262,144 WORDS X4 BITS MULTIPORT DYNAMIC RAM
SILICON GATE CMOS

TC524256P/Z-10,
TC524256P/2-12

DESCRIPTION

The TCB24256P/Z 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 con-
ventional DRAM operation modes, the TC524256P/Z
features 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

FEATURES
TCH24256P/Z
ITEM
—10 —12
tpac  RAS Access Time (Max.) 100ns | 120ns
tcac  CAS Access Time (Max.) 50ns 60ns
tRe Cycle Time (Min.} 190ns 220ns
tpe Page Mode Cycle Time (Min.) 90ns 105ns
tsca Serial Access Time (Max.) 25ns 35ns
tsee Serial Cycle Time (Min.} 30ns 40ns
lcct foam) PS"grr?;‘é‘s)CU"em 60mA | B5mA
ICC2A (AN Bis Durrent 40mA | 3BmA
lec2 S':{t)g‘r’:/(lj/bsg/A (’\Iﬂurrent 3mA
PIN NAMES
A0~ A8 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write Per Bit/Mrite Enable
W1/101 ~W4/104 Write Mask /Data IN, OUT
sSC Serial Clock
SE Serial Enable
Si01 ~ S104 Serial Input Output
Vee Power (+6V)
Vss Ground
N.C. No Connection

PRELIMINARY

except when data is being transferred between them
internally.

The TC524256F/Z 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 com-
mon input/output organization allow the TC524256P/Z
to be housed in a standard 28-pin, 400-mil wide plastic
DIP and 400-mil height ZIP. System oriented features
include a single 5V + 10% power supply operation and
compatibility with high performance schottky TTL logic.
e QOrganization

RAM port: 262,144 words x 4 bits
SAM port : 512 words x 4 bits
® Single power supply of 5V £ 10% with a built-in Vgg
generator
® Read-Modify-Write, ‘CAS before RAS refresh, Hidden
refresh, Page mode, Write-Per-Bit, Read transfer, Write
transfer, Serial read, Serial Write capabitity
® All inputs and outputs TTL compatible
512 refresh cycle/8ms
® Package TCB24256P: 0.4 inches 28 pins standard
Plastic DIP
TCH24256Z: 0.4 inches 28 pins standard
Plastic ZIP

PIN CONNECTION (TOP VIEW)

Plastic DIP Plastic ZIP
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ABSOLUT

E MAXIMUM RATINGS

SYMBOL ITEM RATING UNITS NOTES
Vin, Vour Input Output Voltage -1.0~7.0 v 1
Vee Power Supply Voltage -1.0~ 7.0 \4 1
Topr Operating Temperature 0~ 70 °C 1
Tstg Storage Temperature -55 150 °C 1
TgOLDER Soldering Temperature * Time 260+ 10 °Cesec 1
Pp Power Dissipation 1 W 1
IouT Short Circuit Output Current 50 mA 1
RECOMMENDED DC OPERATING CONDITION (Ta=0~70°C)

SYMBOL PARAMETER MIN, TYP. MAX. DNIT NOTES
Vee Power Supply Voltage 4.5 5.0 5.5 v 2
Vix Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage ~1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vgg=5V:10%, Ta=0~ 70°C) _
TC524256P/| TC524256P/
SYMBOL ITEM (RAM Port) iﬁft Z-10 Z-12  |yNITSINOTES
MIN. | MAX.|[MIN,| MAX.
Icc1 QPERATING CURRENT Standby| - 60 | - 55 A 3,4
Iccia | (RAS, CAS Cycling: tpe=tge MIN.) Active | - 100 [ - 90 3,4
Icc2 | STANDBY CURRENT Standby| - 3| - 3
Icc2a |(RAS, CTAS=Vrg) Active | - 40 | - 35 R N
Icc3 |RAS ONLY REFRESH CURRENT Standby| - 60 | - 55 3
Icc3a |(RAS Cycling, CAS=Viy: tpe=tpc MIN.) |Active | - 100 | - 90 A 3,4
Iccs, |PAGE MODE CURRENT Standby| - 50 | - 45 a 3,4
Iccsn |(RAS=Vyp, CAS Cycling: tpg=tpc MIN.) |Active | - 90 | - 80 3,4
Iccs |CAS BEFORE RAS REFRESH CURRENT Standby| - 60 | - 55 RE
Iccsa |(CAS Before RAS Cycling: tpe=tgycMIN.)|Active | - 100 | - 90 3,64
Icce |DATA TRANSFER CURRENT Standby| - 60 | - 55 3
Iccga | (RAS, CAS Cycling: tge=tpc MIN.) Active | - 100 | - 90 mA 3,4
SYMBOL ITEM MIN. [TYP. |MAX. {UNITSINOTES
1) %ggusTvI;EAiKg(.;gvfuiﬁNgther Pins Not Under Test=ov) |10 | O | 10 | wA
Towy OUTPUT LEAKAGE CURRENT 1o o 0 A
(Output is disabled, OV = Vgyr< 5.5V) H
v OUTPUT HIGH LEVEL VOLTAGE
OB | (Wi/T0i, SIOL ..... IoUT=-5mA) I i B v
VoL OUTPUT LOW LEVEL VOLTAGE ~ ~ o N
(Wi/I0i, SIOi ..... IOUT=+4.2mA)
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. TC524256P/Z-10,
TC524256P/Z-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Voe=5V£10%, Ta=0~ 70°C)

(NOTES 5, 6, 7)

TC524256P/ | TC524256P/
SYMBOL PARAMETER z-10 z-12 UNIT |NOTES
MIN.| MAX. |MIN.| MAX.
tre Random Read or Write Cycle Time 190 220
tRWC |Read-Write Cycle Time 250 290
tpg Page Mode Cycle Time 90 105
LPRWC {Page Mode Read-Write Cycle Time 150 175
tpac lAccess Time from RAS 100 120 8,14
teae Access Time from CAS 50 60 8,14
tOFF |Output Buffer Turn~Off Delay 0 30 0 35 10
tr Transition Time (Rise and Fall) 3 35 35 7
trp RAS Precharge Time 80 90
tras |RAS Pulse Width 100 | 10,000{120 | 10,000
trsy |RAS Hold Time 50 60
YCSH |CAS Hold Time 100 120
tcAs |CAS Pulse Width 50 60
trep |RAS to CAS Delay Time 20 50 25 60
YCRP |CAS to RAS Precharge Time 10 10
YCPN |CAS Precharge Time 15 20
tep CAS Precharge Time (Page Mode) 30 35 ns
tASR |Row Address Set-Up Time 0 0
tRAH |Row Address Hold Time 10 15
tasc [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 Command Set~Up Time 0 0
YRCE |Read Command Hold Time 0 0 11
tRRE |Read Command Hold Time referenced to RAS 10 10 11
tyce [Write Command Hold Time 20 25
LWCR |Write Command Hold Time referenced to RAS 70 85
typ Write Command Pulse Width 20 25
tpyl, |Write Command to RAS Lead Time 30 35
LCWL |Write Command to CAS Lead Time 30 35
tpsg Data Set-Up Time 0 0 12
tpH Data Hold Time 20 25 12
YRASP |RAS Pulse Width (Page Mode) 190 (100,000 225 [10C,000,
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 TC524256P/Z-10,
. TC524256P/Z-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued)

TC524256P/ | TC524256P/

SYMBOL PARAMETER Z-10 z-12 UNITS |NOTES
MIN. | MAX.|MIN. |MAX.

tpyr |Data Hold Time referenced to RAS 70 85

tycs |Write Command Set-~Up Time 0 0 13
trwp |RAS to WE Delay Time 125 150 13
tewp CAS to WE Delay Time 75 90 13
tpze [Pata to CAS Delay Time

tpzo |Data to OE Delay Time 0 0

topa |Access Time from OE 25 30

togz |[Output Buffer Turn-Off Delay from OE 0 20 0 25| mns |10
topp |OE to Data Input Delay Time 20 25

togpy |[OE Command Hold Time 20 20

troy |RAS Hold Time referenced to OE 20 20

tesr CAS Set-Up Time for CAS Before RAS Cycle 10 10

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

trpc |RAS Precharge to CAS Active Time 0 0

CAS Precharge Time for CAS Before RAS ,

YCPT  |counter Test 40 50
tREF Refresh Period 8 8 ms
tysr [WB Set-Up Time 0 0
tRWH [WB Hold Time 10 15
tms Write-Per-Bit Mask Data Set-Up Time 0 0
tvu Write-Per-Bit Mask Data Hold Time 10 15
ttys |DT High Set-Up Time 0 0
tryy DT High Hold Time 10 15
trLs  |DT Low Set-Up Time 0 0
trg |PT Low Hold Time 10 15 ns
tRTH DT Low gold Time referenced to RAS 80 95
(Real Time Read Transfer)
R DT Low Hold Time referenced to CAS 30 35
CTH (Real Time Read Transfer)
trpsr  |SE Set~Up Time referenced to RAS 0 0
tREH SE Hold Time referenced to RAS 10 15
ttrp DT to RAS Precharge Time 80 90
trpy DT Precharge Time 30 35
trgp |RAS to First SC Delay Time (Read Transfer) 100 120
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION

TC524256P/ | TC524256P/
SYMBOL PARAMETER z-10 2-12 UNIT |[NOTES
MIN, MAX. MIN. | MAX.
Legp CAS to First SC Delay Time (Read Transfer) 50 60
trsL Last SC‘to DT Lead Time 5 10
(Real Time Read Transfer)
tTsp DT to Frist SC Delay Time (Read Transfer) 15 20
tsrs |Last SC to RAS Set-Up Time (Serial Inmput) 30 40
tepp |RAS to First SC Delay Time (Serial Input) 25 30
tSDD |RAS to Serial Input Delay Time 50 60
S0 [T (roeuds Write Teamstery o | 10| 50 | 10| o 10
tgzs Serial Input to First SC Delay Time 0 0
tscec  |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
tson |Serial Output Hold Time from SC
tsDps Serial Input Set-Up Time
tepy |Serial Input Hold Time 20 30
tgga |Access Time from SE 25 35 9
tgp  |SE Pulse Width 25 35
tggp |SE Precharge Time 25 35
tSgEz |Serial Output Buffer Turn~Off Delay from SE 20 0 30 10
tgzr |{Serial Input to SE Delay Time 0
tSWS |Serial Write Enable Set-Up Time 5 10
tggg |Serial Write Enable Hold Time 15 20
tswrs |Serial Write Disable Set-Up Time 5 10
LowIH {Serial Write Disable Hold Time 15 20
CAPACITANCE (v¢c=5V+10%, f=1MHz, Ta=0" 70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
€11 Input Capacitance (A0~ A8) - >
C1o Input Capacitance (RAS, CAS, DT/DE, WB/WE, SC, SE) - 5
Cro1 Input/Output Capacitance (W1/IO1~ W4/104) - 7 PE
C1o2 Input/Output Capacitance (SIOL~ SI104) - 7
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NOTES:

1.

i0.

11.

12.

13.

14,

"

Stresses greater than those listed under "Absolute Maximum Ratings
permanent damage to the device.

may cause

All voltage are referenced to Vgg.
These parameters depend on cycle rate.

These parameters depend on output loading. Specified values are obtained with
the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS
cycles and any 8 SC cycles before proper device operation is achieved. In case
of using internal refresh counter, a minimum of 8 CAS Before RAS initialization
cycles instead of 8 RAS cycles are required.

AC measurements assume tp=5ns.

VIH(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Viy and Vyr.

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 50pF.

tOFF(max.), tOEZ(max.) tSDz(max.) and tSEZ(max.) define the time at which the
output achieve the open circuit condition and are not referenced to output
voltage levels.

Either tgcy or trry must be satisfied for a read cycles.

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

twcs, tRWp and towp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If tygs2 tycs(min.), the
cycle is an early write cycles and the data out pin will remain open circuit
(high impedance) throughout the entire cycle; If tpwp = tryp (min.) and tewp 2
tewp(min.), the cycle is 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 tgpcp(max.) limit insures that tpac(max.) can be met.

trep(max.) is specified as a reference point only: If tgrep is greater than the
specified tpgp(max.) limit, then access time is controlled by tcac.

—225—



DEVICE INFORMATION

RAM PORT OPERATION

Operation Truth Table

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

RAS | CAS ADDRESS T/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: Vg, L: Vip, *: Viyg 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, 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/OE)

The DT/OE input is a multifunction 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 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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4256P/Z-10,

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/I01l to W4/104)

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 '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.

PAGE MODE

The page mode feature of the TC524256P/Z 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 periocdic 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 also offers an internal refresh function. When CAS is held
'low' for a specified period (tcgr) 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 CAS-before-RAS refresh cvcles, 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
specified RAS-precharge period (refer to figure 1).

Figure 1: Hidden refresh cycle

Memory Refresh Refresh
L Cycle | Cycle Cycle
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W TN\ /\ -
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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 (WM1). 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 '1' 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 .
A S R ——— Function
CAS |DT/OE |WB/WE [ Wi/IOi (i=1~ &)
H H H * Write Enable
i bl
g u 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
RAS /- —_— CRT display —-—-7( paxed
oS W/ oojoooolooooly”
[eYe}(eYeYeYe) Y X Yol(6]

A0~AB ROW COLUMN 1//// 000008 0eO 00

— | _0000®0J000 Q0

pT/DE - 00 00000
| 00000000000 @ write "1"

ﬁ/ﬁm v /7>\ W OO?OOOOOOOO O Write "o"
T L / )} O No write

w101 I\ Mook //////I/////V/////////
w2102 Wmnalme Werite"l"Y{{f{““_
Ws/103 77\ Maok /77//{//////////////] [ [ w108 Write 0"

e . |

L S Write ~——— W1,I01--No write(Masked)

Wn/Ion="L"---Mask Bit
Wn/10n=:"H" -.-Write Enable Bit
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TRANSFER OPERATION

The TC524256P/Z 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 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 3, the type of transfer operation is
determined by CAS, DI/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/0OE 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 GAS 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 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 btecomes valid on the 5I0 lines after the speci-
fied access time tggp from the rising ecge 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
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6P/Z-10,
266P/Z-12

In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC
clock must be held at a constant Vyy, or Viy, 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)
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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.

Al

|

Q|
>
w

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 6).

Figure 6: Real-time read transfer cycle
e _\T\ Vo
so~as 77X mow X ISAM swrt X
L/ N Y,
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e W~ AN N

\\l
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Previous ROW { New ROW
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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 or the RAM array. A write-transfer is accomplished by CAS high,
DT/0E low, WB/WE low and SE low at the falling edge of FAS. 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 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: Vi or Viy after the SC
precharge time tgy has seen satisfied, a rlslng 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
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PSEUDO-WRITE-TRANSFER CYCLE

The pseudo-write-transfer cycle switches SIO 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 SI0 lines from
serisl output mode to serial input mode. During this period, the SC clock must be
held at a constant V], or Vig after the tgg 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 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 TAS 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.

y — Tap location determined by
‘ 1 ‘ ‘ ); J ; ‘ column address of read-

I__.0 1= 2= - = 500 —w 510 — 511 _] 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 cutput 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 DI/0E (at the
Transfer gAngzizn falling edge | SC |SE Function
Cycle P of RAS)
serial L enable serial read
read- output il
transfer mode ‘I H disable serial read
H*
Write— §er1al L enable serial write
transfer input |]
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 SIO pins after the maximum specified
serial access time tgca 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 mext 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,
5E 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 (SIO1~ SI04)

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

READ CYCLE

A0~A8

DT/DE

IN

Ww1/101
{
W4,104

ouT

—236—

tRre
tras tRP
tcsH
“OoRP tRCD tRsH topN
tcas 4
A\ /] \_
taSH |tram tasc toaH |
ROW COLUMN XXOO0OOXX
ADDRESS ADDRESS ?020?0202&2020202020,"
tres TRRH
oottt
’A’AAAAAAAAAAAA‘A
tROH
s | | YTHE
& N/
tpzo toEA
4
toac SOFF
tRAC torz
OPEN { VALID DATA—OJT }————

§§2§ Don't Care




WRITE CYCLE (EARLY WRITE)
tRC
tRasS L trp
Cwe—— - F——
BAS
vin — ) \___
LosH
‘CRrp tRrCD tRSH TePN
Vi — toas
L N\ Y/ N\
tasrl |tRan tasd | ‘cad
Vig — Y
somse 1% THIIN omees KRN smbecto
L — —_
towL
twsk| | YRWH twes twCH
o X
WE,/WE WEB
Vi —
tWCcR
]Tfrﬂs EH LRWL,
—_— — VIH o \VAA WALV WV W AVAVAVAVAVAVAY, VAV, ). 'VV"""""""‘VVVVV' "'
BT, 58 T 0 w'n
S e.s.zo&.ees&e.r N
tMs Ty tps tDH
VIH — - - AV VAV VY Y VA AN/
o N YN et RN KRR
W1,/101
l TDHR
W4/ 104
oUT vor — OPEN
Vor, —
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WRITE CYCLE (OE

CONTROLLED WRITE)

ViL

Vin
AO~AS8

3
3

DTOE

IN

w1101
¢
W4, 104

ouT
VoL

tre
tRas trp
-—— F—
N tesH
LCRP TRCD tReH toPN
- toas
_/ \ /[ / \
tasgr| |tram tasc tcaH
J— oW Py " : "" "’v".vv’v’v’V"’v’
_ XN sovress ADRESS @&% XXX
towL
twsR |VRWH tRWL
- twp OOXXX XXX XXX
trHs) _@g{_ _{
- N OO0
——W .0. AN
tus CMH tos | UoH
- MASE DATA VALID GOOOOOBOOOONKXXXXKY
— Wi pata-18 IR
- OPEN
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READ-WRITE/READ-MODIFY-WRITE CYCLE

AO~AS8

WB/WE

DT/ OR

IN
WLI01

W4a/I04
ouT

Vin
Viy

Vin

Vin

VoL

LRWC
FRas /t:m
T = \_
tcsH

tCRP tRCD tRSH tepw
__f tcas /_J/»—————Ai:'

TASR| |URaH tasc toan
- ROW COLUMN AR YOONWAARXXY )
_ 30X amoriss sormss_ KAKRXOKKRIIN

tewL

twsRr| |VRWH tRCS LoaH tRWL

B K N Rt
LEWD

STHS| tray LOEH
- ¢
—X7 N N R

tMs tuy “D20 toEp (0S| |
- MASK DAT N VALID OOXXXIRRXRXX TRy
_ m 5@! — S RS

trac teac torz

: OPEN Dé‘gﬁxl—tlo%'r
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PAGE MODE READ CYCLE

AO~AS8

3
3

3
=3
N
o
=1

W1/101

W4/ 104

ouT

RASP _tRP
Vig — :\ tAR /q
Vi — <5
tpc tpg
t t
_LC.R_I: ‘rep top top RSH topn
Vig — teas R toas M \ toas :\
Vin — tosH .
t
tASR CRay. b | toal tasc toan tAEQ tCoAH
Vig — ’
ROW COLUMN COLUMN COLUMN
Vi — ADD ADDRESS ADDRESS 5 ADDRESS
tRes tRCS tRCH
o |
tRes tro tReH, o
Yin XXX s W
Vi, — A’A‘A‘A‘A“A‘ XXXX0
bras| [trm
VIH ——y& 7 /:-——q—j /}_—.—
Vi, — yi / 4
DZ0O ’
VIH — & [
— 4
VIL toEA ||TOFH ToEa | {tory toEa LOFF
tCAG {oma Toal tonz toag toEZ
Vo — OPEN VALID VALID VALID
Vor — DATA—OUT DATA~OUT DATA—OUT
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PAGE MODE WRITE CYCLE (EARLY WRITE)

A0~A8

&l

DT/ CE

W1/I01
t
W4/ 104

oUT

tRASP LRP
Vig — 3 tAR |
trc tpc

tCRP tRCD tcp . tcp | tRsH topy
Vin ‘—f \ toas Z)t ’\ toas f \ tcas /

Vi, — tcsy -
tasc

taSR| |tRaH toan tasc tea tasg tean
Voo ] -

12 ROW COLUMN COLUMN 5 COLUMN
vy ADD ADDRESS ADDRESS ) ADDRESS
L — -
| twcH

twsr| |*RFE tygc twen twos tweH twes

VIH — twp twp twp
WP
Vi — 4
towL towL LowL _]]

THS E‘E’H TRWL
A R X
Vi —

tpH tpH

t t t t t tpa

Ms| 1% tps DH D) D8
v - VVV\/ 4

IH w1 VALID VALID VALID “0‘0.0‘0:0:0:0;0:0'0’
Vi DATA-IN DATA-IN paTa- TN _PNXAEAARAO
UDHR
v, —_—
OH OPEN 4§
Vor, —
0.0‘0;‘:‘ Don't Care
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PAGE MODE READ-MODIFY-WRITE CYCLE

(e
e
[65]

AQ ~ A8

VIL

Vin
Vip

__ Vin

Vin

__ Vim

=

W1 I01

W4e 104

l—OUT

Von
VoL

LRASP tRP
P—
TAR
LPRWC LERWC tRsH
tRCD tcH top
—_— cCAS \ T‘CAS r—.=\ tCAS /——7—
—_— tasg -
TRAH g
i taoem
taASR toan toLw | | AS0 | tcan towL l | ASCL | Ycan TRWL
 \row M| coLumn &‘0‘0‘0‘0‘0‘0‘0‘0’0‘% COLUMN % ){ "COLUMN
_ ADD ADDEESS NYOOOOXXXXXYN. ADDRESS Y\ ADDRESS
tysg | |CRWH twp ty twp
e
WPB \ \
— tewp tewn - towp
LRWD
t
twsE | THH
1 ‘
- N/ N/ o
tpzp DL Dz
tps
tMH tTZ0 tps tps
— N |
WM1 R ) » +
— ><l \ / \ A | \
toRra \ fBEA T‘OEA, \
. VALID " VALID e VALID
CAQl |togy DATA-IN CACl ltopz  DATA=IN  ftoaql |,  DATA-IN
tRAC et OEZ
- N N / }________
_ \_J \ S L\
\ \ \
VALID VALID VALID
DATA—OUT DATA-OUT DATA—OUT
m Don't Care
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RAS ONLY REFRESH CYCLE

— Vig—
Fas
Vip—
Vig ™
AS
Vip—
vV —
ao~ag TH
Vip —

XXX
XX

tRC
trp
LRaAS /‘ K
tCRP tRPC t}ﬁa‘
tasn| | *Ran
ROW ANEXAEEXXE XXX KOOEX) QAR
aporess D X

XXX XTE XK
.”’Q.Q’Q ."0.0‘0’000’0’0'&’0“

. Vig —

Vip—

W1/I01
l
We,/ 104

Vor —

VoL —

tTHS

tTHH

RURRER AR,

X

X

X

WX

TTRRRTIXS
SRR

—243—

OPEN

@m Don't Care



CAS BEFORE RAS REFRESH CYCLE

LRC

LRP tRP
RAS Vin — tRAS X
RAS s
Vip — trpC KX i¥/ tRPC
, tepy tos toxm 'tCRP
— IH —
CAS - -_/ | / / N
— . Vg — ’V‘V".V’V‘V'V‘V’V.V.V‘V‘V’V'V.V.V’V’V.V’V.V’V m&& """""""”"‘0"‘"’6’.”8’3’/
T — ‘o?ofofofofofofof!ofofo?ofo?o?ofofofofotofofot BN
Vig — ".v.v’v’v‘v’v’v’v‘v’v.v‘v‘v.v’v.v'v‘v.v.v.v.v &z& '0'0'0'0'0'0'0‘0'0'0'0'0'0'0'0'0'#'0'0’0'0'0‘0’0’0’
e
toFF
W1/I01l Vay e
¢ o ) OPEN
Wi/104 Vo — 1’4

Note:

A0~ A8=Don't Care
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HIDDEN REFRESH CYCLE

AQ~A8

g
3

W1/101
{
We./104

tre tre
tRAS |

Vig—"" '“\ taR \ tRAS \
Vip— :

tCRP tRCD tRsH tepy

“CHR

- \ / /e
VIL -_—

tAaSR| [PRAH tasg {toaH

o] e
Vim — ROW COLUMN '0;0;0‘0‘0'0;0‘0‘0‘0
Vip — ADDRESS ADDRESS ?..’A‘A‘."‘.‘L‘A.A’
- R B g
VIL _— J
3| | *THH
LROH
Vig — \ e / /
Vip — t
- OEZ
LoEs P
torp toas torz
° N VALID DATA-OUT N

VoL — e

MI Don't Care
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REAL TIME READ TRANSFER CYCLE

[2:0]
‘RaS = tre
v — ————
ms \ UaR . 3 X
Vi, —
tesu
tCRP tRCD treH tepN
— Vig — toas / K
CAS ViL —/ \\ Z /
taSR| |tram tasc toan
Vi — SAM START | WX XKXXXXRLINRN)
A0~A8 Vi _@{ AD%PO(%)VSS E@( A]gDREgS . X 0’0202020202020’0202’2“
twsr| |*rwH
o s O XXX XXX XXX Y XX KKK
L = 0’0’0’o‘o‘o’o’o’o’o‘o’o‘o’o’o‘o‘o‘o‘o‘o’o‘o’&o’
tcTH trrP jf
TP
e iy - "m’m ORI
v — / LS
tOFF
W1/101 Vog __ K
1§
We, Toe Yor —_ X tsoc
tsc iT_s_L! "
v — |~ - )
sc tH _\——/ tsep, / /i
Vi, — —
IN Vi — OPEN
Vip, —
8I01 tsca tsca
1§
SI04 tson tsor
Vor — ] %
M v — K oo N ot X ot X oatator Nooniiie X
i
Previous Row Data ——em :--—— New Row Data
]
Note: SE=Vyp @gﬂ} Don't Care
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READ TRANSFER

CYCLE (Previous transfer is write transfer)

_ v
Ras 1"
VIp
— VIH
CAS
ViL
ViH
AO~AS8
ViL
__ __ Vim
WB/WE
VIL
— VIiH
DT OE
ViL
W1/I01 Voy
!
W4/104 VoI,
VIH
sc
Vi
Vin
IN
v
s101 IL
l
8104
Vor
ouT
VoL

tRe
TRAS trp
-~ o A
tesH
LeRP tROD LRSHE toPN
- \\ toas 4 /' 1\_
tasr| |PraH tasc toaH
- ROW SAM START XXX
I e R
twsr ‘tRWH
R R Rk
tTRP |
| tre |
trns| {*TLH - A"

- v.V""’V V.V’v."v'v’v' ’ . ’v‘v’v‘v.v.v.v‘v‘v
R / /| QR
tesp

torp tRsD
 em—
\
o LTSD t3ce
tsRg | tsc
—_ tsep ﬁ\ tscH
_ fle —V/ /o O\
V;Es; tspH tyzs |
— VALID 0'0'0'0'0'0'0'0'0'0'0'
/A paTaiy ST
tsca LS0H
B L ot X
Note: SE=Vyj, m Don't Care
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WRITE TRANSFER CYCLE

AQ~AS8

WB/WE

DT/ CE

w1101

{

We 104

8C

sI01

SI04

IN

ouT

\_
\

tRre
tRas tRP
- K\ LAR z}
tosH
'CRP tRSH tepN
7 e
TasR | {ERAK tasc toaH
- y VATAaYATATA A A A A A ATAAY;
) XXXOOOXXX
R o it Xt

— twsr| [CRwWH WAV VAV AV Y AVAAVAL VAV LV VWAV VAV, V.,
OOOOCEHXXXOOOCOOAOBON
— @% WWWW XN

— trig| |PTLy A v’v‘v’v’v’v’v‘VOv.v'v’v‘v’v’v‘v‘v'v’v‘v’v.v.v’v’v
— mmm&g BB

LoFR
o OPEN
— i'4
LSRD tsce ;
LSRS tsc
- t t
tse Inhibit Riseing Transint —\’—EP—Z SCH
- =
TESE |
AN M WWWWW
tsps| |tsDy tsps| | tsp
- vaLID NN XXX VALID }@( VALID
o NORRRRR: IS et P
Ilzgvevv]i)z?: - E—’ New Row Data
)
¢ 1

OPEN

mg Don't Care
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PSEUDO WRITE TRANSFER CYCLE

tre
tRAS trp
- ZIN —""'—‘\ tAR
L — |
TesH
LCRP tRSE LcPN |
55 ViN — \ toas /
oAs VIL _/ \ Z /-
Tasr| {TRa tas TN
- VIN — : vvvv’v v.v’v.v’vv.v.v.v‘
o T i IRl DRI
I ] T
Vi — QOO0 0000000, 0NNN“NONNNNNNN
o T R T,
Vi, — QOO OROQOOOOOOOXX X XXX XXXXXXX)
LOFY,
W1/101 Vo —
1§ OPEN
W4,/104 VoI, —_.___1[
LSRD tsce |
tgRs tse
Vig — . anei tscp Q\ tsoR
sc vip — / tac Inhibit Rising Transient \',. /
TESR| |TREH
= T N
v — I000000 00000 000.0000.00900, |
tspD
tspz tsDg LsDH
vVig o tsrz SVAVAVAVAVAVAVAVAVAV,Y.
AX OO0 VALID VALID
e — . RRRRE s XXt
SCA
sI01 |
II tsoH l
8104 |
VoH |
out Vor DATA-OUT X I)AYI‘iILIOII)ITZ_ CPEN :
Sdrial :__., Serial

Cutput Mode
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SERIAL READ CYCLE (§T£ CONTROLLED OUTPUTS)
— Vig
TAS /
VIL
trus| | TTHH
——-1
DT./OE VI JK
v \
IL
tsce tsce tsce tsce tsce ,
tsc tse tsc Tsc [ L bsc
jpmi—— s
sc V1 tse tscp tscp Nitscp /7 tSCP tscp
ViL /
tSEP
__ Vin s
SE
Vin tSZE |
Vin
IN
VIL t © tsca tsca
SI01 SCA SEA sc
[1 tg5oH LsEz tgca LSoH L350
8104
ouUT VoH VALID VALID VALID x VALID x
v DATA-OUT DATA—OQUT DATA—OUT DATA—OUT
oL
&&g Don't Care
SERIAL READ CYCLE (SE=Vyy)
— v
55 1H —
VIiL
STHs| | tTHE l
paf e
Vin x
DT, OE / \
Vi
tsce tscc Tsce tsce tsce )
itsc Lsc ‘_tsc _'Csc tsc
- ——\&crj/ tscp, £ tscp A |tsce, ;’m tSCP tscp
sc
v ‘-——‘i(
w tsca tsca tsca tsca tsca
tsoH, LsoH tSOH tson tsoH
SIOL v LI VALID
OH VALID VALID VALID VALID VALID
{ X DATA--OUT DATA—OUT DATA-OUT DATA—OUT DATA-OUT DATA—OUT
SI04 VoL
Note: §2=VIL
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE)

2

=]
=
N
o
=

8C

IN
sI01

SI04
ouT

' 524256 P/Z-10,
C524256P/Z-12

Vin — .
ViL—
CTHS trHH
—
Vig, — / \
tgece tscc tsce tsce tsce
tse tsc tag | tsc tsc

v —_ ; y—

IH ——\&%/ tsop / tscg_/'q\PZP/ :“\E%P/ *SCE
Vip — S = \

tSEP LSEP
= b
tsws twH Csrﬂs_' towrn |YWs | UswWH feWlg | towry Yews | “sWH
Vi — tSE tSE [ \ tSE
Vip — =
tsDs tsDH tsps LSDH tsps LspH

Vig — NV VAVV.VAY, -

H VALID }‘ 0.0.0.&0.0.0.0.0.0.0;0;0‘ VALID VALID
Vg — DaTa-IN_ANOOOCOOOOOO N DATA-IN DATA—IN
v —

oH OPEN
Voo —

2
N
&l

SI01

8104

&Ei Don't Care
SERIAL WRITE CYCLE (SE=Vyy)
VIH — /———
vip — . "
THS THH
S
Vig — ]r ‘1\
Vin — /
tgce tsce tsece tsce tsce |
tsc tsc tsc tsc tse
| ——] __..] ‘
Vim — tscp \tSCP/ tsop tsop X tsc:P/ tgcp
| o=l mn{
Vip — t: - - / 1
tgps| |tspr  tsps | tspH, tspd |TSDH ‘Csas tspH , 'sDS| {VSDH
pam—and frar—td ] e ot
Vor — VALID VALID " VALID © VALID " VALID
v DATA-IN DATA-IN DATA-IN DATA~IN DATA-IN
oL = 2
Note: SE=Vyp, mgg Don't Care
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TC524256P/Z-10,
TC524256P/Z-12

OUTLINE DRAWMINGS
* Plastic DIP
Unit in mm

<8 15
e 6 e S -

9 1 MAX.

14

| 101610R5

38 5 MAX,

laOMAX.

l
|
i
!

2541025

0~ 15°

= astals
Z

=

P 141015

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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TC524256P/Z2-10,
TC524256P/Z2-12

¢« Plastic ZIP

Unit in mm

3683 MAX, &OMA%.
4 e
. o~
5 S
=l &
o o
INDEX DOT S
| —
= v
it
=
‘35 1007
0252505
as+01l 127 TYFE, '
e —t= 127 TYP.
254 TYP,

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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- TC524256P/z-10,

TC524256P/Z-12
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