65,536 WORD x 16 BIT DYNAMIC RAM

DESCRIPTION

The TC511664J7Z is the new generation dynamic RAM organized 653,536 words by 16 bits, The
TC511664J/Z utilizes TOSHIBA's CMOS Silican gate process technology as well as advanced circuit
techniques to provide wide operating margins, both internally and te the system user. Multiplexed
address inputs permit the TC511664J/Z to be packaged in a standard 40 pin plastic SOJ and 40 pin
plastic ZIP. The package size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. System oriented features include single power
supply of 5V *10% tolerance, direct interfacing capability with high performance logic families such as
Schottky TTL.

FEATURES
& 65,536 word by 16 bit organization ¢ Single power supply of 5V 10% with a built-
¢ TFast access time and cycle time in Vgp generator
TC511664,7 - 80/- 10| ¢ Low Power
633mW MAX. Operating (TC511664J/Z-80)
taac | RAS Access Time : 80ns | 100ns 495mW MAX. Operating (TC511664J/Z — 10)
taa | Column Address Access Time 45ns 55ns 5.5mW MAX. Standby
teac | CAS Access Time 15ms 40ns | 8 Qutputs unlatched at cycle end allows two-
tae | Cycle Time 135ns 170ns dimensional chip seleciton
- ¢ Read-Modify-Write, TAS before RAS refresh
4 Fast Page Mode Cycle T 55ns 65ns v Y !
AT R ! i RAS-only refresh, Hidden refresh, Byte-Write
and Fast Page Mode capability
o All inputs and outputs TTL compatible
¢ 256 refresh cycles/dms
¢ Package Plastic SOJ : TC511664J
Plastic ZIP : TC511664Z
PIN CONNECTION (TOP VIEW) PIN NAMES
Plastic 5QJ Plastic 2P 'S:MBAO‘IL yer INAME
o~ {4] ress Inputs
Vgy Nve [3) 31 vos RAS Row Address Strobe
7] ] H L
£,§ ¥010 3.}' E; e A% Colomn Address Strabe
014 uo12 L3, IS :
V013 woa [7) :% :/g:: uw Read/Upper Byte Write
vo12 016 L:] E‘-U v Input
ot wor [y FE o) oW |ReadiLower Byie Write
09 Vee tLh 4] wo3 Input
N.C. 14 ‘:s{ g wos Ot Enabl
é& o6 1:7# ti5] o Quput Enable
at o8 ‘:‘:1 3] ne 11001~1016 | Data Input/Output
N.C. Yeo Q ] w Vee Power { + 5V)
NG LW 1 4] RaS
NC. FURNELY 21 A Vss Ground
a7 az {@ rial a3 N.C. No Connection
A6 79 S
ae (39 ey
AS ne (i 0 Ve
Vys 3 (3] NG
Vi L1 Tia] as
Af ’_5‘ re
ve (&
a3 w Ve
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TC511664J/Z-80, TC511664J/Z-10

BLOCK DIAGRAM
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TC511664J/Z-80, TC511664J/Z-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTE
Input Voltage Viy -1~7 v 1
Output Voitage Vour -1~7 vV 1
Power Supply Voitage Veg -1~7 \ 1
Operaung Temperature Topr 0~70 °C 1
Storage Temperature Ts1g - 55~ 150 °C 1
Soldering Temperature : Time T<oLpER 260-10 °C-sec 1
Power Dissipation Po 700 mw 1
Short Circuit Qutput Current oy 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)

SYM8COL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 ) 2
Vig Input High Voitage 2.4 - 6.5 v 2

1 Vol
Vi AT Fa% A%, UW, TW, O) -10 4 - 0.8 v 2
' Input Low Voltage (O1~1/Q16) ~0.5 *2 - 0.8 Vv 2

*1 -2.5V atpuise width S 20ns
*2 -2.0V at pulse width S 20ns

DC ELECTRICAL CHARACTERISTICS (Ve =5V £ 10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
. OPERATING CURRENT TC511664)/Z-80 - 115 A 345
1 Avera g Power Supply Operating Current m . 4,

%AS’ Address Cycling: tac=tac MIN. ) TC511664)/2-10 - 90
STANDBY CURRENT
lece Power %ply Standby Current - 2 mA
(RAS = Vi)
RAS ONLY REFRESH CURRENT TCS11664)/Z-80 - 115
lcca | Average Power Supply Current, RAS Only Mode mA 35
(RAT Cycling, TAS a Viy: tac=tac MIN. ) TCS11664)/2-10 - 90
FAST PAGE MODE CURRENT TC511664)/2-80 - 70
leca Average Power Su, chrly Current, Fast Page Mode mA 3.4,8
(RAS = vy, TAS, Address Cycling: tec = toc MIN.) TCS5116641/2-10 - 60
STANOBY CURRENT
lees Power %gply Standby Current - 1 mA
= V=02
CKS BEFORE RAS REFRESH CURRENT TC5116641/2-80 - 115
lces Average Power Supply Current, CAS Before RAS mA 3
Moda?'k! CAS Cycling: tac = tac MIN. ) TC5116644/Z-10 - 90
INPUT LEAKAGE CURRENT
i input Leakage Current, any input -10 10 pA
(OVE V|yS 6.5V, All Dther Pins Not Under Test = 0V)
| QUTPUT LEAKAGE CURRENT -10 10 uA
OW | (Doyr is disabled, OV S VoyurS5.5V)
v OUTPUT LEVEL 2.4 _ v
OH Output "K* Level Voltage ({loyrs - 2.5mA) ‘
v QUTPUT LEVEL - 0.4 v
oL Output “L" Level Volitage (loyr = 2.1mA) '
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TC511664J/Z-80, TC511664J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Ve =5V110%, Ta=0~70°c}{Notes 6, 7, 8)

! TCS11664)/2-80 | TCS116641Z-10
SYMBOL | PARAMETER UNIT | NOTES
; MIN Max. MIN MAX.
tac | Random Read or Write Cycie Time 135 - 170 - ns
tamw Read-Modify-Write Cycle Time 180 - 225 - ng
tog fast Page Mode Cycle Time 55 - 65 - ns
toanw Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns
taac Access Time from RAS - 80 - 100 ns  19,14,15
itac Access Time from TAS - 35 = 40 ns | 9.14
taa Access Time from Column Address - a5 - SS ns 9,15
tepa Access Time from TAS Precharge - 50 - 60 ns |9
oLz TAS 1o Qutput in Low-Z 0 - Q - ns |9
toFE Qutput Buffer Turn-off Delay 0 20 0 20 ns 10
ty Transition Time (Rise and Fall) 3 50 3 50 ns -]
tre RAS Precharge Time 45 - 60 - ns
taas RAS Pulse Width 80 10,000 100 10,000 ns
taase RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns
tagh RAS Hoid Time 35 - 40 - ns
tesH TAS Hold Time 80 - 100 - ns
teas TAZ Pulse Width 35 10,000 40 10,000 ns
tacp HAS to TAS Delay Time 20 45 20 60 ns |14
taap RAS to Column Address Delay Time 15 35 15 45 ns 5
teap TA3 1o RAS Precharge Time S - S - ns
tep A3 Precharge Time 10 - 10 - ns
las] Row Address Set-Up Time 0 - 0 - ns
taam Row Address Hold Time 10 - 10 - ns
tase Column Address Set-Up Time 0 - 0 - ns
toam Column Address Hold Time 15 - 15 - ns
tar Column Address Hold Time referenced to RAS 55 - (13 - ns
taaL Column Address to RAS Lead Time 45 - 55 - ns
tacs Read Command Set-Up Time 0 - 0 - ns
tRCH Read Command Hold Time Q - 0 - ns 1
tram Read Command Hold Time referenced to RAS 0 - 0 - ns |1
tweH Write Command Hold Time 15 - 15 - ns
R Write Command Hold Time referenced to RAS 55 - 65 - ns
twe Write Command Pulse Width 15 - 15 - ns
tawi Write Command to AAS Lead Time 20 - 20 - ns
tewt Wirite Command to CAS Lead Time 20 - 20 - ns
tng Data Set-Up Time 0 - 0 - ns 12
tom Oata Hoid Time 15 - 15 - ns 12
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TC511664J/2-80, TC511664J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC QPERATING CONDITIONS
(Continued)

TC511664)/2-80 TC5116641/Z-10
SYMBOL PARAMETER UNITS NOTE
MIN. MAX. MIN. MAX.

toKR Data Moio Time referenced to RAS 55 - 65 - ns

tagr Refresh Period - 4 - 4 ms

twes Write Command Set-UP Time 0 - 0 - ns 13
WD TAS to 'WE Delay Time 55 - 70 - ns |13
tawn RAS to WE Delay Time 100 - 130 - ns |13
tepwo CAT Precharge to WE Delay Time (Fast Page Mode) 70 - 90 - ns 13
tawd Cotumn Address to WE Deiay Time 65 - 85 - ns 13
tcsR TAT Set-Up Time (TAS before RAS Cycle) 5 - 5 - ns

teha TAS Hold Time (TAS before RAS Cycle) 10 - 10 - ns

tapc RAS to TAS Precharge Time 0 - 0 - ns

tept TAY Precharge Time (CAS before AAS Counter Test Cycle} 40 - 40 - ns

tROM RAS Hold Time referenced to OF 15 - 20 - ns

toEa TE Access Time = 35 - 40 ns

toED OF to Data Delay 10 - 20 - ns

togz Output Buffer Trun Off Delay Time from OF 0 10 {1 0 20 ns

toEH OF Command Hold Time 10 - 20 - ns

thacs Masked Write Set-Up Time 0 - 0 - ns

I Masked Write Hold time Referenced to RAS 0 - 0 - ns

thacH Masked Write Hold time Referenced to CAS 0 - 0 - ns

CAPACITANCE (Ve =5V 2 10%, f=1MHz, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX, UNIT
Ch Input Capacitance (A0~A7) - H pF
Ci Input Capacitance (RAS, TAS, UW, TW, T8) - 7 pf
Co Input/Qutput Capacitance (/O1~1/016) - 7 pF
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TC511664J/Z2-80, TC511664J/Z-10

NOTES:

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

2. All voltages are referenced to Vss.

3. Iccr Icca Iccs Icce depend on cycle rate,

4. Icci, Iccs depend on output loading. Specified values are obtained with the outputs open.

5. Column Address can be changed once or less while RAS=V(, and CAS=Vij.

6.  An initial pause of 200ys is required after power-up followed by 8 RAS only refresh cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8
TAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tT=5ns.

8. Vig(min)and ViL(max.) are reference levels for measuring_ timing of input signals.

Also, transition times are measured between Vi1 and VL.

9. Measured with a load equivalent to 1 TTL load and 50pF.

10. topF (max.) and togz (max.) define the time at which the outputs achieve the open circuit condition
and are not referenced to output voltage levels.

11. Either tgcy or tRRH must be satisfied for a read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and to TUW, LW leading
edge in read-modify-write cycles.

13. twes, tRWD, tCWD, tawD and tCpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZ twes (min.) the cycle is an early write
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If
tRWD 2 tRWD (min.), tecwp2 towp (min.), tawp= tawp (min.) and tcpwD2 tcpwp (min.), the cycle is a
read-modify-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.

14. Operation within the trep (max.) limit insures that trac (max.) can be met. trcp(max.)is specified
as a reference- point oaly: If tRcp is greater than the specified treD (max.) limit, then access time
is controlled by tcac.

15. Operation within the tRAD (max.) limit insures that tRac (max.) can be met. traD (max.) is specified

as a reference point only: If tRaD is greater than the specified tRaD (max.) limit, then access time
is controlled by taa.
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TC511664.J/Z-80, TC511664J/Z-10

READ CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

WRITE_CYCLE (EARLY WRITE)
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TC511664J/Z-80, TC511664J/Z-10

UPPER BYTE WRITE CYCLE (EARLY WRITE)
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TC511664J4/Z-80, TC511664J/Z-10

LOWER BYTE WRITE CYCLE (EARLY WRITE)
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TC511664J/Z-80, TC511664J/Z-10

WRITE_CYCLE CONTROLLED WRITE
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TC511664J/2-80, TC511664J/Z-10

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

AAAAA

toEH

“ 7 K
i g a0

1060 | tps
09~ Vg —
/10186 vy —

Note: Doyt = OPEN % C*H" or *L"

A-302



TC511664J/Z-80, TC511664J/Z2-10

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
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TC511664J/Z2-80, TC511664J/2-10

READ-MODIFY-WRITE CYCLE
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TC511664J/Z-80, TC511664J/Z-10

READ-MODIFY-UPPER-BYTE WRITE CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

READ-MODIFY-LOWER-BYTE-WRITE CYCLE

m TN I
= T T NV
AAAAA o e
o -
T o teac ‘tm‘,“ o
"z o - N
= — o -
T

V2: "W o "L

A-306



TC511664J/Z2-80, TC511664J/Z-10

FAST PAGE MQDE READ CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

FAST PAGE MODE WRITE CYCLE

b d
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TC511664J/Z-80, TC511664J/Z-10

FAST PAGE MODE UPPER BYTE WRITE CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

FAST PAGE MODE LOWER BYTE WRITE CYCLE
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TC511664J/Z-80, TC511664J/Z-10

FAST PAGE MODE READ.-MODIFY-WRITE CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE
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TC511664.J/Z-80, TC511664J/Z-10

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE
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TC511664J/Z-80, TC511664J/Z-10

RAS ONLY REFRESH CYCLE
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TC511664J/Z-80, TC511664J/Z-10

HIDDEN REFRESH CYCLE(READ)
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TC511664.J/Z-80, TC511664J/Z-10
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TC511664J/Z-80, TC511664J/Z2-10

HIDDEN REFRESH CYCLE (UPPER BYTE WRITE)
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TC511664J/Z-80, TC511664J/Z-10

HIDDEN REFRESH CYCLE (LOWER BYTE WRITE}
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TC511664J/Z-80, TC511664J/Z-10

CAZ BEFORE KAS REFRESH COUNTER TEST READ CYCLE
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TC511664J/Z2-80, TC511664J/Z-10

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
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TC511664.J/Z-80, TC511664.J/Z-10

TAS BEFORE HAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE
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TC5116644/2-80, TC511664J/Z2-10

APPLICATION INFORMATION

ADDRESSING

The 15 address bits required to decode 1 of the 65,536 cell locations within the TC511664J/Z are
multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally
applying two negative going TTL-level clocks.

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The
second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controiled by
different delayed internal clocks,

The two clock chains are linked together logically in such a way that the address multiplexing
operation is done outside of the critical path timing sequence for read data access. The later events in
the TAS clock sequence are inhibited until the occurrence of a delayed signal derived from the KAS
clock chain. The “gated CAS” feature allows the TAS clock to be externally activated as soon as the
Row Address Held Time specification (tRall) has been satisfied and the address inputs have been
changed from Row address to Column address information.

Data Inputs

A write cycle is performed by bringing UW and LW low during the HAS/CAS operation. The falling
edge of CAS or LW strobes data on /O1~L08 into the on-chip data latch. And the falling edge of
TAS or TW strobes data on /O9~L16 into the on-chip data latch. In an early write cycle, TW and
TW are brought low prior to CABS and the data is strobed in by TAS with setup and hold times
referenced to this signal. In derayed write or read modify write cycle, CAS will already be low, thus
the data will be strobed in by LW and UW with setup and hold times referenced to these signals,

In derayed or read modify write, OE must be high to bring the autput buffers to high inpedance
prior to impressing data on the /O lines.

Data OQutputs

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until
CAS is brought low. In a read cycle the outputs go active after the access time interval trac and
tOEA are satisfied.

The outputs become valid after the access time has elapsed and remains valid while TAS and OF
are low, CAS or DE going high returns it to a high impedance state. In an early-write cycle, the
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the
outputs will follow the sequence for the read cycle.

The DE controls the impedance of the output buffers. In the logic high position the buffers will
remain in a high impedance state.

When the OF input is brought to a logical low level, the output buffers are enabled. Both TAS and
OF can control the outputs, Thus in a read operation, either OE or CAS returning high forces the
outputs into the high impedance state.
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FAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256
row addresses (A0~Q7) within each 4 millisecond time interval. Although any normal memory cycle
will perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles,
RAS only refresh results in a substantial reduction in operating power. This reduction in power is
reflected in the Icca specification.

TAS BEFORE _RAS REFRESH:

TAS before KAS refreshing available on the TC511664J/Z offers an alternate refresh method. If CAS
is held on low for the specified period (tcsr) before RAS goes to low, on chip refresh control clock
generations and the refresh address counter are enabled, and an internal refresh operation takes place.
After the refresh operation is performed, the refresh address counter is automatically incremented in
preperation for the next CAS before RAS refresh operation.

FAST PAGE MODE

The “Fast Page Mode” feature of the TC511664J/Z allows for successive memory operations at
multiple column locations of the same row address with increased speed without an increase in power.
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0
throughout all successive memory cycles in which the row address is common. This “Fast page Mode”
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle

times.

HIDDEN REFRESH

An optional feature of the TC511664J/Z is that refresh cycles may be performed while maintaining
valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at Vii, and taking HAS high and after a specified precharge period (trp), executing a
CAS before RAS refresh cycle. (see Figure below)
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This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data
availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC511664J/Z can be tested by “CAS BEFORE HAS REFRESH
COUNTER TEST". This cycle performs READ/WRITE operation taking the internal counter address
as row address and the input address as column address,

The test is performed after a minimum of 8 TAS before RAS cycles as initialization cycles. The test

procedure is as follows.

@
@

Write “0” into all the memory cells at normal write mode.

Select one certain column address and read “0" out and write “1" in each cell by performing
“CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)".

Repeat this operation 256 times.
Check “1” out of 256 bits at normal read mode, which was written at @.

Using the same column as @, read “1” out and write “0" in each cell performing “CAS BEFORE
RAS REFRESH COUNTER TEST". Repeat this operation 256 times.

Check “0" out of 256 bits at normal read mode, which was written at @.

Perform the above @ to ® to the complement data.
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