 — 20 — 25 — 25 ns
Qutput disable time touz 0 15 0 18 0 20 0 20 ns
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AC Characteristics (cont)

-HM530281-20 HM530281-25 HMS530281-34 HM530281-45

ltem Symbol Min Max Min Max Min Max Min Max Unit
CGR setup time tRGs 8 - 10 — 10 — 10 — ns
CGR hold time traH 8 - 1 - 10 —- 15 — ns
WAS setup time twss 8 - 10 - 10 - 10 — ns
WAS hold time twsH 8 — 10 - 10 — 15 — ns
RAS setup time trss 8 — 10 — 10 - 10 - ns
RAS hold time tasH 8 — 10 — | 10 — 15 — ns
Write address input setup time twag 5 - 5 — 5 — 5 - ns
Write address input hold time  tyay 10 - 12 — 12 — 5 - ns
Read address input setup time tgas 5 — 5 — 5 - 5 — ns
Read address input hold time  tgay 10 — 12 — 12 — 15 — ns
WLRS setup time twis 8 — 10 — 10 — 10 — ns
WLRS hold time tWLH 8 — 10 — 10 — ’15 — ns
RLRS setup time taLs 8 - 10 — 10 — 10 — ns
RLRS hold time /LA 8 — 10 —~ 10 — 15 — ns
WCLR setup time tweLs 8 — 10 — 10 -~ 10 — ns
WCLR hoid time twoen 8 — 10 — 10 — 18 — s
RCLR setup time troLs 8 - 10 — 10 — 10 — ns
RCLF hold time thoey 8 — 10 — 10 — 15 — ns
WWND setup time twwps 8 — 10 — 10 — 10 — ns
WWND hold time twwoH 8 — 0 — 10 — 15 — ns
RWND setup time thwps 8 - 10 — 10 — 10 — ns
RWND hold time twon 8 — 10 — 10 — 1§ — ns
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HMS530281 Series

Input and Output Pin Functions

DINO to DyN7 (data input) Input: The Dyy pins
input 8 bits of data. Data is input on the rising
edge of the cycle of WCK that follows a low level
on both CGW and WE.

Doyt0 to Doyr7 (data output) Output: The
Doyt pins output 8 bits of data. Data output is
synchronized with the RCK clock, and the access
time is specified from the rising edge of the RCK
cycle.

WCK (write clock) Input: WCK is the write
clock input pin. The input of write data is synchro-
nized with this clock.

Write data is input on the rising edge of the cycle
of WCK that follows a low level on both CGW
and WE, and when CGW is low, the internal write
address pointer is incremented at the same time.

Input of the write jump address is also synchro-
nized with this clock. The 14 bits of the write
jump address are read in sequentially from the
WCK cycle that set WAS low, irrespective of write
data acquisition.

RCK (read clock) Input: RCK is the read clock
input pin. Read data is output in synchronization
with this clock when both CGR and OE are low,
and when CGR is low, the internal read address
pointer is incremented at the same time.

Input of the read jump address is also synchronized
with this clock. The read jump address is read in
sequentially starting at the RCK cycle in which
RAS was set low, independently of read data out-
put.

WRS (write address pointer reset) Input: WRS
is a reset signal input that resets the write address
pointer to 0 when WAS and WLRS are high, resets
to the head of the line currently being written when
WAS is high and WLRS is low, and jumps to the
preset write jump address when WAS is low. *!

Only the falling edge of this reset input is detected.
and, on the first WCK cycle following that falling
edge, a write cycle to the set address is started

immediately. Note that this reset operation is per-
formed regardless of the values of CGW and WE.

RRS (read address pointer reset) Input: RRS is
a reset signal input that resets the read address
pointer to 0 when RAS and RLRS are high. resets
to the start of the line currently being read when
RAS is high and RLRS is low. and jumps to the
read jump address when RAS is low.™!

Only the falling edge of this reset input is detected.
and, on the first RCK cycle following that falling
edge, a read cycle at the set address is started
immediately. Note that this reset operation is per-
formed regardless of the levels of CGR and OE.

WE (write enable) Input: WE is an input signal
that controls the enabling/disabling of the data
input pins. When WE is low. input data is acquired
on the WCK cycle, and when WE is high. data
input is disabled and the previous memory data is
maintained.

Note that the write address pointer is incremented
by the WCK write clock without regard for the
level of WE.

OE (output enable) Input: OE is an input signal
that enables/disables the data output pins. When
OE is low. data output is enabled. and when high,
data output is disabled and the output pins go to
the high impedance state.

Note that the read address pointer is incremented
by the RCK read clock without regard for the level
of OE. Therefore, data can be jumped over during
read simply by disabling output with OE.

CGW (clock gate for write) Input: CGW is an
input signal that enables/disables incrementing of
the internal write address pointer. When CGW is
low, the write address pointer is incremented in
synchronization with the WCK write clock. and
when high, incrementing is stopped. Therefore
time axis compression can be easily implemented
without stopping the write clock by using CGW.

CGR (clock gate for read) Input: CGR is an
input signal that enables/disables incrementing of
the internal read address pointer. When CGR is
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low, the read address pointer is incremented in syn-
chronization with the RCK read clock, and when
high, incrementing is stopped. Therefore time axis
expansion can be easily implemented without stop-
ping the read clock by using CGR.

WAS (write address set and jump) Input: WAS
is an input signal that initiates write jump address
input when WRS is high and jumps to the previ-
ously input write jump address when WRS is low.
The falling edge of this input signal is detected,
and either a write jump address input is initiated or
a jump to the previously input write jump address
is executed on the first WCK cycle following the
fall of WAS.

Note that this operating is executed without regard
for the levels of CGW and WE.

WAD (write jump address) Input: WAD is the
input pin for the write jump address. The 14/15
bits of the write jump address are read in sequen-
tially from the high order bit, starting at the WCK
cycle (when WRS was high) in which WAS was
set low.*2

RAS (read address set and jump) Input: RAS is
an input signal that initiates read jump address
input when RRS is high and jumps to the previous-
ly input read jump address when RRS is low. The
falling edge of this input signal is detected, and
either the read jump address input is initiated or the

jump to the previously input read jump address is

executed on the first WCK cycle following the fall
on RAS.

Note that operation is executed without regard for
the levels of CGR and OE. _

RAD (read jump address) Input: RAD is the
input pin for the read jump address. The 14/15 bits
of the write jump address are read in sequentially
from the high order bit, starting at the RCK cycle
(when RRS was high) in which RAS was set low.*2

WLRS (write line reset) Input (in 2 dimensional

addressing mode): WLRS is an input pin for
resetting the write address pointer to the start of the
line from an arbitrary dot for each line.*3 Only the
falling edge of this signal is detected, and, on the

first WCK cycle following that falling edge. the
write address pointer is set to the head of the next
line when WRS is high, and to head of the current
line when WRS is low.*3 Note that this reset oper-
ation is performed regardless of the levels of CGW
and WE.

RLRS (read line reset) Input (in 2 dimensional
addressing mode): RLRS is an input pin for reset-
ting the read address pointer to the start of the line
from an arbitrary dot for each line.*3 Only the
falling edge of this signal is detected, and, on the
first RCK cycle following that falling edge, the
write address pointer is set to the head of the next
line when RRS is high, and to head of the current
line when RRS is low.*3 Note that this reset oper-
ation is performed regardless of the levels of CGR
and OE.

WWND (write window scan) Input (in 2 dimen-
sional addressing mode): WWND is an input sig-
nal that specifies the use of the window scan func-
tion. When executing a write jump with WRS and
WAS low, if WWND is set low at the same time, a
scan of the window region that takes that write
jump address as its starting point will begin (see
note below).

RWND (read window scan) Input (in 2 dimen-
sional addressing mode): RWND is an input sig-
nal that specifies the use of the window scan func-
tion. when executing a read jump with RRS and
RAS low, if RWND is set low at the same time, a
scan of the window region that takes that read
jump address as its starting point will begin.*4

WCLR (write clear) Input: WCLR is an input
signal that, independently of the levels on all other
input pins, resets the write address pointer to 0 and
clears the window scan function. This function is
executed immediately in the WCK cycle in which
WCLR was set low. This clear operation should
also be performed after applying power to the
HM530281.

RCLR (read clear) Input: RCLR is an input sig-
nal that, independently of the levels on all other
input pins, resets the read address pointer to 0 and
clears the window scan function. This function is
executed immediately in the RCK cycle in which




L1E D W 4yy9k203 0021526 OTh EEHITE

HITACHI/ LOGIC/ARRAYS/MEM

HM530281 Series

RCLR was set low. This clear operation should
. also be performed after applying power to the
HM530281.
Notes: 1. The reset destination in window scan
mode changes as follows.
Reset to 0: Reset to the window start.
Reset to line start: Reset to the point
at the left edge of the window for the

line
2. Addressing Address  Input
mode structure address

1dim. add. 0t0 10,367 Address bits

(FIFO) blocks Aizto Ay
2dim. add. 32 horizontal Line address
(1) . blocks by bits Vg to Vy,
324 vertical  horizontal
lines address bits
H4 to Ho
2 dim. add. 36 horizontal Line address
(2) blocks by bits Vg to Vj,
288 vertical  horizontal
lines. address bits
H5 to Ho

Memory Structure

The meomry is organized as 331,776 words of 8
bits each, and these words can be accessed sequen-
tially, since the address pointer can be incremented
by inputting a clock signal. Addresses are allocat-
ed corresponding to 32 word blocks.

3. When window scan mode is set, the
reset is to the point at the left edge of
the window for the line.

4, When window scan is set, the hori-

zontal address of the pointer reset des-
tination when increment/hold is exe-
cuted will be the left edge of the win-
dow. Also, when a reset is executed,
the pointer will be reset to the starting
point of the window.
Thus it is possible to scan arbitrary
window regions within the screen
independently for read and write by
using these line reset and reset func-
tions.

The mode pins switch between the three address-
ing modes shown below.

Mode 0 Mode 1 Addressing mode Address structure Capacity

0 0 1 dim. add. (FIFO) 0 to 10,367 blocks 331,776 words

1 0 2 dim. add. (1) 32 horizontal blocks by 1024 dots by 324 lines
324 vertical lines

0 1 2 dim. add. (2) 36 horizontal biocks by 1152 dots by 288 lines

288 vertical lines

Notes: 1. In 1 dimensional addressing mode, blocks 0 to 10367 are accessed cyclically.
2. Inthe 2 dimensional addressing modes, the line head can be reset at an arbitrary dot on each

line.
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HMS530281 Series
Operations Read
Write Read operation: 8 bits of read data are output in

Write operation: When the WE and CGW inputs
are low, 8 bits of write data are input in synchro-
nization with the WCK clock. The input data is
read in to the word indicated by the address pointer
on the next rising edge of the WCK cycle. This
allows read data and write data to be handled with
the same clock, and cascade connections to be eas-
ily implemented.

Reset operations (write): By setting WRS low,
the write address pointer can be set immediately on
that WCK cycle to the address 0 block head.

Address pointer increment operations (write):
The write address pointer is incremented in syn-
chronization with WCK hen CGW is low.

It is possible to apply a write mask in WCK clock
units by setting the WE input high. In this case,
the previous memory data will be retained. The
write address pointer increment function can be
stopped by setting the CGW input high. This
allows time axis compression to be implemented
easily.

If the reset interval specifications are met (see
Notes 8 and 9), the write reset operation can be
performed on an arbitrary WCK clock cycle with-
out regard for the levels of the WE and CGW
inputs,

WE and CGW Input Level, Write Address
Pointer, and Data Input State Relationship

Internal
WCK rising edge  write
—  address
TGW WE pointer Data input
L L Incremented enable
L H disable
(memory data
H — Stopped is retained)

Note: Data is input when the WE input is low.
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synchronization with the RCK clock when the OE
and CGR inputs are low. The access time is stipu-
lated from the rising edge of the RCK clock.

Reset operations (read): By setting RRS low, the
read address pointer can be set immediately on that
RCK cycle to address 0 and the data will then be
output.

Address pointer increment operations (read):
The read address pointer is incremented in syn-
chronization with RCK when CGR is low.

Data outputs go to the high impedance state when
the OF input is set high. The reset address pointer
increment function can be stopped by setting the
CGR input high. This allows time axis expansion
to be implemented easily.

If the reset interval specifications are met (see
Notes 7), the write reset operation can be per-
formed on a arbitrary RCK clock cycle without
regard for the levels of the OF and CGR inputs.

Relation Between the OE and CGR Input Levels
and the Read Address Pointer and Data Qutput
States

Internal
read

RCK rising edge
———————— address

CGR O pointer Data output

L L Incremented Qutput

L H High impedance
H L Stopped QOutput data held
H H High impedance

Note: Data is input when the OE input is low.
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Line Reset (independent functions for read and
write, in 2 dimensional addressing modes)

When the 281 series products are used in 2 dimen-
sional addressing modes, the line length can be set
to be either 1024 dots (2 dimensional (1)) or 1152
dots (2 dimensional (2)). In these modes, after
accessing the data at the last dot (address) on each
line, address pointer incrementing is stopped.
Access is restarted at either the first dot at the head
of the next line or at the first dot at the head of the
current line by executing either a line increment or
a line hold, respectively. Also, since these line
reset operations can be executed at any arbitrary
point in the middle of a line, an arbitrary line
length (of between 64 dots and the actual line
length) can be realized.

Line increment operation: The read and write
line increment operations are executed by setting
RLRS low and RRS high, and setting WLRS low
and WRS high respectively. When these opera-
tions are executed, the next access goes immedi-
ately to the starting dot of the next line.

Line hold operation: The read and write line hold
operations are executed by setting RLRS and RRS
low, and setting WLRS and WRS low respectively.
When these operations are executed, the next
access goes immediately to the starting dot of the
current line. Note that the read line hold operation
is invalid on the first line following a O reset or
jump. In this case, the same effect can be achieved
by re-executing the reset or jump operation (reset-
ting only the H address to 0).

If the reset interval specifications are met (see
Notes on Usage 1 to 3), the line reset operation can
be performed on an arbitrary RCK clock cycle
without regard for the levels of the OE, CGR, WE,
and CGW inputs.

Jump (independent functions for read and
write)

It is possible to set the address pointer to the start
address of an arbitrary block in 32 word units.
After initializing a jump address setup for read
and/or write, after 64 WCK or 64 RCK cycles, it is
possible to execute a jump: to that address (random

access in 32 word by 8 bit units) independently for
read and write.

Jump address setup: The read and write jump
addresses are serially input independently from the
RAD and WAD pins in synchronization with the
RCK and WCK clock inputs respectively. Address
input start is enabled by setting the RAS and/or
WAS inputs low for read and write respectively,
and 14/15 bits of jump address are input sequen-
tially starting with that cycle.*10 Note that the
read and write operations can continue indepen-
dently of this address input operation.

Following the start of address input, it is possible
to mask the input of address bits below an arbitrary
bit position by returning RAS or WAS to the high
level at the desired bit position. This can be con-
venient in applications that need to jump a fixed
interval, since the low order bits of the address will
be fixed. When all 14 bits of an address are to be
input, be sure to hold RAS and WAS low for the
full 14-clock period.

Jump operation: The jump operation is executed
by setting RRS and RAS low for read, and by set-

_ting WRS and WAS low for write, and the address

set is accessed immediately from that RCK or
WCK cycle. Note that as long as the interval spec-
ifications listed in Notes 7 to 9 are met, the jump
operation can be executed on any RCK or WCK
cycle without regard for the values of OE and CGR
on read, and WE and CGW on write.

Window Scan (independent functions for read
and write)

The window scan function can be used with either
the 2 dimensional (1) or (2) addressing modes, and
is a function which scans a rectangular region with
an arbitrary starting point. The jump address setup
function (see Jump address setup above) is used to
specify the starting point

Initiating window scan: The window scan func-
tion is started by setting WWIND to low for read
or RWIND low for write, and executing a read or
write jump operation (see Jump operation above).
Window scan will start immediately from that
cycle.
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Window scan operation: When the window scan  Operation Address pointer control
function is started, one of the functions described -

below will be executed independently for read and ~ Reset Reset to the first dot at the start
write.*11 of the window.

Line increment  Reset to the first dot at the left

Also note that as long as the interval conditions adge of the window on the next

listed in Notes 7 to 9 are met, these operations can

line. :
be executed at arbitrary dots without regard for the
address block organization. Line hold Reset to the first dot at the left
edge of the window on the

Clearing window scan: The window scan current line.
function is tumed off either by executing a reset or
jump with RWIND (for read) or WWIND (for
write) set high, or by executing the clear operation
described in section Clear below.
Overview of the window scan operation:

f I I - 1

0 31 63 Horizontal (dot) 1023(1151)

0 1 2 Harizontal address (H) 31(35)

o &
First point of the screen
First point of the window
(M. N) Window area
Vertical :
(line)
(V. N) (V.N+n)
(V+1,N)
(M+m,N+n)
323
(287)
Note: M and N are addresses, M is in line units, N is units of 32 dots,
and m and n are in line and dot units respectively.
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Starting and clearing window scan:
Window off -t
Start (Reset) Clear
{Window jump) (Line increment) (Reset)
(Line hold) {Jump)
(Jump) (Clear)
> Window on
———
New setup
(Window jump) (Reset to the window origin point)
I (Line increment)
{Address setup) (Line hold)

Clear (independent functions for read and
write)

The clear function both resets the address pointer
to 0 without regard for the value on any other pin,
and if window mode is set, clears window mode.

Clear Operation: The clear operation can be exe-
cuted on any cycle by setting the RCLR pin low
for read and the WCLR pin low for write. The
data input following a write clear is valid data. If
the interval conditions listed in Notes 7 to 9 are
met by the operations including the clear opera-
tion, then the data preceding the clear operation
will also be valid data.

However, note that read system resets (reset, jump,
line reset, clear) and the read address setup opera-
tion cannot be executed for consecutive RCK clock
cycles. Similarly, write system resets (reset, jump,
line reset, clear) and the write address setup opera-
tion cannot be executed for consecutive WCK
clock cycles.

Access of New and Previous Data

New data access (follow-up read out of data cur-

rently being written): Written data can be read

out 160 WCK cycles after it is written. However,
it is necessary to execute the read jump address

setup operation outside the time period between 32

WCK cycles before write to that address is started

and 32 WCK cycles after write to that address is

completed.

« It is also possible to read out the new data when
jumping to an address at least 160 WCK clock
cycles after write to that address was started.
Note that in this case, there is more than enough
time for the read jump address setup operation
even if it is begun 32 or more clock cycles after
the completion of the write operation.

Previous data access (reading out data prior to
that of the current write oepration): The previ-
ous data ca be read out up to 32 WCK clock cycles
after the write operation.
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Therefore, these memories can be used to provide * CGW and CGR should be hold low.
delay times of between 160 and 331,808 (331,776  + Reset cycle when | dimensional addressing

+ 32) clock cycles. mode.
+ Clear cycle when 2 dimensional addressing
Power On mode.
* Dummy cycle of over 64 WCK and 64 RCK
Wait at least 100 ps after power-on to begin oper- clock cycle.
tation. At this time the write and read address
pointers are undefined. Then, initiate the desired operating mode by pro-
viding the signal input combination given by the
The following operation should be executed. truth tables below.

Function Table

1 Dimensional Addressing Modes
» Write

WCK rising edge

WRS WAS Operation

H H Normal state In the normal state, the write address pointer is incremented in
synchronization with WCK.

L H Reset The write address pointer is reset to 0.

L L Jump Jump to the address A to which the write address pointer is set.

H L Address setup  The write jump address is input.

* Read

RCK rising edge

RRS RAS Operation

H H Normal state In the normal state, the read address pointer is incremented in
~ synchronization with RCK.

L H Reset The read address pointer is reset to 0.
L L Jump Jump to the address A to which the read address pointer is set.
H L .Address setup The read jump address is input.
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2 Dimensional Addressing Modes (when window scan is not used)

o Write *1
Operation

Levels at the rise of WCK

- Write address Write jump

WRS WAS WIL[RS WWND WCLR pointer control address  Notes

H H H H H Normal state  Incremented in — 2
synchranization with WCK

L H H H H Reset Reset to (0, 0) —

L L H H H Jump Jump to the set address A —

H L H H H Address set — Set

H H L H H Line increment Reset to the first bit of — 2
the next line

L H L H H Line hold Reset to the first bit of — 2
the current line

— — — — L Clear Reset to (0, 0)

(—: Don't care)

» Read"*!
Operation

Levels at the rise of WCK
Read address Read jump

RRS RAS HRIRS RWND RCIR pointer control address  Notes

H H H H H Normal state  Incremented in — 3
synchronization with RCK

L H H H H Reset Reset to (0, 0)

L L H H H Jump Jump to the set address A —

H L H H H Address set — Set

H H L H H Line increment Reset to the first bit of - 3
the next line

L H L H H Line hold Reset to the first bit of — ‘3
the current line

— — — — L Clear Reset to (0, 0) —

(—: Don't care)
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2 Dimensional Address Modes (when window scan is not used)

» Write
Operation
Write address Window
pointer control Write mode
Levels at the rise of WCK jump after
Window Window add- execu-
WRS WAS WIRS WWND WCLR mode off modeon ress tion Notes
L H H H H Reset Reset to (0, 0) — Off
H H H — H Normal state Incremented in — —_ 4
synchronization with WCK
H H L — H Line Tothe first Tothe left — —
increment bit of the edge of the
next line window on
the next line
L H L — H Line hold To the first  To the left — —
bit of the edge of the
current line  window on
the current
line
H L H — H Address set — Set —
L L H H H Jump Jump to the set address A — Off
L L H L H Window jump Jump to the set address A — On ‘6
L H H L H Héset Reset to the window — —
origin point A
— — — — L Clear Reset to (0, 0) — Off

(—: Don't care)
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* Read
Operation
Read address Window
pointer control Read mode
Levels at the rise of WCK jump after
Window Window add- execu-
RRS RAS HAIRS RWND RCLR modeoff modeon ress tion Notes
L H H H H Reset Reset to (0, 0) - Off
H H H — H Normal state Incremented in — — 5
synchronization with RCK
H H L — H Line Tothe first Totheleft — —
: increment bit of the edge of the
next line window on
the next line
L H L —_ H Line hold To the first  Tothe left — —
bit of the edge of the
current line  window on
the current
line
H L H — H Address set — Set —
L L H H H Jump Jump to the set address A — Off
L L H L H Window jump Jump to the set address A — On - 6
L H H L H Reset Reset to the window — —
origin point A
— — — — L Clear Reset to (0, 0) — Off

{—: Don't care)

Notes: 1. Hold the WWND and RWND pin high when window mode is not used.

2. The write address painter is incremented up to the last dot on the current line, and then
stopped. Writing is started immediately from the first dot on the next line by execution of the
line increment operation. Also, writing is started immediately from the first dot on the current
line by execution of the line hold operation.

3. The read address pointer is incremented up to the last dot on the current line, and then
stopped. Reading is started immediately from the first dot on the next line by execution of the
line increment operation. Also, reading is started immediately from the first dot on the current
line by execution of the line hold operation.

4. The write address pointer is incremented up to the last address on the line, and then stopped.
Writing is started immediately from the first dot on the next line or the left edge of the window
by execution of the line increment operation.

5. The read address pointer is incremented up to the last address on the line, and then stopped.
Reading is started immediately from the first dot on the next line or the left edge of the window
by execution of the line increment operation.
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6.

10.

11.

12.
13.

Itis possible to move directly from an old window to a new window in window mode by setting
up a new jump address and executing a window setup jump operation. However, the new
jump address should be input after access to the last line of the old window.

Read system reset (reset, jump, line reset, and clear) operations and read jump address set
operations must be performed at times separated by at least 64 RCK clock cycles. (There is
no absolute need to use only 32 word addressing units, and these operations can be
performed on any clock cycle).

Wirite system reset operations (reset, jump, line reset, and clear) must be performed at times
separated by at least 64 WCK clock cycles.

It is also possible to reset the write system in the middle of 32 word unit addressing. In this
case, not only must the condition of note 8 be met, but furthermore, pairs of write system
resets for units of less than 32 words must be separated by at least 160 WCK clock cycles.
When the write system is reset at less than 32 words, the data up to the point to which the
address pointer has advanced will be written, and the remaining data will retain the old values.
(Note that after the completion of a write of less than 32 words, a write reset is required to write
the data for the last address into the memory array.)

Addressing mode  Address structure Input address

1 dim. add. (FIFO)  0to 10,367 blocks Address bit A13 to AO

2 dim. add. (1) 32 harizontal blocks by Line address bits V8 to VO,
324 vertical lines horizontal address bits H4 to HO

2dim. add. (2) 36 horizontal blocks by Line address bits V8 to VO,
288 vertical lines horizontal address bits H5 to HO

Specifiable window sizes

Horizontal: Between 64 dots and the length of the line.

Vertical: Between 1 line and the maximum number of lines.

Location 0 cannot be specified as a jump address. Use a reset to access location 0.

Read system and write system resets are performed when CGR and CGW are high,
respectively. The desired reset is actually executed on the first RCK or WCK clock cycle
following CGR or CGW going low.

However, do not input invalid reset pulses when CGR or CGW is high, even if RCK or WCK is
low. It is possible for an invalid reset to be latched mistakenly.

Supplement

If the read system reset interval (at least 64 RCK clock cycles) of note 7, or the write system reset interval
for less than 32 word units (and at least 160 WCK clock cycles) are not provided (see note 9), it is possible
for the 32 words of data of the first address after the reset to be invalid, or for the first write of less than 32
words following the write reset to fail to occur. However, even in this case, address pointer control will
function corectly, and valid data will be output for the second and following addresses. (However, in this
case the condition of note 8 and the 32 clock or longer read system reset/read jump address interval must
be provided.)
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Timing Waveforms

Write Cycle

+ Write address reset

Cycle N- 1 Cycle N Cycle 0 Cycle 1 Cycle 2 J{
Y twee ¥
BN G Uy N

WCK Twe Re—= twcp

WRS ____ /twrs twasN—_twar A

WAS ‘psft High

Din  DN-2)X" "/ Xom- 1"~/ XD X XDy X' X D1y X~/ X D2)
Add X’ t Add 0"

Note: The write address pointer is reset to 0 starting with the WRS low cycle. Only the falling

edge of the WRS signal is detected. Adequate margin is provided if the rise occurs
at least one clock cycle before the next fall.

+ Write clock gate

Clock gate
Cycle N -1 Cycle N cycle Cycle N + 1 Cycle N + 2 /l{
4 t

WCK M\_/ Nlwee £\ J‘ \
WRS High
WAS High
b BN -2X NN BN DRI 2
caw N
WE twes  twaH Low
Note: During cycles where CGW is high, the write address pointer is not incremented, and the

Din data is not written.
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+ Write enable

CycleN-1 Cycle N CycleN +2 CycleN+3

WCK _*_\_/[L{ \fwee £ \

WRS High

WAS High

Din - DN - 2)X 77 XON- X2 X DN X # XN+ X7 XN +3)
Low

fw iy /7 A N

WE twes twen

Note: Although the write address pointer is incremented on a cycle where WE is high, the Dy

data is not written, and the previous memory data is retained.

Read Cycle

« Read address reset

RCK

RRS

RAS
Dout

Note:

Cycle 0

Cycle 1

4 tg .
/1 tre \TLCC /)
=~ 5

tace

# TRRs tRR?’\_

trRRH A

trac

ton

High

oN-2)X0X DiN-1) XX DNy ﬂ%

D(0)

D) XX _ b2

Add'X!

Add'0’

The read address pointer is reset to 0 from the cycle where RRS was low.
Only the falling edge of the RRS signal is detected. Adequate margin is provided if the rise
occurs at least one clock cycle before the next fall.

* Read clock gate

output data is retained.

Clock gate
Cycle N -1 Cycle N cycle Cycle N + 1 Cycle N+ 2

RCK /_\_/ \ troc \
RRS High
— t .
RAS RAC ton High
Dout  DIN-2XX DN~ 1) D(N) %( DN + 1) YX DIN+2)
CGR Fq
OE tras  tReH Low
Note: During cycles where CGR is high, the read address pointer is not incremented, and the
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» Output enable
' Disabl |
CycleN -1 Cydle N SNeC | CydleN+2 | CycleN+3
t
RCK Jl( AN \_F° iw
RRS High
RAS Hiohz trac High
Dout DN -2p0X_DIN-1) XX DIN) o t DN+ 2))Y0X DN + 3)
—_— oz
CGR tonz Low
- t
OE /—- OAC
Note: During cycles where OEis high, the output goes to the high impedance state, and the
read address pointer is incremented.

Line Reset

« Write line increment

wor J\J } x_/_\_/—\_/_\_/

" twin ]
WIRS _ feetws WK 7
WRS tos tou High
Din X RN KDINX /X D) XX DX X D@)
—  Add(V.H) Add(V + 1.0)
WWND High
WCLR High

Note: The line address V is incremented, and the horizontal address H is reset to 0.

+ Read line increment

» trce
N-1 N [¢] 1 2
RCK m Vi tRLH\ l /W
RLRS }L—-—ltan tasR_ |/
RRS trac tony High
Dout YO DiN-1) XKD )i@( D(0) o) XX 0@
Add (V, H) | Add (V + 1,0)
RWND High
RCLR , High

Note: The line address V is incremented, and the horizontal address H is reset to 0.
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« Write line hold

: | tweoe
N-1 N 0 1 2
WCK _/_\_/ \ 7%

WLRS Jeeitys twis A twin

Note: The line address V is held as it is, and the horizontal address H is reset to 0.

WRS Jt=eltwrs tWRSK 7 twrH High
tps ton
Din XN D(M DO XX o)X X o)
—  Add(V,H) Add(V, 0) —————
WWND High
WCLR High
Note: The line address V is held as it is, and the horizontal address H is reset to 0.
» Read line hold
trce
N-1 N 0 1 2
RCK _/_\ /] ¥ tRLH\ i{—\_/_u
RLRS emltrs SR 7
RRS frettans tRRSR_ | tran /] teoH High
Dout XX DIN-1) M(N) Do) Sb( o) XX o)
trac
Add(V, H) } Add(V, 0)
RWND High
ACLR High
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Jump Address Setup (1 Dimensional Addressing Mode)

* Write address setup

Write address setup Write jump
e Atleast64 CLK cycles J'
0 1 2 12 13 63 0 1

wok AN\ N\ I A AN AW AN AW/
- twss Y i
WAS | X : 4 b _/

was | Twan e *I—L—ﬁ ,
wap  AA13k A1) XAt XarX X noX
WRS \_/
T O ¢ (0. (0 N 5 % (0 8 D ¢, 2T 6 (0.0, 6

The write jump address WA is (Ay3, Ayz, ... Ag ) — Add 'WA'

Note: After 64 cycles have passed following the start of write address setup, a jump to the set
address can be performed at any time.

+ Read address setup

Read address setup Read jump
! At least 64 CLK cycles 4
0 1 2 12 13 63 0 1
RCK _]{_\J[—\_](_\_ ........................ J[_\_] \__/_\;,_/—\_/—\__/
tnss TrsH i
RAS taas T ] /
B e e e e I e ] .
RAD Aa13y Xa12l Ya11] A1 X Ao 7/
RRS \_/

Dout

— X vaid Y vais X X o X o) X o)

The read jump address RAis (A3, A2, ... Ag ) Add ‘RA’

Note: After 64 cycles have passed following the start of read address setup, a jump to the set
address can be performed at any time.
Read and write address setup can be performed asynchronously.
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Jump Address Setup (2 Dimensional Addressing Mode 1)

* Write address setup (2 dimensional addressing: 324 line x 1024 dot mode)

Write address setup Write jump
i At least 64 CLK cycles {

0 1 8 9 10 13 63 O 1

wek {\J EaNVAWAWAWAW.
~twss twsH 5

WAS Line address V Horizontal address H - \ /
twar ] ' '

twas j =+ ' T - ;

waD AV XX vz X Xvo XX He XX naX Xro X777 7 v

WRS N/

oin - Xvaie)vaiaY” Yvaidfvaid} YvaioX Yvaic)  Yvais) " Yvais¥, XomX AB@ Yoo

The write jump address W (V, H) is (Vg , ... , Vo, Ha. ... . Hp) ~— AddW(V, Hy

Note: The jump to the set address can be performed at any time once the required 64 cycles
have passed following the start of write address setup.

Read address setup (2 dimensional addressing: 324 line x 1024 dot mode)

Read address setup Read jump
\ At least 64 CLK cycles {
0 1 8 9 10 13 63 0 1
AOK _F\_f\__{\g RN AWAWAWAW
aGES tRsH 1
RAS Line address V Horizontal address H f‘rV \ /
t traH | |
RAS - =t 1

RAD Y va XX V7 X Xvo X Xra XX Ha)X Xro X777~ I

Dout X valid X vaiid X" Valid \ Vaiid Y Vaiia Y Vaid  'Yvaid X Yo Y o0 X o01)

The read jump address R (¥, H) is (Vg. ... , Vg, Hg, ... , Ho) ~— Add'R(V, Hy

Note: The jump to the set address can be performed at any time once the required 64 cycles
have passed following the start of read address setup.
Read and write address setup can be performed asynchronously.
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Jump Address Setup (2 Dimensional Addressing Mode 2)

+ Write address setup (2 dimensional addressing: 288 line x 1152 dot mode)

Write address setup Write jump
At least 64 CLK cycles ¢

9 10 14 63 0 1
weK _Jr\_{LJyF\J PN AWAWAWAW,
=-twss twsH =

WAS 1 Line address V Horizontal address H 7[. '\ /

twas tvi‘in I I— ! .]= I .
wap  Xve XX vrX XvoXXHs XX HaX XHoX7 77
WRS ’\__/
SN ) 7T @ 0 T G0 G 6 G

The write jump address W (V, H) is (Vg ... , Vg, Hs. -.. , Ho) ~— Add W(V, HY

Note: The jump to the set address can be performed at any time once the required 64 cycles
have passed following the start of write address setup.

» Read address setup (2 dimensional addressing: 288 line X 1152 dot mode)

Read address setup Read jump
e Aleast64CLK cycles V
0 1 8 9 10 14 63 0 1

RCK _7‘—\_{\_%1'\_7 A AW AW W AW
~tRss tRsH 55

RAS Line address V Horizontal address H L \ /

tRAH '
tras (| ‘r-L-— L .l= ‘

RAD  Xve XX vz X XvoXXHs X XHaX XHo) /
Dont ) Valid Vaiid { Y Valid { Valid Y Valid X valid Y valid X Y D(N) { D(@) X (1)

le—— Add'R(V, H)'

The read jump address R (V, H)is (Vg, ..., Vg, Hs, ..., Hp)

Note: The jump to the set address can be performed at any time once the required 64 cycles
have passed following the start of read address setup.
Read and write address setup can be performed asynchronously.
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» Address input mask

Address setup Jump
l Atleast64 CLK cycles — 1
0 1 2 8 9 10 63 0
wek rew A\ N\ SN\ N\ T\
| twss (tmss) twsH(trsH)

WAS (FAS) | — /T

twas (tras)  |twan(tran)

WAD (RAD) Y V8 h 22 D VoY 7 /

Z
! ¥

WRS (RRS) \_/

In this example, only the line address is re-input, and the horizontal address retains its
previously set value.

Note: After the start of read or write jump address setup, if RAS or WAS respectively is returned
to the high level at an arbitrary bit position, the address bits input thereafter are masked,
and the corresponding bits retain their previous values.

Jump

+ Write jump

N-1 N .0 1 2
WCK h A \. /_\EE/ \ )L \ J/
twrs

—_ . twRH
I A e
o . twss twsH
WAS M Thes T

tos| tou tps | ton
Din  D{N-2) DIN-1) D(N) D(0) X o0 X2 X @)
Add X f Add 'WA'

Note: WA is the address input in the previous write address setup cycle.
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* Read jump

tRRs tRAH

S A dem T

t

trss RSH
RS A YT

trac toH
Dout XX _DiN-1) XX D(N)‘ﬂ( DO - 1 XX _ D2

Add ‘X' = Add ‘RA’

Note: RA is the address input in the previous read address setup cycle.

IS

New/Previous Data Access

+ New data access (address reset)

0 1 2 3 160 161 162
wex A\ S\ NN\
WE \ .
CGW \ "
WRS \__/ ;
WAS . High
Din X {New OXNew 1XNew 2X : X }Nsw160XNe~161 XNam&

Add 0’ f— Add '4' Add ‘5"
0 1 2
CGR \
RRS © __/
RAS ; High
3 ] \
Dout if New OX New 1hlew 2
Add 'O’

Note: Written data can be read out 160 WCK clock cycles after it was written.
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« Previous data access (address reset)
0 1 2 3 32 33 34
wex [\ N\ S\ NS\
WE \ -
cGwW \ i
wrs [ .
WAS . High
Din X New OXNew 1XNew 2 i X JNew32)New 33X New 34
Add 0’ ¥ Add '1"
‘ 0 1 2
Rk M\ S\ N\
CGR . \
RRS ’ __/
RAS ” High
OE ; \
Dout is Provious O Previous 1 Prvous 2
Add '0'
Note: Previous data can be read out up to 32 WCK clock cycles after the write operation.
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« New data access (address jump)
(example where the read and write jump addresses are to the same location)

0 1 2 13 160 161 162

wek A\ SN\ S NSNS\

WE \

CcGw \ 4

WRS _/ ;

WAS / i

Din X [Now OXNew 1Y X i Y YeowteofNow 161fNew 162

Add ‘A’ 1-Add ‘A + 4'—w~l=— Add'A + 5' —
0 1 2

rek M\ M\ S S\

CGR \

RRS ” \___/

RAS ; -/

OE i \

Dout -4 New 0 New 1\ New 2

_ Add A"

Note: Written data can be read out 160 WCK clock cycles after it was written. However, it is necessary
10 execute the read jump address setup operation outside the time period between 32 WCK
cycles before the start of write to that address and 32 WCK cycles after the completion of
write to that address.
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* Previous data access (address jump)
(example when the read and write jump addresses are to the same location)

0 1 2 13 32 33 34

wok M\ M\ AL\ A
WE \ .
caw  \ ,
wes  \__/ )
W T \_J ;
Din X YNewoNew ™ XY X YnewzYNewadfNewss

Add A 4 Add'A + 1'—
0 1 2
CGR T\
RRS © v/
RAS ’ \__/
OE . .
Dout 4— Provios QfPrevious 1 Pravious 2
Add ‘A’

Note: Previous data can be read out up to 32 WCK clock cycles after the write operation.
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Clear

* Write clear

twee
N N+ 1 0 1 2
wek /N N )
WCLR twors N_|
WWND ’ A
tps
Din  DN-1)X /)(D(N))WH%57/X po X X 01 X" 7X D2
Add(V, H) L Add(0, 0)

WRS N 7
WLRS N 4

WAS NI

Note: The write address pointer is reset to (0, 0), and window mode is turned off if it was on.

+ Read clear

N N+1 0 ace 1 2
RCK MJ/:@H\—//_\—/_\—/
RCLR tacts N_| tom
mWNo AN

tRac
Dout  DIN-1) XX DNy XX DN+ 1) ;é}( po XX o1 XX b2

Add(V, H) } Add(0, 0)

ARS N4

RLRS N 7/

FAS 77

Note: The read address pointer is reset to (0, 0), and window mode is turned off if it was on.
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Window Scan Fimction

Combined Window Scan Example

In window scan mode, the destination address of a
Jjump will be the first point in the window region,

and line reset and reset operate as follows.

Line reset: Resets to the left edge of the window

on the next line.

Reset: Resets to the first point in the window.

In this mode, addresses are generated automatical-
ly internally, so this function is useful in applica-
tions that need 1o scan a window region,

Also, completely independent window regions can
be scanned by the read and write systems.
Representative application examples are presented
below.

H (32 bit units)
0 > 1024(1152)
0
P.Q
(M, N)
Window B
(R 8)
v l Window A
(P+p,Q+q)
Window C
(M+m,N+n)

319 (R+r,S+s)

988




bJE D M Y449L203 0021550 315 MEHIT?
HITACHI/ LOGIC/ARRAYS/HEI"I

HM530281 Series
Case 1: Switching Between Normal and Window A Scan
L L
WwnD T[T pd A T Z A 7 A
(RWND) . s -
Mode Window A ¢ Normal que |_Window A
istline | 2nd line ’,’ LastineinA[ 1st line l 2nd line 5 Lastline | 1stline {2nd line

WRS ] — U ’ i
(RRS) o ,
was L g ’ L
(RAS) P
WLRS LJ U U
(RLRS) Jumpto (M,N+1) (M,N+n) Jumpto (1,0) Jump to

(M, N) (0,0) (M, N)

Case 2: Repeatedly Scanning Window A

WWND CYoo7 7 77N V777 77772
Mode Window A 5 Window A

Tstline | 2ndiine ] ,j |LastineinAl 1stiine | 2ndline
WRS —t ] '
WAS | ’
(RAS) . i : :
WLRS ’ 1 || L
{(RLRS) Jump (M, N+ 1) (M, N +n) Jump (M, N + 1)

to (M, N) to (M, N)

Case 3: Switching from Window A Scan to Normal Scan to Window C Scan

WWND—_ 7 7 77 77 V777773
Mode Window A i Normal [ Window T
re
1 stline | 2nd line > LastineinA| 1stiine | M | 1stline | 2nd line
wes | S
RRS) i i . it i
was L | ! L] LU
(R_KS) : : f : : it : é :
WIRS LU . L] L L
(RLRS) : . : . P :
WCLR ' H
MC 5Jump to (M,NH\)E Jump to i Jumpte (R, S+1)
(M, N) (0, (0, 1)0) PR S)
New address New address
setup: (P, Q) setup: (R, S)
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Case 4: Switching from Window A Scan to Window B Scan to Window C Scan

WWND | 7777777777777 777777 777
(MI [ od“e“m Window A s WindowB_>, Widnow C
istline_| 2nd line ” tastineinA| 1stline ,’ LastineinB| 1stline [ 2nd line
wRs L ’ T |
(RRS) _ | . : .
WAS | i ’ LI : ’ LI
{RAS) : P ; . P
WIS L i | B N S
®LRS) jump to M, N+n)i Jumpto (P.Q+1) (P.Q+q) Jumpto (R, S+1)
(M, N) P(P,Q) ! (RS
New address New address
setup: (P, Q) setup: (R, S)
Window Scan Timing Charts

* Window Jump (setup)

* Write
n n+1 0 twee| 4 2

wek /T N ¥ LA ; ;{_\ /S N/

twrs| - twrn

WRS ___/f-——- twas \l\___/l{

twss|  twsy

was __ Keftwss N K

twwos|  twwoH

WWND _/ﬁ—* twwos W\i

tps|toH tps|toH
Din D(N-1))(///)@(N))wmy X DO ){( X D1 X777 X D2
Add '(X, Y)' Add ‘M, Ny

Note: The value (M, N) is the address input during the write address setup cycle.
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* Window Jump (setup) (cont)
* Read
n ned 0 troc | 4 2

RCK _/_\____]{_\_} \ /| \. /_\_/
L tRRS|  tpRH |
RRS 4}£_— trrs '

\BSS| __ tRsH |

RAS ’l{
trss

N tRwWDS| _ tawpn

RWND
—{—>tnwos \_'lr{lou
Dout XX o) XX D(N+1))®K Do WX b1 WX 2

Add (X, Y)Y Add (M, N}’

Note: The value (M, N) is the address input during the read address setup cycle.

¢ Line Increment (in window mode)

* Write
twee

wx NN SN S

WIRS ___ Aeeftws tw._sxl-\:%l(

WRS High Tos on

on XX KoM 12 Do COV A
Add(M, N + n) Add(M + 1, N)

WWND Don't Care

WCLR High

Note: The line address M is incremented and the horizontal address currently at N + n is reset to N.
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* Line Increment (in window mode) (cont)

* Read
0 tree 1 2

m N A S v e
RLRS tRLs thLs \tﬁ{ A

RRS High tRAC tRoH

Dout Yo -1) XX D0 % o X_om_XX_o@
Add(MN + ) Add(M + 1,N)

RWND Don'tl Care

RCLR T

Note: The ling address M is incremented and the horizontal address currently at N + 1 is reset to N.

+ Line Hold (in window mode)

* Write
twcc
n-1 n
wek /TN A N\ SN S
_ 4 1 AL ’l
WLRS Jra—wltwis WLS F WLH
[ I
WRS ___ = Jfeeltwrs 'WRS‘l\_ A twhH
DH
Din X XON-IX & (N) D(0) D(1) D(2)
Add(M, N + n) | Add(M, N}
WWND Don't Care -
WCLR High

Note: The line address M is held at its current value and the horizontal
address currently at N + n is reset to N.

» Read trec

.

1 2
o SN N NSNS
RLRS A teus tRTS\L a—
RAS ;|£'_ o tans [RAS RRH _|tRDH

Dout X DIN-1 XNy [ XX D(O)% o) XX__b@
Add{M, N + n) trac : Add(M, N)

RWND Don't Care

RCLR High

Note: The line address M is held at its current value and the horizontal
address currently at N + n is reset to N.
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+ Window Clear

- Write
twee
N N+ 1 0 1 2

weK _/1//_\_/%[_\_/_\_/

s T i
o twRs tﬂ twsH
WAS ———’L twss —
WWND K| twwon X

twwps '

tos|tou tos| ton
G ) A, D 4 d( 0 s I ) &
AdG(X,Y) AJIWA'

Note: 1. The write address is reset to (0, 0) when WAS is high.
When WAS is low, the write address jumps to WA, and in any case, the write window is cleared.

* Read
trce
N N+ 1 0 1 2

. RRS tRRH
RRS  _ feelins oI

trss| trmu
RAS —/ﬁ——tRss EE(
RWND ;( tRWOH \!\

trRwos tRac ton
Dout XX Ny XX DN+ 1) )@l( )I@( p1_ XX _ D2

Add '(X, Y)' Add 'RA’

Note: 1. The read address is reset to (0, 0) when RAS is high.
When RAS is low, the read address jumps to RA, and in any case, the read window is cleared.
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¢ Clear
* Write cléar twee
N N+ 1 0] 1 2
WCK n ;'f \ ,; ; Jl \ / AN /"
_ twerH
WCLR ,WCL‘SWCLS\*"_—’)‘
WWND /t/ /t// . AN
DS DH
Din  DIN- )7 X DIN) WED(NH)SI( DO X/ X D1 X/ X D2
Add(V, H) A Add(0, 0)
WRS N4
WLRS N\ 74
WAS NS

Note: The write address pointer is reset ta (0, 0), and window mode is turned off if it was on.

* Read clear theo

N N+1 0 1 2

RCK ﬂ 1/—\ : ]/‘_\__}W

RCLR _/l(———l'mcv_st Rcw\t%{ JoH
RWND L/ o A o A 7 777 7777

tRAC
Dot DN-1) XX D(N)WD(N+1) @( o ¥X_ bt XX D2

Add(V, H) ! Add(0, 0)
ARS XS
RLRS N2
S —7

Note: The read address pointer is reset to (0, 0), and window mods is turned off if it was on.
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+ Reset to the Window Origin
These figures show the timing charts for resetting
the address pointer to the window origin address
(M. N) during window scan mode execution
- Write . twee
n n+1 0 1 2

WCK _/_\___J/_\_/{_\__/{ \__/ \_/
__ twrs| twrH
WRS —Jro—— twrRs

WAS High

twwps| twwon

wwo L TN A

tps|toH tos|toH

Din  DN-1X, /)(D(N)X/ALFD(NHX /)k DO )k 2.4 i &

Add (M +m, N + n)’ Add (M, N)'

Note: The write address pointer is reset to the window origin address (M, N).

* Read trec
n n+1 0 1 2

rRek /T N ¥ S 4 S
_ tRRS| tARAM
RRS _—/li—.tnns t_J
RAS High

trwos| tRwoH
RWND —/ﬁ—’tRWDS

trac JJoH

Dout XD XX O+ 1) X Do X b1 XX D2

Add ‘(M +m, N + n)’ | Add "(M, Ny

Note: The read address pointer is reset to the window origin address (M, N).
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