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o TC5116400)/FT60/70

\0

4,194,304 wom&a BIT DYNAMIC RAM

DESCRIPTION ,4;7/\,/;/
NS4

The TC5ic¢ /FT is the new generation dynamic RAM organized 4,194,304 word by 4 bit. The

TCS1 16400J/Ff ;ﬁlhzes Toshiba’s CMOS silicon gate process technology as well as advanced circuit

techniqu gmwde wide operating margins, both internally and to the system user. Multiplexed address inputs

permn ey 35116400J/FT to be packaged in a 28/24 pin plastic SOJ, and 28/24 pin plastic TSOP. The package

pRWldes high system bit densities and is compatible with widely available automated testing and insertion

equi fent. System oriented features include single power supply of 5Vt 10% tolerance, direct interfacing
ﬁ@pﬁbility with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS
* 4,194,304 word by 4 bit organization
*  Fast access time and cycle time TC5116400J/FT
+ Single power supply of VX 10% with a built- ITEM
in Vgg generator -60 -70
* Low Power
495mW MAX ,Operating 4 RAS
(TC5116400), IF(')I‘?gO) RAC Access Time 60ns 70ns
440mW MAX. Operating ¢
(TC5116400J/FT-70) AA  Column Address 300s | 35ms
5.5mW MAX. Standby Access Time
*  Outputs unlatched at cycle end allows two-di-
mensional chip selection teac CAS pccessTime | 1508 | 20ms
* Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page tRC  Cycle Time 110ns | 130ns
Mode and Test Mode capability
¢ All inputs and outputs TTL compatible tPC  Fast Page Mode 40ns | 45ns
* 4096 refresh cycles/64ms Cycle Time

* Package TC5116400]J :SOJ28-P-400A
TC5116400FT : TSOP28-P-400B
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TC5116400]/FT -60/70

PIN NAME
A0~All Address Inputs
RAS Row Address Strobe
TCAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
O1~104 Data Input/Output
Vee Power (+5V)
Vs Ground
PIN CONNECTION (TOP VIEW)
Plastic SOJ Plastic TSOP
vee [t 28 ] vss Vee [1%1 28] vss
vo1J2 27{Jvos  wvo1[J 2 27[J vos
vo2[]3 26[jvo3  wvo2(] 3 26[Jvos3
WRITE (] 4 2s[JTAS WRITE[] 4 T
RS ([]s 24{]OE R[] s 24[] OF
ANR[]s 23[Ja9 AmRr[] 6 23[] A9
AR []9 20(]as  AWR[] 9 20[] As
a0 []10 19[]A7 Ao(] 1 19[] A7
ar]n 18] A6 Al n 18[] A6
A2[]12 17[] As A2[] 1 17[JAs
A3[]13 16[] A4 A3[] 13 16[] A4
vee [] 14 15 ] vss Ve[ 14 15 [] Vss
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TC5116400]/FT -60/-70

BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 v 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 v 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tsto — 55~150 °C 1
Soldering Temperature * Time | Tsop per 260+ 10 °C » sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | ‘opp 50 mA 1
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TC5116400]/FT -60/70

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 5.5 v
Vi Input High Voltage 24 - Vect0.5 v
Vo Input Low Voltage -0.5* - 0.8 v

*-2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT [NOTES

OPERATING CURRENT TC511640J/FT-60 - 90 34

lect Average Power Supply Operating Current TC511640)/FT-70 - 80 mA ;
(RAS, TAS, Address Cycling: tgestpe MIN.)
STANDBY CURRENT

Iccz Power Supply Standby Current 2 mA
(RAS=CAS=Vyp
RAS ONLY REFRESH CURRENT Average TC511640J/FT-60 90

Icca Power Supply Current, gag Only Mode TC511640J/FT-70 - 80 mA 3,5
(RAS Cycling, CAS=Vyyy: tre=tpc MIN.)
FAST PAGE MODE CURRENT TC511640)/FT-60 70 34

[CC4 Average Power Supply Current, Fast Page Mode | TC5116403/FT-70 60 mA ;
(RAS =Vy; , TAS, Address Cycling:tpc=tpc MIN.)
STANDBY CURRENT

Iccs Power Supply Standby Current 1 mA
(RAS=CAS=V-0.2V)
TAS BEFORE RAS REFRESH CURRENT TC511640J/FT-60 - 90

Tccs [ Average Power Supply Current, TAS Before RAS [TC5116400/FT-70 - 80 mA 3,5
Mode (RAS, TAS, Cycling: trc=tpc MIN.) -
INPUT LEAKAGE CURRENT

L@y |InputLeakage Current, any input -10 10 HA
(OVSV\SV o, All Other Pins Not Under Test=0V)

1 OUTPUT LEAKAGE CURRENT 10 10 A

0L |(Dgyr is disabled, OV SVo<Vee) H

v OUTPUT CURRENT 24 ) v

OH 1 Qutput “H” Level Voltage (Igyy=-5mA) :

OUTPUT CURRENT

VoL Output “L” _ - 04 A

put “L” Level Voltage (Igy7=4.2mA)
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TC5116400)/FT -60/-70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (V¢ = 5V £ 10%, Ta = 0~70°C)(Notes 6,7,8)

TCS116400)/FT
SYMBOL PARAMETER -60 -70 UNIT (NOTES
MIN | MAX. | MIN | MAX
tgc  |Random Read or Write Cycle Time 110 -} 130 -| ns
tamw | Read-Modify-Write Cycle 155 -1 180 -l ns
tpc Fast Page Mode Cycle Time 40 -l 45 -l ns
toRarw Fast Page Mode Read-Modify-Write 85 -l 95 | ons
Cycle Time
trac | Access Time from RAS - 60 - 70{ ns |9,14,15
tcac | Access Time from CAS - 15 - 20 ns 9,14
taa  |Access Time from Column Address - 30 - 35| nms 9,15
tcpa | Access Time from CAS Precharge - 35 - 40 - 9
tcz  |CAS to Output in Low-Z - 0 -l ns 9
torr | Output Buffer Tumn-off Delay 15 0 15| ns 10
tr Transition Time (Rise and Fall) 50 3 50| =ns 8
tgp  |KAS Presharge Time -l 50 -| ms

tgas | RAS Pulse Width
trasp | RAS Pulse Width (Fast Page Mode)

10,000f 70{ 10,000{ ns
200,000| 70|200,000( ns

HIHBEIEIERERE

tesy | RAS Hold Time -l 20 -| ns
tesicp RAS Hold Time From CAS -] 40 | s
Precharge (Fast Page Mode)
tcsy  |CAS Hold Time 60 -[ 70 -l ns
tcas |CAS Pulse Width 15| 10,000] 20| 10,000] ns
tgep  |RAS to TAS Delay Time 20 45( 20 50 ns 14
tpap | RAS to Column Address Delay Time 15 30| 15 35| ns 15
tcgp  |CAS to RAS Precharge Time 5 - 5 ns
tcp  |CAS Precharge Time 10 - 10 -| mns
tasg  |Row Address Set-Up Time 0 - 0 -| ns
tpay | Row Address Hold Time 10 -l 10 -l ns
tasc | Column Address Set-Up Time 0 - 0 -1 ms
tca | Column Address Hold Time 10 -1 15 -| ns
tgar | Column Address To RAS Lead Time 30 -} 35 -| =ns
tpes  |Read Command Set-Up Time 0 - 0 -| ns
tgey | Read Command Hold Time 0 - 0 -| ns 11
- Read Command Hold Time refer- 0 - 0 1 s 1
enced to RAS
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TC5116400]/FT -60/70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC5116400J/FTL
SYMBOL PARAMETER -60 -70 UNIT |NOTES
MIN| MAX MIN( MAX
twey | Write CommandHold Time 10 - 15 -| ns
twp | Write Command Pulse Width 10 - 15 -| ns
tawr | Write Command to RAS Lead Time 10 - 20 -| ns
tewr | Write Command to TAS Lead Time 15 - 20 -| ns
tps  |Data Set-Up Time 0 - 0 -| mns 12
b Data Hold Time 10 - 15 -l ns 12
tger | Refresh Period - 64 - 64| ms
twes | Write Command Set-Up Time 0 - 0 - ns 13
tcwp |CAS to WRITE Delay Time 40 - 45 -| ns 13
tgwp | RAS to WRITE Delay Time 85 - 95 -| ns 13
tawp | Column Address to WRITE Delay Time 55 - 60 -| mns 13
tcpwp | CAS Precharge to WRITE Delay Time 60 - 65 -| ms 13
TAS Set-Up Time 5 - 5 -
ICSR | {CAS before RAS Cycle) ns
TAS Hold Time 10 - 15 -
'CHR | (AT before RAS Cycle) ns
tgpc | KAS to TAS Precharge Time 5 - 5 -| ns
TAS Precharge Time 20 - 30 -
teer (CAS before RAS Counter Test Cycle ns
trou |RAS Hold Time referenced to OE 10 - 10 ns
toea |OE Access Time - 15 20{ ns
top | OE to Data Delay 15 - 15 -| mns
torz | Output buffer turn off Delay Time from OE 0 15 0 15| ns 10
topg | OE Command Hold Time 15 - 15 - ns
tops | Output Disable Set-Up Time 0 - 0 -l ms
twrs Write Command Set-Up Time 10 - 10 | ns
(Test Mode In)
o Write Command Hold Time 10 - 10 | ns
(Test Mode In)
twap WRITE to RAS Precharge Time 10 - 10 s
(CAS before RAS Cycle)
_— Write to RAS Hold Time 10 - 10 1 s
{CAS before RAS Cycle
I 9037248 DO25474 521 WA
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TC5116400]/FT -60/-70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC5116400)/FTL
SYMBOL PARAMETER -60 -70 UNIT | NOTES
MIN | MAX | MIN | MAX
te  |Random Read or Write Cycle Time 115 - 135 -| ms
tpc  |Fast Page Mode Cycle Time 45 - 50 -| ns
teac Access Time from RAS - 65 - 75 ns 9,1 154,
tcac | Access Time from CAS - 20 - 25| ns | 9,14
taa |Access Time from Column Address - 35 - 40! ns | 9,15
tecpa  |Access Time from CfS’T’recharge - 40 - 45| ns 9
tras | KAS Pulse Width 65| 10000[ 75| 10,000] ns
trasp | RAS Pulse Width (Fast Page Mode) 65|200,000 75|200,000| ns
tpsy | RAS Hold Time 20 - 25 -l ns
tcsu  |CAS Hold Time 65 17 1 ns
tpucp | CAS Precharge to RAS Hold 40 - 45 -| ns
icas |CAS Pulse Width 20[ 10,000] 25| 10,000] ns
trap | Column Address to RAS Lead 35 - 40 -| ns
topa | OE Access Time - 20 25| s
tgar. | OE Command Hold Time 30 - 20 -| ns
CAPACITANCE (V¢ =5V £10%, f = 1IMHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Ciy  |Input Capacitance (AO~A11) - 5 oF
Cp  |Input Capacitance (RAS, CTAS, WRITE, OE) - 7 oF
Co  |Input Capacitance (/O1~1/04) - 7 oF
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TC5116400]/FT -60/70

NOTES:

1.

10.

11.

12.

13.

14,

15.

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

All voltages are referenced to Vgg.

TIccr- Iecss Iecas Iocs depend on cycle rate.

Iccts Iecs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of Iy, it can be changed once or less
during a fast page mode cycle (tpc).

An initial pause of 200us 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

AC measurements assume tp=5ns.

Vg (min.) and Vp (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vyj .

Measured with a load equivalent to 2 TTL loads and 100pF.

topr (Max.) and topz (max.) define the time at which the output achieves the open circuit condition and
are not referenced to output voltage levels.

Either tgcy OF trgy must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge
in Read-Modify-Write cycles.

twess tRwhs towps tawp and topwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycs >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp>trwp (min.),
tewp>tewp (Min.), tawp>tawp (min.) and tepwp>tepwpp (Min.), (Fast Page Mode), 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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tpcp (max.) limit insures that tgac can be met. tgep (max.) is specified as a
reference point only: If tgop is greater than the specified tyep (max.) limit, then access time is controlled

by teac

Operation within the tgop (max.) limit insures that tg 5 (max.) can be met. tg o1, (max.) is specified as
a reference point only: If tgap is greater than the specified tg,p (max.) limit, then access time is
controlled by ty .

M 95097248 002547k 3Ty WM

A-166

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC5116400J/FT -60/-70

READ CYCLE
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TC5116400]/FT -60/70

WRITE CYCLE (EARLY WRITE)
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TC5116400)J/FT -60/-70

WRITE CYCLE (OE CONTROLLED WRITE)
1

e —__
I._!ilr__y

w

|

“ e v YN YL

e: Dour=OPEN

< <
7

B 9097248 0025479 003 M
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-169




TC5116400]/FT -60/70

READ-MODIFY-WRITE CYCLE
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TC5116400]J/FT -60/-70

FAST PAGE MODE READ CYCLE
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TC5116400J/FT -60/70

FAST PAGE MODE WRITE CYCLE
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TC5116400J/FT -60/-70

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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TC5116400]/FT -60/70

e v N )f_m_ﬁ\__
w ~

CAS BEFORE RAS REFRESH CYCLE
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TC5116400]/FT -60/-70

HIDDEN REFRESH CYCLE (READ)
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TC5116400]/FT -60/70

HIDDEN REFRESH CYCLE (WRITE)
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TC5116400]/FT -60/-70

TAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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TC5116400]/FT -60/70

WRITE, CAS BEFORE RAS REFRESH CYCLE
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M 9097248 poasyss 0lb W
A-178 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC5116400J/FT -60/-70

READ CYCLE IN THE TEST MODE
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TC5116400J/FT -60/70

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
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TC5116400]/FT -60/-70

FAST PAGE MODE READ CYCLE IN THE TEST MODE
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TC5116400]/FT -60/70

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE
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TC5116400]/FT -60/-70

TEST MODE

The TC5116400)/FT is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576
words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/I0. Alc, Alc are
not used. If, upon reading, 16 bits equal (all “1”’s or “0”s), the IIO4 pin indicates a“1”. If they were not equal,
the I/O4 pin would indicate a “0”. /O1, I/O2 and I/O3 always indicate “1” during test mode read cycle. Fig. 1
shows the block diagram of TC5116400J/FT. In “Test Mode”, the 4M5SDRAM can be tested as if it were a

1IM516DRAM.

“WRITE, TAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “TAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/4 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE
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