NEC

NEC Electronics Inc.

HPDA481440
262,144 x 16-Bit
Graphics Memory

Description

The uPD481440 is a fast-page memory with optional
extended data output, organized as 262,144 words by
16 bits and designed to operate from a single +5-volt
power supply. This graphics memory also incorporates
powerful functions useful in video sytems, including
write-per-bit, flash write, and block write. Advanced
polycide technology using stacked capacitors mini-
mizes silicon area and provides high storage cell ca-
pacity, high performance, and high reliability. A single-
transistor dynamic storage cell and CMOS circuitry
throughout ensure minimum power dissipation, while
an on-chip circuit internally generates the negative-
voltage substrate bias—automatically and transpar-
ently.

The three-state 1/O pins are controlled by RAS, CAS,
and OE. After avalid read, data is latched on the rising
edge of CAS and remains valid until the next falling
edge of CAS. Data out will transition to the high-
impedance state when both RAS and CAS or OE are
inactive.

Word writing (/O - 1/04¢), upper byte writing (I/Og -
1/046), and lower byte writing (I/O, - 1/Og) are all possi-
ble using UWE and LWE. If either UWE or LWE goes low
during an early write cycle, all data outputs remain in
high impedance. UWE or LWE going low causes a byte
write cycle, while bringing both UWE and LWE low at
the same time will result in a word write cycle. UWE and
LWE cannot be staggered within the same write cycle.

Refreshing may be accomplished by a CAS before RAS
cycle that internally generates the refresh address.
Refreshing may also be accomplished by RAS-only
refresh cycles or by normal read or write cycles on the
512 address combinations of Ay - Ag during an 8-ms
refresh period.

Features

0 262,144 by 16-bit organization

Single +5-volt power supply

Fast-page option with extended data output
Byte write control with UWE and LWE

Persistent and nonpersistent write-per-bit option,
which provides 1/O masking for 16 1/O's

Block write option with write-per-bit control and
column mask function

Flash write option with byte masking control

O Low power dissipation
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680210

o CAS before RAS refreshing

0 TTL-compatible inputs and outputs
O Low input capacitance

0 512 refresh cycles every 8 ms

O 40-pin plastic SOJ package

Pin Configurations

40-Pin Plastic SOJ

nPD481440
Vec O 1 400 GND
voi Oz 39 [ vO1g
vo2 3 381 VO1s
voz 4 a7 [ V014
voga O s 38 [ V043
Vec s 35[1 GND
vos O 7 .- 34 voqz
vog O 8 33 {1 V014
voz 09 32 vo10
vog [ 10 31 [1 vOg
NC [} 11 30 1 NC
LWE [ 12 29 1 DSk
UWE ] 13 28 [1 CAS
RAS ] 14 271 O
NC [ 1s 26 3 Ag
Ao [J18 251 A7
A1 Oz 241 Ag
A28 23 As
Az 19 22 !:| A4
Vec O 20 21 [1 GND
BIYL-B0B0A
Pin Identification
Name Function
Ag-Ag Address inputs
CAS Column address strobe
DSF Special function pin
/04 - I/O4g Data inputs and outputs
LWE, UWE Byte write enables
OE Output enable
RAS Row address strobe
GND Ground
Vee +5-volt power supply
NC No connection
1EM1
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Ordering Information

RAS Access R/W Cycle Time Fast-Page Cycle
Part Number Time (max) (max) (max) Package
uPD481440LE-70 70 ns 130 ns 45 ns 40-pin plastic SOJ
LE-80 80 ns 150 ns 80 ns
Pin Functions Addressing

Ag - Ag (Address Inputs). These pins are multiplexed
as row and column address inputs. Each of 16 data bits
in the random access port corresponds to 262,144
storage 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, or refresh
cycle.

1/04 - 1/04¢ (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 Mtﬂthes_e_gins is
latched by the falling edge of CAS, LWE, or 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, LWE/ UWE, and DSF are simultaneously latched
to determine device operation.

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.

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 high to enable the write-per-bit
option.

Either LWE or UWE must be low to initiate the lower or
upper byte mask function. If both are low, then a word
masking operation is performed.

OE OE (Output Enable). At the RAS falling edge, CAS and
CWE/UWE high and OE low initiate a data transfer. OE
high initiates conventional read or write cycles and
ontrols the output buffer in the random access port.

ieM-2

The storage array is arranged in a 512-row by 512-
column by 16 {/O matrix whereby each of 16 databits in
the random access port corresponds to 262,144 stor-
age cells, and 18 address bits are required to decode
one cell location. Nine row address bits are set up on
pins Ag - Ag and latched onto the chip by RAS. Nine
column address bits then are set up on pins Ag - Ag and
jatched 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.

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: LWE, UWE, 1/O, (n = 1 through 16).

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and by maintaining LWE/UWE high
(inactive) while CAS is active. The /O, pin remains in
high impedance until valid data appears at the output
at access time. Device access time tacc will be the
longest of the following four calculated intervals:

* tpac

. RASto CAS delay (trcp) + tcac

. RAS to column address delay (trap) + taa

. RASto OE delay + toga
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Access times from RAS (tpac), from CAS S (tcac), from
the column addresses (taa), and from OE (topa) are
device parameters. The RAS-to-CAS, RAS-to-column
address, and RAS-to-OE delays are system-dependent
timing parameters. Output becomes valid after the
accesstime 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. See explanation of
“Extended Data Output.”

Write Cycle. A write cycle is executed by bringing
LWE/UWE iow during the RAS/CAS cycle. The falling
edge of CAS or LWE/UWE strobes the data on 1/0,, into
the on-chip data latch. To make use of the write-per-bit
option, LWE/UWE must be low as RAS falls. In this case,
write data bits can be specified by keeping 1/0,, high,
with setup and hold times referenced to the negative
transition of RAS.

Write-per-Bit-Cycle. A write-per-bit-cycle uses an I/O
masking function to allow the system designer the
flexibility of writing or not writing any combinations of
1/04 -1/O16. 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 LWE/UWE low before CAS falls. Data is
strobed by CAS, with setup and hold times referenced
to this signal, and the output remains in high imped-
ance for the entire cycle.

Read-Write/Read-Modify-Write Cycle. This cycle is ex-
ecuted by bringing LWE/UWE low with the RAS and
CAS signals low. I/O,, shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
1/On, returns to high impedance when OE goes high. The
data to be written is strobed by LWE/UWE, with setup
and hold times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of OE, which can be activated just after LWE/UWE falls,
even when LWE/UWE is brought low after CAS,

Refresh Cycle. A cycle at each of the 512 row ad-
dresses (A - Ag) will refresh all storage cells. Any cycle
executed in the random access port (i.e., read, write,
refresh, 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
1/Oyq in high impedance. This method 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 (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 countex. 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. This CBR cycle has no
effect on the mask mode.

CAS Before RAS Cycle (CBR). CBR has the same
function as CBRN except the write-per-bit mask mode
is changed to new mask mode.

Hidden Refresh Cycle. This cycle is executed after a
read cycle without disturbing the read data a_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.

18M-3

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



pPDA481440

NEC

Glossary of Special Functions

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

Load Mask Register Cycle (LMR). In this cycle, data
on I/0, is written to a 16-bit write mask register, where
it is retained and used by subsequent masked write
and masked block write cycles.

Masked Write Cycle With New Mask (RWM new
mask). When the write-per-bit function is enabled as
shown below, mask data on the 1/O, pins is latched by
RAS and loaded directly into the write mask register. A
masked write cycle is then executed using CAS or
LWE/UWE to strobe the 1/O,, data into the on-chip data
latch.

Mask Register Data
1 Write
0 Do not write

Masked Write Cycle With Old Mask (RWM old mask).

This write-per-bit cycle, commonly referred to as a
persistent mask write cycle, uses the mask data previ-
ously set by the last load mask register cycle.

Action

Table 1. xPD481440 Function Truth Table

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 LWE/UWE. In read
operation, color register data is read on the common
1/0,, pins. In write operation, common |/O, data can be
written into the color register. RAS-only refreshing is
internally performed on the row selected by Ag - Ag.
This setup cycle precedes the first flash write or block
write cycle supplying the 16 write data bits.

Block Write Cycle (BW no mask). In a block write
cycle, Ay and Ag are ignored. 1/O4 - /O, are used to
select one or a combination of four column addresses
for writing in an early lower-byte write, late lower-byte
write, page early lower-byte write or page late lower-
byte write cycle. |/Og - /012 are used for column selec-
tion on the upper-byte write cycles.

Block write data is previously stored in the color
register using a set color register cycle. Column select
data is latched by the I/O, pins at the falling edge of
CAS or LIWE/UWE. Block write cycles are useful for
clearing windows and for accelerating polygon fill
operations.

RAS (Notes 1, 2) CAS
Mnemonic Code CAS UWE LWE DSF DSF Available Function
RW H H H L L Read/write cycle
BW H H H L H Read/block write cycle
W H L L H X Flash write cycle
FW H L H H X Flash write cycle (upper byte)
FW H H L H X Flash write cycle (lower byte)
LCR H H H H H Color register set cycle
LMR H H H H L Load old mask register cycle
RWM H L L L L Read/masked write cycle
RWM H L H L L Read/masked write cycle (upper byte)
AWM H H L L L Read/masked write cycle (lower byte)
BWM H L L L H Read/masked block write cycle
BWM H L H L H Read/masked block write cycle (upper byte)
BWM H H L L H Read/masked block write cycle (lower byte)
CBR L H H L X CBR refresh with reset to new mask
CBRN L H H H X CBR refresh with no reset
Notes:

(1) An operation is started by the falling edge of RAS. The level of
CAS, UWE/LWE, and DSF at this negative transition defines the
memory operation according to this table.

(2) The UWE and LWE pins have the OR function. That is if either
upper_or lower write enable goes low, then depending on CAS
and DSF, a byte-controlled FW, RW, or BW will be performed. The
inactive write enable has no other function.

iem-4

(3) X = Don' care.
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Block Write Cycle (BWM new mask). This cycle allows
for 1/O¢ - 1/04¢ masking during a block write cycle. The
masking function is identical to a standard masked
write cycle with new mask. The column mask data on
the I/O,, pins is latched by CAS. See table 2.

Block Write Cycle (BWM old mask). This cycle uses
the masked data previously set by the last LMR cycle to
write four consecutive columns. See table 2 for column
masking description.

Table 2. Block Write Addresses

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 togf 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-

Column Column Address ble. Extended data output is intended to solve this
Byte Select Ay Ag Write problem and permit faster page-mode cycle times.
Lower VOs 1 1 1 Yes In this operation, data pins 1/O; - /O remain in the
gﬁ%g’g;‘” 0 ! ! No low-impedance state and the valid data appears after
oz 1 1 0 Yes the device access time. Device access time, tpac (page-
o 1 o No mode access time), isthe longest of these intervals: ta,,
Vo, 1 0 1 Yes tace tcac.
o] 0 1 No N
o1 1 0 o Yes Recommended Operating Conditions
0 0 0 No Parameter Symbol Min Typ Max Unit
Upper /O 1 1 1 Yes
(/Osg - 013 0 1 4 No Input voltage, high Viy 2.4 Vce + 1.0 \
(a:r:r:))on‘t O, ] 3 ° Yos Input voitage, low Vi -1.0 0.8 v
0 1 0o No Supply voltage Vee 4.5 5.0 5.5 %
/04 1 [¢] 1 Yes Ambient temperature  Tp 0 70 °C
o 0 1 No
109 1t o 0 Yes Absolute Maximum Ratings
0 0 o No Voltage on any pin relative to GND -1.0to +7.0V
. c ( W) h Operating temperature, Topr 0to +70°C
Flash Write Cycle (FW.) A flash write cycle can clear or
. . Storage temperature, Tg -55 to +125°C
set each of the sixteen 512-bit data sets on the selected 9° omp sTa
one of 512 possible rows according to data stored jn  Shortircuit output current, log 50 mA
the previously set color register. Only the byte masking  Power dissipation, Pp 10w

function is provided. This cycle is useful in graphics
processing applications when the screen should be
cleared or set to some uniform value as quickly as
possible.

Fast-Page Mode With Extended Data Output. In oper-
ation, this mode is the same as standard 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 executed causes data to be transferred
at a faster rate because row addresses are maintained
internally and do not have to be reapplied. During
fast-page mode, read, write, and read-modify-write
cycles may be executed. Additionally, the write-per-bit
control specified in the entry write cycle is maintained
throughout the succeeding fast-page write cycle.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght

Exposure to Absolute Maximum Ratings for extended periods 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.

Capacitance
Ta = 25°C; f = 1 MHz

Parameter Symbol Max Unit Pins Under Test
Input Ch 5 pF  Addresses
capacitance

Cp 7 pF  RAS, UWE, LWE,

OE, DSF
Input/output Co 7 pF /Oq - I/O4g
capacitance
EM-5
2003
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DC Characteristics

Ta = O0to +70°C; Vgg = +5.0V *10%

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current Iccz 20 mA RAS = CAS = V| (min); lo = OmA

10 mA HBAS=CAS= Vgc-02Vilo=0mA
Input leakage current hy -10 10 HA  Vin = 0V to Vg all other pins not under test = 0V
Output leakage current o ~10 10 HA Doyt disabled; Voyt = 0V to Voo
Output voltage, low VoL - 0.4 A loL = 21 mA
Output voltage, high VoH 24 loy = 2.5 mA
AC Characteristics
Ta = Oto +70°C; Voo = +5.0V +10%

-70 -80

Parameter Symbol Min Max Min Max Unit  Test Conditions
Operating current, average Icct 170 155 mA RAS, CAS cycling; tpc = trc min (Notes 3, 4)
Operating current, RAS-only lcca 170 155 mA  RAS cycling; CAS 2 Vi min; tge = tpc min
refresh cycle, average (Notes 3, 4)
Operating current, fast-page lcca 170 155 mA  RAS = V| ; CAS cycling; tpc = tpc min
cycle, average {Notes 3, 4)
Operating current, CAS before lces 170 155 mA RAS cycling; CAS < V) max; tge = trc min
RAS refresh cycle, average (Notes 3, 4)
Operating current {register set lcce 170 155 ns RAS, CAS cycling; tge = tgc min
mode) (Notes 3, 4)
Operating current (flash write lccr 170 155 ns RAS cycling; tge = tre min
mode) (Notes 3, 4)
Operating current (block write lccs 185 170 ns RAS, CAS cycling; tgc = trc min
mode) (Notes 3, 4) .
Operating current (fast page Icco 170 155 ns RAS = V) ; CAS cycling; tpc = tpc min;
block write mode) (Notes 3, 4)
Access time from column tAA 35 40 ns (Notes 9, 15)
address
Access time from CAS tace 40 45 ns {Note 9)
precharge (rising edge}
Column address setup time tasc 0 0 ns
Row address setup time tasn 0 o] ns
Column address to UWE delay tAwD ns (Note 13)
time -
Access time from CAS (falling tcac 20 20 ns (Notes 9, 14)
edge)
Column address hold time tcaH 15 15 ns
CAS pulse width tcas 20 10,000 20 10,000 ns
CAS hold time for CAS before tcHR 15 15 ns (Note 15)

RAS refreshing

1&8™M-6
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AC Characteristics (cont)

-70 -80
Parameter Symbol Min Max Min Max Unit Test Conditions
CAS to output in low-Z torz 0 0 ns (Note 9)
Fast-page CAS precharge time tep 10 10 ns
CAS precharge time tcPN 10 10 ns
Fast-page CAS precharge to tepwD 60 70 ns (Note 13)
UWE delay time
CAS to RAS precharge time teoRp 10 10 ns (Note 10)
CAS hold time tosH 70 80 ns
CAS setup time for CAS before tcsr 10 10 ns (Note 15)
RAS refresh cycle
CAS to UWE delay towd 40 45 ns (Note 13)
Write command referenced to towL 15 20 ns
CAS lead time
Data-in hold time toH ) 15 15 ns (Note 12)
Output hold time from CAS tpHe 5 5 ns
Data-in setup time tps 0 0 ns {Note 12)
DSF setup time from CAS trcs 0 0 ns
DSF hold timefrom CAS trcH 12 15 ns
DSF hold time from RAS teRH 10 12 ns
DSF setup time from RAS trRs 0 0 ns
Mask write hold time referenced tmMcH (o} o} ns
to CAS precharge
Mask write setup time tmes ] 0 ns
Masked byte hold time tMRH 0 [+} ns
referenced to RAS
Access time from OE toea 20 20 ns (Notes 3, 4, 7, 8)
OE data delay time toED 15 20 ns
OE command hold time toEH ¢} o ns
OE to AAS inactive setup time toes 0 [} ns
Output turnoff delay from OE toEz [} 15 (¢} 20 ns (Note 10)
Output disable time from CAS torc 0 15 0 20 ns (Note 17)
high
Output disable time from RAS toFR 0 15 0 20 ns (Note 17)
high
OE to output in low-Z toLz 4} 0 ns
Fast-page read or write cycle tpc 35 40 ns
time
Fast-page read-modify-write tPRWC 95 105 ns
cycle time
Access time from RAS tRAC 70 80 ns (Notes 9, 14, 15)
RAS to column address delay tRAD 15 35 15 40 ns (Note 15)
time
Row address hold time tRAH 10 10 ns
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AC Characteristics (cont)

-70 -80

Parameter Symbol Min Max Min Max Unit  Test Conditions
Column address lead time tRAL 35 40 ns
referenced to RAS (rising edge)
RAS pulse width tRas 70 10,000 80 10,000 ns
Fast-page RAS pulse width tRASP 70 125,000 80 125,000 ns
Random read or write cycle tpc 130 150 ns
time
RAS to CAS delay time trep 20 50 20 60 ns (Note 14)
Read command hold time tRCH 0 0 ns (Note 11)
referenced to CAS
Read command setup time tpcs 0 0 ns
Refresh period tREF 8 8 ms Addresses Ag - Ag
RAS hold time referenced to tRHCP 40 45 ns
CAS precharge
RAS precharge time trp 50 60 ns
RAS precharge CAS hold time tppc 5 5 ns
Read command hold time tRRH ns
referenced to RAS
Access time from DSF tasa 25 30 ns (Note 9)
RAS hold time tRSH 20 20 ns
Read-modify-write cycle time trwe 175 200 ns
RAS to UWE delay tRwD 90 105 ns (Note 13)
Write command referenced to tRwL 20 25 ns
RAS lead time
Rise and fall transition time tT 3 50 3 50 ns (Note 8)
Write-per-bit hold time twBH 10 12 ns
Write-per-bit setup time twis 0 o ns
Write command hold time twcH 15 15 ns
Write command setup time twes o] ns (Note 13)
Output disable time from WE twez 0 15 0 20 ns (Note 17)
low
Write bit selection hold time twH 10 12 ns
Write command pulse width twp 15 15 ns (Note 16)
Write command pulse width twpz 15 15 ns (Note 18)
Write bit selection set-up time tws 0 0 ns

1€ M-8
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AC Characteristics (cont)

Notes:

a
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(10)

=

(1)
12)

Stresses greater than those listed under “Absolute Maximum
Ratings™ may cause permanent damage to the device.

All voltages are referenced to GND.
lccts leca leca y lees: lece Ice7, lcce, and Iccg depend on
cycle rate

lcct, leca lece Icca: and iccg depend on output loading.
Specified values are obtained with outputs open.

Column Address can be changed once while RAS = V;_and CAS
= V4

An initial pause of 200 us is required after power-up followed by
any 8 RAS cycles before proper device operation is achieved.
Ac measurements assume ty = Sns.

Viy (min) and Vi (max) are reference tevels for measuring the
timing of input signals. Transition times are measured between
Vin and Vy. .

Measured with a load equivalent to TTL load and 100 pF.

toFF (Mmax) and togz (max) define the time at which the outputs
achieve the open circuit condition and are not referenced to
output voltage levals.

Either tgc or tgry Must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early
wirte cyles and to LWE/UWE leading edge in late write cycles and
in read-modify-write cycles.

(13)

04

(15)

(16)

an

twes: tRwD tewn, tepwp. and tawp are restrictive operating
parameters. They are included in the data sheet as electrical
characteristics only. f tywcs = twes (min), the cycle is an early
write cycle and the data I/O pins will remain open-circuit (high
impedance) through the entire cycle. i tgwp = tawp (min), tcwo
= tewp (Min), tawp = tawp (min), and tcpwp = tcpwp (min),
the cycle is a read-modify-write cycle and the data out will
contain data read from the selected cell. If neither set of
conditions is satisfied, the condition of the data out (at access
time) is indeterminate.

Operation within the tgcp (max) limitinsures tgag (max) can be
met. Delay time tgcp (max) is specified as a reference point only.
i tgcp is greater than the specified tgep (Max) limit, then access
time is controlled by tcac.

Operation within the tgap (max) limit insures that tgac (max)
can be met. Delay time tgap (max) is specified as a reference
point only. Htgap is longer than the specified tgap (max) limits,
then access time is controlled by taa.

twp Is applicable for late write cycle or read-modify-write cycle.
In early write cycle, twcy (min) should be satisfied.

tWez torc. and topp define the time at which the outputs
achieve the_open circuit condition and output control depen-
dence on OE becomes invalid. The effective time is “the earlier
of twe z and the later of torc and top g In addition, to make tyg 7
effective, typz must be satisfied.

18M-9
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Timing Waveforms

Read Cycle (With exended outpufi)
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Timing Waveforms (cont)

Early-Write Cycle; Word and Word Block
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mzm%////////){w owscammsoes X1/ /11IIITTTTTTTTTTTTT

tFRS —

% ,//////////)J(: ook it e %V////////////////////////

[//} HorL (nput); invalid data (output)

S3FM-84808
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pPDA481440 N E C

Timing Waveforms (cont)

Early-Write Cycle; Upper-Byte and Upper-Byte Block

- X

RAS S( 7Z o —

<— tcap t >
o Y
CAS \ V. /
X
| tRAL

M@; }(/// e ;)LQ//////////// K

€

«—tywos—> <—tyeoH—>

BT ||\ 77T

NS - 7
T
S
D o I s

7//>>< I ,/////////)rf o wtasome j}LQ////////////////////////

H or L (input); Invalid data (output)

N

1eM-12
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NEC

uPDA481440
Timing Waveforms (cont)
Late-Write Cycle; Word and Word Block
3 tRC >
tRAS tRp——>
— X 7E_x
RAS Sc 7 \
tesH

78]

tRCD < tRSH
<— toRp [€—————tcAs———> r‘—lcnp—)
- A
CAsS / /
2
t HAL L.

le—tRA —>| «<—tasc—>

MV/W)j'r KA oum %«///////// IS

e towL———>
[ e——tywp—>

W@i m@///////////// !

e

[€e————tRwWL

=

—tywp—>]

m%ir;'&%/////////////// o,

,/////////////////7
‘////// //////////L W/////////////////////
rortor //Df "’“ﬁ@—@‘ T A

‘—"lL—"— tFRH cs*l l*—

—-)’
Y S

HorL (nput); Wﬂdm(ﬂmﬂ)

SIFM-M8B

AeMA3
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pPD481440 N E C

Timing Waveforms (cont)

Late-Write Cycle; Upper-Byte and Upper-Byte Block

s N " ’Z - N
< — tosH : i

s ;l \\( Y / i

D= ot = 1(7//////////// T

B XTI VT I

I XU

7////// ///////////////////// //%///////////////////////////

e I
T

ose 7//N ,/////////)JE oo e sl TILQ/////////////////////////

Y7/] H or L input); invald data (output)

BIFM-B428

15M-14
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NEC

uPDA481440

Timing Waveforms (cont)

Read-Modify-Write Cycle; Word and Word Block

H
nn/’

av

Wf % oo }«//////////////////////////////Z

R, S
twes | | twal e - f(__:c;nr;‘

T N LI

= //////////// ////A

{/99>£e+iz «——tcac——>|

zﬁ%@///////////////ﬂ

toLz —
e—tcLz
HI-Z
tweH| |twBs tFcs trcH

> |

—> toEz
Dout

V/A H or L (Input); Invalid data (output)

o= 7//\ %me s

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003
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pPD481440 N E C

Read-Modify-Write Cycle; Upper-Byte and Upper-Byte Block

__ \ Y\
RAS
N / \
<— tCSH >
a3 tRCD RSH >
<— tcRP tcas > <-tCRP—>|
3 4
CAS \ \
5 Z
[€—IRAD—>¢ c
tRAH

w@ﬁ@JWMWWWWW

— i wee ;@‘ = | )X 7////////////////
T | | =
S

tRAC

W%Z@ Y

@cu—»g}@ggg toez
wﬁm A

tRAC T
‘<—-Ic|_z—>
toz [€>—toEz
Dour
tFcH

I/ - MWW%%%%W%%%%W%W%%%

l€—tpH
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N E C uPD481440

Timing Waveforms (cont)

Fast-Page, Early-Write Cycle; Word and Word Block

\ tRASP

tcsH
tRAH —> '<— tRAL I
tasr <—->{ tasc €= tcaH| tasc tcaH| tasc lCAI\H
4 4 p 4 N
Ag-Ag Row Colbmn 1 // w Column 2 ] Column n W// //
K K K y,
|
l towL ﬂitcm—» tﬁ:cm—»
tRWL
|
twes e twes > (< twes —> <I—

twBH —> twp e tyyp —>{ (&—— tyyp —>
<twas [ tyyeH > = tyyor —>1

tweH >
uws% WPB Enable [,;;;;;% /;;;;;5 [;;;;;;;;;
K 2 X Z X . /
i

(—l—tHWL
twes (> twes > < twes > [«
tweH > twp e tyyp ——> <—[ typ—>
r<twas [ tweH > [ twen —> < tweH >

WE%(WPBMG K 7:33333;( J:jjjizji 7jiiifiiii/

|
<
Dq%@(m == == = U
w77\ J?]?);b;.,m /IR e %«///M&m I

m H or L (Input); Invalld data (output)

B83YL-84748

1e M-17
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pPDA481440 N E C

Timing Waveforms (cont)

Fast-Page, Early-Write Cycle; Upper-Byte and Upper-Byte Block

tRASP tap
RAS Z
XK 7 \_
1 tpc 1

7 L

= /1T L LT

7///////////// LTy

y
VOg -VO1g WPB Select oNite
N
teRs ]«—»I tros —>| F
f Block Wi
Sel

77/>ltw J;fbf
DSF Write
. Select

m H or L (input); Invalld data (output)

Data/
Seled

S == U

////)EEZ»“!«:H i@ﬁm//////////

83YL-84768

1&M-18
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N E C uPDA481440

Timing Waveforms (cont)

Fast-Page, Late-Write Cycle; Word and Word Block

tRASP tRpP
. 3
RAS N\
X 7
f< tpc tpg tRSH
| Ltep | tcp
tcrp [<—tRCD ——>|<——tcas tcas tcas {tCRP
— Y Y\
\ z\‘ ‘ /N //
N 7 7 K Z
ke tRAD ~>1 —-> r« tCAH |l tcan tcAH
icsH tRAL

g

T
TA,SRI<—> :ASC a !ASCI (l_! 'AS? _)[ (:_)
-~ EQZ;&L S °°":"|‘",5(///////I//>3(°°':;“",EQ///////l/////////
tm;nif—;‘)ﬂﬁwakl t"("s tch—:Rcs—-) (}_ th,__:Hcs_> <l_ L

- =2 =
] ] el
“9‘”15(/‘ }ﬁ N/ ’xj/

BE//////////////////( L‘<// /RN i R N

"Ds’

towL —>

tws 10ED < l [DH &» toED < on
I |
oo /e ///// i“ézf:s?%@///bii CER I =D Y

e th‘::l MHF—MW xms[o{ o
N = i = i =

[Z] Hor L {input); Invalid data (output)

B3YL-84768

15pm-19
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uPD481440

Timing Waveforms (cont)

Fast-Page, Late-Write Cycle; Upper-Byte and Upper-Byte Block

tRASP > tAP
. Y
AAS N\
X 7
[ tpc tpc tRSH
|  tep tcp
tcrp [<— tRCD tcas tocas —> teas —> | tCRP
_ Y Y\ 4
CAS \\ _//
X 7 zz \_____1
<—tmo+‘ > k—'cm > |<tcaH —|> r<—tcm
[e—————teSH ——> | tRAL
tAsc —)- <|—- ASC > <|—

wanfer] | 1o |-
"°"‘@£—’“"" i@i“""‘" ///////03

= 3K7///////

W:"'ii(/////////////////

|
tRAH —>| tncs

twas <—>1 <—>l tWBH

towL—>

tpcs e tncs——)» <
T ]

tPMIL
towL > l(—

4
UWE 9{ wPB Enablew
twas |« 4—»‘ ‘WBlH

>t

tRCs

twp

/

o =

'WT tycH

4
IWE % WPB Enable
K iz

toEH ‘T‘

tMCH —>
‘(—

=L

‘oen

| W/////j«l% | N

////////////////////}(7/////////////

/

tws ‘<—> twh toen

VOg -¥O1g m WP

S U, =

EW///// ()

Wr Data/ ‘
Col Sel ,EQ;;;;/

trcs ‘<—

tFCH

t|=cs

tFRS tFRH
Block Write
DSF Select

| Select

tFCH trcs

Block Write

tFCH

Block Write

Select 4

XU

m H or L (input); Invalld data (output)

83YL-84778

J&M-20
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N E C pPDA481440

Timing Waveforms (cont)

Fast-Page, Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block
(Sheet 1 of 2)

tRASP
— Y
ms N
K
| tPRWC > tRSH
I tcp | [ tfep
tCRP <—tRCD tcas > tcas < tcas
— Y ‘.
CAS \\ N\
X 7 K
tRAD
<—>' > ’<—tCAH - tcAH —|> |<—tCAH
tcsH i tRAL
tAsn’<—> tasc —>| < IASICI <|— tAIs(I:—> <[—
Col Col
von /X o K/ ResmX /1111111 IR S KL R S KT
| | |
tRAH —> towL—> towL—> tewL—>
‘ ] tRwD < | tcpwo l tcpwD
1 I
tweH —>| <>tRcs <> trcs tacs [ tRWL >
twes lf——*cwo——» , '<—‘cwo—>
4 ) b | T
— wPB
UWE
e, , N N ,lz‘ ’ N\
tawp > | tawp i tawo
twp twp) | twp
twsH —> - | < tmes > tMRH
tMcH —> I<—| I tMCH [e—>
|1

|
<l— tmes

I
twes r <l—>tM[CH 'Mﬂi—) h
— WPB r
LWE Enable

m H or L (input); Invalid data {output)

The waveforms above are repeated on sheet 2 but without the timing parameters.

B83YL-8478D1
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uPD481440 N E C

~ Timing Waveforms (cont)

Fast-Page, Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block
(Sheet 2 of 2)

CAS

oo /K Zw'ﬁm%/////////w /////////)P(/ Y
% H>@g | | I I -

g 11 4 =
we /X e X/ \/

€—tAA -t tAA tAA
1 tOEA toea toEA
—_ y Y v
o \
' <

> |< loez Tl
[<——tRAC—; toeD <— tacp > toE
tc|Ac<——) i I(I;A|C JK

V04 -VOg tcLz | >

N

T

2"t

tCAT L_J:]
! ‘ DataOuH ltDS\ . ‘ ’ Data Out 2
VOg -VO1g wsl<—> f011 ->| m.z»i ‘: ‘—>

twH —|> toH —>| DH
tc:|_z ‘CLZ
WPB

Select ( 7{
1 t ! Write Data/ t Write Data/ ¢, t Write Data/
‘FRS A Fed Column Select s LFEE Column Select 2—&1 s Column Select
Block Write /// Block Write /// Blockwm / /////
Select Select R__Select

m H or L (input); Invalid data (output)

B3YL-847882

1BM-22
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N E C HPD481440

Timing Waveforms (cont)

Fast-Page, Read Cycle (With extended output); Word

o \ tRASP v
RAS N /1
K 7
[ tpc [<——1tRSH

tap
tcRp <—tnco—l—><—*0As~> r<—top—>| <—tcas [<—tcas —> <—+ltcnp
_ 4 Y o—— Y r—
o N\ [/
_/ JZ N Xt .
tosH
tRAH —>| tRAL >
tAsR !Asc—>| < tCAH tAsci tcan ftasc f tcan
4
Ag-Ag % Row W Column 1 // Column 2 %///X Column n %//////K
‘ |
(< tRAD > tRRH
tres | &> tRCH
. 4 !
uwe/ifffffff“/
twez >
'Iwez i e
toFc ’<—|>
toFR
tRcs | 4—)( IR(I;H
"4
/11111111
'wplz >
'IWEZ | e
thac i > < tan —>| I taa tOFC [« '
| 1
|<—w\—> tacp ! tacp I >|toFR
toea { tRRH

S i
- e o] o

toLz > toHG = l(—- tDHC —>| toez
Y 4 .\

V04 -VO4 Data Out 1 Data Out 2 Data Outn }—
¢ @ZK }@Z( 7

777>i Y,

[Z] H or L {input); Invalid data (output)

83YL-84708

1 04 27
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NEC

pPD481440
Timing Waveforms (cont)
Load Old Mask Register Cycle (Early-write)
tRAS tRP
RA S( A N
<€ tCSH i
<— tcAp tcAs ’«'cnp»
Jo— X
= X L/

<—tRAH—>]

s 7//0jr I

> ('tWCH‘)‘

twas WBH

w /) U

N

tWwoH >

/] \ Y.

,////////////////////////////

= ///////////////////// // ////////////////////////////////

> [
W L //////////////{ o KUy
= U

T

id data (output)

B83FM-84668

A€ i~24
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NEC

pPD481440
Timing Waveforms (cont)
Load Old Mask Register Cycle (Read with extended output)
tRC
tRAS tRP
TN —
AAS S( 72 N
tcsH

tACD
<— tcrp

tRSH

pe—t RAH

h

X

tcas

V.

~<—tcRp—>

/

4

/|

wn /L)

?W//////////// LTI T K

tasSR

Row
|

<

N

K

3 —> l<— tRCcH
WBH
twes '<‘tncs-> l<tRRH
4 Y
e /// N
twEZ
[tRAR
twes twBH h‘ncs—* —»|  |«— tRCH
___TI7E Y
tWEZ
[ €—t0ES—>
le—toEA—> tOFR—>
_ 4 A
oE \ / \
K
< tcac |<—‘0FC—>
< tRAC toEZ
torz
: toz
VO1-VO1g Open A A R
A /R Data-Out 75—
tFRS [ tFRH tFRg tFRH
7 4

H or L (input); Invalid data (output)

S

48025
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pPD481440 N E C

Timing Waveforms (cont)

Load Old Mask Register Cycle (Upper-byte, early-write)

tRAS >
/

RAS g(

tCsH

tRCD tRSH
<— topp < tCAS <—torp—>|
o 4
oA \\ /
N Z

7//@“r - 1@////////////// Y |/ S

5
Ag-Ag

< twes <tweH >

S ‘WBH

t
< WP

we /7 U ,///////////////I/ 4//////////,

twes | | ‘weH
B ““MCS" RH
LWE7

T,
Y.
o (L1 //{I*é{////////g — :l&@//////////////////////////

] =
/v S

H or L (input); invaild data (output)

18m-26
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N E C pPDA481440

Timing Waveforms (cont)

Load Old Mask Register Cycle (Late-write)

tRC
.HAD > I‘ tRp
_ p 7‘
RAS
N 7 \_.

tCSH

tRep tRSH
<— tcRP tcas > ’f!cnp—>
o Y
- N /
N Z

S/ }///////////// LTI OK.

asn—>|
we UL " 4//////////%

<«—towL——>
t

>

e 7/ N S
= //////////L N

e T ——— S\

777 XN T

H or L (input); Invalid data (output)
DOUT = open

B83FM-84878

18pM-27
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pPDA481440 N E C

Timing Waveforms (cont)

Load Old Mask Register Cycle (Upper-byte, late-write)

tRC
tRAS tRP
[ \
RAS
\ 7 \_
tcsH >

>

tRCD tRSH
<— tcRP tcas ~<~tCRP >
o Y 7
o R\ /]
K Z

'W///f jN//////////// /) /////////////// VN

< RWL

towL

H
<€ > —t yyp—>

=/ RN, S T, /Q/////////A

-<— tMCH
twes | | twBH
< < r—‘mcs* F-tMRH
4 X

S XU,
w0 YUY

r<toED |

7 S— \mmm
N v S
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NEC

pPD481440
Timing Waveforms (cont)
Color Register Set Cycle (Read with extended output)
tRC
tRAS tRP
_ p Y
RAS S{ 72 N
tCsH
tRcD tRSH >
—>| |<— tcrp tcas <~tCRP—>|
o Y 4
e /L X ay
<tran

o KU i ik

H or L {input); Invalid data {output)

tasR —>| < —> |« 'RCH
WBH
twes < 1<—‘ncs~> - tRRH >
—— 4 X X B
UWE : i /
tWEZ
-t RRH >
twes 'WBH
< ’e!nc3—> —> <— tACH
___7 4 Y " /
twEz
€—1OES—>1
[<—toEA—> < ' tOFR——>
. Y A
o C / N\
tcac l<——10Fc—>
trac toEZ—>
< teiz
torz 4'(-)
4 R
VO4-VO1g Open g@; Data-Out 72—-—
N
_tFRS_| | tFRH Fcs tFcH
4 X 4

N

48M~-29
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HPDA481440 N E C

Timing Waveforms (cont)

Color Register Set Cycle (Early-write)

tRC
tRAS ' tRP——>
— 3
RAS
N 7 \

€ tCSH i

€ tRCD! >

RSH
l<— topp tcAS > ‘(—tcnp—)
S X
oS \
K Z

€—tRAH—>

W///ﬁ K /////////////// VLTI

e——tywos—> r— WCH>
twaH

t
wF

=/ U T

tRWL
towL

€t WCH>

N a7 VI,
T,
i S
L T

[//] Hor L nput); Invalid data (output)

15M-30
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NEC

pPD481440
Timing Waveforms (cont)
Color Register Set Cycle (Upper-byte, early-write)
RAS tRp
Ty —
RAS &( / N
tCsSH >
- tRco
—> |<—tcAp tcas > <~tcRP—>|
_ X A
o /L X ay

|
1

S WBH

[€tyweH >

w7 U

s 7///% }///////////// LTI TR

LI

,///////////////l/

twes | | weH
'<—tmcs->

—)I <€— tMCH
> tMRH

L

= LT LT LT

S

m;.m,s////{{SI/I/@H/////////»{ =

- jzﬁV//////////////////////////

bsF Z/‘ ’%éééééééééf?‘

[//} H or L input); Invalid data (output)

UL

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003
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pPDA481440 N E C

Timing Waveforms (cont)

Color Register Set Cycle (Late-write)

tRC
1RAS I tRP—>
S \___
2

tcsH i

tRCD RSH
>l | temp tcas ’<—tcnp—>
L 3
s N
X 2

[—tRAH —>

MWXT‘ R

3
vzl

<«——towL ———>

twes | | twa ‘ <—twp—>
we /) N L/ fl////////////z

towL
twes twBH

nd - WP

e /) R S T

-<

=TT ’%/Zj///////////////////

S, \mmr

. % o N N
18M-32
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NEC

pPD481440
Timing Waveforms (cont)
Color Register Set Cycle (Upper-byte, late-write)
'Hﬂo } .ﬂl"
RAS
RAS S( 721 N
1CSH
<— tCcRP tcas > ~<-tCRP—>|
_ X ‘4
= ;L N ay

weS | | twBH

W///ﬁ o %«//////////// LTI K

< towL

|
=/ N

V/A H or L (input); invalld data (output)

v
B8, | | JveH |<—tmcs—> <—tmnu*l -

S X

o 7T %/////////////////////////////////

r? Y

A

S3FM-8493B

45M-33
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pPD481440 N E C

Timing Waveforms (cont)

Flash-Write Cycle

tRC >
thas | 1P ——>
. 7\( 3
S ) W
K
tCHR

W_/L _ N,
o 7///iifr 1@/ S

3
[l

twes | | twen

w7\, .

e 77N, Y
= LT LT
wostor 7//%4 //{l«ﬁ/ i,

/) N,

V//] H or L (input); Invald data (output)
Doyt = open

83FM-84048

18pmM-34
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NEC

Timing Waveforms (cont)

Flash-Write Cycle (Upper-byte, flash-write)

V) w

Note:

S
rovtor 7///«‘/44 //{!«ﬁ////////////////////////////////////////////////////

1
RC
< tRAS || RP
— b
RAS
N zL N\

€——1CHR—>|

w_; N
s ////ﬁ EV//////////////////////////////////////////)(

tweH

=7/ S

twes | [ tweH

o 7/ N,
Y,

Wi N

L (input); Invalid data (output)

The lo bﬁwlormglsta amlsnot written even
C.ASand LWE go active later In the cycle.

B3FM-8496B

Power ed
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pPDA481440 N E C

Timing Waveforms (cont)

Hidden Refresh Cycle (With exended output)

S N

e ™
e T Ny

S AT

F‘oa—ﬁ e—toez—>|

[<tez
torz
HI-Z 4 3
Data-Out 75———-
K

tFRH

3o

ose 7)) Y,

U7/] H or L (nput); Invalid data (output)

B3FM-84088

1&M-36
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NEC

uPD481440
Timing Waveforms (cont)
RAS-Only Refresh Cycle
| tRp ———>|
T Y
s N ]Z N\
{CRP 1RPC
h
=/ 7

ot A%%H» %@%%%%%%%%%%%%%%%%%%%%X

id data (output)

B8IFM-84908

CAS Before RAS Refresh Cycle

RAS /

| €——tRp— (=€

S(

tcp
CAS

3 tcsh
i €———tCHR

14

N\

tWRS >

s /T

UL

tFRH

A%%%%%A?

wMMWQ%%%%%%%%%W%%%%%%%%%W

V// d data (output)

83FM-86008

A8M~37
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