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Dual-Port Graphics Buffer

Description

The uPD41264 is a dual-port graphics buffer equipped
with a 64K x 4-bit random access port and a 256 x 4-bit
serial read port. The serial read port is connectedto an
internal 1024-bit data register through a 256 x 4-bit
serial read output circuit. The random access port is
used by the host CPU to read or write data addressed in
any desired order and has a write-per-bit option that
allows each of the four data bits to be individually
selected or masked for a write cycle.

The uPD41264 features fully asynchronous dual ac-
cess, except when transferring stored graphics data
from a selected row of the storage array to the data
register. During a datatransfer, the random access port
requires a special timing cycle using a transfer clock,
while the serial read port continues to operate nor-
mally. Following the clock transition of a data transfer,
serial read output data changes from an old line to a
new line and the starting location on the new line is
addressable in the data transfer cycle.

The uPD41264 is fabricated with a double polylayer,
N-channel, silicon gate process that provides high
storage cell density, high performance, and high reli-
ability. Refreshing is accomplished by means of RAS-
only refresh cycles or by normal read or write cycles on
the 256 address combinations of A, through Az during
a 4-ms period. Automatic internal refreshing, by means
of either hidden refreshing or the CAS before RAS
timing and on-chip refresh circuitry, is also available.
The transfer of a row of data from the storage array to
the data register also refreshes that row automatically.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is un-
latched to allow greater system flexibility. The
uPD41264 is available in a 24-pin plastic DIP, or 24-pin
plastic ZIP, and is guaranteed for operation at 0 to
+70°C.
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Features

o Three functional blocks
— 64K x 4-bit random access storage array
--1024-bit data register
— 256 x 4-bit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
Single +5-volt = 10% power supply
On-chip substrate bias generator
Random access port o
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of 1/0O and address lines
allowed by OE to simplify system design
— Refresh interval: 256 cycles/4 ms
— Read, early write, late write, read-write/fread-
modify-write, RAS-only refresh, and page mode
capabilities
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— Hidden refreshing by means of CAS-controlled
output
— Write-per-bit capability
— Write bit selection multiplexed on 104-103
0 RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as
specified by row address inputs
— Starting location of following serial read
operation specified by column address inputs
— Transfer of 1024 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
— Data transfer during real-time operation or
standby of serial port
O Fast serial read operation by means of SC pins
— Serial data presented on SOp-SO3
— Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatible inputs, outputs, and clocks
O Three-state outputs for random and serial access
o 24-pin plastic DIP and 24-pin plastic ZIP packaging
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Pin Configurations

Ordering Information

Row Access Serlal Access
24-Pin Plastic DIP and SOJ Part Number Time (max) Time {max) Package
uPD41264C-12 120 ns 40 ns 24-pin
./ i
sc [ 247 GND C15 150 ns 60 ns plastic DIP
soo ]2 23111 503
s01 3 22{1 80, HPD41264V-12 120 ns 40 ns 24-pin
DT/0E [}4 211 SOE V15 150 ne 60 ns plastic ZIP
W05y 200 WyilOg
W4/104 [l6 & 190 w0z . L
WBWEL]? Q 18[1CAS Pin Identification
OaAc 3
RAS (fs 170 Ao Symbol Function
Ag o 1611 A4 :
As 1o 150 A, Ag- A7 Address inputs
Agq s 141 ag CAS Column address strobe
voe Hr2 13H A7 DT/OE Data transfer/output enable
83IH-6631A
RAS Row address strobe
24-Pin Plastic ZIP e Serial control
8Qg - 8O3 Serial read outputs
SOE Serial output enable
W, /10, Wa/l03 P
ggE SO, W/I0g - Wa/lO3 Write-per-bit inputs/data inputs and outputs
3
sC g‘go GND Ground
0 —
" /?81 BT/OE WB/WE Write-per-bit/write enable
0/10g
WBANE Wy/104 Vee + 5-volt power supply
Ag ?s
A 5
Ay vee
Ag A3
A2 Al
0 CAS
831H-5380A

LBV
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Recommended Operating Conditions Capacitance
Parameter Symbol Min Typ Max Unit Ta=0to +70°C; Voo = +50V =10%; = t MHz
Supply voltage Voo 45 50 55 v Parameter Symboi Max Unit Pins Under Test
Input voltage, high Vi 24 55 v [mputoapacitance  Cia 5 PF A-hy
Input voltage, low Vi -1.0 0.8 v S (CIE) 6 pF D_VO_E_
Operating temperature Ta 0 70 °C CiwBwE) & PF \_’_Vi’w E

CiRAS) 8 pF AAS

Absolute Maximum Ratings Cichs) 8 P OAS
Voltage on any pin except Vgg relative to GND, ~1.0to +7.0V CioR) 8 pF_SOE
Vai CisC) 8 pF  SC
Voltage on Vg relative to GND, Vpp -10Vto +7.0V  Input/output Ciowrio) 7 pF Wp/lOg - W3/iOg
Operating temperature, Topp 0to +70°C capacitance
Storage temperature, TgTg -55to +125°C Output capacitance  Co (so) 7 PF__SC0-S0s
Short-circuit output current, log 50 mA
Power dissipation, Pp 15W

Exposure to Absolute Maximum Ratings for extended pericds may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC Characteristics.
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Block Diagram
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Device Operation

The uPD41264 has a random access port and a serial
read port. The random access port executes standard
read/write cycles as well as data transfer cycles, all of
which are based on conventional RAS/CAS timing. Ina
data transfer, data in each storage cell on the selected
row is transferred simultaneously through a transfer
gate to the corresponding register location. The serial
read port shows the contents of the data register in
serial order. The random access and serial read ports
can operate asynchronously, except whenthe transfer
gate is turned on during the data transfer period.

Addressing

The storage array is a 256-row by 1024-column matrix.
Each of 4 data bits in the random access port corre-
sponds to 65,536 storage cells, and 16 address bits are
required to decode one celllocation. Eight row address
bits are set up on pins Ag through A7 and latched onto
the chip by RAS. Eight column address bits then are set
up on pins Ag through Az and latched onto the chip by
CAS. All addresses must be stable, on or before the
falling edges of RAS and CAS.

RAS is similar to a chip enable signal; whenever it is
activated, 1024 cells on the selected row are sensed
simultaneously and the sense amplifiers automatically
restore the data. CAS is a chip selection signal that
activates the column decoder and input/output buff-
ers.

Through 1 of 256 column decoders, 4 storage cells on
a row are connected to 4 data buses, respectively. Ina
data transfer cycle, 8 row address bits are used to
select 1 of the 256 possible rows involved inthe transfer
of data to the data register. Eight column address bits
are then used to select the 1 of 256 possible serial
decoders that corresponds to the starting location of
the next serial read cycle. In the serial read port, when
SC is activated, 4 data bits in the 1024-bit data register
are transferred to 4 serial data buses and read out.
Activating SC repeatedly causes a serial read cycle
(starting from the location specified in the data trans-
fer) to be executed within the 1024 bits in the data
register.

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 re-
duce the number of pins, the following functions are
multi-plexed in the random access port.

¢ DTOE

s WB/WE

e W/0;(i=0,1,23)

The OE, WE and I0; functions represent standard oper-
ations while 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 DT level determines whether a cycle
is a random access operation or a data transfer oper-
ation. WB affects only write cycles and determines
whether or not the write-per-bit option is used. W,
defines data bits to be written with the write-per-bit
capability. In the following discussions, these multi-
plexed pins are designated as DT(/OE), for example,
depending on the function being described.

To use the uPD41264 for random access, DT(/OE) must
be high as RAS falls. Holding DT(/OE) high disconnects
the 1024-bit data register from the corresponding 1024~
digit lines of the storage array. Conversely, to execute
a data transfer, DT(/OE) must be low as RAS falls to
open the 1024 data transfer gates and transfer data
from one of the rows to the data register.

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and maintaining (WB/)WE high while
CAS is active. The (W))IO; data pin (i = 0, 1, 2, 8)
remains in high impedance until valid data appears at
the output at access time. Device access time, tacc, is
the longest of the following three calculated intervals:

® tpac
o RAS to CAS delay (tFICD) + tcac
e RAS to OE delay + toga

12A-5
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Access times from RAS (trac), from CAS (tcac), and
from OE OE (toea) are device parameters. The RASto CAS
and RAS to OE delays are system-dependent timing
parameters.

Output becomes valid after the access time has
elapsed and it remains valid while both CAS andOE are
low. CAS or OE high returns the output to high imped-
ance,

Write Cycle. A write cycle is executed by bringing
(WB/)WE low during the RAS/CAS cycle. The falling
edge of CAS or (WB/)WE strobes the data on (Wi)IO;
into the on-chip data latch. To make use of the write-
per-bit capability, WB(/WE) must be low as RAS falls. In
this case, data bits targeted for write operation can be
specified by keeping W;(/10) high, with setup and hold
times referenced to the negative transition of RAS.

For those data bits of Wi(/IO) that are kept low as RAS
falls, write operation is inhibited on the chip. If WB(/WE)
is high as RAS falls, the write-per-bit option is not used
and a write cycle is executed for all four data bits.

Early Write Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS. Data is 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)HOE does not affect any circuit operation while CAS
is active.

Read-Write/Read-Modify-Write Cycle. Bringing the
(WB/)WE signal low with RAS and CAS low executes
this cycle. (W)IO; shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(WiNIO; is returned to high impedance by a high (%39
OE. 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 256 row ad-
dresses (A through A7) will refresh all storage cells.
Any cycle in the random access port (i.e.,, read, write,
refresh, or data transfer) refreshes the 1024 bits se-
lected by the RAS addresses or by the on-chip refresh
address counter.

RAS-only Refresh Cycle. A cycle having only RAS
active refreshes one row of the storage array. A high
CAS is maintained while RAS is active to keep (WIO;in
a state of high impedance. This cycle is preferred for
refreshing, especially when the host system consists 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. This cycle executes
internal refreshing using the on-chip control circuitry.
Whenever CAS is low as RAS falils, this circuitry auto-
matically refreshes the row addresses specified by the
internal address counter. In this cycle, the circuit oper-
ation 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 befare RAS cycle.

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

Fast-Page Cycle.This feature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. By main-
taining RAS low while successive CAS cycles are exe-
cuted, data is transferred at a faster rate because RAS
addresses are maintained internally and do not have to
be reapplied. During this operation, it is also possible
to execute read, write and read-write/read-modify-write
cycles. Additionally, the write-per-bit control specified
in the entry write cycle is maintained through the
following fast-page write cycle.
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Data Transfer Cycle. A data transfer cycle is executed
by bringing DT(/OE) low as RAS falls. The specified 1 of
the possible 256 rows involved in the data transfer,
aswell as the starting location of the following serial
read cycle in the serial read port, are defined by
address inputs. DT(/OE) must be low for a specified
time, measured from RAS and CAS, so that the data
transfer condition may be satisfied . The low-to-high
transition of DT causes two transfer operations
through the data transfer gates: column address buffer
outputs are transferred to the serial address counters,
and storage cell data amplitied on digit lines is trans-
ferred to the data register. At least one SC cycle is
required to hold the data in the register. Otherwise, the
beginning of the next transfer cycle destroys the newly
transferred data. RAS and CAS must be low during
these operations to keep the transferred data in the
random access port.

Serial Read Port

The serial read port is used only to read serially the
contents of the data register starting from a specified
location. The entire operation, therefore, follows a data

DC Characteristics
Ta = Oto +70°C; Veg = 5.0V *£10%

transfer cycle. Data stored inthe serial register remains
valid for a minimum of 4 ms after the transfer cycle. The
only condition under which the serial read port must
synchronize with the random access port is when the
positive transition of DT(/OE) must occur within a
specified period in an SC cycle. Except for this SC
cycle, the serial read port can operate asynchronously
with the random access port. The output data appears
at SO; after an access time of tsca measured from SC
high, only when SOE is maintained low. The SC cycle
that includes the positive transition of DT(/OE) shows
old data in the data register; subsequent SC cycles
show new data transferred to the data register serially
andin alooped manner. The serial output is maintained
until the next SC signal is activated. SOE controls the
impedance of the serial output to allow multiplexing of
more than one bank of uPD41264 graphics buffers into
the same external circuitry. When SOE is low, SO; is
enabled and the proper data is read. When SOE is ata
high logic level, SO; is disabled and in a state of high
impedance.

Parameter Symbol Min Typ Max Unit Test Conditions

Input leakage current he -10 10 HA V= 0to 5.5V, all other pins not undertest = OV
Output leakage current loL -10 10 pA Doyt (IO, SOy disabled; Voyr = 0to 55V
Random access port output voltage, high  VoH(R) 24 A loHR) = -2 mA

Random access port output voltage, low Vo 0.4 A oLy = 42 mA

Serial read port output voltage, high Voues) 2.4 v loH(s) = —2 mA

Serial read port output voltage, low Vous) 0.4 v lorgg) = 42 mA

12A-7
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Power Supply Current

Ta = 0to +70°C; Voo = +5.0V +10%

-12 -15

Random Access Port Serial Read Port Symbol Max Max Unit Test Conditions

Read/write cycle Standby oo 95 85 mA RAS and CAS cycling; tpe = tgg min;
IO = 0 mA; SC = SOE = V|y (Note 1)

Standby Standby leeo 12 12 mA RAS = Vy; Dout = high impedance;
SC = SOE = V|

RAS-only refresh cycle Standby lecs 75 €5 mA RAS cycling; CAS = Vy; tre = tre min;
SC = SCE = V|y

Page cycle Standby leca 65 55 mA RAS = Vj; CAS eycling; tpg = tpg min;
SC = SOE = V4 (Necte 1)

CAS before RAS refresh cycle Standby lees 75 65 mA CAS low as RAS falls; tge = tge min;
SC = SOE = V|y4 (Note 1)

Data transfer Standby lcce 120 100 mA DT low as RAS falls; tge = tpe min;
SC = SOE = Vjy

Readfwrite cycle Active lecy 1565 130 mA RAS and CAS cycling; tgc = tpg min;
SOE = Vy; 8C eycling; tscc = tsco min
(Note 1)

Standby Active lccs €0 45 mA RAS = V|y; Doyt = high impedance;
SOE = V|; 8C oycling; tgoe = tsce min
(Note 1)

RAS-only refresh cycle Active lcco 135 110 mA RAS cycling; CAS = V|y; tge = tgg min;
SOE = V|; SC cycling; tgce = tsge Min
(Note 1)

Page cycle Active lecio 125 100 mA RAS = V) ; CAS cycling; tpc = tpg min;
SOE = V| ; SC cycling; tgge = tgcg min
(Note 1)

CAS before RAS refresh cycle Active leet1 135 110 mA CAS low as RAS falls; tge = tgg min;
SOE = V| SC eysling; tgoe = tgce min
{Note 1)

Data transfer Active lcciz 180 145 mA DT low as RAS falls; tre = tpe min;
SOE = Vy; SC cycling; tgec = tsce min
{Note 1)

Notes:

(1) Noload on |0; or SO;. Exceptforlsca, Igoa and ke, real values

depend on output loading and cyc¢le rates.
AC Characteristics
Ta = 0to +70°C, Voo = +5.0 VE10%
#PD41264-12 pPD41263-15

Parameter Symbol Min Max Min Max Unit Test Conditions

Column address hold time after RAS low taR 80 100 ns

Column address setup time tasc 0 ns

Row address setup time tasm ns

Access time from CAS tcac €0 75 ns (Notes 2, 5)

Column address hold time tcAH 20 25 ns

CAS pulse width tcas 60 10,000 75 10,000 ns
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AC Characteristics (cont)

#PDA1264-12

pPD41264-15

Parameter Symbol Min Max Min Max Unit Test Conditions
DT low hold time after RAS low tepH 40 55 ns (Note 12)
CAS before RAS refresh hold time tcHR 25 30 ns

CAS precharge time (page cycle only) tep 50 60 ns

CAS precharge time (nonpage cycle) topn 25 30 ns

TAS high to RAS low precharge time teRp 10 10 ns

CAS hold time tasH 120 150 ns

CAS before RAS refresh setup time tesn 10 10 ns

CAS to WE delay tewb 100 120 ns (Note 10)
Write command to CAS lead time towl 40 45 ns

Data-in hold time toH 35 45 ns {Note 11)
DT high hold time toHH 20 25 ns

Data-in hold time after RAS low tonR 95 120 ns

DT high setup time tpHs 0 ns

DT low setup time this 0 ns

Data-in setup time tps 0 ns (Note 11)
DT high to CAS high delay ore 10 10 ns

BT high hold time after BAS high tDTH 20 25 ns

DT high to RAS high delay toTR 10 10 ns

OE pulse width toe 35 40 ns

Access time from OE toEA 30 40 ns (Note 2)
OE to data-in setup delay toED 35 40 ns

OE hold time after WE low tOEH 30 40 ns

OE to RAS inactive setup time toEs 10 10 ns

Output disable time from OF high toez 0 30 0 40 ns (Note 6)
Output disable time from CAS high {OFF 0 30 0 40 ns (Note 6)
Page cycle time tpe 120 145 ns

Access time from RAS tRAC 120 150 ne (Notes 2, 4)
Row address hold time IRAH 15 20 ns

RAS pulse width tfhas 120 10,000 150 10,000 ns

Random read or write cycle time fac 220 270 ns

RAS to CAS delay time tren 25 60 30 75 ns (Note 4)
Read command hold time after CAS high trcH 0 0 ns {Note 9)
Read command setup time tres 0 ns

DT low hold time after RAS low tADH 100 130 ns

(serial port active)

Refresh interval tREF 4 4 ms

RAS precharge time tpp 90 100 ns

RAS high to TAS low precharge time trpe 0 0 ns

Read command hold after RAS high tRRH 20 20 ns {Note 9)
RAS hold time thsH 60 75 ns

12A=9
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AC Characteristics {cont)

1PD41264-12

uPD41264-15

Parameter Symbol Min Max Min Max Unit Test Conditions
Read-write/read-modify-write cycle time tawc 300 355 ns
RAS to WE delay tRwD 160 195 ns (Note 10)
Write command to RAS lead time tRWL 40 45 ns
SC pulse width tscH 10 20 ns
Serial output access time from SC tsca 40 60 ns (Notes 2, 7)
Serial clock cycle time isce 40 50,000 60 50,000 ns
SC precharge time tscL 10 20 ns
SC high to BT high delay tspn 10 20 ns
SC low hold time after DT high tspH 10 20 ns
Serial output access time from SOE tsoa 35 50 ns
SOE pulse width tsoE 15 20 ns
Serial output hold time after SC high tsoH .10 10 ns
SOE low to serial output setup delay tsoo 5 5 ns
SOE precharge time tsop 15 20 ns
Serial output disable time from SCE high tsoz7 30 40 ns (Note 6)
Rise and fail transition time r 3 50 3 50 ns
Write-per-bit hold time tweH 20 25 ns
Write-per-bit setup time twes 0 0 ns
Write command hold time WEH 35 45 ns
Write command hold time after RAS low tWeR 95 120 ns
Write command setup time twes o 0 ns {Note 10)
Write bit selection hold time twH 20 25 ns
Write command pulse width twp 35 45 ns
Write bit selection setup time tws 0 0 ns
Notes:
(1) See input/output timing waveforms for timing reference volt- (9) Eithertppy or tacq must be satisfied for a read cycle.

@
®)

@

®

{6

®

11£-10

ages.
See figures 1 and 2 for output loads.

An initial pause of 100 us is required after power-up, followed by
any eight RAS cycles (except CAS-before-RAS cycles), before
proper device operation is achieved.

Operation within the tggp (max) limit ensures that tgac (Mmax)
can be met. The tgep (Mmax) limit is specified as a reference point
only, if tgcp is greater than the specified tgeop (max) limit, access
time is controlled exclusively by toac.

Assumes that tpep = tgeop (Mmax}.

An output disable time defines the time at which the output
achieves the open-circuit condition and is not referenced to
output voltage levels.

Data in the serial output register remains valid for 4 ms (min)
after a data transfer cycle.

Vin (min) and V| (min) are reference levels for measuring the
timing of input signals. Additionally, transition times are mea-
sured between Vi and V..

(10)

(1)

(12)

twes tcwps and tgwp are restrictive operating parameters in
read-write and read-modify-write cycles only. i twcs = twes
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire eycle. If tewp = towp
(min) and tpwp =tpwp (min), the cycle is a read-write cycle and
the data output will ¢contain data read from the selected cell. If
neither of the above conditions is met, the condition of the data
output (at access time and until CAS returns to V|y) is indeter-
minate.

These parameters are referenced to the falling edge of CAS in
early write cycles and to the falling edge of (WB/)WE in delayed
write or read-modify-write cycles.

Use tgpy and tepy when the serial port is active and tgpyy,
trsD: tosp and tgge if it is in standby.

(13) SOE may be tied to GND if the output enable function of the

serial port is not needed.
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Figure 1. Input Timing
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Figure 2. Output Timing
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Figure 3. Output Loading in Random Access Port
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Figure 4. Output Loading in Serial Read Port
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Timing Waveforms

Read Cycle
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Timing Waveforms {(cont)
Early Write Cycle
tRC
IRAS tRP ————>
p \
RAS S( \
tcRp _ﬂ e g ———————— IRSH ————
l«——1IRCD > 1CAS >
— 4
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te— TWGS - r—tCAH —>
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o 4
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tDHS ——l e < : | towL |
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)
Read-Write/Read-Modify-Write Cycle
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rIWH 10ED f<— tDH
£
Wi /10§ { fAead Write
K
|
l(— F——lCAc —> l0EZ
[« tRAC >
83vG-66018B

17A-15




NEC

pPD41264

Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRC

< 1RAS
o X b
RAS &
! ‘
tcRp tRPC "’I

IASR [&—

S X

WB/WE

fDHS-(———»’ l(—» 1DHH
I '4 Y
DT/OE / \
High Impedance

W) 10§
83IH-66028

CAS Before RAS Refresh Cycle

jt—————— TRP——————»]

ICSR 2 r—1CHR <—IRPC

CAS

High Impedance
W, /10
83H-66038
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Timing Waveforms (cont)

Hidden Refresh Cycle
C e tRc > tRC
«——— 1RAS ———>»] [—tms r‘ms
_ Y '
x( 72 L
et co—ﬁ > ke (RP e IRP PARP
— le——tRSH —> le—tCPN -»l
— |
1

I/“

tASR -T—
ddress / . ES{';:;“
H

X LT

> 14— IRRH
KT

<
N Em

&&&&&&&
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NEC

Timing Waveforms (cont)

Page Read Cycle
< IRAS
RAS
R 72
ICRP —» I[< pg < IRSH ————>» (€——IRP
le—RCD ——w1e———1CAS —— 3 le——tCAs
_ 4 4 ¥ Y
CAS / \
N~ 7
4——|ICPN r— LGP
tASR o —» tCAH
tCsH tasc le—
[ |
y
Address Row Column Column
3
I I I I
1RAH —> > 1CAH »' <—RCS ; TRHH
—» }(—IASC — tRCH r&—tRCH
| I
i A A
tRcs | 1(———to|5 —_— le——tOES ——»
le—— AR | )I l«— LOE l
— 4
DT/OE
Z | X
—- tDHH |<—IOEA—> l*tolFF j«——1CAC l(——‘OFF
tDHS 1(— lcac —> > 10EZ |<—IOEA —>l toEZ
High Impedance
Wi /10| o e g Read Read
e IRAG >
BIAG-6606B
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Timing Waveforms (cont)

Page Early Write Cycle
« RAS >
_ y
RAS N\
f 7
ICRP —» — pC— tRSH > tRp
lee—— IRCD — > ——ICAS —— >~ le—-—ICAS
_ y X y
CAS / N N
K A
lee———LCPN ——>» ICPp —
l«———1tAR ]
tASR e ~>‘ KI—IASC > 1CAH
g IC§H ———— > 1ASC [
|1 i
Address Row Column Column X
I I
tRAH —3~ —r tcaH - YWCH —)I
e tewlL ————» -4-1—1*——wa1_-———>
twBS > e~ TWCH -] e twp —»
|
4
— Write Mask 5( \ / \ /
WB/WE
X Select 7 3 K 4
I I I
tDHS j— = I twes > ' twcs
le————— 'WCR —————» le ——— toWL ———>
|
tWBH —»f 11—‘-IWP —
| ||
DT/OE ]! )]\
TWH —» ‘4— tDH
[€&———1tDHH —|—>l
. Write Mask Input Data Input Data
W| /'OI Valid Valid Valid

tws —»

| 'ps
I":_'tDH%

|
T

'DH

83v(3-66078
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NEC

Timing Waveforms (cont)

Page Late Write Cycle

tRAS
_ \
RAS
N ;
ICRP > |- le lpc > l&e———tRsH ———> pp
r——tRCD 3 IcAS—— le——tcas
o 4 \ '3
CAS / N
[e——— LCPN —— ICP —»
le——— AR |
tASR e —>’ -(l—tAsc —T tCAH
< ICsH » 1ASC e
K |
Address Row Column Column X
tRAH —|> 3 tCAH - TWCH —>‘
tACS |-— —>‘ towl = | TRWL >
twes —» | e——— LWCOH ——» f—— WP —
Yy N
—_—— Write Mask
WB/WE X Select & /
N K Z
IDHS < —|> WP
< 'WCR I > e—————towt
TWBH —3» L— ~>| ’(— I0ED 'RCs —4
| 1 |
DT/OE 7 ‘
IDHH —» > '«—IDH > 10EH
tWH > g - L-tDS Itcl)ED
4 N
X Write Mask Input Data
wo XV XK KR e
- Valid | 4 / Valid
Input l
WS —» 1‘— Data Valid 'Ds l‘_
<« {DHR l<—tDH

B83vG-66068
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Timing Waveforms (cont)

Page Read-Modify-Write Cycle

'RAS >

o X
AAS N
X 7
< tcRP i< tPC > tRP
le——'RCD ——»e———tcaAs———»] |e-tcp > 1CAS »| i tCPN——>
— Y Y
=_/ N\ \ \_

tAR > fcwl

8

s RN B P
D} “"“@ SR (/1 S Y

|
4_———1— tAWD ——————>] TRWL -

——M 7 \_ YT
’

1OEH —3= tOEH
toE

>
- \ E N

DH >

j< DS

tDH

83vG 66058
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NEC

Timing Waveforms (cont)

Data Transfer Cycle (Serial Port in Standby)

DT/OE

tRC >
'RAS tap
\ \
RAS k- Y, | U
ICRP —» — tRSH > IDTH -
le—————tRCD » tCAS »
—_ ¥ 3 /
CAS / \( ;
n tCPN >
N X 'csH
< ‘AT I
s \
Address Row Column
K ¥,
tASR — fe— tAsC
le—tRAH LCAH —>
WB/WE
1
[ RDH+ »| le—IDTR

DLS ~>I

Wi /10j

<

High Impedance

l«——tcoH —

le——1DTC ——»

SOE

tgsc

.
b

tsop

Standby

tSpH

Y

tsoz

SOt

High Impedance

83v(-6609B
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Active)

RC -
'RAS > tRP —————»
X \
A N 7 N
1CRP - - RSH > |€-tDTH -]
le———1RCD t 3 ICAS >

S | /

e ICPN

X
Address Row Column K X
7

| |
TASR e tasC

}(»tRAH l(—‘TCAH —»!

-
o
=
2_

l<—IDTR 4>‘ ’

P \ 4
DT/OE JZ \
DLS —4 ‘(— ‘(——TCDH—-—)- e 1DTC —

Wi 0] High Impedance
Sy, |<-——tsoo———> H—lsDH4>!
e tsce |,
sC
1 ]
tscL j«——tscn-e je——~15CL —» &——1sCH
-t SOH r— ! SOH
o XUITIK ?PV////// o ju(///////)i@ew
ge——————13CA r[‘ tscA >

83vG-66108
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Timing Waveforms (cont)

Serial Read Cycle

i: tsoE >

tSCL ——3» tscL

le——1SCH le——1tSCH

o JJs?////ﬁt L

«—— ' SOA ———> Lit SCA pe———1sCA

je——ISCA —————

BG-66118
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