TOSHIBA MOS MEMORY PRODUCT

;;gg%szi\.\:\é%%%ssx 1 BIT DYNAMIC RAM Tcsl l 001 P/J/Z'85, Tcsl Inul P/J/Z'I 0
TC511001P/d/2-12

DESCRIPTION

The TC511001P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511Q001P/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 TCS511001P/J/Z to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 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+107 tolerance, direct interfacing capability with high performance logic families such
as Schottky TTL., The special feature of TC511001P/J/Z is nibble mode, allowing the user
to serially access 4 bits of data at a high data rate. '"Test Mode" function is imple-
mented from Revision C.

FEATURES . Low Power:
+ 1,048,576 words by 1 bit organization 385mW MAX. Operating (TC511001P/J/Z-85)
« Fast access time and cycle time 330mW MAX. Operating (TC511001P/J/Z-10)
TC511001P/J/2-85-10-12 275mW ?AX. Operating (TC511001P/J/Z-12)
t RAS Access Time 85ns 100ns 120ms 5. ol MAX. Standby
RAF + Output unlatched at cycle end allows
tAA golumn %@dress 45ns  50ns  60ms two-dimensional chip selection
access -ime + Common I/O capability using "EARLY
£CAC CAS Access Time 30ns - 35ns 40ns . WRITE" operation
tRC  Cycle Time 165ns  190ns 220ms « Read-Modify-Write, CAS before RAS re-
tycac Vibble Mode 20 20 25as fresh, RAS-only refresh, Hidden refres:,
i Access Time e ne " Nibble Mode and Test Mode capability
Nibble Mode + All inputs and output TTL tibl
tye ! 40ns 4Ons  50ns inputs and outpu compatible
_ Cycle Time : - : * 512 refre.h cycles/8ms

+ Single power supply of 5V+107 with a built-in + Package Plastic DIP: TC511001P

Vpp generator Plastic SOJ: TC511001J
. Plastic ZIP: TC511001Z
PIN CONNECTICM (TOP VIEW) ‘
. . . BLOCK DIAGRAM
Plastic DIP Plastic SOJ Plastic ZIP 0 GRA
DIN Doyt
AL} 2 loam Vee Vsg ? ?
Doyt [3 1423 DATA IN DATA OUT
3 f3lvgs ? T BUFFER BUFFEZR
P (2.0 75 [errTE WRITE — D
RAS 75 eire TAT o
ne ot No.2 CLOCK
. GENERATOR NIBBLZ
ST PO SELECTOR
Az [13; £33 R
E s 20 | coLumn
Vee 155 § 10 )| ADDRESS
as [ 281As 400 BUFPERS(10)] || [T DECODER
E<4 98 ]as Al O— v
PIN NAMES wr ol 200 r20] S5t o
” /0 G (1]
A0 ~A9 | Address Inputs 0 23::: CONTROLLER /0 GAT
CAS Column Address Strobe A5 0] REFRESH b.. 2048 --
DIN |Data In 60— COUNTER ()
DoUT | Data Out A7 0— o 5
_ MEMORY
RAS Row Address Strobe A80— ADDRESS | £9s12
90— BUFFERS(10) =9 ARBAY
WRITE | Read/Write Input 2
vee Power (+5V) = No. 1 CLOCK
Vss Ground GENERATOR
TF Test Function ) ggzg'rm\m
N.C. No Connection GENERATOR
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TC511001P/J/Z- -85, TG5IIUDIPIJIZ-10 e
TC511001P/d/2Z- 12 ‘ -
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIy ~-1A7 \ 1
Test Mode Input Voltage VIN(TF) -1~10.5 v 1
Qutput Temperature VouTt -1~n7 v 1
Power Supply Voltage Ve =17 \' 1
Operating Temperature ToPR 070 °c 1
Storage Temperature Tstg -35150 °C 1
Soldering Temperature . Time TSOLDER 260 - 10 °Cesec 1
Power Dissipation Pp 600 mW 1
Short Circuit Qutput Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vee Supply Voltage 4,5 5.0 5.5 v 2
VIR Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage ~1.0 - 0.8 v 2
VIH(TF) | Test Enable Input High Voltage | Vcc+4.5 - 10.5 v 2
CC ELECTRICAL CHARACTERISTICS (vgg=5%10%, Ta=0 ~70°C)
SYMBOL PARAMETER MIN.J] MAX!| UNITS|NOTES
OPERATING CURRENT IC511001B/L/Z-85| ~ 70 mA
Igc1 |Average Power Supply Operating Current TCS511001B%,/Z~-10| - 60 | ma | 3,4
(RAS, CAS, Address Cycling: tpc=trc MIN.) TC511001B/3/2-12| - 50 | mA
STANDBY CURRENT
Icc2 |Power Supply Standby Current - 2| mA 3
(RAS=CAS=V1y) '
RAS ONLY REFRESH CURRENT TC511001B/7/2-85] ~ 70 | mA
Icc3y |Average Power Supply Current, RAS Only Mode TC511001B0/Z-10]| - 60 | mA 3
(R&S Cvcling, CAS=Vy: ERC=tRC MIN.) TC51100120/2-12] - 50 | mA
NIBBLE MODE CURRENT TCS511001RAL2-85| - 50 | mA
Icct |Average Power Supplv Current, Nibble Mode TCS11001BJ/Z~10f -~ 40 | mA 3,4
(RES=VyL, CAS Cycling: tyc=tyc MIN.) TC511001B2Z-12| - 30| ma
STANDBY CURRENT
Iccs |Power Supply Standby Current - 1| ma
(RAS=CAS=Vcc-0.2V)
CAS BEFORE RAS REFERSH CURRENT TC511001B7/2-85| - 70 mA
Icce |Average Power Supply Current, CAS Before TC511001B7/Z2—-10| = 60 | mA 3
RAS Mode (RAS, CAS Cvcling: Erc=tpc MIN.) TC5LI001BLZ-12 - 50 | ma
INPUT LEAKAGE CURRENT (any input except TF)
Ir(r) |Input Leakage Current, any input (OVgVIng6. SV ~10 | 10| uaA
All Other Pins Not Under Test=0V)
INPUT LEAKAGE CURRENT. (only TF -
TITEW)| (ov < vix(TE) €0.8Y, 21 %0tker ins Not Under Test = OV) 107 10| ua
I OUTPUT LEAKAGE CURRENT -10 10 HA
0(L) !(Dgyr is disabled, OV SVgyr $+5.5V)
I TEST FUNCTION INPUT CURRENT 1 A
F_ |(Vcc+s .5V < VIN(TF) £10.5V) - "
: OUTPUT LEVEL
VOH Output "H" Level Voltage (IOUT=-5ma) 2.4f - v
v OUTPUT LEVEL
OL Output "L" Level Voltage (IouT=4.2mA) - |0.4 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC511001P/J/2-85, TC511001P/J/Z-10
TC511001P/J/2Z-12

(Vee=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)

SYMBOL PARAMETER TC5110018/7/Z-85 |TCS11001E/3/Z-10TC5L1001B-0/Z~12 unTTl NOTES
MIN.| MAX. |MINJ/ MAX. |MIN.| MAX.

tRC Random Read or Write Cycle Time | 165 - 190 - 220 - ns

tRWC Read-Write Cycle Time 190 - 220 - 255 - ns

tNe Nibble Mode Cycle Time 40 - 40 - 50 - ns

ENRMW | Nibble Mode Read-Write Cycle Time| 65 - 65 - 80 - ns

tRAC |Access Time from RAS - 85 - 100 - 120 ns | 8,13
tecac | Access Time from CAS - 30 - 35 - 40 ns | 8,13
taa Access Time from Column Address - 45 - 50 - 60 ns | 8,14
ENCAC |Nibble Mode Access Time - 20 - 20 - 25 ns | 8
tcLz |CAS to Output in Low-Z 5 - - - ns | 8
toFF |Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns | 9

tT 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

trsy |RAS Hold Time 30 - 35 - 40 - ns

tcsg | CAS Hold Time 85 - 100 - 120 - ns

tcas | CAS Pulse Width 30 {10,000 | 35(10,000 | 40 10,000 | ns )
[tRcD | RAS to CAS Delay Time 25| 55 25] 65 | 25| 80 | ns|13
tpap (RAS to Column Address Delay Time | 20 40 20 50 20 60 ns | 14
tcrp | CAS to RAS Precharge Time 10 - 10 - 10 - ns

tcpy | CAS Precharge Time 15 - 15 - 20 - ns

EASR  |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

CCAH |[Column Address Hold Time 20 - 20 - 25 - ns

w |t ol ] - w] - |w

tpalL |Column Address to RAS Lead Time 45 - 50 - 60 - as

tRCS [Read Command Set-Up Time 0 - 0 - 0 - ns
T o| - o] - o] - [w]m
CRRH EgégrgﬁﬂgnioH%% tine 0 - 0 - 0 - ns |10
tWCH |Write Command Hold Time 20 - 20 - 25 - ns

cucy | Foice Comand old Ties s| - | < [w] - [
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- TC511001P/J/Z-85, TGSIIOOIP/J/Z 10
- TC511001P/d/2-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TCS11001P/7/2Z-85

TC 511001E/7/2Z-10

TC511001B/7/2-12

SYMBOL PARAMETER UNITS [NOTES
, MIN. MAX. MIN. | MAX. | MIN. MAX.
twp |Write Command Pulse Width 20 | - 20 - 25 - ns
tRWL |Write Command to RAS Lead Time 20 - 25 - 30 - ns
tCWL |Write Command to CAS Lead Time 20 - 25 - 30 - ns
‘tps Data-In Set-Up Time 0 - 0 - 0 - ns 11
tpH Data-In Hold Time 20 - 20 - 25 - ns 11
Data-In Hold Time
DHR reference to RAS 65 -7 75 - 90 - R
CREF |Refresh Period - 8 - 8 - 8 ms
tycs |Write Command Set-Up Time 0 - o] - 0 - ns 12
tcyp |CAS. to WRITE Delay Time 30 - 35 - 40 - ns 12
tRWD |RAS to WRITE Delay Time 85 - 100 - 120 - ns 12
Column Address to WRITE
t - - - 12
AWD |Delay Time 45 >0 60 ns
CAS Set-Up Time
t i i - - -
CSR '|(TAS before RAS) 10 10 10 ns
tcHr |CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
RAS Precharge to CAS :
'RPC |active Time o 0 . - 0 . 0 - ns, .
CAS Precharge Time :
t — = - -
CPT |(TAS before RAS Counter Test) S0 >0 60 ns
tncas [Nibble Mode Pulse Width 20 - 20 - 25 - | ns
tNCP |Nibble Mode CAS Precharge Time 10 - 10 - 15 - ns
tNRSH [Nibble Mode RAS Hold Time 20 - 20 - 25 - ns
Nibble Mode CAS to WRITE
t - - -
NCWD Delay Time 20 20 % i ns
t Nibble Mode WRITE Command _ ‘ _ _
NRWL to RAS Lead Time 20 20 25 ns
t Nibble Mode WRITE Command _ _ -
NCWL |, CAS Lead Time 20 20 25‘ ns
t Test Mode Enable Set-Up Time _ _
TES |referenced to RaS 0 - 0 0 ns
Test. Mode Enable Hold Time
t - - -
TEH |referenced to RAS 0 0 0 ns
CAFACITANCE (vce=5v:10%, f=1MHz, Ta=0~70°C) v
SYMBOL : PARAMETER MIN. MAX. UNIT
Cri Input Capacitance (A0 ™ A9, DIN) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co Output Capacitance (DoyrT) - 7 pF
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TC511001P/J/Z-85, TBSIIBGIP/J/Z -10
TG511001P/J/Z-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 voltage are referenced to Vgs.
Iccls Icc3s Iccs» Icce depend on cycle rate.

Iccls Iggy 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 before proper device operation is achieved. 1In case of using internal
refresh counter, a minimum of 8 TAS Before RAS initialization cycles instead
of 8 RAS cycles are required.

AC measurements assume tp=5ns.

Vig(min.) and Viy(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vyy.'

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

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

Either tgcy or tggry 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-write cycles.

tycss CURWD: tcwp and tayp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If tycs » tycs
(min.), the cycle is an early write cycle and the data out pin will remain

open circuit (high impedance) throughout the entire cycle; If tgyp 2 tryp(min.),
tcwp >tCWD(m1n ) and tayp 2 tawp(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 tycp(max.) limit insures that trac(max.) can be met.
tpepl{max.) is specified as a reference point only: If tpcp is greater than
the specified tgcp(max.) limit, then access time is controlled by tgac.

Operation within the tgap(max.) limit insures that tgpac{(max.) can be met.

tpap(max.) is specified as a reference point only: If tpap is greater than
the specified tgpap(max.) limit, then access time is controlled by tpa.
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TIMING WAVEFORMS

READ CYCLE tgre
— Vg —— tAR e '
RAS Vip — x — / Crp \ :
e =
VIL tRAD CRAL
CASR tRAH tasc| TcaH
N/, B X/IIITIITITIK
tROS,_ FL‘.@L

VL t
[ RAC toFF

1 e I
| tcnz :
Doy 'CH 0PEN ‘ VALID DATA

- — e ——

WRITE CYCLE (EARLY WRITE)

T N =
o i tReD = ERSH pcBe |
T PN
. _mtm TRaH -tASZ' tcan T
AOA9 L DRESS t ADDRL;SS S T— ’ l
w1 - {gﬂ/////////////////////////z
— tps . tpy i
b :7//////////// SN
Doyt VZi T OPEN : e

NOTE: "TF" pin should be connected to Vi, level or open, if "Test
Mode" is not used.

—A-110 —



TC511001P/J/Z-85, TC511001P/J/2-10
TC511001P/J/2-12

READ-WRITE CYCLE

Lrwe
CRAS
Vig ———— TAR
= /o N
Vi, — trp
CRSH
CcsH
TCRP | CRCD tcas tCRP
!
— Vig —
Cas tRAD N\ \ /
Vi —
t
tASR tRan ASC | tcaH SRAL
ViE — ROW " COLUMN
/) TN ) = YY) 3
CEWD i
C
CawD
RCS towD CRWL
Vig — !
w= I .
Vi — tan - |
t
tcLz WP - QFF
Vo — OPEN 7 -
Dour : \ VALID DATA
Vor — TRAC

S/ e S
L//4: "a*or 'Lt

NOTE: "TF" pin should be connected to Vyp level or open, if "Test

Mode" is not used.

—A111 —



© TC511001P/J/Z-85, Tc5llﬂan/J/Zln
 TC511001P/d/Z-12

NIBBLE MODE READ CYCLE
tragS L.El';l
v o ] t b
m T N— /N
VIL
“est CNRSH
CCrP tRCD Fcas tye
1
ﬁ§::: N JECTSNEN / N /F\L_/_\£:7
tasp tasc tcay Eae
/) D B, ///// /////////////////////////////////
teac
tRac o1z tomp COFF
Por % oren (/)0 (e ) )
t
*res M_{_ A tres ‘reH =
wer: = 777777 /A 7
NIBBLE MQDE WRITE CYCLE (EARLY WRITE)
tras ' trp
8 ———m fﬁ_
Vi, — -
CSH
tcrp | tRCD tcas ! tNC ] _ ENRSH
ww n =7 iy aNVa\ e
o tASR :sA: Ccad “bf_P_ tNcas ““/
SR/ EE Y,
& . A ‘
‘WZZR tweh|  |twes WCH c:grlj
o T IIN %% JIIN\ TGN 700
Cwp
| cw,
o o IR YR WK XK /
IL
tps !_I[taa tos H___! tpH
Vog — ‘-—-:DL%
Dout Vo — ort : "H"or "L

NOTE: "TF" pin should be connected to Vyp level or open.
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TC511001P/J4/2-85, TC511001P/J/Z-10
TG511001P/Jd/Z-12

NIBBLE MODE READ-WRITE CYCLE

t
RAS trp
Vig — N taR
Vi, —
tcsH
CNRMW
tCRP | tRCD tcas CNRSE
1
Vig — S
Cas cpast |\ /
Vi — T~
tASR € ASC TCaH| [tncp tNcas
o TR XSS X
A2 Y,
Vi, — ADD ADD /4
tRAD |tcwD |tc | twown —
t NOWL4
 _tawp AWD WE_ |tncwD SRR SNRWL
Vig — ‘
VRIS s \ca{/ \\.a// \Nc_/
Vi — . . tm
ho3] TH
Doy TIE T/ VALID / VALTD iz VALID
Wy — A DATA DATA DATA
tcac
S torH tNcac
traC
Vor VALID VALID VALID VALID
Dour _ DATA DATA DATA MTA
Von toLz -

Mgt gp LN

NOTE: "TF" pin should be connected to Vyj,. level or open.
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S ONLY REFRESH CYCLE

VIin
ViL

— VIH

AQ0~A8

Dout

ViL

Vik
ViL

Vor

CAS BEFORE

tRC

‘RP

tras

_ \

CCRP
"“‘f"‘

trrC

_ /

<7/

CRAH

I/ S S

NOTE: WRITE="H" or "L",

RAS REFRESH CYCLE

Dout

Vin
ViL

Vin
VIL

Vour

OPEN

Ag;'lHll or "L" s Nyt gp TN

tRC
tRP
. ‘Ras
— / trrc /
tceN tcsr tcHR
torFP
U |
OPEN
— /

NOTE: WRITE="H" or "L",

AO ’\‘A9=”H" or "Lll

"TF". pin should be connected to Vyj level or open, if "Test

Mode" is not used.
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TG511001P/J/Z-85, TC511001P/J/Z-10
TG511001P/J/Z-12

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Tras trp |

= =— =

= :z: _——\ tcas
/T =8 S,
(Dou'r ngz : tc—m@qmmn DAl'rA‘r —
el _////////////////ZZ/////// I\ vt
T o DS :‘“’ . [/////l/////////7/é
W/ X2y Y,
- e

S/ ‘\ ///i//////////////z

o I////////////////////////////////b( “L”Y///////////////i

NOTE: "TF" pin should be connected to Vyj level or open, if "Test Mode"
is not used.
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 Te511001P/4/Z12

HIDDEN REFRESH CYCLE (READ)

m T N S /| Rv\ - FL
e 7 [ 1
s 75 7 100 //////////////////////////////////////g

Vo — -
WRITE /ﬁi:x:“/ _cac
Vi — L AA
)

H?*Z/////////////////////// 77
e

HIDDEN REFRESH CYCLE (WRITE)
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tos, | | tom ‘

e vee 1IN I

S N - E: wormw -
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T6511001P/J/2-85, TG511001P/J/Z-10
TC511001P/Jd/Z-12

APPLICATION INFORMATION

ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within
the TC511001P/J/Z are multiplexed onto the 10 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 10 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 10 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled 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 CAS clock sequence are inhibited
until the occurrence of a delayed signal derived from the RAS clock chain. This
"gated CAS" feature allows the CAS clock to be externally activated as soon as the
Row Address Hold Time specification (tpag) has been satisfied and the address inpute

have been changed from Row address to Column address information.

DATA INPUT/QUTPUT

Data to be wri£ten into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its:wmnegative transition is the strobe for the Data In(Dpy) register.
This permits several options in the write cycle timing. In a write cycle, if the
WRITE input is brought low(active) prior to CAS, the Dry is strobed by CAS and the
set-up and hold times are referenced to CAS. If the input data is not available at
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made is negative transition. In this ''delayed
write cycle" the data input set-up and hold times are referenced to the negative
edge of WRITE rather than CTAS. (To illustrate this feature, Dyy is referenced to
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles
while the "early write' cycle diagram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cycle by maintairing WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active(low). Data read from the selected cell will be avialable at the output

within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgyr) of the TC511001P/J/Z is the high
impedance (open circuit) state. This is to say, anytime TAS is at a high level, the
Doyt pin will be floating. The only time the output will turn on and contain either
a logic 0 or logic 1 is at access time during a read cycle. Doyr will remain valid

from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits.
The first of 4 bits is accessed in the usual manner with read data coming out at
tcac time. By keeping RAS low, CAS can be cycled up and then down, to read or write
the next three pages at high data rate (faster than tgag). Row and column addresses
need only be supplied for the first access of the cycles. From then on, the falling
edge of CAS will activate the next bit. After four bits have been accessed, the

next bit will be the same as the first bit accessed (wrap-around method).

(0, 0) —(0, 1) —(2, 0) —(1, 1)
B , ]

Address A9 determines the starting point of the circular 4 bits nibble. Row A9
and column A9 provide the two binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00 -+ 01 » 10 -+ 11
with A9 row being the least significant address.
A nibble cycle can be a read, write, or delayed write cycle. Any conbinations
of reads and writes or late writes will be allowed. In addition, the circular wrap-

around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory
cycle at each of the 512 row address (A0~ A8) within each 8 millisecond time
interval. Although any normal memory cycle will perform the refresh operatiom,

this function is most easily accomplished with "RAS-only" cycles.
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TG511001P/J/Z-85, TC511001P/J/Z-10
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TCS511001P/J/Z offers an alternate
refresh method. If CAS is held on low for the specified period (tgsp) before
RAS goes to low, on chip refresh control clock generators 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 in-

cremented in perparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC511001P/J/Z is that refresh cycles may be
performed while maintaining valid data at the output pin. This referred to as
Hidden Refresh. Hidden Refresh is performed by holding CAS at Vi, and taking
RAS high and after a specified precharge period (tgp), executing a CAS before

RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

= \_/ /S ST

DouT OPEN

/_
—>_____

7N

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 TC511001P/J/Z can be tested by CAS BEFORE
RAS 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 perfbrmed after a minimum of 8 TAS before RAS cycles as ini-

tialization cycles. The test procedure is as follows.

@ write "0" into all the memory cells at normal write mode.

(@ select one cartain column address and read "O" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 512 times.

(@) Check "1" out of 512 bits at normal read mode, which was written at (2).

@ Using the same column as @, read "1" out and write "0" in each cell per-
forming CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 512 times.

() Check "O" out of 512 bits at normal read mode, which was written at ®.

® Perform the above (D) to (5) the complement data.
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144
words by 4-bits.

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks.

o For a good device, the output data of the four internal blocks are identical to the input data (all “H”
or all “L"”) and consequently the same data will appear on the output pin.

o For a bad device, the output data of one or more of the internal blocks will differ from the input
data and a high impedance state will be detected on the output pin.

Block Diagram in Test Mode

a — 5 NORMAL
An,am | 256K —0

BLOCK
— B
An, Am * T
' B | Neh

~__| An,Em 256K
___4__[_— BLOCK [— A
5 ,
———
Din {— : —————0
|- Afam c ———o NOEMAL " Dout
— [ 256K —0
BLOCK |— #\c_\-‘
¢ | TF
—_— D ENch
An,Am | 256K
BLOCK [
D

TF Pin = Super Voltage; Test Mode

TF Pin = Low Level or Hi-Z; Normal

Truth Table in Test Mode Function

A B o D Doyt
0 0 0 0 0
1 1 1 1 1
Gtherwise Hi-Z
Fig. 1
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED)
The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF”
pin for a specified period (tTES and tTEH as shown in figure 2) It can be used while operating in any mode,

including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time
for N2 patterns. The A9 address input is ignored during the “Test Mode”

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS or
TTL Logic Low Level, or left unconnected on the printed wiring board.

Viz — f'—
Vig —

Tas \
Vip —

- VIH( TF) — ;o
ViL - -

Fig.2 Test Mode Cycle
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OUTLINE DRAWINGS

» 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 respect to No.l and No.1l8 leads.

All dimensions are in millimeters.
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TCS11001P/J/Z-10
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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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