
TOSHIBA MOS MEMORY PRODUCTS 
16384 WORD x 1 BIT DYNAMIC RAM 

N CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM416P/D IS a 16,384 words by 1 bit MOS 
random access memory circuit fabricated With 
TOSHIBA's double poly N-channel silicon gate proc­
ess for high performance and high functional denSity 

The TMM416P/D uses a single transistor dynamiC 
storage cell and dynamiC control circuitry to achieve 

FEATURES 

• 16,384 words by 1 bit oiganlzatlon 
• Fast access time and cycle time 

TMM416P/D-2, TMM416P/D-3, 
TMM416P/D-4 

high speed and low power diSSipation Multiplexed 
address Inputs permit the TMM416P/D to be pack­
aged In a standard 16 pin plastiC and cerdlp DIP ThiS 
package size provides high system bit denSities and IS 
compatible With widely available automatic testing 
and insertion equipment 

• Output unlatched at cycle end allows two-dimen­
sional chip select 

FtDEVICEU tR~-t -t;;:-- ---'j 
-TMM4113P/D 2 - 150;;s- - - 320 n;--
TM~4~6PiD ~ _ -20~ ;;s __ ~ __ - ~75;;S =-

[T~M~16P/D-4 -1 __ 2~ ns ___ 1 __ ~O-"s~ 

• Common I/O capability uSing "Early Write" opera­
tion 

• Read-Modlfy-Wrlte, RAS-only refresh, and Page-
Mode capability 

• Industry standard 16 Pin DIP 
• All Inputs and output TTL compatible 

• Standard ± 10% power supply (+12V, ± 5V) 
• 128 refresh cycles / 2 msec 
• Compatible With MK4116 • Lower power 4fl2mW operating (max) 

20mW standby (max) 

PIN CONNECTIONS 

(TOP VIEW) 

PIN NAMES 

AO-A6 Address Inputs 

DOUT Data Out 

RAS Row Address Strobe 

-WRITE 

~!L~ 
vee 

t~~~--

Read!Wnte Input 

Po;;;r(-S-V) 
Power (+5V) 

po-we-; {tl.~2=-:V~I ___ ---I 
Groun~d _____ -1 

• Package 

BLOCK DIAGRAM 
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PlastiC 
Cerdlp 

DIP TMM416P 
DIP TMM416D 



• 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 - 70°C) (Note 2) 

DC ELECTRICAL CHARACTERISTICS 

(Voo = 12 OV± 10%, Vee = 5.0V± 10%, VSS = OV, VBB = -5,OV± 10%, Ta = O°C -70°C) (Note 2) 
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• 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Voo ~ 12 OV± 10%, VCC ~ 5 OV± 10%, Vss ~ OV, VBB ~ -5 OV± 10%, Ta ~ O°C -70°C) (NOTES2, 7,8,10) 

E.::OL Random r~::~;~t:~~: E204°~~~ '~3r7~5M4~~h4~2;~N5M41:;x4 U::TS 

~.:;WC Read,wrlte cycle time -+320 =r: ns 

,tRM~ Read modlfy·wrlte cyci"2'.lll_e __ ---,-320 4
2

0
2

5
5 

_ 12;5Cl~05 _ ns 
~~. Page mode cycle time 1_170. f-=- ns 

tRAC AccesstlmefromRAS ' 150 200 250 ns 11,13 
tCAC Access time from CAS -- --- t- f 100 135 165 ns 12,13 

tOFF -OutP~tbuff;rturn·offdela-y- -to, 40 0 50 0 60 ns 14 

tT I. _Transitlon_ .. tlme .. I.r.,sean. d·.fal.l) ... . ... '. il~ ~.'-' _3 50 3 50 ns -1-101 

,2,Rf' [ RAS precharge tim:... ___ .. _ 100 ___ ~ 150 ns ~ 
tRAS ... + .... RA .. 2p.~-.w. Idt~ ___ .. _-.. ' . 150.. _ 32'0~. -L2Cl~_ 32,000 250 32,000 __ ns_-+ __ _ 
~ , RASholdtim.e". _ __1100 ... 135 1~ ns __ 

f--!CSHn~ho~~me __ . __ .__ 150 200 250 ns __ 

c-,~ t~~.~ .•. ~ ......• ~.~ .• S.s.~~ •.. I~:.~I: .. :~.a .. y.t.I.m~ ._.- ...... _._~t.I .. l~~100~~ 1~~ lO,O~tll~ l='o~~ ~: 15.J ~. CAS ~ R~predlilrge.2":"e _~J;2~ i -20 I tj-~ _j~ns +---1 ~ Row Address set-up time 0 ,OJ 0 +--= ns 
I tRAH - Row Addres;-;;-~Id t~me - - . 20 I 25-1 - 3t1- ns--If-----1 

tA,SC. Colu;;-;n Acjd;ess set·up w,;e _____ ' .. -= .. 1.~. "-.~- .-.. -10+-.. h" - _ns .. T. I 
tCAH ~::~:~ ::~;::: ~~~~::: ___ I~II _ ~l _ 55 _ _ 7~ __ + _~ I 

tA R 1 9.5 ____ 1_20_ _+160 'I, I ns .. __ _~_ re~e~ced to_R_A_S___ , . __ _ 

!. tR C5 __ +-___ Re~ com.m .. a~~ .. s .. et-~.p. time 0 0 0 ! ns 
tRCH~ __ Read command hold time 0 ----- 0 .. .. Ol~+ 

~C" I:::=~:: :::: ::~: "'1::------. -- 75 -- --~'- ~s-- ------r--! "--1 
tw C R referenced to RAS 95 ! 160 ns I I 

.·lvvp~- Write command pulse wlci;~-' 45 I ---: -55 ,.-- 75 ~s-t·· =l" 
,2RW .. ~. ' .'N..":t.ecommand to RAS lead time---+-.. 50 _.-_ t-Ta- I,. 8U _ns.. , ... __ . 

tc;WL ..:.. Write command to CAS lead time ----i-~ I 70, _ 85 I ns ___ ~ 
tos I Data'ln set·up time I'.~I· 0 r--- 0 + ns 2E'.....J 

NOTES 

9 

9 

9 

ns 

t;EF ~esh peno-d-------- 2-1 I -2 --2- -~~ 

~~: I ~;~ir;~rt :.:~;"mc- . l-~ t~ -_. P! t!= t:: I -+-r--c-~-:---·+----:~-=~---j' 
- t;;'W~ RAStoWRITEdelay -=-_______ l1~ __ -_tl;' ~ 175_ "T-ns 17 
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• 
TIMING WAVEFORMS 

• READ CYCLE tAC 

tRAS 

ADDRESSES 

------------------------OPEN----------------~ VALID DATA 

[Z1 Don't Care 

• WRITE CYCLE (EARLY WRITE) 

tRAS 

ADDRESSES 

WRiTE V'HC-

V1L-

D,N 
VIH-

DOUT 
VOL ----------------------------------------OPEN 
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• 
• READ-WRITE/READ-MODIFY-WRITE CYCLE 

tRAS 

ADDRESSES 

~ Don't Care 

• "RAS-ONL Y" REFRESH CYCLE 
'RC 

ADDRESSES 

DOUT 
VOH-__________________________ ___ 

VOL 
OPEN 

rn Don't Care 

Note CAS <= VIHC. WRITE = Don't Care 
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• 
• PAGE MODE READ CYCLE 

V,H 
ADDRESSES VIL 

• PAGE MODE WRITE CYCLE 

AAS VIHC -
V,L -

CAS 
VIHC -
V,L -

ADDRESSES 
V,H 
V,L 

WRITE 
VIHC 
V,L 

D,N 
V,H 
V,L 

tRAS 

~Don'tCare 

tCSH 

rn Don't Care 
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POWER DERATING CHARACTERISTICS 

~+--t0':rY'-Y-~, - ;-~ 
~-~ 

~---~ 

~z~~~/,-=~ 
'-" -~--r' -' i-I 

NOTES 

10-'/'RC: In,) 

IDDl 

1 Stresses greater than those listed under "Absolute Maximum Ra­

tings" may cause permanent damage to the device 

2 T a IS specified here for operation at frequencies to 

tRC ;;:: tAC (min) Operation at higher cycle rates With reduced 

ambient temperatures and higher power diSSIpation IS permisSible, 

however, provided AC operating parameters are met See Fig 1 

for derating curve 

3 All voltages are referenced to VSS 
4 Output voltage will sWing from VSS to Vee when activated With 

no current loading For purposes of maintaining data In standby 

mode, Vee may be reduced to Vss Without affecting refresh 

operations or data retention However, the VOH (min) speCifica­

tion IS not guaranteed In thiS mode 

1001, I D 03 and 1004 depend on cycle rate See figures 2, 3 and 

4 for too limits at other cycle rates 

6 ICCl and ICC4 depend upon output loading DUring readout at 

high level data VCC IS connected through a low Impedance to data 

out At all other timeS ICC consists of leakage currents only 

7 After the application of supply voltages or after extended periods 

of bias (greater than tREF 2ms) Without clocks, thedevlce must 

perform about eight Initialization cycles prior to normal opera-

8 AC measurements assume tT '" 5ns 

9 The speCifications for tRC (min ), tRMW (min) and tRWC (min) 

:~eer ~~e: f~I~I;:~~~~~~cr:t;a~~~I~oJ';<~: '~t;~~~r~Pae:su~:~ratlon 
10 VIHC (min) or VIH (min) and VIL (max) ere reference levels for 

Cycle T,metRC In'l 

lO,lil RC in,1 

Fog 3 tRC "' 'OD3 

!pcin'l 

10'/,PC 

F'9 4 tPC"" D D4 

• 

measuring timing of Input Signals Also, tranSition times are meas­

ured between VIHC or VIH and VIL 

11 Assumes that tRCO ~tRCO (max) If tRCO IS greater than the 

maXimum recommen~d value shown In thiS table, tRAC will in­

crease by the amount that tRCO exceeds the value shown 

'2 Assu mes that tRCO L tRCO (max) 
13 Measured With a load-eqUivalent to 2 TTL loads and 100pF 

14 tOFF (max) defines the time at which the output achieves the 

open CirCUit condition and IS not referenced to output voltage 

levels 

15 Operation Within the tRCD (max) limit Insures that tRAC (max) 

can be met tRCO (max) IS speCified a reference POint only If 

tRCO IS greater than the speCified tRCO (max) limit, then access 

time IS controlled exclUSively by tCAC 

16 These parameters are referenced to CAS leading edge In early write 

cycles and to WRITE leading edge In delayed wnte or read-

modifY-Write cycles 

17 twcs, tcwo and tRWO are not restrictive operating parameters 

They are Included In the data sheet as electrical characteristics 
only 

17 -

If twcs ~ twcs (min ), the cycle IS an early write cycle and the 

data out Pin Will remain open CIfCUlt (high Impedance) throughout 
the entire cycle 

If tcwo ~ tcwo (min) and tRWO ~tRWD (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 



• 
APPUCATION INfORMATION 

ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P/D are 
mu Itlplexed onto the 7 address Inputs and latched 
Into the on-chip address latches by externally apply­
Ing two negative gOing TTL-level clocks 

The first clock, the Row Address Strobe (RAS). 
latches the 7 row address bits Into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 column address bits into 
the chip. Each of these signals, RAS and CAS, trig­
gers a sequence of events which are controlled by dif­
ferent 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 occurence 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 (tRAH) has been satisfied and the 
address Inputs have been changed from Row address 
to Column address information. 

DA TAl NPUT /OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WR ITE 
and CAS while RAS IS active. The later of the signals 
(WR ITE or CAS) to make its negative transition IS the 
strobe for the Data In (D,N) 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 D, N 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 its negative transition. In this "delayed write 
cycle" the data Input set-up and hold times are 
referenced to the negative edge of WR ITE rather than 
CAS. (To illustrate this feature, D,N IS referenced to 
WR ITE In the timing diagrams depicting the read­
write and page-mode write cycles while the "early 
write" cycle diagram shows D, N 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. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Do U T) 
of the TMM416P/D IS the high Impedance (open­
circuit) state That IS to say, anytime CAS IS at a high 
level, the DO UT 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. DOUT 
Will remain valid from access time until CAS IS taken 
back to the inactive (high level) condition 

If the memory cycle In progress IS a read, read­
modify write, or a delayed write cycle, then the data 
output Will go from the high Impedance state to the 
active condition, and at access time Will contain the 
data read from the selected cell ThiS output data IS 
the same polarity (not Inverted) as the Input data 
Once having gone active, the output Will remain valid 
until CAS IS taken to the precharge (logiC 1) state, 
whether or not RAS goes Into precharge 

If the cycle In progress is an "early-write" cycle 
(WRITE active before CAS goes active), then the 
output pin Will maintain the high Impedance state 
throughout the entire cycle Note that with this type 
of output configuration, the user IS given full control 
of the DOUT Pin simply by controlling the placement 
of WR ITE command during a write cycle, and the 
pulse Width of the Column Address Strobe dUring 
read operations Note also that even though data IS 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paYing any penalty In overall memory cycle 
time (stretching the cycle) 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TMM416P/D al­
lows for succesSive memory operations at multiple col­
umn locations of the same row address with Increased 
speed without an Increase In power ThiS IS done by 
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strobing the row address Into the chip and maintain­
Ing the RAS signal at a logic 0 throughout all succes­
sive memory cycles In which the row address IS com­
mon This "page-mode" of operation will not dis­

sipate 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 cycle times 

REFRESH 

Refresh of the dynamiC cell matrix IS accomplished 
by perform Ing a memory cycle at each of the 128 
row addresses Within each 2 millisecond time Interval 

Although any normal memory cycle will perform the 
refresh operation, thiS function IS most easily accom­

plished With "RAS-only" cycles, RAS only refresh 

results In a substantial reduction In operating power 
ThiS reduction In power IS reflected In the IDD3 
specification 

POWER CONSIDERATIONS 

Most of the CirCUitry used In the TMM416P/D IS 
dynamiC and most of the power drawn IS the result of 
an address strobe edge (refer to the TMM416P/D cur-

TYPICAL CURRENT WAVEFORMS 

• 
rent waveforms In Fig 5) In system applications 
requIring lower power diSSipation, the operating 
frequency (cycle rate) of the TMM416P/D can be re­
duced and the (guaranteed maximum) average power 
diSSipation of the deVice will be lowered In accord­

ance With the ID D 1 (max) spec limit curve Illustrated 
In Fig 2 

It IS possible to operate certain versions of the 

TMM416P/D family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid­
ed all AC operating parameters are met Operation at 
shorter cycle times « tRe min.) results In higher 
power dissipation and, therefore, a reduction In 

ambient temperature IS reqUired Refer to Fig 1 for 
derating curve 

POWER UP 

The TMM416P/D requires no particular power sup­

ply sequencing so long as the Absolute MaXimum 
Rating Conditions are observed. However, In order to 
Insure compliance With the Absolute MaXimum Rat­
Ings, TOSH I BA recommends sequencing of power 
supplies such that VBB IS applied first and removed 

last VB B should never be more positive than VSS 
when power IS applied to VDD 

LONG R:AS/o5AS CYCLE RAS DNL Y CYCLE 

'DO 
IrnAI 

'" (rnA) 

Voo - 132V 

of-+- -+-+-+----j----jf.-+-+-+-+-+-+--+-+-+--+----j----j---jVSB =-45V+--+--
0- - -t-+-+-+~c-Ic-I - e-I- -1-

~: 1)!\r~I\' ~~~'-~;~I\ l!f~ '~r 
J - - t-f--I-+-+-+-+-+-+-t- t---t-t-

oe-e-I--+-- - l- I- l- 1-1 - -I 1\ - f-

o~ I +- 1-- . It +-[--1\-/ \--JI-\c+-+-+ 1--l--+--IfJ:t-L., 

o '1liiI -~ - 1 V Ii '11\ v, 
o 11 + I-I- -''++["\++'-+-+-1--
of-- j-~t-C-t-I j-- - ---r t-+- , V 
o - -4-- t- -+-t- . 1-- i I f---. -+.-f---j-'ft+-+-I--+-

0__ (~(t71 +-- , I 1\ 
o 11m I(~\ t-#-A~tAf..:e- /,/'11\. Iii /11\ >1) . ~ i--+! \ fjf--\""I---V I V ',+- \p..1--
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• 
TYPICAL CHARACTERISTICS 

. 
, 

0 

. 

, 

0 

. 

Normalized AccessT,ma 'RAe 

vs Veo Supplv Voltage 

"- ......... 

T J -sooe 

........ r--

Voo IV) 

Normal1zed AccOla Time 

vlT Junction Tamperatur. , 

V 
V 

V 
V 

IOD2lStendby) 

vs VooSupply VoitaOli 

"r--+--+--+--+--1--,---r-4 

Veo (V) 

c 
.P 

Normalized Access Time 'RAe 

VII VBB Supply Voltage 

-- 20--

Normall:red Acea" Tim. tRAe 

vs Vee Supply Voltage 



0 

O 

0 

0 

1003 (RAS Only) 

vs T J Junction Temperatura 

VIHC.VILC Input Lavals 

v, VOO Supply VOltage 

I --

I 
~ -r 
~L.s--r 

V" 
VOO~132V 

tRC ~ 375 ns 

! 

t-
I I 

Vse - -5 5V for VIHC 

Vee" _4 5V for VILC 

TI ~ 50"'C 

Voo (V) 

V)H. VIL Input Levels 

vs Vee Supplv Voltage 

Voo ~ 13 2V for VIH 

Voo ~ 108V for V IL 

Ves (V) 

~ 
u 

'> 
~ 
'> 

1004 (Page Mode) 

vs VOO Supply Voltage 

V88~-45V 

TI ~ 50°C 

tpc ~ 225 ns 

1-----___ ,....-1-----

o f--+----'i--+_ --+-j' ---+-- 1----

0 

I--

0 

0 

0 

-

10--' 

-

Voo (V) 

VIH. VIL Input Levels 

vs V S ppl Voltage DD 

-- -- I 
I 

I 

~ ----r 
~ I 

I 
! 

1 
I 

I 
Ves - _5 5V for VIH 

Ves = _4 5V for VIL 

T j ~ 50°C 

Voo (Vj 

VIHC. VILC Input Levels 

vs TI J"nct.on Temperature 

I 

I -
V OO -132V,VSS -55VforVIHC 

VOO ~ 10 8V, Vee = -4 5 V for VILC 
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• 
1004 (Page Mode) 

vs TJ JunctIon Temperatura 

Vse ~ _4 5V 

'----r-- - -- VOO ~ 13 2V 

VIHC. VILC Input Levels 

vs Vee Supply Voltage 

VIH. VIL Input Levels 

vs TJ JuncY,on Temperature 

I 

I 

tpc ~ 225 ns 

Voo = 13 2V. Vee ~ -5 5V for VIH 

VOO ~ 10 8V, Vee = -4 5Vfor VIL 



• TOSHIBA 

OUTLINE DRAWINGS 

• Plastic Package 

• Cerdip Package 

16 15 14 13 12 11 10 9 tt::::;) 
12345678 

199 MAX 

8 0 

x.---I~---------------------­
~ 
~ 

2 54±O 25 a SiD 15 

z 
~ 

"' o 

(::::::)1 
IY Y Y 4 5 6 7 81 

L-------20 0 MAX ----_ 

Unit In mm 

Irl Irm--l 
~ 1 +01~ 

o 25~O 05 

ffil, 79±025 II 

0° ""' 15° 

I 025:g~5 I 
1---860-1020---

1 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 16 leads 

2 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. 

© Feb, 1981 Toshiba Corporation 
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