TOSHIBA MOS MEMORY PRODUCTS

1,048,576 WORD X 1 BIT DYNAMIC RAM

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS

TMM411000C-10
' TMM411000C-12

DESCRIPTION

The TMM411000C s the new generation
dynamic RAM organized 1,048,576 words by 1 bit,
it 1s successor to the industry standard
TMMA1256P. The TMM411000C utilizes
TOSHIBA’s N-channel Silicon gate process technol-
ogy as well as advanced circuit techniques to provide
wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the
TMM411000C to be packaged in a standard 18 pin

FEATURES

® 1,048,676 words by 1 bit organization
® Fast access time and cycle time

! TMMA411000C-10 T TMM411000C-12 |

ﬁ?&ess Time 100ns 120ns
_ CAS Access Time i 50ns ! 60ns
F,CV,C’Q Nme 190ns 220ns

® Single power supply of BV+10% with a built-in
VBB generator

® Low Power :
385mW Operating{MAX.) (TMM411000C-10)
330mW Operating{(MAX.) (TMM411000C-12)

PIN CONNECTION - (TOP vIEW)

Loyt
TAT

Aa~Ag Address Inputs .
CAS Column Address Strobe

Din Data In

Dour Data Out

RAS : Row Address Strobe

WRITE Read/Write Input

Vee ; Power {+5V)

Vss i Ground )

N.C. ! No Connection

AY o ROW

43> 1o

'PRELIMINARY

ceramic DIP. This package size provides high system
bit densies and is compatible with widely available
automated testing and insertion equipment. System
onented features include single power supply of BV +
10% talerance, direct interfacing capability with high
performance logic families such as Schottky TTL. In
addition to the RAS only refresh mode, a CAS before
RAS automatic refresh is available.

22mW Standby{MAX.}

® [ndustry standard 18 pin ceramic DIP

® Qutput unlatched at cycle end allows two-dimen-
sional chip selection

® Common /0O capability using "EARLY WRITE”
operation _ o

® Read-Modify-Write, CAS before RAS refresh, RAS
-only refresh, Hidden refresh, and Page Mode
capability

® Al inputs and output TTL compatible

® 512 refresh cycles/8ms

BLOCK DIAGRAM

—-—
-

RITF LATE TN Lyn
- BilEYER

LATHA (Ur I
LHFFER

DECOLER

|
16 CULUIMN r
|

SENSE AMP

L0 OATING o]

HKFRESH
COUNTER(9)

- RO48 oo

MEMORY

Row
DKLCODER

fa0y S

o
2

ARRAY

NO.1 CLDCE
GENERATOR




TMM411000C-10
TMM411000C-12

ABSOLUTE MAXIMUM RATINGS

| CEM - ~ SYMBOL TRATING [ UNITS NOTES ;
: Input and Outpur Voltage Vin, Vaor i T ~7 : V 47 !
i Power Supply Voltage A Vee v ‘
| Operating Temperaure | Toen o 0=70 1 c _— o 71
}» Storage Temperature | Tsrg -55-~-150 1: C ! ;
Soldenng Temperature- Time Tsaioer ; 269-!0 ‘C-sec T 1 1
Power Dissipation ! Pi ! 1 W T i
tShort ercun Output Currem - ~ lour 1 7507~ mAﬁ 77:‘ B ) i
Rt EB DC OPERATING CUﬁDlTIONS (Ta=0~70°C)
[ symBoL N " PARAMETER T MIN e, [ MAX UNIT NOTES
i Vee Supply vOnage [ 45 | 5.0 5.5 | v ‘ 2 !
Ve h L J ; 2 -
’ Vin Inpul H\gh Vohage i 2.4 - 6.5 r Y 2 l
T v ] Input Low Voha ] 10 | - | o8 | v 2 “
L Vo ] meutbowvollage SN S LS S - -
(Vee=5V+10%, Ta=0~70°C)
SYMBOL  PARAMETER MIN. [MAX.| UNITS | NOTES |
| OPERATING CURRENT TMM411000C-10 | — 70
Icer Average Power Supply Operating Current ’ -+ mA 3.4
(RAS, CAS Cycling - tac=tec MIN.) | TMM411000C-12 |~ 60
STANDBY CURRENT
leez Power Supply Standby Current — 4 mA
(RAS =CAS =V} -
RAS ONLY REFRESH CURRENT ‘TMM‘H 1000C-10 | — 55
lees Average Power Suppiy Current, RAS Only Mode mA 3
{RAS Cycling, CAS=Vsi 1 trc=tac MIN.] TMM411000C-12| — | 50
PAGE MODE E CURRENT TMM411000C-10 | — 55
leca Average Power Supply Current, PAGE Mode mA 3.4
(RAS=Vi, CAS Cycling: tec=tec MIN.} TMM411000C-12 | — | 50
CAS BEFORE RAS REFRESH CURRENT TMM411000C-10| — | 55
lces Average Power Supply Current, CAS Before RAS Mode r mA 3
(RAS Cycling, CAS Before RAS : tac=tac MIN..) TMM411000C-12 | — | 50
INPUT LEAKAGE CURRENT
Ly Input Leakage Current, any input (OV=Vin=6.5V, All Other Pins Not Under Test —-10] 10 A
=0V)
| OQUTPUT LEAKAGE CURRENT —10l 10 A
o {Dour is disabled, OVEVours +5.6V #
OUTPUT LEVEL
Vo Output "H" Level Voitage {lour= — 5mA} 2.4 v
OQUTPUT LEVEL
VoL | utput 'L” Level Voltage (lour=4.2mA) — o4V }




TMM411000C-10
TMM411000C-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee —BV=10%, Ta=0~70°C) {Notes b, 6. 7)

QTMMAHOOOC—WO;TMMAHOOOC—WQ ;

symeoL PARAMETER - UNITS  NOTES !
! MIN MAX MIN MAX |
Random Read or Write Cycle Tlrﬁg 190 ) T 220 - ns :
Read-Write Cycle Time 210 240 B i :7 jr:wrsi ) : 777;;1
Read-Modify-Write Cycle Time 226 1 — 260 ' ns L 7‘
Page Mode Cycle Time 100 ‘ — 120 ns |
| Access Time from RAS - 100 T 120 ns 8,10 {
: Actcieiséime from CAS - 50 — 80 v ns ' 9,10 }
- ¥Ou‘tput Bgffe( Turn-Off Delay 5 30 5] ?5 Lons L 171 ) 7“
Transition Time {Rise and Fall} 3 50 3 50 ns X 7 ‘
RAS Precharge T»mer o T 80 B ; j; 90 . — ns ‘
RAS Pulse Width 100 10,000 120 10,000 ns i
RAS Hold Time 50 — 60 — ns
CAS Hold Time 100 - 120 . - ns
CAS Pulse Width S 50 | 10,000 60 10,000 ns
RAS to CAS Delay Time 20 50 25 60 ns i 13
CAS to mPrecharge‘ﬂFﬁ;em”“ a o - 10 i — ns !
CAS Precharge Time B T N -— ns ,
tcp CAS Precharge Time (Page mode only) 40 - 50 — ns
taSR Row Address Set-Up Time 6] :' L 6] — ns i
tRAH Row Address Hold Time 10 — 15 — ns
asc Column Address Set-Up Time 0 — 0 — ions ;
tCAH Column Address Hold Time 20 — 25 — ns !
1AR Column Address Hold Fime Reference to RAS 70 — 85 ns
tacs Read Command Set-Up Time 0] - 0] — ns
tRCH Read Command Hold Time Reference to CAS o] — O* L ns ; 12 i
tRRH Read Command Hold Time Reference to RAS 10 — 15 — ns 12
tweH Write Command Hold Time 2(3 — 25 - ns .
TWCR Write Command Hold Time Reference to RAS 70 — 85 - ns T
twep Write Command Pulse Width 20 — 25 - ns
trwl Write Command to RAS Lead Time 30 - 35 — ns ;
towt Write Command to CAS Lead Time 30 — 35 — ns
- ‘ms Data-in Se{—Up Time o} — O - ns 14
ton Data-In Hold Tirme 20 - 25 — 1 ns 14
tons Data-In Hold Time Reference to RAS 70 — 85 — ‘ ns
ther Refresh Period — 8 — 8 ms
twes Write Command Set-Up Time -5 — -5 T r:s_ - ~T5""
towp CAS 10 WRITE Delay 35 — 40 — ns. 15
tawD RAS 10 WRITE Delay 85 100 - ns 15
tesh CAS Set-up Time (CAS before RAS) 10 - 10 - ns
teHR CAS Hold Time (CAS before RAS) 30 - 30 — ns
TRPe RAS Precharge to CAS Active Time o] — 0 — ns
tept CAS Precharge Time (CAS before RAS Counter Test) 40 — 50 — ns




‘TMM411000C-10
TMM411000C-12

CAPACITANCE (V.. -5V+10%, f- 1MHz, Ta-0~70C)

CSYMBOL  PARAMETER ' ) T MIN. | MAX. | UNIT
C: Input Capacitance (Ao~Aq, D) — ' 6 i pF
T W'\;p’)ut Capacrance (RAS, CAS. WRITE] 7 - - 7 pF .
TG, Outout Capacitance (Dol - -7 pF |

NOTES:

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

2. All voliages are referenced to Vss

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

4. lwe, tecs depend on output loading. Specified values are obtained with the output open.

5. Aninitial pause of 200ys is required after power-up followed by any 8 RAS 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 reguired.

6. AC measurements assume t1=5ns.

7. Vwmimin) and Villmax.) are reference levels for measuring timing of input signals. Also, transition tmes are
measured between Visi and ViL.

8. Assumes that trep < ten{max. ). If taco is greater than the maximum recommended value shown in this table, trac will
increase by the amount that treo exceeds the value shown.

9. Assume that taco 2 trenimax. ).

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

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

12. Either tken or tRre must be satisfied for a read cycle.

13. Operation within the treoimax.) limit insures that trac(max.} can be met.
trep{max. ) is specified as a reference point only: !f taeo is greater than the specified taco{max. ) limit, then access time
is controlled exclusively by tcac.

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write
or read-modify-write cycles.

15, twes, lowd and tRwp are not restrictive operating parameters. They are included in the data sheet as efectrical

characterisitcs only. If twes 2 twes{min.), the cycle is an early write cycle and the data out pin will remain open circuit
{high impedance) throughout the entire cycle; If towo=tewn{min.) and tawp Ztewo(min.}, the cycle is a read-write
cycle or 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.



TMMA411000C-10
TMM411000C-12

TIMING WAVEFORMS
® READ CYCLE

tre
tRAS
T
—_— — . AR o
T Vi \ ‘—[J / N
vy, — ' . “RP___|
1
csH toRPp
YRCD “RSH
Vi — tCcaAs /
R
IL t
tASE RAH tasc| tocan
v JE—
1H ROW COLUMN
A8 T ADDRESS ADDRESS
IL A f
T
TRcs l»RRH

tRCH
v
: H —
WRITE /F toac W

tRAC LOFF

Vog — OPEN

VALID DATA

Ve

Doyt

m Don't Care

® WRITE CYCLE (EARLY WRITE)

tre
TRas
— v —_ T——— tAR
RAS H \*‘ﬂ Z N
Vi, — } tRP
tcsH N
CRP
trRCD CRSH
Vig —— tcas
TAE /
Vip, — L
TASR TRAH tasc [
Ag~ag . VIH T ROW "COLUMN ] ’
v _ ADDRES ADDRESE]
1L
towL ]
twes tWCcH L
WATTE VIH /% typ
Vin — / / /
LRWL A
WCR L
tps tpH
npy  VIH g r
v / / / 0; VALID DATA / /
L —
[_ tDHR
v, [l
Doyr O — .
Voo __ OPEN P pon't care



TMM411000C-12

® READ-WRITE/READ-MODIFY-WRITE CYCLE

t ©
RwWC 7 SRMW .
LRAS
T
Ty Vi N AR
Vip, — * S \_
RP
I ;¢-I: S——
.yl tesw LCRP
e =
LreD tcas
Viem — ——
CAS \ \
Vi, — /
LASR TRAH _TtAsc teaf
AO~A9 Vin ROW | COLUMN
v DDRBEY ADDRESS ]
1L \
- — oW |
tﬁﬁ.‘ﬁ* L tewn | LL'RWL
o Vig——
WRITE H M \
Vi, — toac | . torF
twp
v
D OH —
ouT OPEN A VALID DATA )———
VoL — ¢ p
— RAC
1 T
DS _,,’ DH
pry VI T VALLD
FE— DATA
IL f

Don't Care



® PAGE MODE READ CYCLE

LRAS
3
__ vig— — AR
RAS \ / \.
viL— f = “RP
tesH tRsH
T
PC
t
tRCD toas Top tcas toag LEE
Vig—
Tag
Vi — i
CRAH toaH
T
ASEL 1 rasg
AO~AG Vie— RO calL
Vi A ADD
l‘ M‘ LOFF
v - LRAC
D oH — ]
ouT
— 1 opan —
VoL, — 3
T
SReS tRCH 1 L RCS
I 4

Vig — — *_I-_RCH
L/ A N
Don't Care

® PAGE MODE WRITE CYCLE

RAS
T
I \ /]
Vin— y tRp
t
CcsH . tReH
PQ LcrP
| tRCD teas LCF, toas toAS
—  Vig—
cas 8 \ 7 \
Vin— tRAR -
; CAH t t
T, s CAH
LASR tASC tase,| [+ “CAH ASC
Vin .
- RO COL COL CoL
A0~A9 Vi — ADDIX//% ADD ADD W ADD / //////A

FZJCH wel, IwcH
toWL CWL t |

CWL
_____ Vig—
T T Wz A,
1L—
N twp twp twp
WCR DS —efte b PH tns tRW
tDg tpH toH

v
1H —3_ . -
DN VALID VALID VALID
Vip DATA \__ DATA DATA

[//lpon't care




TMM411000C-10
TMM411000C-12

® RAS ONLY REFRESH CYCLE

Rag

AO~AB

Doyr

Vip—

ViL— LoRP

Vin ™
Vip— /

TaSK

VRAH

Vg —

Vi —

ROW ADDRESS / 0(
e

Vog —

OFEN

NOTE: WRITE=Don'

o CAS BEFORE RAS REFRESH CYCLE

I

o
BN
o

Doyt

t Care, A9=Don't Care

Don't Care

tRC
tRP tRAS
Vig — 7“"‘“"“_““
Vip — trPC \
terpy tCSR TCHR
Vig — $§ //
Vip —
LoFF
p—am
v, — _—
OH N
OPEN
VoL — &

NOTE: WRITE=Don

't Care, A0 VA9=Don't Care

—80—



e HIDDEN REFRESH CYCLE (READ}

AO~AD

WRITE

Doyt

TMM411000C-10
TMM411000C-12

R

—t
“RPT
| e
!
|

i

i YKCD “RSH F tCHR
tasc T
TASR | |TR4H toaH ]
oW NN CoL ] ///
@grmn% ADD /
E tRes LRRH l
/; teag W

i

VALID DATA

LOoFF

® HIDDEN REFRESH CYCLE (WRITE)

AD~AQ

WRITE

Dry

Doyt

Vig —
Vi —

Vig —
IL —

Vi

ViH
Vi,

VIn
VIpL

Vou
VoL

Don’t Care

tRQ tRC
tras tRP LHAS tRP
T
—\ . }:
\ \_
t 3
RCD RSH toHR
TRAH x
TASR tasc tecaH
ROW CcoL
ADD ADD
LRWL [
twes twcH
T, I
LWCcR
tpg ol
VALID

DATA

/

OPEN

—81—

U2 pon't care



~ TMM411000C-10
TMM411000C-12

e CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

LRAS tRP

RSH
__ Vig— R
RAS
L TCSR -
g LCHR topT toas
. Vig—
TAS 18 \ / x /
ViL—
tasc tcad
AO~AQ Vi — COLUMN
v ADDRESS
IL =
READ CYCLE tcac tarF
\7
3] O —
PouT —{ VALID DATA
VoL — t
RCS RH

Vig —
. IH 7
WRITE VoL — / f YRCH W

WRITE CYCLE

D Vo — L
ouT oy OPEN
twes TWCH
w0 ) I
WRITE
Vin —
tps ‘py
Vig—
L I T DR s o K111
L
READ-WRITE/READ-MODIFY-WRITE CYCLE . LOFF
CAC
Vog —
Doyt oH JvaL1D DaTa
Vop, —— b 4

ToWL

o ﬂﬁr‘j towD tWPﬁf{WL
w1 7T N VL

t t
DS K218

w o T TN WL

Don't Care



APPLICATION INFORMATION
ADDRESSING

The 20 address bits required to decode 1 of the
1,048,576 cell locations within the TMM411000C
are multiplexed onto the 10 address inputs and lat-
ched 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 (tran) has been satisfied and the
address inputs have been changed from Row address to
Column address information.

DATA INPUT/QUTPUT

Data to be written 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 negative transition is the
strobe for the Data In{DiN) register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought lowlactive} prior
to CAS, the I 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 transi-
tion. In this "delayed write cycle” the data input set-
up and hold times are referenced to the negative
edge of WRITE rather than CAS. (To illustrate this
feature, Din is referenced to WRITE in the timing
diagrams depicting the read-write and nibble mode
write cycles while the “early write” cycle diagram
shows Din referenced to CAS).

Data is retrieved from the memory in a read cycle
by maintaining 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 available at the output within the specified
" access time.

;41 1 OOOC 12

DATA OUTPUT CONTROL

The normal condition of the Data Output (Dour) of
the TMM411000C is the high impedance (open
circuit) state. This is to say, anytime CAS is at a high
level, the Daut pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. Dour
will remain valid from access time untii CAS is taken
back to the inactive (high level) condition.

PAGE MODE

The "Page-Mode” feature of the TMM411000C
allows for successive memary operations at muitiple
column locations of the same row address with in-
creased 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 O throughout all
successive memory cycles in which the row address
is common. This "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 row address is eliminated, thereby
decreasing the access and cycie times.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accom-
plished by performing a memory cycle at each of the
512 row address (Ac~As) within each 8 millisecond
time interval. Although any normal memory cycle will
perform the refresh operation, this function is most
easily accamplished with "RAS-only” cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in pawer is reflected
in the lcca specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the
TMM411000C 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 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 incremented
in preparation for the next CAS before RAS refresh
operation.




TMM411000C-10
TMM411000C-12

HIDDEN REFRESH

An optional feature of the TMM411000C s that
refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at VL and taking RAS high and after a
specified precharge period (trp), executing a CAS
before RAS refresh cycle. (see Figure below)

MIZORY (L 8 REVRESH CYELE

/N

REFRESI CYCLE

fad

—\

Porr VALTE DATA

— lvv'F'.4_<7 >_,__

This feature allows a refresh cycle to be “hidden’”
among data cycles without affecting the data availability.

OUTLINE:

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM411000C
can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE
operation taking the internal counter address as raw
address and the input address as column address.

The test is performed after a minimum of 8 CAS
before RAS cycles as initialization cycles. The test
procedure is as follows.

(1) 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-
WRITE CYCLE). Repeat this operation 512 times.

@ Check "1 out of 512 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 512 times.

(&) Check™0” out of 512 bits at normal read mode,
which was written at @ .

®) Perform the above (1) to &) the complement data.

( Unit in mm
>
) 2
~
B
23.5 MAX
%
3 L 210 MAX | % o ERTEE
3] 1 -
-
- IT =
=
o o 0.1
; = —l—oz5 535
o a
w
4.0 MAX
Z54TYP 046101 14101
NOTE :  Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No. 1 and No. 18 leads. Alldimensions are in millimeters.
All dimensions are in millimeters.
Note:  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.
TiAug., 1985 Toshiba Corporation




