1,048, 678w0rD X1 OVMAMICRAM  TCE11000P/J/Z-85, TC511000P/J/Z-10

SILICON GATE CMOS

TC511000P/J/Z-12

The TC511000P/J/Z is the new generation dynamic
RAM organized 1,048,576 words by 1 bit. The
TC511000P/J/Z utilizes TOSHIBA's CMOS Silicon gate
process technology as well as advanced circuit techniques
to provide wide operating margins, both internally and to
the system user. Multiplexed address inputs permit the
TC511000P/J/Z to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic

® 1,048,576 word by 1 bit organization
® Fast access time and cycle time

TC511000P/J/Z-85-10-12 |

tgac | RAS Access Time 85ns 100ns  120ns
A g?rlnuemn Address Access 4E ns 50 ns 60 ns
tcAC CAS Access Time 25ns 25ns 30 ns
tpe | Cycle Time 165 ns 190 ns 220 ns
tpe | 2t Page Mode Cycle B0ns  55ns  70ns

® Single power supply of 5V + 10% with a built-in Vg
generator
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A0~ A9 Address Inputs

RAS Row Address Strobe
Din Data In

Dout Data Out

CAS Column Address Strobe
WRITE Read/Write Input

Vee Power (+5V)

Vsg Ground

TF Test Function

N.C. No Connection

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. “Test Mode” function is
implemented from Revision C.

® Low Power
385mW MAX. Operating (TC511000P/J/Z-85}
330mW MAX. Operating (TC511000P/J/Z-10)
275mwW MAX. Operating (TC511000P/J/Z-12)
5.6mW MAX. Standby
® Output unlatched at cycle end allows two-dimensional
chip selection
e Common /O capability using “EARLY WRITE"
operation .
e Read-Modify-Write, CAS before RAS refresh, RAS-
only refresh, Hidden refresh, Fast Page Mode and Test
Mode capability
® All inputs and output TTL compatible
512 refresh cycles/8 ms
® Package Flastic DIP : TC511000P
Plastic SOJ : TC511000J
Plastic ZIP : TC511000Z
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ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -1 ~7 \% 1
Test Function Input Voltage VINI(TF) —-1~10.5 \ 1
Output Voltage VouT -1 ~7 \ 1
Power Supply Voltage Vee -1 ~7 \'4 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature TstG ~B5~ 150 °C 1
Soldering Temperature* Time TSOLDER 260°10 °C-sec 1
Power Dissipation Pp 600 mw 1
Short Circuit Output Current ! ouT 50 mA 1
(Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \% 2
ViH Input High Voltage 2.4 -— 6.5 \% 2
ViL Input Low Voitage —1.0 - 0.8 \% 2
VIH (TF) Test Enable Input High Voltage Vec 4.5 - 10.5 Vv 2
VIL (TF) Test Disable Input Low Voltage —1.0 - Vee +1.0 \% 2

Ve =BV £10%, Ta= 0~ 70°C)
SYMBOL PARAMETER MIN. MAX. UNITS | NOTES
OPERATING CURRENT TC511000P/J/Z-85 — 70
leet Average Power Supply Operating Current TC511000P/1/Z-10 — 60 mA 3,4
(RAS, CAS, Address Cycling : tre = trc MIN.) TC511000P/J/2-12 - 50
STANDBY CURRENT
lce2 Power Supply Standby Current - 2 mA
{RAS = CAS = ViH)
RAS ONLY REFRESH CURRENT _ TC511000P/J/Z-85 — 70
leea Average Power Supply Current, RAS Only Mode TC511000P/J/Z-10 - 60 mA 3
(RAS Cycling, CAS = V|4 tgc = tgc MIN.) TC511000P/)/Z-12 - 50
FAST PAGE MODE CURRENT TC511000P/J/Z-85 — 50
lcca Average Power Supply Current, Fast Page Mode TC511000P/J/2-10 - 40 mA 3,4
(RAS = V)1, CAS, Address Cyeling: tpc = tpc MIN.)| TC511000P/J/Z-12 - 30
STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS = CAS = Vce-0.2V)
CAS BEFORE RAS REFRESH CURRENT TC511000P/J/Z-85 — 70
lcce Average Power Supply Current, CAS Before TC511000P/J/Z-10 — 60 mA 3
RAS Mode (RAS, CAS Cycling: trec=trc MIN.) TC511000P/J/Z-12 — 50
INPUT LEAKAGE CURRENT (any input except TF)
I Input Leakage Current, any input (0V £ VN £ 6.5V, All Other —10 10 UA
Pins Not Under Test = OV)
| INPUT LEAKAGE CURRENT (only TF) —10 10 A
TF(L) {0V £ VN (TF) £ Ve + 0.5V, All Other Pins Not Under Test = 0V) K
| OUTPUT LEAKAGE CURRENT _10 10 A
oL (Dout is disabled, OV < VouT < 5.5V) s
| TEST FUNCTION INPUT CURRENT _ 1 mA
T (Ve + 4.5V S ViN(TF) £10.5V)
OUTPUT LEVEL
VoH Output ""H”" Level Voltage (louT =5 mA) 24 v
OUTPUT LEVEL
Vou Output 'L Level Voltage (louT = 4.2 mA) - 0.4 v




(Voo =BV £10%, Ta

0~ 70°C) {Notes 5, 6, 7)

TC511000P/ TC511000P TCB511000P/
SYMBOL PARAMETER J/7-85 4/Z-10 31z-12 UNITS | NCTES
MIN. MAX. | MIN. MAX, MIN. MAX.
tRC Random Read or Write Cycle Time 165 - 190 — 220 - ns
thwe Read-Write Cycle Time 190 - 220 — 255 - ns
tpe Fast Page Mode Cycle Time 50 — 55 — 70 — ns
tPRWE Fast Page Mode Read-Write Cycle Time 75 — 85 — 105 — ns
trAC Access Time from RAS - 85 - 100 - 120 ns 8,13
teAC Access Time from CAS - 25 - 25 - 30 ns | 813
tan Access Time from Column Address - 45 — 50 - 60 ns 8,14
tepa Access Time from CAS Precharge - 45 - 50 — 65 ns 8
teLz CAS to Output in Low-Z 5 — 5 — 5 - ns 8
toFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9
tr Transition Time {Rise and Fall) 3 50 3 50 3 50 ns 7
trp RAS Precharge Time 70 — 80 — 90 — ns
tRAS RAS Pulse Width 85 | 10,000 | 100 | 10,000 | 120 | 10,000| ns
tRASP ‘RAS Pulse Width (Fast Page Mode) 85 [100,000 | 100 |100,000 | 120 |100,000| ns
tRsH RAS Hold Time 25 - 25 - 30 - ns
tesh ‘CAS Hold Time 85 - 100 - 120 — ns
teas CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns
TReD RAS to CAS Delay Time 25 60 25 75 25 20 ns 13
tRAD RAS to Column Address Delay Time 20 40 20 50 20 60 ns 14
terp CAS to RAS Precharge Time 10 — 10 - 10 — ns
tep CAS Precharge Time (Fast Page Mode} 10 — 10 — 15 - ns
tASR Row Address Set-Up Time 0 — 0 — 0 — ns
tRAH Row Address Hold Time 15 — 15 - 15 — ns
tasc Column Address Set-Up Time 0 — 0 — 0 — ns
tcAH Column Address Hold Time 20 - 20 - 25 — ns
tam fjgg Address Hold Time referenced 65 _ 75 _ 90 _ ns
tRAL Column Address to RAS Lead Time 45 — 50 - 60 — ns
tRcs Read Command Set-Up Time 0 - 0 — 0 — ns
tRCH Read Command Hold Time 0 - 0 — 0 - ns 10
tRAH :;sz;dA(éommand Hold Time referenced 0 _ 0 _ 0 _ ns 10
tWCH Write Command Hold Time 20 - 20 — 25 - ns
twen \tlgrgigommand Hold Time referenced 65 _ 75 _ 90 _ ns
twp Write Command Pulse Width 20 - 20 - 25 - ns
tRWL Write Command to RAS Lead Time 20 — 25 — 30 — ns
tewL Write Command to CAS Lead Time 20 — 25 - 30 - ns
tps Data Set-Up Time 0 - 0 — 0 — ns 11
tpH Data Hold Time 20 -~ 20 — 25 — ns 1
toHR Data Hold Time referenced to RAS 65 - 75 — 90 — ns
tREF Refresh Period - 8 - 8 - 8 ms




TC511000P/ TC511000P/ TC511000P/
SYMBOL PARAMETER J/Z2-85 4/2-10 J/Z-12 UNIT [NOTES
MIN. MAX. MIN. MAX. MIN. MAX.
twes Write Command Set-Up Time 0 - 0 - 0 — ns 12
tcwp CAS to WRITE Delay Time 25 - 25 - 30 - ns 12
trwD RAS to WRITE Delay Time 85 - 100 - 120 - ns 12
tAWD Column Address to WRITE Delay Time 45 - 50 - 60 — ns 12
CAS Set-Up Time (CAS before RAS
tesr Cycle) 10 — 10 - 10 — ns
CAS Hold Time (CAS before RAS
tCHR Cycle) 30 — 30 - 30 — ns
tRPC RAS to CAS Precharge Time 0 — 0 - 0 — ns
CAS Precharge Time (CAS before RAS
teeT Counter Test Cycle) 80 - 50 N 60 - ns
tcPN CAS Precharge Time 15 - 15 - 20 - ns
Test Mode Enable Set-Up Time
tTes referenced to RAS 0 N 0 - 0 - ns
Test Mode Enable Hold Time
LTEHR referenced to RAS 0 - 0 - 0 - ns
Test Mode Enable Hold Tirme
tTEHC referenced to CAS 0 N 0 N 0 - ns




(Vee =BV £ 10%, f=1MHz, Ta= 0~ 70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
Cty Input Capacitance (AQ ~ A9, Din) - 5 pF
C input Capacitance (RAS, CAS, WRITE, TF) — 7 pF
Co Output Capacitance (DouT ) — 7 oF

NOTES:

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

2. Al Voltages are referenced to Vss .

3. leer. lees. leca, lece depend on cycle rate.

4. leeq . leca depend on output loading. Specified values are obtained with the output open.

5. An initial pause of 200us is required after power-up followed by 8 BAS cycles before proper device opera-
tion 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.

6. AC measurements assume t1= bns.

7. Vg (min} and V,_{max.) are reference levels for measuring timing of input signals. Also, transition rimes
are measured between V,y and V.

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

9. torr{max.) defines the time at which the output achieves the open circuit condition and is not referenced to
output voltage levels.

10. Either tgren Or trrn Must be satisfied for a read cycle.

11. These parameters are referenced to ‘CAS leading edge in early write cycles and to WRITE leading edge in
read-write cycles.

12. twes, trwo, tcwp and tawp are not restrictive operating parameters. They are included the data sheet as
electrical characteristics only. If tyes = twes (min.), the cycle is an early write cycle and data out pin will
remain open circuit (high impedance)} through the entire cycle; If tgwp = tpwol{min.), tewp 2 tewni{min.) and
tawp = tawnlmin.), the cycle is a read-write cycle and 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 indeter-
minate.

13. Operation within the tpep({max.) limit insures that tgac{max.) can be met. tgcp(max.) is specified as a
reference point only: If tgep is greater than the specified tgep (max.} limit, then access time is controlled by
teac:

14. Operation within the tgap{max.) limit insures that tgac{max.) can be met. tgaplmax.) is specified as a

reference point only: If tgp is greater than the specified tgaplmax.) limit, then access time is controlled by
tAA.



® READ CYCLE
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NOTE: “TF" pin should be connected to V,_ (TF) level or open, if “Test Mode" is not used.



® WRITE CYCLE (EARLY WRITE)
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pin should be connected to VivL (TF) level or open, if “Test Mode™ is not used.



® READ-WRITE CYCLE
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NOTE: "TF" pin should be connected to VL (TF) level or open, if “Test Mode’’ is not used.
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e FAST PAGE MODE READ CYCLE

trp
Vig — \ LRASP /; j&
RAS
/ \
Vi — S
tesH tpc CESH
tCRP LreD tcas tep top
Vig — \ tcas teas
s /A NV N /|
Vin — 3
tar N L tRAL
| I
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Vig — - 77
AO~A9 //“fx ROW }@( coL >@< coL S@{ coL X///// ////////
Vip = e = F . /
tRAD tRCcH UREH
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NOTE: “TF” pin should be connected to Vi (TF) level or open, if “Test Mode" is not used.
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" pin should be connected to V| (TF) level or open, if “Test Mode’ is not used.



e FAST PAGE MODE READ-WRITE CYCLE

Vig —_— 7 TRASP _i
Ras \
ViL —
“osH tPRWC
tFRP tRCD tep top *RSH
Vig — tcas i N | tcas \ tcas //
TES \_ / \ y
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a0~a9 1H @{ ROW }@{ COLUMN D@){ COLUMN }@{ COLUMN A//////////////////
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CAwD \ '
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T
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S o L R S S U
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NOTE: “TF” pin should be connected to VL (TF) level or open, if ““Test Mode" is not used.
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® RAS ONLY REFRESH CYCLE
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NOTE: WRITE = “"H" or "L, A9 = “H" or "L"

“TF" pin should be connected to V| (TF) level or open, if “Test Mode’” isnot used.



e CAS BEFORE RAS REFRESH CYCLE

SN B — S\
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NOTE: WRITE = “H" or “L", AO~ A9 = "H" or "L"

“TE" pin should be connected to V| {TF) level or open, if “Test Mode" is not used.



® HIDDEN REFRESH CYCLE (READ)
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NOTE: “TF"” pin should be connected to Vi (TF) level or open, if “Test Mode’" is not used.



e HIDDEN REFRESH CYCLE (WRITE)
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NOTE: “TF" pin should be connected to V. (TF) level or open, if “Test Mode"” is not used.



® CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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NOTE: "TF" pin should be connected to V,_ (TF) level or open, if ““Test Mode'" is not used.
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The TC5H11000P/J/Z is the RAM organized
1,048,576 words by 1 bit, it is internally organized
262,144 words by 4 bits. In "“Test Mode", data would
be written into a number of sectors (4 sectors) in
parallel and retrieved the same way. If upon reading,
all bits are equal (all “"H” or "“L"), the data output
pin indicates a same data as all bits. In this case, the
data output pin indicates an expected data for good

Block Diagram in Test Mode

parts, the data output pin indicates a complementary
data for bad parts. And also, if any of the bits
differed, the data output pin would indicate a high
impedance state for bad parts. Fig. 1 shows the block
diagram of TC511000P/J/Z including its truth table
when ““Test Mode'' is used.

in test mode, TMDRAM can be tested as if it were
256K DRAM by the following method.

"_\}__j 1r "|_": "

A
An, Am 256K
BLOCK

=

An, Am - l

an, AEm [

- I BLOCK |

B

Din o .
A, Am

T [

—1 256K

Dout

BLOCK |—
C‘]

—_— T

An,Am 256K
-y

D

7 L e

BLOCK —:_——-——-—-—J*

TF Pin = Super voltage; Test Mode
TF Pin = V| (1F) level or High-Z; Normal

Truth Table in Test Mode Function

A B C D DouTt

0 0 0 0 0

1 1 1 1 1
otherwise Hi-Z

Fig. 1



“Test Mode” function is performed on any of the
timing cycles including fast page mode when “TF”’
pin is held on "super voltage (Ve +4.5V (Vee = BV

+ 10%), max. voltage = 10.6V)" for the specified
period (trgs, tremp and trguc ; see Fig. 2). The
address input of A9 is ignored in the “Test Mode"'.

On the other hand, normal operation requires the
“TF" pin be connected to V,_ (TF} level, or left un-
connected on the printed wiring board.

The “Test Mode”" function reduces test times {1/4;
in case of using N test pattern). This “Test Mode”
function is implemented from Revision “'C"".

vig —————
s /
Vip — \
Vig — \ /
CAS
Vip — “TEHC(O ns)
'TES| (Ons) LTEHR(O ns)
VIH(TF) —
TF
VIL(TF) — ] -—
Fig. 2 Test Mode Cycle
® Plastic DIP
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Note: Each lead pitch is 2.54mm.

All leads are located within 0.25mm of their true longitudinal position with respéct to

No. 1 and No. 18 leads.
All dimensions are in millimeters.



¢ Plastic SOJ
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