TOSHIBA MOS MEMORY PRODUCTS

TG524256P/2/J-10, TC524256P/1/J-12

DESCRIPTION

The TC524256P/2/J is a CMOS Multiport memory equipped with a 262,l44-word x 4 bit dynamic
random access memory{(RAM) port and a 512-wordx 4 bit static serial access memory(SAM) port.
In addition to the conventional DRAM operation modes, the TC524256P/Z/J features a write-
per-bit function on the RAM port; Bi-directional transfer capability between the DRAM mem-
ory array and the SAM data register and a high speed serial read/write capability on the

SAM port. The RAM port and the SAM port can be accessed independently except when data is
being transferred between them internally. The TC524256P/Z/J is fabricated using TOSHIBA's
CMOS silicon gate process technology as well as advanced circuitry to provide low power
dissipation and wide operating margin. Multiplexed address inputs and a common input/output
organization allow the TC524256P/Z/J to be housed in a standard 28-pin, 400-mil wide plastic
DIP and 400-mil height ZIP and in a standard 32-pin 400-mil wide plastic S0J. System ori-
ented features include a single 5V+107% power supply operation and compatibility with high
performance schottky TTL logic.

* Organization
FEATURES RAM port: 262,144 words x 4 bits
ITEM TC524256 2,273 SAM port: 512 words x 4 bits
~10 ~12 « Single power supply of 5V+10% with a built-

LRAC RAS Access Time (Max.) 100ns | 120ns Ri“dVSBdgz“e;aFor —— KES vefresh

— + Read-Modify-Write, efore refresh,
e "
CAC CAS Access Time (Max.) 50ns 60ns Hidden refresh, Page mode, Write-Per-Bit,
tRCc  Cycle Time (Min.) 190ns | 220ns Read transfer, Write transfer, Serial
tpc Page Mode Cycle Time(Min.)| 90ns | 105ns read, Serial Write capability

« All inputs and outputs TTL compatible

* 512 refresh cycle/8ms
tscc Serial Cycle Time (Min.) | 30ns | 40ns| . package

tgcA Serial Access Time (Max.)| 25ns 35ns

Iccl R4 Operating Current 70mA | 60mA TC524256P: 0.4 inches 28 pins standard
(SAM: 3tandby) Plastic DIP
T SAM Operating Current mA | 45mA TC524256Z: 0.4 inches 28 pins standard
*CC2A (RaM: Standby) >0 > Plastic ZIP
RAM/5AM TC524256J: 0.4 inches 32 pins standard
Iccz Standby Current 10mA Plastic SOJ

PIN CONNECTIONS (TOP VIEW)
PIN MAMES

Plastic DIP Plastic ZIP Plastic SOJ
A0 ~ AB Address Inputs astls =
RA&S Row Address Strobe W@&O;Ei
CAS Column Address Strobe s103[57 -
= Data Transfer/Output Ve[l k2
PT/OE Enable s1o1[9]
Fﬁ/WE Write Per Bit/Write DTOE[LL
e Fnable w2 102 |13
. Write Mask/Data IN N.C.[18
T LY OTA ’ =
W1/T01 /104 ouT asfi7
SC Serial Clock A5 5
SE Serial Enable Vogi?
Ad =3
5101 ~ SI04 Serial Input OQutput NE
Voo Power (+5V) v [
Vss Grcund
N.C. No Connection
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

SYMBOL TTEM RATING UNITS NOTES
VIN, VouT Input Output Voltage -1.0~7.0 v 1
Vee Power Supply Voltage -1.07.0 v 1
Topr Operating Temperature 0~ 70 °C 1
Tstg Storage Temperature =551 150 °C 1
TSoLDER Soldering Temperature » Time 260 - 10 °Cesec 1
Pp Power Dissipation 1 W 1
Tour Short Circuit Output Current 50 mA 1

RECOMMENDED DC OPERATING CONDITION (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Power Supply Voltage 4.5 5.0 5.5 v 2
VIn Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vgc=5V+10%, Ta=0~ 70°C)
aM TC524256P/ [TC524256P/
SYMBOL ITEM (RAM Port) Port Z2/J-10 2/3-12 UNITS|NOTES
MIN.| MAX.|MIN.| MAX.
Icc1 |OPERATING CURRENT Standby| - 70 | ~ 60 mA 3,4
Icc1a | (RAS, CAS Cycling: tgpg=tgc MIN.) Active | - | 110 | - | 100 3,4
Icc2  |STANDBY CURRENT Standby| - 10 | - 10
Iccoa | (RAS, CAS=Vip) Active | = 50 | - 45 mA 3,4
Icc3 |RAS ONLY REFRESH CURRENT Standby| - 70 | - 60 oA 3
Icc3a |(RAS Cycling, CAS=Vg: tpe=tyc MIN.) [active | - | 110 | - [ 100 3,4
Iccy PAGE MODE CURRENT Standby| -~ 60 - 50 oA 3,4
Iccun |(RAS=Vyp, CAS Cycling: tpe=tpe MIN.) |Active | - [ 100 | - 90 3,4
Iccs  |CAS BEFORE RAS REFRESH CURRENT Standby| - 70 | ~ 60 o 3
Iccsa |(CAS Before RAS Cycling: tge=tpcMIN.)|Active | - 110 | - 100 3,4
Icce |DATA TRANSFER CURRENT Standby| - 80 | - 75 A 3
Iccea |(RAS, CAS Cycling: tpe=tgpe MIN.) Active | - 130 | - 120 3,4
SYMBOL ITEM MIN. [TYP. |MaX. |[UNTTS[NOTES
I INPUT LEAKAGE CURRENT _10 0 10
(L) {(ovz Vig < 6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
To) | (output ?2 disabled, OV Vgyp< 5.5V) -0 0 | 10
v OUTPUT HIGH LEVEL VOLTAGE
O  |(wi/T0i, SIOLi ..... LQUT=-2mA) 2.1 - | -
VoL OUTPUT LOW LEVEL VOLTAGE _ - loa
(Wi/I0i ... Igyp=+4.2mA, SICi ..... Igpp=+2ma) .
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TC524256P/2/4-10, TG524256P/1/4-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ve=5V+10%, Ta=0~ 70°C) (NOTES 5, 6, 7)

TC524256P/ | TC524256P/
SYMBOL PARAMETER z2/J-10 Z/3-12 | yNIT [NOTES
MIN.| MAX, |MIN,| MAX.
tre Random Read or Write Cycle Time 190 220
tRWC [Read-Write Cycle Time 250 290
tpe Page Mode Cycle Time 90 105
tPRWC |Page Mode Read-Write Cycle Time 150 175
tpac |Access Time from RAS 100 120 8,14
tcac  |Access Time from CAS 50 60 -8,14
£OFF |Output Buffer Turn~Off Delay 0 30 35 10
tr Transition Time (Rise and Fall) 3 35 35 7
trp RAS Precharge Time 80 90
tpas |RAS Pulse Width 100 |10,000{120 | 10,000
trgy |RAS Hold Time 50 60
tCSH  |CAS Hold Time 100 120
tcas |CAS Pulse Width 50 60
trecp [RAS to CAS Delay Time 20 50 25 60
YCRP |CAS to RAS Precharge Time 10 10
tcen  |CAS Precharge Time 15 20
tep CAS Precharge Time (Page Mode) 30 35 ns
CASR |Row Address Set-Up Time 0 0
tRAH |Row Address Hold Time 10 15
tasCc [Column Address Set~Up Time 0 0
tcAH |Column Address Hold Time 20 25
taR Column Address Hold Time referenced to RAS 70 85
tRCS |Read Commard Set-Up Time 0 0
tRCH {Read Command Hold Time 0 0 11
tRRE |Read Command Hold Time referenced to RAS 10 10 11
twce (Write Command Hold Time 20 25
tWCR |Write Command Hold Time referenced to RAS 70 85
typ Write Command Pulse Width 20 25
tpwr, |[Write Command to RAS Lead Time 30 35
tCWL |Write Command to CAS Lead Time 30 35
tps Data Set-Up Time 0 0 12
tpH Data Hold Time 20 25 12
'RASP |RAS Pulse Width (Page Mode) 190 [100,00d 225 100,000
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TC524256P/1/J-10, T6524256P/2/J-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued)
TC524256P/ |TC524256P/

SYMBOL PARAMETER 2/J-10 2/3=12 _ |yn1TS|NOTES
MIN. MAX,|MIN, |MAX.

tpur [|Data Hold Time referenced to RAS 70 85

tycs |Write Command Set-Up Time 0 0 13

tpup |RAS to WE Delay Time 125 150 13

tewp |CAS to WE Delay Time 75 90 13

tpze [Pata to CAS Delay Time 0 ¢

tpzo [Data to OFE Delay Time 0

torA |Access Time from OF 25 30

LoEz [Output Buffer Turn-0ff Delay from OE 0 20 0 25| ns |10

toep |[OE to Data Input Delay Time 20 25

togy [OE Command Hold Time 20 20

troH |RAS Hold Time referenced to OF 20 20

tcSR |CAS Set-Up Time for CAS Before RAS Cycle 10 10

tcur  |CAS Hold Time for CAS Before RAS Cycle 20 20

tRpc  [RAS Precharge to CAS Active Time 0 0

tepr g§3n525c¥2§%e Time for CAS Before RAS 40 50

trerF |Refresh Period 8 8| ms

tysr [WB Set~Up Time 0 0

YRy [WB Hold Time 10 15

tyg Write-Per-Bit Mask Data Set-Up Time 0 0

tMy rite-Per-Bit Mask Data Hold Time 10 15

tTys [DT High Set-Up Time 0 0

trye  [DT High Hold Time 10 15

trLs {DT Low Set-Up Time 0 0

trry  |PT Low Hold Time 10 15 ns

tRTH DT Low Hold Time referenced to RAS 80 95

(Real Time Read Transfer)
tor DT Low Hold Time referenced to CAS 30 35
H (Real Time Read Transfer)

tpsg  |SE Set-Up Time referenced to RAS Q 0

YREH |SE Hold Time referenced to RAS 10 15

tTRD |DT to RAS Delay Time (Read Transfer) 0 0

trp DT Precharge Time 30 35

trsp |RAS to First SC Delay Time (Read Transfer) (100 120
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TC524256P/2/J-10, T6524256P/2/J-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION

TC524256P/ |TC524256P/
SYMBOL PARAMETER z/J-10 z/3-12 UNIT [NOTES
MIN. MAX.1 MIN. | MAX.
tesp |CAS to First SC Delay Time (Read Transfer) 50 60
— Last SC.to DT Lead Time 5 10
(Real Time Read Transfer)
trsp |DT to Frist SC Delay Time (Read Transfer) 15 20
tsprs |Last SC to RAS Set-Up Time (Serial Input) 30 40
terp RAS to First SC Delay Time (Serial Input) 25 30
tSDD |RAS to Serial Input Delay Time 50 60
ES0Z|RRs (Pocudy Hrite Teamster) | 10 | 50 | 10 | 0 10
tszs |Serial Input to First SC Delay Time 0 0
tscc  [SC Cycle Time 30 40
tse SC Pulse Width (SC High Time) 10 15
tsCcP |SC Precharge Time (SC Low Time) 10 15 ns
tSCA |Access Time from SC 25 35 9
tsoy [Serial Output Hold Time from SC
tsps |Serial Input Set~Up Time 4] 0
tepy [Serial Input Hold Time 20 30
tgga |Access Time from SE 25 35 9
tgg SE Pulse Width 25 35
tsgp  |SE Precharge Time 25 35
tSEz [Serial Output Buffer Turn-Off Delay from SE 0 20 0 30 10
tgzg |Serial Input to SE Delay Time 0 0
tsyS |Serial Write Enable Set-Up Time 10
tgrpy |Serial Write Enable Hold Time 15 20
towis |Serial Write Disable Set-Up Time 5 10
tswig |Serial Write Disable Hold Time 15 20
CAPACITANCE (Vg=5V*10%, f=1MHz, Ta=0"70°C)
SYMBOL PARAMETER MIN, MAX. UNIT
Cr1 Input Capacitance (A0™ A8) - 8
Cr2 Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) - 8 .
Cro1 Input/Qutput Capacitance (W1/I0L~ W4/I04) - 10 P
Cro2 Input/Cutput Capacitance (SI01~ SI04) - 10
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NOTES:

1.

10.

11.
12.

13.

14.

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

. All voltages are referenced to Vgs.
. These parameters depend on cycle rate.
. These parameters depend on output loading. Specified values are obtained with the

output open.

. Power mustbe applied to the RAS and DT/OE input signals to pull them “high” before

or at the same time as the VCC supply is turned on. After power-up, a pause of 200
pseconds minimum is required with RAS and DT/OE held “high.” After the pause, a
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize
the internal circuitry, before valid read, write or transfer operations can begin. During
the initialization period, the DT/OE signal must be held “high.” If the internal refresh
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required
instead of (8) RAS cycles.

. AC measurements assume ty=5ns.
. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.

Also, transition times are measured between V|y and V.

. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF.
. SAM port outputs are measured with a load equivalent to 2 TTL loads and 30pF. Doyt

comparator level: Vou/Vo =2.0V/0.8V.

torr (max), togz (Max), tgpz (max) and tggz (max) define the time at which the
outputs achieve the open circuit condition and are not referenced to output voitage
levels.

Either trcy or trr Must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge of early write cycles and to
WB/WE leading edge in read-write cycles.

twes: trwp and tcwp are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only. If twcs 2 twcs (min), the cycle is an
early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tawpZtrwp (Min.) and tewp 2 towp (miny), thecycleis a
read-write cycle and the data out will contain data read from the selected cell: If
neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

Operation within the tggp (max) limit insures that tgac (max) can be met. tgrgp (Max.)
is specified as a reference point only: If tgcp is greater than the specified trcp (max)
limit, then access time is controlled by tcac.
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DEVICE INFORMATION

RAM PORT OPERATION

Operation Truth Table

All operation modes of TC524256P/Z/J are determined by CAS, DT/OE, WB/WE, and SE
at the falling edge of RAS. They are shown in the following table 1.

RAS | CAS ADDRESS DT/OE | WB/WE | SE FUNCTION
H * * * * Standby
H [ Valid H—~-L H * Read
H Valid H H~L * Write
H | Valid(Row add.) H * * RAS only refresh
_\__ L * H(1) * * CAS-before-RAS Refresh
H | Valid H L * Write-per-Bit
H | Valid L H * Read Transfer
H | Valid L L L Write Transfer
H | Valid L L H Pseudo-Write Transfer

Note; H: Vyy, L: Vyp, *: Vg or Vyp

(1) The input level of DT/OE in the CAS before RAS timing is not ristricted.
However it is recommended that DT/OE be held 'High' because this input
will be used for future expansion of the operation mode.

ADDRESSING

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations
within the Dynamic RAM memory array of the TC524256P/Z/J, are multiplexed onto 9 ad-
dress input pins (AO0" A8). Nine row-address bits are latched on the falling edge
of the row address strobe (RAS) and the following nine column address bits are
latched on the falling edge of the column address strobe (CAS).

DATA TRANSFER/OUTPUT ENABLE (DT/0E)

The DT/OE input is a multifunction pin. When DI/OE is 'High' at the falling
edge of RAS, a normal DRAM cycle is performed and this input is used as an output
enable. When DT/OE is 'Low' at the falling edge of RAS, a data transfer operation
is started between the RAM port and the SAM port.
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE)

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the
WB/WE input is used in the same manner as standard DRAMs except when the write-per-—
bit function is used. When WB/WE is 'low' at the falling edge of RAS, the bit write-
mask is enabled. When WB/WE and CAS are 'low' at the falling edge of RAS, the raster
operation set-up cycle is executed.

The WB/WE input also determines the direction of data transfer between the DRAM
memory array and the serial register. When WB/WE is 'high' at the falling edge of
RAS, the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is
'low' at the falling edge of RAS, the data is transferred from SAM to RAM (write-
transfer cycle).

WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I104)

When the write~per-bit function is enabled, the mask data on the W1/IOl pins is
latched into the write-mask register WMl at the falling edge of RAS. Data is written
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is
inhibited on data lines where the write-mask data is a logic '0'. The write-mask
data is valid for only one cycle.

PAGE MODE

The page mode feature of the TC524256P/Z/J allows data to be transferred into of
multiple column locations of the same row by having multiple column cycles during a
single active RAS cycle.

For the initial page mode access, the output data is valid after the specified
access time from RAS. For all subsequent page mode read operations, the output data
is valid after the specified access time from CAS. As a result, page mode operation
reduces power dissipation and improves data access time.

When the write-per-bit function is enabled, the mask data specified in the first

write operation, at the falling edge of RAS, is maintained throughout the page mode
write cycle.

RAS-ONLY REFRESH

The data in the DRAM cycle requires periodic refreshing to prevent data loss.
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in
the DRAM array within the specified 8ms refresh period. Although any normal memory
cycle will perform the refresh operation, this function is most easily accomplished
with "RAS-ONLY' cycles.
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CAS-BEFORE-RAS REFRESH

The TC524256P/Z/J also offers an internal refresh function. Whe CAS in held
'low' for a specified period (tggp) before RAS goes low, an internal refresh address
counter and on-chip refresh control clock generators are enabled and an internal re-
fresh operation takes place. When the refresh operation is completed, the internal
refresh address counter is automatically incremented in preparation for the next CAS-
before-RAS cycle. For successive TAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS.

HIDDEN REFRESH

A hidden refresh is a CAS-before~RAS refresh performed by holding CAS 'low'
from a previous read cycle. This allows for the output data from the previous memory
cycle to remain valid while performing a refresh. The internal refresh address
counter provides the address and the refresh is accomplished by cycling RAS after the
specified RAS-precharge period (refer to figure 1).

Figure 1: Hidden refresh cycle

Memory Refresh Refresh
L_ Cycle | Cycle | Cycle
| {

m T\ /N /\

CAS \

w1101
~W4,/104

Valid Data Output

IR

N
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WRITE-PER-BIT FUNCTION

The write-per-bit function selectively controls the internal write-enable cir-
cuits of the RAM port. When WB/WE is held 'low' at the falling edge of RAS, during
a random access operation, the write-mask is enabled. At the same time, the mask
data on the Wi/I0i pins is latched onto the write-mask register (WMl). When a '0'
is sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled
and new data will not be written.

When a 'l' is sensed on any of the Wi/IOi pins, their corresponding write cir-
cuits will remain enabled so that new data is written. The truth table of the write-
per-bit function is shown in table 2.

Table 2: Truth table for write-per-bit function

At the falling edge of RAS
e R e—— y— Function
CAS [DT/OE [WB/WE | Wi/I0i (i=1+4)
H H H * Write Enable
H - L 1 Write Enable
Write Mask

An example of the write-per-bit function illustrating its application to dis-
plays is shown in figures 2 and 3.

Figure 2: Write-per-bit timing cycle Figure 3: Corresponding bit-map
R&S \ / Pixel
,————— CRT display —7(
o = | 29888302998
[eYe)(e]e) o
no~as /X ROW X coLuMN N//////// 00000 elce0q0
57 I 000Ce0|00000
DT DE Py ) o)
| [eYe] (@) @ Write "1"
wow I\ v N | [T ©0 O Qe
T L ~ ) O no write

w1101 7\ eox //////;////////////Z/l
w2102 /) Enaible WWT‘B"P-X“ f{ f : :f

| !
W4,104 Enable Write"o"/””????
I I

L— Write

Wn - IOn="1"---Mask Bit
Wn-I0n="H" ---Write Enable Bit

We/TI04-Write "'oY
W3/103 - No write(Masked)

W2-102--Write "1V

I

WL1-I01+-No write(Masked)
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TRANSFER OPERATION

The TC524256P/Z/J features bi-directional transfer capability form RAM to SAM and
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from
one port intoc the other. During a transfer cycle, RAM port and SAM port operations
are restricted.

There are three types of transfer operations: read transfer, write transfer
and pseudo-write transfer. As shown in table 3, the type of transfer operation is
determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS.

Table 3: Truth table of transfer operation

At the falling edge of RAS Transfer
CAS DT/OE | WB/WE | SE direction
H L H * Read/real-time read transfer cycle { RAM > SAM
H L L L Write~transfer cycle SAM > RAM

H L L H Pseudo-write transfer cycle -

*: high or low

READ-TRANSFER CYCLE

A read-transfer consists of loading a selected row of data from the RAM array
into the SAM register. A read-transfer is accomplished by holding CAS high, DT/0E
low and WB/WE high at the falling edge of RAS. The row address selected at the
falling edge of RAS determines the RAM row to be transferred into the SAM.

The actual data transfer completed at the rising edge of DT/OE.

When the transfer is completed, the SI0 lines are set into the output mode,

In a read/real-time read-transfer cycle, the transfer of a new row of data is com-
pleted at the rising edge of DT/OE and becomes valid on the SI0 lines after the speci-
fied access time tgca from the rising edge of the subsequent serial clock(SC) cycle.

The start address of the serial pointer of the SAM is determined by the column
address selected at the falling edge of CAS. (refer to figure 4).

Figure 4: Block diagram of RAM port and SAM port during read transfer

8I101~SI0g
0. =
Serial Read
SERIAL ACCESS MEMORY
[T srzxevie [II]I]
RZAD TRANSFER
T77 512x4Dit 7777 C: SELECT ROW

AQ~A8

512 ¥ 512 x 4bit
Memory Cell Array

IHHHIHIN

ROW DECODER
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In a read-transfer cycle (which is preceded by a write~transfer cycle), the SC
clock must be held at a constant Vyp or Vyg, after the SC precharge time has been
satisfied. A rising edge of the SC clock must not occur until after the specified
delay trgp from the rising edge of DI/OE (refer to Figure 5).

Figure 5: Read-transfer cycle (preceded by a write-transfer cycle)
w . S
cas _/ b “T\ A /
so~ss TITI7I7IK lm XX S s ) I,
VBOWE Y e UL L
TIGE TN [’4 / 7/ rxe N7
sc ™\ T {mm Tioing tramevion \ E\ /L

SI01~8104 X Dara-1n ) { pata-our X

In a real-time read-transfer cycle (which is preceded by another read-transfer
cycle), the previous row data appears on the SI0 lines until the specified tggp
access time from the same rising edge of SC.

This feature allows for the first bit of the new row of data to appear on the
serial output as soon as the last bit of the previous row has been strobed, without
any timing loss. To make this continuous data flow possible: the rising edge of
DT/OE must be synchronized with RAS, TAS and the subsequent rising edge of SC (refer
to Figure 6).

Figure 6: Real-time read transfer cycle

—
so~ss 77K mow X ISAM swre X/
VAT T e N

!
57,5F \ "Lt /-

|
sc \ /A\\\\\ AAJA\\\\\ \\\\\\ \\\\\\
SI91~5104 X pata-out X paTa-~0uT X DaTa-0UT X DATA-OUT X DATA-OUT

Previous EOW | New ROW

g
wt
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WRITE-TRANSFER CYCLE

A write-transier cycle consists of loading the content of the SAM data register
into a selected row or the RAM array. A write-transfer is accomplished by CAS high,
DT/OE low, WB/WE low and SE low at the falling edge of RAS. The row address selected
at the falling edge of RAS determines the RAM row address into which the data will be
transferred. The column address selected at the falling edge of CAS determines the
start address of the serial pointer of the SAM, After the write-transfer is com-
pleted, the SIO lines are in the input mode so that serial data synchronized with SC
can be loaded.

When two censecutive write-~transfer operations are performed, there is a delay
in availability between the last bit of the previous row and the first bit of the new
row. Consequently the SC clock must be held at a constant Vy; or Vyy after the SC
precharge time tgp has seen satisfied, a rising edge of the SC clock until after a
specified delay tgpp from the rising edge of RAS (refer to figure 7).

Figure 7: Write-transfer cycle

7

- L
TAS _____1ﬁﬁ______wL‘__‘_“‘_"'“”"/F_________
no~as  If7IIN TOW“X sau swre X/////11 11711111111/
|
EEZ /17 SR 1 T,

I/ 3 /////////////////7///////////][1

sc J"
|
S101~8104—{paATa-IN DATA—IN DATA-IN

Serial Writs transfered KOW Serial Writs for New ROW

SAM Start Address 0 s101~6104

SERIAL ACCESS MEMORY

[T s12x« vic JIHI]

WRITE TRANSFER

T 51ax 4 it 222722 {1 SELECT ROW

812%512%x4Dit

Memory Cell Array

ROW DECODER
[T
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PSEUDO-WRITE-TRANSFER CYCLE

The pseudo-write-transfer cycle switches SI0 lines from serial output mode to
serial input mode. A pseudo-write-transfer is accompllshed by holding CAS high,
DT/OE low, WB/WE low and SE high at the falling edge of RAS. The pseudo-write-
transfer cycle must be performed after a read-transfer cycle if the subsequent
operation is a write-transfer cycle.

There is a timing delay associated with the switching of the SI0 lines from
serisl output mode to serial input mode. During this period, the SC clock must be
held at a constant Vi or Viy after the tgc precharge time has been satisfied. A
rising edge of the SC clock must not occur until after the specified delay tgpp
from the rising edge of RAS (refer to Figure 8).

Figure 8: Pseudo-write-transfer cycle
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SAM PORT OPERATION

The TC524256P/Z/J is provided with a 512-word by 4-bit serial access memory(SAH).
High~speed read and write operation may be performed through the SAM port independent
of the RAM port operations, except during transfer operations. The preceding trans-
fer operation determines the direction of data flow through the SAM registers.

Data may be read out of the SAM port after a read-transfer cycle (RAM~+ SAM) has
been performed. Data can be shifted out of the SAM port starting at any of the 512-
bit locations. This tap location corresponds to the column address selected a the
falling edge of CAS during the read-transfer cycle. The SAM registers are con-
figured as circular data registers. The data is shifted out sequentially starting
from the selected tap location to the most significant bit and then wraps around to
the least significant bit.

bbb l f

f—-o—-. 1—= 2-+= ~---—w= 509 —= 510 —= 511 ———]

J— Tap location determined by
‘ column address of read-
transfer cycle.

Subsequent real-time-read-transfer may be performed on-the-fly as many times
as desired within the refresh constrainst of the DRAM memory array.

A pseudo-write-transfer cycle must be performed in order to write data into the
SAM port. This cycle switches the SAM port operation from output mode to input mode.
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle
(SAM > RAM) may then be performed. The data in the SAM registers is loaded into the
RAM row selected by the row address at the falling edge of RAS. The start address of
SAM registers is determined by the column address selected at the falling edge of CAS.

Table 4: Truth table for SAM operation

Preceding DT/OE (at the
Transfer iAZrEZEEn falling edge | SC [SE Function
Cycle per. of RAS)
read— serial L enable serial read
output I
transfer mode H disable serial read
H*
. serial L enable serial write
write- input r1
transfer mode H | disable serial write

* When simultaneous operation are being performed on the RAM port and the SAM port,
DT/OE must be held high at the falling edge of RAS so as not to perform a false
transfer cycle.
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SERIAL CLOCK (SC)

All operations of the SAM port are synchronized with the serial clock SC. Data
is shifted in or out of the SAM registers at the rising edge of SC. 1In a serial-
read, the output data becomes valid on the SI0 pins after the maximum specified
serial access time tgcy from the rising edge of SC.

The serial clock SC also increments the 9-bit serial pointer which is used to
select the SAM address. The pointer address is incremented in a wrap-around mode to
select sequential locations after the starting location which is determined by the
column address in the read-transfer cycle. When the pointer reaches the most signifi-
cant address location (decimal 511), the next SC clock will place it at the least
significant address location (decimal 0).

SERIAL ENABLE (SE)

The SE input is used to enable serial access operation. In a serial-read cycle,
SE is used as an output control. In a serial-write cycle, SE is used as a write
enable control. When SE is high, serial access is disabled, however, the serial ad-
dress pointer location is still incremented when SC is clocked even when SE is high.

SERIAL INPUT/OUTPUT (SIOl~ STI04)

Serial input and serial output share common I/0 pins. Serial input or output
mode is determined by the most recent transfer cycle. When a read-transfer cycle is
performed, the SAM port is in the output mode. When a pseudo-write cycle is per-~
formed, the SAM port operation is switched from output mode to input mode.

During subsequent write-transfer cycle, the SAM port remains in the input mode.

REFRESH

The SAM data registers are static flip-flops therfore a refresh is not required.
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TIMING VAVEFORMS
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WRITE CYCLE (EARLY WRITE)
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WRITE CYCLE (OF

CONTROLLED WRITE)
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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PAGE MODE READ CYCLE
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PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS BEFORE RAS REFRESH CYCLE
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REAL TIME READ TRANSFER CYCLE
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CYCLE (Previous transfer is write transfer)
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WRITE TRANSFER CYCLE
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS)
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SERTAL WRITE CYCLE (SE CONTROLLED WRITE)
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OUTLINE DRAWINGS
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Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position
with respect to No.l and No.28 leads.

All dimensions are in millimeters.
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+ Plastic ZIP

Unit in mm

362402 ZO05MAX.
4 /T
3
=
o~ ©
(=3 —
Pl o
—
o) 3y
= \
v
[=]
H
n
v 1
0.93MAX astal 1ol
' Sl [¢]azs@ _Jl.ars-005
127
254
ZIP28P-400

Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry.
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* Plastic SOJ
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Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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