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TOSHIBA MOS MEMORY PRODUCTS

TC524257P/1/3-10, TC524257P/2/4-12

DESCRIPTION

The TC524257P/2/J is a CMOS Multiport memory equipped with a 262,144-word x 4 bit dynamic
random access memory(RAM) port and a 512-word x 4 bit static serial access memory(SAM) port.
In addition to the conventional DRAM operation modes, the TC524257P/Z/J features a logic
function and a write-per-bit function on the RAM port; Bi-directional transfer capability
between the DRAM memory 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 ex-
cept when data is being transferred between them internally. The TC524257P/Z/J is fabri-
cated 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 TC524257P/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 SOJ. System oriented features include a single 5Vz107% power supply operation and
compatibility with high performance schottky TTL logic.

FEATURES » Organization

oy RAM port: 262,144 words x 4 bits
ITEM 1C5242578/" SAM port: 512 words x 4 bits
-10 -12 | . Single power supply of 5V+10% with a built-
trac RAS Access Time (Max.) 100ns | 120ns in Vgp generator
tcaC CAS Accese Time (Max.) 50ns | 60ms | ° Read-Modify-Write, CAS before RAS refresh,
T - — Hidden refresh, Page mode, Write-Per-Bit,
RC Cycle Time (lin.) 190ns | 220ns Raster operation, Read transfer, Write
tpc Page Mode Cycle Time(Min.)| 90ns |105ns transfer, Serial read, Serial Write
tscA Serial Access Time (Max.) 25ns | 35ns A;ipabilitY- 4 L o1
P - - . inputs and outputs compatible
tar Coris 3
sce  Serial Cycle Time (Min.) 30ns| 40ns | 512 refresh cycle/Sms
Icct EAM Operating Current 70mA | 60ma | * Package
(SAM: Standby) TC524257P: 0.4 inches 28 pins standard
SAM Operating Current Plastic DIP
I A 50mA | 45mA
Cc,z (RAM: Standby) TC524257Z: 0.4 inches 28§ pins standard
RAM/SAM Plastic ZIP
1
cc2 Standby Current 10mA TC5242573: 0.4 inches 32 pins standard
Plastic SOJ
PIN NAMES PIN CONNECTION (TOP VIEW)
A0~ AB Address Tnputs Plastic DIP Plastic ZIP Plastic SOJ
RAS Row Address Strobe so1 “=shVss N.C. ;l;] rews 103 N.C. Q1 Vgs
CAS Column Address Strobe stolge 27psros  We/10431 fp scge Ves
s1o2q3 DsIon SIO3fe sIOolf3 SI04
AT /BT F i o =3 SI104
DT/0E gligslzransfer/omput 57550:  2haE Vssfy ac s102(4 5103
— —— - — w1 10105 2afwe 104 SIOllg o2 DT 0Els SE
WB/W %}_;;;iePer Bit/Write Ww2,/1020]6 R3PW3I-I03 DT, OE{L} 5 VslliIOl w1/1C105 Wa. 104
Write Mask/Data IN BNy zpN.c.  WRI0RlE qigs wp /10207 2ep NS08
H1/101~ W4 /T04| Hin e TS/ Bate L vc.qs 2poas ve S Bis  WBWEs esp.c.
RaSHe aopn.c. Agli a5 N.C.7]® CAS
SC Serial Clock asf10 19f 20 AS:i " TRasg10 N.C
SE Serial Enable asfll 18pa1 Vool ood A8Q11 22 A0
SIOL v SIO4 Serial Input Output asfiez 17p Az ASES ol a2 Asg1z 21 Al
7 3 5V a4013 18p A3 Al|RE; = 40 A5f13 AR
cc ower ) vocl1s 1sfav N.C. . A4l A3
SAS
Vss Ground Vaul A7
N.C. No Connection Veul N.C.
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BLOCK DIAGRAM
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TC524257P/1/4-10, TC524257P/1/3-12

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNITS NOTES
Vin Vout Input Output Voltage -1.0~7.0 v 1
vee Power Supply Voltage -1.0% 7.0 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
Tout 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 (Vce=5V+10%, Ta=0~ 70°C)

“TC524257P/ [TC524257P/
SYMBOL ITEM (RAM Port) igft 2/3-10 z/3-12 | unITs|NOTES
MIN. |MAX. | MIN, [ MAX,
Iccl  |OPERATING CURRENT Standby | - 70 - 60 3,4
Iccia |(RAS, CAS Cycling: TRC=FRC MIN.) ctive - 110 - 100 mA 3,4
Icca  |STANDBY CURRENT Standby | - 10 - 0]
lecaa | (RAS, TAS=viy) Active | - s0 | - 45 3,4
Iccy |RAS ONLY REFRESH CURRENT Standby | - 70 - 60 | |3
Iccaa |(RAS Cycling, CAS=Vyy: tgrc=trc MIN.) [Active - 110 - 160 3,4
Iccy  |PAGE MODE CURRENT Standby | - 60 - 50 | oa 3,4
Iccya |(RAS=Vyp, CAS Cyclinmg: tpc=tpc MIN.) lceive | - [100 | - 00 3,4
Iccs  |CAS BEFORE RAS REFRESH CURRENT Stadnby | - 70 - 60 A 3
Igcss |(CAS Before RAS Cycling:tpe=trc MIN.)Active - 110 - 100 3,4
Icc6 |DATA TRANSFER CURRENT Standby | - 80 ~ 75 pa |3
Iccea |(RAS, CAS Cycling: trc=trc MIN.) Wetive - 130 - 120 3,4
SYMBOL ITEM MIN. | TYP. | MaX. [UNITS[NOTES
1) %gsz?visﬁfé??V?Uiﬁngther Pins Not Under Test=0QV) -10 0 10 A
101) (000 but ie atsabled, OV VoUT< 5.5v) N
o [omiioes S0t e ootz DB
VoL OUTPUT LOW LEVEL VOLTAGE ' _ _ _ 0.4 v
(Wi/I0i.... Igyr=+4.2mA, SIOi.... IgyT=+2ZmA)
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TG524257P/1/4-10, T6524257P/2/J-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Voe=5V+10%, Ta=0~ 70°C)

(NOTES 5, 6, 7)

TC524257P/ | TC524257F/
SYMBOL PARAMETER 2/J-10 Z/J-12 UNIT [NOTES
MIN.| MAX. |MIN.| MAX.

trC 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

tRAC [Access Time from RAS 100 120 8,14
tCcAC |Access Time from CAS 50 60 8,14
toFF |Output Buffer Turn-Off Delay 30 0 35 10
tr Transition Time (Rise and Fall) 35 35 7
trp RAS Precharge Time 80 90

tRaS [RAS Pulse Width 100 |10,000 | 120 (10,000

tRSH |RAS Hold Time 50 60

tosy | CAS Hold Time 100 120

tcAS |CAS Pulse Width 50 60

tRCD |RAS to CAS Delay Time 20 50 25 60

tcrp |CAS to RAS Precharge Time 10 10

tcPN |TAS Precharge Time 15 20 ns

tcp  |CAS Precharge Time (Page Mode) 30 35

tasr |Row Address Set-Up Time 0 0

traH |Row Address Hold Time 10 15

tAsc |Column Adéress Set-Up Time 0 0

tCAH |Column Address Hold Time 20 25

tAR |Column Address Hold Time referenced to RAS 70 85

trCcS |Read Command Set-Up Time

tpcy [Read Command Hold Time 0 11
trrRH |Read Command Hold Time referenced to RAS 10 10 11
tycu |Write Command Hold Time 20 25

tywcrR |Write Command Hold Time referenced to RAS 70 85

tWP  |Write Command Pulse Width 20 25

TRWL |[Write Command to RAS Lead Time 30 35

tewL |Write Command to CAS Lead Time 30 35

tps |Data Set-Up Time 0 0 12
tpu Data Hold Time 20 25 12
tRASP |RAS Pulse Width (Page Mode) 190 100,000 225 (100,000
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T6524257P/2/4-10, TC524257P/1/J-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued)

TC524257F/ | TC524257P/

SYMBOL PARAMETER 2/3-10 7/1-12  |UNITS|NOTES
MIN. | MAX, | MIN.| MAX.

tpHR |Data Hold Time referenced to RAS 70 85

twcs |Write Command Set-Up Time 0 0 13

tpwp |RAS to WE Delay Time 125 150 13

tcwp |CAS to WE Delay Time 75 90 13

tpzC |Data to CAS Delay Time 0 0

tpzo [Data to OF Delay Time o 0

topa |Access Time from OE 25 30

togz |Output Buffer Turn-Off Delay from OE 0 20 0 25| ns |10

topp |OFE to Data Input Delay Time 20 25

toEH |OE Command Hold Time 20 20

trop |RAS Hold Time referenced to OE 20 20

tesr  |CAS Set~Up Time for CAS Before RAS Cycle 10 10

tCHR [CAS Hold Time for CAS Before RAS Cycle 20 20

tRpc |RAS Precharge to CAS Active Time 0 0

tepT SEEtPrecharge Time for CAS Before RAS Counter 40 50

LREF |Refresh Period 8 8| ms

tWSR |WB Set-Up Time 0 0

tRwH |WB Hold Time 10 15

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

tMH Write-Per-Bit Mask Data Hold Time 10 15

trhys |DT High Set-Up Time 0 0 ]

tTHH |DT High Hold Time 10 15

tris  |DT Low Set-Up Time 0 0

tTLH  |DT Low Hold Time 10 15 s

el e IR

p— ﬁT'Low'ﬁold Time referenced to CAS 30 35

(Real Time Read Transfer)

tgsRk |SE Set-Up Time referenced to RAS 0 0

tREH |SE Hold Time referenced to RAS 10 15

ttrp [DT to RAS Delay Time (Read Transfer) 0 0

trp DT Prechaege Time 30 35

tRSD |RAS to First SC Delay Time (Read Transfer) 100 120
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TC524257P/1/4-10, TC524257P/1/4-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued)
TC524257P/ | TC524257P/

SYMBOL PARAMETER 2/3-10 2/J-12 | UNIT |NOTES
MIN. | MAX. [ MIN.| MAX.

tCSD  |CAS to First SC Dealy Time (Read Transfer) 50 60

trsL Last SC'to DT Lead Time 5 10

(Real Time Read Transfer)

tTSp |DT to First SC Delay Time (Read Transfer) 15 20

tsrs |Last SC to RAS Set-Up Time (Serial Input) 30 40

tsRp |RAS to First SC Delay Time (Serial Input) 25 30

tsDD [RAS to Serial Input Delay Time 50 60

ESZ (RS (Pocuds Write Teanstery o |10 | 50| 10| e 10

tgzs Serial Inmput to First SC Delay Time 0 0

tSCC  |SC Cycle Time 30 40

tsc SC Pulse Width (SC High -Time) 10 15

tscp  |SC Precharge Time (SC Low Time) 10 15 ns

tSCA |Access Time from SC 25 35 9

tsom |Serial Output Hold Time from SC 5 5

tgsps |Serial Imput Set-Up Time 0 0

tspg |Serial Input Hold Time 20 30

tgpa |Access Time from SE 25 35 9

tsE SE Pulse Width 25 35

tggp |SE Precharge Time 25 35

tggz  |Serial Output Buffer Turn-Off Delay from SE 20 30 10

tszg  [Serial Input to SE Delay Time

tSWS |Serial Write Enable Set-Up Time 10

tgEH |Serial Write Enable Hold Time 15 20

tswis [Serial Write Disable Set-Up Time 5 10

tgwig [Serial Write Disable Hold Time 15 20
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TC524257P/1/J-10, TC524257P/1/J-12

RASTER OPERATION WRITE CYCLE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Voe=5V+10%, Ta=0+ 70°C) (NOTES 5, 6, 7)

TC524257P/ | TC524257P/
SYMBOL PARAMETER z/3-10 z/J~12 | UNIT |NOTES
MIN. |MAX. | MIN. | MaX.
LFRC Write Cycle Time 220 260 15
tFRWC | Read-Write Cycle Time 280 330 15
trpC Page Mode Write Cycle Time 120 145 15
trpRWC | Page Mode Read-Write Cycle Time 180 215 15
tFRAS |-RAS Pulse Width 130 160 ns 15
tFRSH | RAS Hold Time 80 100 15
tycsu | CAS Hold Time 130 160 15
tFCAS | CAS Pulse Width 80 100 15
tFRWL | Write Command to RAS Lead Time 60 75 15
LFCWL | Write Command to CAS Lead Time 60 75 15
CAPACITANCE (Vpe=5V+10%, f=1MHz, Ta=0~ 70°C)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Cnn Input Capacitance (AQ™ AB) - 8
Ci2 Input Capacitance (RAS, CAS, DT/0E, WB/WE, SC, SE) - 8
Ci01 Input /Output Capacitance (W1/I01~ W4/104) - 10 PE
€102 Input/Output Capacitance (SIOL " SI04) - 10
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TC524257P/1/3-10, TC524257P/2/3-12

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
useconds 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 tr=5ns.
. Vi {min) and V. (max.) are reference levels for measuring timing of input signals.

Also, transition times are measured between V| 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 equivalentto 2 TTL loadsand 30pF.Doyr

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

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

Either tpgH or tgrH 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 towp are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only. If twcs 2 twes {min.), the cycle isan
early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if trwpZtrwp (Min.) and towp 2 tewp (min.), the cycleisa
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 tgcp (max.) limit insures that tgac (max.) can be met. tggp (max)
is specified as a reference point only: If tgep is greater than the specified tgop (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 TC524257P/Z/J are deternined by CAS, DT/OE, WB/WE, and SE
at the falling edge of RAS. They are shown in the following tabel 1.

Table 1: Functional Truth Table

RAS | CAS ADDRESS DT/OE | WB/WE | SE FUNCTION
H 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) H % | CAS-before-RAS Refresh
-_\__ H | Valid H L * |Write-per-Bit
L | valid (A0~ A3) H(1) L * | Raster Operation Set-up
H | Valid L H * | Read Transfer
H [ Valid L L Write Transfer
H | Valid L L Pseudo-Write Transfer

Note; H: Viy, L: Vyy, *: Viyg or Vyp

(1) The input level of DT/OE in thg_?KE_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 locatiomns
within the Dynamic RAM memory array of the TC524257P/Z/J, are nultiplexed onto 9 address
input pins (A0~ 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).

The row address inputs AXO AX3 are also used as operation code input signals in
the raster operation set-up cycle.

DATA TRANSFER/OUTPUT ENABLE (DT/OE)

The DT/OE input is a multifucntion pin. When DT/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 DI1/0E 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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TC524257P/1/4-10, TC524257P/1/4-12

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 or the raster operation are 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/IO0l to W4/104)

When the write-per-bit function is enabled, the mask data on the W1/I0l 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 'l'. 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 except for during raster operation. In the raster opera-
tion set-up cycle, the mask data is latched into the write-mask register WM2 at the
falling edge of RAS. The write-mask selected during the raster operation set-up cycle
remains valid for all subsequent raster operation write, read-modify-write or page-
mode write cycles.

PAGE MODE

The page mode feature of the TC524257P/Z/J allows data to be transferred into or
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 ouptut 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 TC524257P/Z/J also offers an internal refresh function. When CAS is held 'low'
for a specified period (tgsRr) before RAS goes low, an internal refresh address counter
and on-chip refresh control clock generators are enabled and an internal refresh
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 CAS-before~RAS refresh cycles, CAS can remain low while
cycling RAS.

During a CAS-before-RAS refresh cycle, WB/WE must be 'high' at the falling edge
of RAS to prevent a false raster operation set-up cycle from occurring.

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 speci-
fied RAS-precharge period (refer to figure 1).

Figure 1: hidden refresh cycle

Memory Refresh Refresh
Cycle | Cycle | Cycle

m T SN\

/___
____\ /—
>___.

[e]
E3
Wl

W1,/101 / -
~W4,/104 \_ Valid Data Output
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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/IOi 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 wirtten.

When a '1' is sensed on any of the Wi/IOi pins, their corresponding write circuits
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 R
————71——— Function
CAS | DT/OE | WB/WE | Wi/I0i (i=1~4)
H H * Write Enable
" H L Write Enable
0 Write Mask

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

Figure 2: write-per-bit timing cycle Figure 3: corresponding bit-map

RAS Pixel
$—/ ,— CRT display /
J— .\
Cas R ./ oooooooooo;
| [e]e][eeYole 1 X To)oN
A0~48 ROW X COLUMN [e)e)[eYeYeY JoY YeoYo)®)
o ] [e]e)[eYe] Yol-TeYolooN
DT/DE Y 00 OOOO’O_
| Q0 [e]e)eYe)(e] @ Frite "1"
WBAE T\ 'V I\ 77777777, O@?OOOOOOOO O ¥rite "0
J QO No write

w1101 77\ oot //////////////////Z

W2,/102 w Enabla W w,.ltenlu\(:::““ :
w3108 T\ i f[//////////////////,

W_‘. ] ‘ W4, 104 ---Write "O"
W4,/ 102 Enable erte"o"/ﬁw;vb T_WS/IOS ~No write(Masked)

W2,7102 <~ Write "1"
L Write
—— Wn/I0n = "L" - Mask Bit

W1,-101 - No write(Masked)
Wn/I0n = "H" -~ Write Enable Bit

it
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RASTER OPERATION

The TC524257P/Z/J features a logic function which provides 16 modes of raster op-
eration. The desired logic function mode is selected during the raster operation
set-up cycle and remains in effect until another selection is made. During raster
operation, the TC524257P/Z/J performs internal logic operations when data is w-itten
through the RAM port. As shown in figure 4, the result (fj) of the logic operation,
between the input data and the data residing in the accessed memory location is
stored back in the accessed memory location.

|:>Read

Modify A Mn < £3j(Mn, Dn)

Write Mask

fj: Logic Operation (j=0Vv 15}
| Mn: Destination Cell Data

Doctimat ﬁ ¢ Dn: Source Input Data
egtination Source .
Cell Data Input Data n: Number of W/IO
Operation Code
AXO~ AX3
Magk Data
WMZ2

Figure 4: block diagram of raster operation

The row address inputs AXQ thru AX3 are used as operation code input signals in
the raster operation set-up cycle.
Table 3 lists the operation assigned to the sixteen logic function modes.

Table 3: Truth table of raster operation

Operation Code Operation Code
Symbol Operation | Note Symbol | Operation | Note
AX3]AX2 | AX1|AXO AX3[AX2] AX1|AXO
0jJ0| 0|0 |ZERO 0 *1 10|00 |NOR Dn+Mn *2
0]0o|[o0| 1 |aND Dn + Mn *2 10| 0] 1 |ENOR Dn®¥n *2
00|10 [AND2 Dn » Mn *2 1|01 |0 1INV] Dn *1
oo |1f1 INHIBIT Mn *2 1 10| 1]|1 | OR2 Dn+Mn *2
0} 1| 0| 0 |AND3 Dn * Mn *2 11|01l 0| INV2 ¥n *2
ol1101|1 *3THROUGH | Dn *1 1/1[0)]1 |OR3 Dn+Mn *2
0110 |EOR DnéMn *2 1 11| 1| O | NAND Dn* Mn *2
01 1|1 JORL Dn+ Mn *2 111 1|1 [ONE 1 *1

Note: *1 Normal write cycle timing is applied.
*2 Raster operation write cycle timing must be applied.
*3 The 'THROUGH' operation mode allows input data to be written directly into
the selected memory location without raster operation. Therefore, 'THROUGH'
is used to reset the raster operation.
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Figure 5: Raster operation set-up cycle

Falling edge of HAS

7

—

& T\ o /A

avorass T et Wi

SOk [T T

o\ JL /
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Don't care

AXO0"VAX3 ..eves.s. RASTER OPERATION SELECTION CODE
(16 functions)

MASK DATA ........ RASTER OPERATION MASK DATA
(Wi/I0i=1 ..... Non masked bit)
(Wi/I0i=0 ..... Masked bit)

Figure 5 shows the timing diagram for the raster operation set-up cycle.

Both TAS and WB/WE must be low at the falling edge of RAS. At this point, the
operation code specified by row addresses AXDO thru AX3 determines the logic function
to be performed and the mask data is latched into the write-mask register WM2.

The logic function and mask data specified during the raster operation set-up cycle
will remain in effect during all subsequent raster operation cycles, till another
raster operation set-up cycle is executed to change the logic operation mode and mask
data.

When the 'THROUGH' operation mode is selected, a logic operation is not per-
formed but the mask data specified during the raster operation set-up cycle remains
in effect during all subsequent raster operation cycles (persistent write per bit
function).

Figure 6 shows an example of raster operation cycles with a write-per-bit cycle
mixed in the sequence. During the write-per-bit cycle, the raster operation is
inhibited and the mask data in register WMl is used while the mask data in register
WM2 is ignored. In the subsequent raster operation page mode cycle, the raster op-
eration is reactivated and the mask data in register WM2 is used again.
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Figure 6:
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Example of raster operation
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TRANSFER OPERATION

The TC524257P/Z/J features bi-directional transfer capability from RAM to SAM and
from SAM to RAM. A tramnsfer consists of loading 512 words by 4-bits of data from one
port into 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 4, the type of transfer operation is deter-
mined by CAS, DT/0E, WB/WE and SE at the falling edge of RAS.

Table 4: Truth table of transfer operation

g Transfer
direction

At the falling edge of RA

CAS | BT/OE | WB/WE | SE
*
L
H

H L H
H L L
H L L

Read/real-time read transfer cycle | RAM~> SAM

Write-transfer cycle SAM - RAM

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 CTAS high, DT/OE 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 SI0Q lines are set into the output mecde.

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 tgpp 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 7).

Figure 7: block diagram of RAM port and SAM port during read transfer

§I101~8104

Serial Read

TTTTTTTTTTTTT%TTTTTTTTTTTTTTTT

SERIAL ACCESS MEMORY

[TITIIT sx= ~ «veeH{ITA]

READ TRANSFER
s Ts x ao e {0 SELECT ROW

-1 512 X 512 X 4bit
- Memory Cell Array

HHAODEA MOH
1
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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 VI[, or VIH, after the SC precharge time has been
satisfied. A rising edge of the SC clock must not occur until after the specified
delay ttgp from the rising edge of DT/OE (refer to Figure 8).

Figure 8: Read-transfer cycle (preceded by a write-transfer cycle)
w /T ‘f\ /[ 7
4043 //f/////»( LD S VY,
VB /422’[4&2’/ T U
57 GE e / S W

8C _\__1(7 \Ii.h.lblt riging trangition \ Zm

tsca

SI01~8I04 DATA- IN 441 paTA-0UT 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 tgcp
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, CAS and the subsequent rising edge of SC
(refer to Figure 9).

Figure 9: Real-time read transfer cycle

= ) /
- — ST
ro~ae 77X wew X swsees XTI

wE /)] ‘T* U ///Z////////////////////////////

DT/O—E \ o

b
S /\\ /-
SI01~8104 X DATA-OUT DATA-OUT x DATA-OUT X DATA-OUT DATA-OUT

Previous ROW I New ROW
T
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WRITE-~-TRANSFER CYCLE

A write-transfer cycle consists of loading the content of the SAM data register
into a selected row of the RAM array. A write-transfer is accomplished by TAS 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 8AM. After the write-transfer is completed,
the SI0 lines are in the input mode so that serial data synchronized with SC can be
loaded.

When two consecutive 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’Vyp or Viy after the SC precharge
time tgc-has seen satisfied, a rising edge of the SC clock until after a specified
delay tgrp from the rising edge of RAS (refer to figure 10).

Figure 10: Write-transfer cycle
RAS } /

so~as 77T wow X sau scare X/7/7/ITTTTTTTTTTY

|
e T77A II LTI
vook TN v ST

so T\ \ f‘\_)r
5E I L LTI |

S8I01~SI04 DATA-IN “ DATA-IN xDATA—IN

Serial Writs for transfered ROW| Serial Write for New ROW

[

SAM Start Addres3s [1s101~8104

SERIAL ACCESS MEMORY

[T s22xs vie J]]1]]

WRITE TRANSFER
T 515 w2 b1t 22 <) SELECT ROW

512x 512 x4 bit
Memory Cell Array

ROW DECODER
LTI T T g TR
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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 accomplished 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 SIO lines from serial
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 tgrp from the rising edge
of RAS (refer to Figure 11).

Figure 11: Pseudo-write~-transfer cycle

ws ) i } [/
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SAM PORT OPERATION

The TC524257P/Z/J is provided with a 512-word by 4-bit serial access memory(SAM).
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 configured
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,

———

‘ ‘ ‘ “ ‘ l } i column adc.lress of re' ad~transfer
DS SIS AP — —— —— £
[-—c- 0 1 2 509 510 511 —l )

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-transier 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 5: Truth table for SAM operation

Preceding | SAM port | DT/OE (at the

Transfer | operation| falling edge SC SE Function
Cycle of RAS)
read- serial L |enable serial read
transfer | output Il

mode H |disable serial read

H*

write- serial L |enable serial write
transfer input |l

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
trasnfer cycle.

— B-76 —



TC524257P/1/4-10, TC524257P/1/J-12

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. In a serial-read,
the output data becomes valid on the SI0 pins after the maximum specified serial ac-
cess time tgcp 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 emable
control. When SE is high, serial access is disabled, however, the serial address
pointer location is still incremented when SC is clocked even when SE is high.

SERIAL INPUT/OUTPUT (SIOl~ SI04)

Serial input and serial output share common I1/0 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 performed,
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 therefore a refresh is not required.
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TIMING WAVEFORMS

READ CYCLE
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WRITE CYCLE (EARLY WRITE)
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WRITE CYCLE (OE ONTROLLED WRITE)
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READ-WTITE/READ-MODIFY-WRITE CYCLE
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PAGE MODE READ CYCLE
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PAGE MODE WRITE CYCLE (EARLY WRITE)
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PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS BEFORE RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE
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REAL TIME READ TRANSFER CYCLE
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READ TRANSFER CYCLE (Previous transfer is write transfer)
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WRITE TRANSFER CYCLE
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PSEUDO WRITE TRANSFER CYCLE
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W4/104

SC

i

&

IN

§I01

SI04

ouT

VIL

VIH

VIH

ViL

Vin
Viy

TG524257P/2/3-10, TC524257P/2/4-12

RS
QLR

XXX XRTIXIXT0
YRR

S

V"‘V
%&&&9

‘RO
tRAS f tRP
LAR 2? N
tcsH
YRSH topN -
\\ toas \_
tasc TeaH
-‘— .V.‘.V.V’V’V.V""’V’ "V"V’V"".V" V‘V‘
SAM START
X Siboness RN

R X T T
RN

B0

vvvvvvvvvvvv

AAANNRARX XX OO OO X
AR KRR XK

Y

TR R XKXKX XTI
m,o,o:o.o.o‘m S

Y Y

TR

y
BN

OPEN

LSRD

tsco

tsc tscp

Inhibit Rising Transient

TSCP |

tsws

R KRR
N et

t3DDp

LK,

\ DATA-OUT

—$vvwvwvwwvvwvvwvvwvwww‘~
RN

tsps| |tsDH

VALID VALID
DATA-IN DATA-IN

} OPEN

——

|
!
!
)
}
|
1
|
!

1
m Don't Care
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS)

VIH ——
- \ /
VIL —
trHs| | *TH4
e — VIH — i
TT/6E \
Vi —
tsce tsce tsce t3cc Tsce |
ts tsc tsc tsc Isc
vig — tscp, 7 tsce Iscp tscp tscp
sc
Vi, — } { } |
LsEP
Vig — y =
= ] \
Vip — tszg| | 1=
VIH —_—
v tsoa tgEA Tsoa Tsca
SI101
S tgoH LsEz tsca ©soH TsoH
SI104
oyt TOH T VALID VALID OPEN A~ vario N varLic VALID
DATA-OUT |A| DATA-OUT T\ DaTa-oUT DATA-OUT DATA-0UT
Vo1, — ]
Mﬂon't Care
SERIAL READ CYCLE (SE=Vyp)
Vig —
s \
Vi —
tTHs TTHH
e ,— VIH—
T30 J/T \
Vin —
tsce tsce tsce tsce tsce
tsg tsc tsc tsc tse
Vig — "—\tscp tsCcP tscp. 4 tSCP[— tscp tsce
8
tsca tsca tsca tsca tsca
tsod tson _t_‘ggﬂ_7 Ysoy UsoH
s101 ; - |
s10 Vor — VALID VALID VALID VALID VALID VALID
i DATA-OUT DATA-QUT DATA-OUT DATA-OUT DATA-OUT [NDATA-OUT
sioe VoL — 4 T

Note:

E=VIL
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE)

Vg — N
_— 4 /
R&sS 1
Vip —
trys R 3: 14
o VIH —
BE/ 5 \
Vin —
. tsce ;| ‘tscc tsce \ tsce tsce
b tsc tso tsc tso tsc
VIH ~— tscp tscp tscp, A tscp TSCP| o tscp
SC : / ‘ Z /
Vin — ) = }
tsEp TSEP
Yows| | Tswn_'swis| | tswrH fsws| |Sswa _Tswis| | tswru |'WS | ‘swH
I Vrg — SR ISE LSE
S8 \ Z
Vi, —
tsps| [spH tsps | [tsDH tsps| |YspDH
Vig —— 2
N N R )
s101 ViL — ATA AN N PATA ATa
)
SIos VoH —
ouT OFPEN
VoL —
MDon't Care
SERIAL WRITE CYCLE (§E=VIL)
_— Vig — B
HAS
Vi —
TTHS LTHH
v _— =
5T/ P 7 \
Vi —
tsoC tsco tsce tsce tseo )
tse tsg tsc tse tSC ‘
Vig — tSCP tscp Yscp tscp tscp tscr, J
=0 N\~ N Y /N
VIL y )
taps| Ispn tsps| |tsou, tsps| |tspw, tgps| |Tsou  tsps| [tspH
i ¥ r~ 1
sIol Vou VALID |\ VALID VALID VALID VALID
! v DATA-IN | DATA-IN DATA-IN DATA-IN DATA- IN
5104 oL
Note: SE=VIL
MDon't Care
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RASTER OPERATION SET-UP CYCLE

Kl

Vin

Vi

Vin

Vin

Vin

ViH

ViL

ViH

vViL

VoH

tRe

tRP

LRAS

trp

tRPC

TCPN | PCSR

LCHR

LRPC

TCPN

o

(¢

/ /

tASR tRAH

ég;o;:‘“.;o. OPERATION

CODE AXO~AX3

TWSR TRWH

AR KXY
T

‘?"'."V"‘V".V""‘V’V.V

XK
K

V"’V"‘V""’V""
RGN

R

\/
%

tMs TMH

7 MASK DATA
—————————————f wM2

)
0’0.00

LOFF

T X
O

."V.V.V’V’V.V.V’V‘v.v’v‘v".v.v.v.v’V’V.V.V'V.V’V.v‘v.'.V’VOV.V.V"’v.%'v V.V’V.V.V’V’V v.v.v’v.v ¥4
B O T OO

ey

A

OPEN

V.'
N

N

A4~ A8 Don't Care
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RASTER OPERATION WRITE CYCLE (EARLY WRITE)

(¢!
o

AD~AS8

DLOE

W1/101
$
W4, 104

IN

ouT

Vin
ViL

vVIL

VIH

VIiL

FRC
tFRAS IRF
________:\ LAR Z
LFCSH
CRP tRCD CFRSH toPN _{
a \\ TFCAS| / ] —X
taASR | |*RAH tasc tcaR
m ROW v, COLUMN
ADDRESS ADDRESS
LFCWL
wsR| |'RwWH twes LWCH
LTHS tweR l
trHY CFRWL
F R R e KX RX XX XX TR
R A e et
tps ’ DR
.-’v.v.v'v’v’v‘v’v’v’v V.V.V"".V".V.V." = VALID
(RGN, onti
UDHR

OPEN

m Don't Care
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RASTER OPERATION WRITE CYCLE (OE CONTROLLED WRITE)

CAS

AO~AB

DT/0E

IN

Wi 101

We 104
ouT

YFRC
LFRAS 'rP
N / \
LFCHS
toRp IRCD trRSH topN
+ LFCAS -
/ A\ [/ \
tAsR| [CRAH Lasc AT
ROW v CoLumMN X0
E QR
! trowy |

twsk| {“*RWH S
AN -

LTHS LOEH

: DO XXX
% RS
tps 2
X KX XXX XKL KINL vaLID KN IREHE XK
o TR R
OPEN
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RASTER OPERATION READ-WRITE/READ-MODIFY-WRITE CYCLE

|

I
>
o

AO~AS8

Wi/ 10

We 10
OU T

Vig —

Vi1 —

VIE —

Vit —

VIH ——

Vip ——

Vin —

vip —

VIH —
Vi —

Vig —

VIL —

Vog —
VOL P

TFRWC
TFRAS tRP
] L
} FCSH -
CCRP “RCD CFRSH TCRN_
_/"' \ Yroas \
tasr| |*RAH TASC toaH
oy = AN YA NV NN
e e
T t LPCWL
WSR RAH trRCS tewp —
s X N
CRWD
tr1HS LTHH LoEH
[
N / ALY X XXX AKX
ik oz N/ e
tDzo “OED taa tpH
X VALID ."V.V".V.V"’V’V.V’V"" \/
- — y para- 1y RO
tcac topz
TRaC
OFEN gnxgﬁfgmg
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RASTER OPERATION PAGE MODE WRITE CYCLE

TFRAS LRp
Vig — 3\
RAS
v — y
iL by
. . TFEG tFEC “FRSH tepy
4 SR RCD
tpcas ., _tcp trcas tcp troas
- VIH —_— \ h\ ] L
Vi — CRAH i = /
taASR tasc TCaH tasc tcaH tﬁ?'c tcaH
Vig — 4 =
po~ng (" Row COLUMN COLUMN COLUMN
Vi, — DRE SS| ADDRES3 ADDRESS | ADDRESS
: CRWH tweH I
TWsR twes i wes| | *woH twes twcH
e v AR AR
WE
Vip — A .
TTHH tFCWL I LFOWL FCWL _!
tTHS ! TFRWL
1
e — VIH — y‘
T/ 08 v
iL —
ps TDH tps | |“DH tps| [pH
v J— N - X - X X AR XARIAAAN
o JALID VALID VALID ,:.:90:0:0’030.0.0.000.0.
vy — | DATA-IN N DATA-IN INAAABOCXAN

w110 tpER
§
W4, 10
Vog —

ouT OFEN 1k
VoL —
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OUTLINE DRAWINGS

Plastic DIP

Unit in mm

28 15 2 &
0
@
24 (=]
< -
) i3
® ~
a S
~ ’\r(?
o
/
emd e e T e T T T T X O T T E ‘\1:)
1 14 (8]
355 MAX.
=
=
= 3
a
ol H
S —
<
2]
¥
| |uaza as+al 2
T I

2.54

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.

— B-99 —



T6524257P/2/J-10, TC524257P/1/J-12

Plastic ZIP
Unit in mm

362102 305MAX.

4

10.16 MAX ..

\
l_l.oj:O.Z

{
\ /
V/4
as5+03

+a1
0.935MAX. 05201 025 -6.05

2.54

ZIP28-P-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

Unit in mm

21002

32 17
mininislisinifxioiaiciniainia!

10Rt0z
1115%0.2
a3+03

lfLJLJLJLJLJLJLJLJLJLJLJLJLJLJLJ__________ h‘GEEQ)____:

16 0

34102

L $0J32-P~400

a71t0l 043+01
4 & [o1s®)]

Note: Each lead pitch is 1.27mm

All dimensions are in millimeters.
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