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T2316160A

DRAM

1024K x 16 DYNAMIC RAM

FAST PAGE MODE

FEATURES

 Industry-standard x 16 pinouts and timing
functions.

» Single 5V (x10%) power supply.

» All device pinsare TTL- compatible.

e 1K-cyclerefresh in 16ms.

« Refresh modes: RAS only, CAS BEFORE

RAS (CBR) and HIDDEN.

» BYTEWRITE and BY TE READ access cycles.

OPTION

TIMING MARKING
45ns -45
60ns -60

PACKAGE
42-pin SOJ J

44/50-pin TSOPII S

PIN ASSIGNMENT ( Top View)
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GENERAL DESCRIPTION

The T2316160A is arandomly accessed solid state
memory containing 16,777,216 bits organized in a
x16 configuration. The T2316160A has both
BYTE WRITE and WORD WRITE access cycles
viatwo CAS pins. It offers Fast Page mode with
Extended Data Outpuit.

The T2316160A CAS function and timing are
determined by the first CAS to transition low and
by the last to transition back high. Use only one of
the two CAS and leave the other staying high
during WRITE will result in a BYTE WRITE.
CASL to transition low in a WRITE cycle will
write data into the lower byte (DQ0O~DQ7), and
CASH transiting low will write data into the
upper byte (DQ8~DQ15).

Voo [|1 50 [ ] Vss
DQOo [|2 49 [ ] DQ15
DQ1 []3 48 [] DQ14
DQ2 [} 4 47 [] DQ13
DQ3 [s 46 [ ] DQ12
Voo [ |6 45 ] Vss
DQ4 [ 7 44 [] DQ11
DQ5 [|8 43[ ] DQ10
DQ6 [|o 42 [] DQ9
DQ7 [] 10 41[ ] DQ8
NC []11 40 ] NC
NC []1s 36| ] NC
NC []1e 35[ ] CASL
WE []17 34 ] CASH
RAS []18 33 ] OE
NC [] 19 32[] A9
NC [] 20 31 ] A8
A0 [21 301 A7
Al []22 29[ ] A6
A2 []23 28] A5
A3 [24 27 [ A4
Voo [] 25 26 ] Vss
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T2316160A
FUNCTIONAL BLOCK DIAGRAM
WE e
. o I_ R A 4 A 4 l
ﬁ_ —} CAS CONTROL DATA-IN BUFFER
CASH o—4 _ | LOGIC »
DQO
NO.2 CLOCK _‘ | II DQ15
GENERATOR | >
T » DATA-OUT
X COLUMN. N BUFFER J—
10 ADDRESS 0 SZE%LCL)JS/IENR «——— Of
A0 BUFFER 14 . M é 16>
Al -1024- -
A2 REFRESH I <16 7
ICONTROLLER] F1
A3 SENSE AMPLIFIERS
Ad ¢ > IIIO GATING
Ay
AS REFRESH 1024x 16
A6 COUNTER | [ e =
A7 —
10 >
A8 o
A9 ROW. N =8 : 1024x 1024 x 16 i
10 ADDRESS 10 e g | 1024 MEMORY i
BUFFERS(10; l/ LrlaJ . ARRAY __-
_ NO.1CLOCK | 4 i «— vce
RAS GENERATOR
4——oVss
PIN DESCRIPTIONS
SYM TYPE DESCRIPTION
AO0-A9 Input Address Input
RAS Input Row Address Strobe
CASH Input Column Address Strobe /Upper Byte Control
CASL Input Column Address Strobe /Lower Byte Control
WE Input Write Enable
OE Input Output Enable
DQO-DQ15 Input/ Output  |Data Input/ Output
Vce Supply Power, 5V
Vss Ground Ground
NC - No Connect
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T2316160A

ABSOLUTE MAXIMUM RATINGS*
Voltage on Any pin Relativeto VSS...... -1V to +7V
Operating Temperature, Ta (ambient).. 0°C to +70°C

Storage Temperature (plastic)........ -55°C to +150°C
Power Dissipation .........cccccevvvvveneie ve e, 1.2wW
Short Circuit Output Current..........ccc..ceeeeee. 50mA

* Stresses greater than those listed under " Absolute
Maximum Ratings' may cause permanent damage
to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
reliability.

DC ELECTRICAL CHARACTERISTICSAND RECOMMENDED

OPERATING CONDITIONS

(0°C < Ta< 70°C; VCC =5V + 10 % unless otherwise noted)

DESCRIPTION CONDITIONS SYM. MIN MAX UNITS | NOTES
Supply Voltage Vce 45 55 Vv 1
Supply Voltage Vss 0 0 \%

Input High (Logic) voltage VIH 24 Vceetl \% 1
Input Low (Logic) voltage VIL -1.0 0.8 \% 1
Input L eakage Current OV<VINSTV ILI -10 10 UA

Output Leakage Current |0V < VouTs 7V ILO -10 10 UA

Output(s) disabled

Output High Voltage IOH=-5mA VOH 24 Vce \%

Output Low Voltage loL =4.2mA VoL 0 0.4 \%

Note: 1.All Voltages referenced to Vss

MAX

DESCRIPTION CONDITIONS SYM,| -45 -60 | UNITS |NOTES
Operating Current RAS, CAS cycling, 'RC = min lccl | 190 170 mA 1,2
TTL Standby Current TTL interface, RAS, lecc2 | 2.0 2.0 mA

CAS=V,y, DoyT=High-Z
RAS-only refresh Current [(RC = min lccg | 190 | 170 | mA 2
Fast Page Mode Current tPC =min lcca | 150 130 mA 1,3
CAS Before RAS Refresh|'RC = min lcc5| 190 | 170 | mA
Current
CMOS Standby Current CMOS interface, ﬁs, CAS>Vce- lcce 1.0 1.0 mA 1
0.2v

Note: 1. lcc depends on output load condition when the device is selected.

Icc max is specified at the output open condition.
2. Address can be changed twice or lesswhile RAS = V|L.

3. Address can be changed once or lesswhile CAS = V|H.
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T2316160A
CAPACITANCE
(Ta=25°C, Vcc =5V, f = 1M HZ)
Parameter Symbol Typ M ax Unit
Input Capacitance (address) Ci1 - 5 pF
Input Capacitance (RAS,aS,W_E,O_E) Ci2 - 7 pF
Output Capacitance (data-in/out) Ci/o - 10 pF

AC CHARACTERISTICS(note 1,2,3) (Ta=0to 70°C)

TEST CONDITIONS:

Vce=5V +10%, Vin/ViL.=2.4/0.8V,Von/V oL=2.0/0.8V

Input rise and fall times: 2ns

Output Load: 2TTL gate + C|_ (100pF)

AC CHARACTERISTICS -45 -60
PARAMETER SYM [ MIN [ MAX | MIN |[MAX|UNIT | Notes
Read or Write Cycle Time trRC 85 110 ns
Read Write Cycle Time trwc | 105 140 ns
Fast-Page-Mode Read or Write Cycle Time tpc 26 35 ns
Fast-Page-Mode Read-Write Cycle Time tpCM 70 85 ns
Access Time From RAS tRAC 45 60 | ns |4
Access Time From CAS tcAC 11 15| ns |5
Access Time From OE toAC 11 15 | ns |13
Access Time From Column Address tAA 19 30 ns |8
Access Time From CAS Precharge tACP 22 35 | ns
RAS Pulse Width tRAS 45 10K 60 [ 10K | ns
RAS Pulse Width (Fast Page Mode) trRasc | 45 | 100K | 60 |100K| ns
RAS Hold Time tRsH | 11 15 ns
RAS Precharge Time (RP 28 40 ns
CAS Pulse Width tcas 10 10K 15 (10K | ns
CAS Hold Time tcsH | 40 60 ns
CAS Precharge Time tcp 6 10 ns
RAS to CAS Delay Time trRep | 10 | 34 | 20 | 45 | ns |7
CAS to RAS Precharge Time ICRP 5 S ns
Row Address Setup Time tASR 0 0 ns
Row Address Hold Time tRAH 5 10 ns
RAS to Column Address Delay Time tRAD 8 26 | 12 | 30 | ns 8
Column Address Setup Time tasc 0 0
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AC CHARACTERISTICS (continued)

AC CHARACTERISTICS -45 -60

PARAMETER SYM | MIN [MAX] MIN [MAX|UNIT [ Notes
Column Address Hold Time tcAH 6 10 ns

Column Address Hold Time (Referenceto RAS)  [tAR 35 45 ns
Column Addressto RAS Lead Time RAL 19 30 ns

Read Command Setup Time tRCS 0 0 ns |14
Read Command Hold Time Referenceto CAS IRCH 0 0 ns 19,14
Read Command Hold Time Reference to RAS IRRH 0 0 ns 19
CAS to Output in Low-Z tcLz 3 3 ns

Output Buffer Turn-off Delay From CASor RAS  |tOFF1 3 15 3 15 | ns 110,16
Output Buffer Turn-off OE to toFF2 8 15 | ns |16
Write Command Setup Time twCs 0 0 ns |11,14
Write Command Hold Time tWCH 6 10 ns

Write Command Hold Time (ReferencetoRAS)  |tWCR | 35 45 ns |14
Write Command Pulse Width twp 7 15 ns |14
Write Command to RAS Lead Time TRWL 9 10 ns |14
Write Command to CAS Lead Time tcwL 8 10 ns |14
Data-in Setup Time tps 0 0 ns |12
Data-in Hold Time tDH 6 10 ns |12
Data-in Hold Time (Referenceto RAS) IDHR | 3 45 ns

RAS to WE Delay Time tRwD | 61 85 ns |11
Column Addressto WE Delay Time tAwWD | 3 55 ns |11
CAS to WE Delay Time tcwp | 27 40 ns |11
Transition Time (rise or fall) tT 25 50 25 | 50 ns |2,3
Refresh Period (1024 cycles) tREE 16 16 | ms

RAS to CAS Precharge Time tRPC 10 10 ns

CAS Setup Time (CBR REFRESH) tcsR 10 10 ns

CAS Hold Time (CBR REFRESH) tcHrR | 10 10 ns

OE Hold Time From WE During Read-Modify-Write Cycle  |TOEH 6 15 ns |15
OE Setup Prior to RAS During Hidden Refresh Cycle  |{ORD 0 0 ns
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T2316160A

Notes:

1

10.

An initial pause of 200us is required after
power-up followed by eight RAS refresh
cycles (% only or CBR) before proper
device operation is assured. The eight RAS
cycle wake-ups should be repeated any time
the tREF refresh requirement is exceeded.

VIH(2.4V) and V| (0.8V) are reference levels
for measuring timing of input signals.
Transition times are measured between
VIH(2.4V) and VIL(0.8V).

In addition to meet the transition rate
specification, all input signals must transit
between V|H and V|L in a monotonic manner.

Assume that tRCD < tRCD(max). If tRCD is
greater than the maximum recommended value
shown in this table, tRAC will increase by the
amount that trcp exceeds the value shown.

Assume that tRCD > tRCD(max) .
Enables on-chip refresh and address counters.

Operation within the tRCcD(max) limit ensures
that tRAC(max) can be met. tRCD(max) is
specified as a reference point only; if tRCD IS
greater than the specified tRCD(max) limit,
accesstimeis controlled by tCAC.

Operation within the tRAD limit ensures that
tRAC(max) can be met. tRAD(MaX) is
specified as a reference point only; if tRAD IS
greater than the specified tRAD(Max) limit,
accesstimeis controlled by tAA.

Either tRCH or tRRH must be satisfied for a
READ cycle.

tOFF1(max) defines the time at which the
output achieves the open circuit condition; it is
not areferenceto VOH or VOL.

11.

12.

13.

14.

15.

16.

twcs tRwp. tawp ad tcwp ae
restrictive operating parameters in LATE

WRITE and READ-MODIFY-WRITE cycles
only. If twCs > twcs(min), the cycle is an
EARLY WRITE cycle and the data output will
remain an open circuit throughout the entire
cycle. If tRWD = tRWD(mMin), tAWD >
tAwD(min) and tcwD > tcwbpD(min), the
cycle is READ-WRITE and the data output
will contain data read from the selected cell. If
neither of the above conditions is met, the state
of 1/0O (at access time and until CAS and
RAS or OE go back to V) is indeterminate.
OE held high and WE taken low after CAS
goes low result in a LATE WRITE (O_E -
controlled) cycle.

These parameters are referenced to CAS
leading edge in EARLY WRITE cycles and
WE leading edge in LATE WRITE or READ-
MODIFY-WRITE cycles.

During a READ cycle, if OE is low then
taken HIGH before CAS goes high, 1/0 goes
open, if OE is tied permanently low, a LATE
WRITE or READ-MODIFY-WRITE
operation is not possible.

WRITE command is defined as WE going
low.

LATE WRITE and READ-MODIFY-WRITE
cycles must have both tOFF2 and tOEH met
(O_E high during WRITE cycle) in order to
ensure that the output buffers will be open
during the WRITE cycles.

The 1/0Os open during READ cycles once

tOFF1 Or toEE2 occur.
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READ CYCLE
tRc
RAS tRp
o Vg o p
RAS VH:'- N i K
tcsH
'RSH 'RRH
. 'crp 'RcD tcas
CAS ViH = | p
Vit —/ 1 R / /
AR
tRAD RAL
tASR 'RAH tAsc tCAH
Vi = r \ v
ADDR VH:'-@. ROW 7Wﬁ: COLUMN W ﬁ( ROW
) tRCs tRCH
| 1
VlH_ R
WE ViL - /4% Qé/
tAn
tRAC NOTE!L
tcac 'OFF1
tcLz
110 VOH- v ;
Vol = OPEN M VALID DATA } OPEN
toac LOFF2
|

SRR % V/

EARLY WRITE CYCLE

tRe
lRAS ) tRp
== V Li
RA IH - 3
vie - N 1 E .
CSH
tRSH
___lcre tRCcD tcas
== V
CAS ylH = 3
it =/ Y
(AR
(RAD (RAL
tASR RAH tasc {CAH
v
ADDR ylH = f ] f
VL _@K. ROW @K cowmr: W | ﬁ( ROW
cwi
tRw L '
twcRr
twes twcH
twe
v
WE IH <
vip o t %
DHR
' ths thH
v
110 10 H- v )
vighz X vaLiD DATA K
v
OE IH -
ViL -

7
DON'T CARE
@ UNDEFINED

Note: torr isreferenced from therising edge of RAS or CAS , whichever occurs last.
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READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)

'Rwc
tRAS . tRp
s  —
RAS VH_‘ - N |
tcsH
tRSH
. 'crp tRcop tcas
I
CAS It T F N /
AR
tRAD RAL
'ASR tRAH tasc tcaH
vV y v
ADDR Vw Z@K ROW @: COLUMN W d( ROW
tRwD tewl
tRcs tcwp [RwL .
tAwD twp
WE VIH 7 X Y
Vit 74
tAn
tRAC
tcac
tecrz - 'ps M
VioH - J p
110 Vigp = OPEN _iVALID DOUTXVAUD Dy ] OPEN
toac toFF2 [ toew
I

oF yf 7k / \7

FAST-PAGE-MODE READ CYCLE

tRASC

1 ‘RP |
— v o
RAS VIH
V N
L -
csH tpc RsH
| 'crP ReD tcas cp fcas fcp tcas fcen
CAS \H - R\ f X ki N i
IL - K K i /
t
AR
'RAD TRAL
‘AsR || 'RAH fasc fcAH fAsc fcAH tasc ||fcan
V,
R 72K KK ] ' ] ' ]
7k L ROW ] ! COLUMN ] _ﬁ: COLUMN 7ZW %: COLUMN 7ZW ﬂ( ROW
t tor [TIRRH
) RCS RCH
. |
WE VIH 3
ViL / W
tAA tAA tAA
RAC tacp ‘acp
fcac fcac fcac
oFFL oFFL
ez — ‘cLz—| ez~ —| |~ToFrL
Y
/o YOH _ ' s /s
OPEN VALID VALID VALID _OPEN ——
Vo = DATA 7 K__DATA K_DATA
foac ‘orr toac oFF2 toac ‘oFF2
= V
ViL % k k

DON'T CARE
B UNDEFINED

Note: 1. torr isreferenced from therising edge of RAS or CAS , whichever occurs last.
2. tpc can be measured from falling edge of CAS to falling edge of CAS , or from rising edge of
CAS torising edge of CAS . Both measurements must meet the tpc Specification.
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FAST-PAGE-MODE EARLY-WRITE CYCLE

tRAsC | )
RAS Wt‘ = X ;|‘ )L
- ! ]
tcsH tpc 'RSH
i‘CRP tRcp tcAs tcp tcAs tcp tcas tcpN
CAS I T F O ¥ % 7 X Y
'AR
RAD RAL
'ASR_|[RAH tasc tcaH tasc||icAH ‘asc |[cAH
ADDR vll'l:' 2% row XK column ] R coLumn XK counn XK Row
tcwe | tcwr | tcwe |
twes twen 0 [twes [[ twen ' twes || twen
twp twp twp
\ =
WE vl 2 2. %! . %
twcr tRwW L |
DHR '
s 'DH s DH ps toH
1o x'lgf 7% __vatio oata KX vaLio oaTa KK VALDDATA X7
0E VIH -~
OE Vil 2
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)
t RASC CtRP
vy —
RAS VH:' - N )
tcsH tpcM tRSH
iICRP trRcD tcas tcp, tcas tcp tcas tepng,
TAS ViH = p v Y s
vit = / \ K N 1 N 14
tAR
'RAD RAL
'ASR||IRAH ASC LcAH Asc||lcaH Asc|[tcAH
Viy I \ I i
ADDR I 77 row XK corumn XX corumn KK coLumn X RoW
'RwD N tRwL
RCS tew i n tewt - - =tcwL
twp— | twp - - |~-twp
tAwD tAwD tAwD
tcwp tcwp tcwp
v
WE \,IH ~
Vi - N
T (='DH
s
vV —
1O 1M AL — 0 p EN —
tOFF2
e YoEH
Vi =
0E vith = W

/)] DON'T CARE

B UNDEFINED

Note: tpc can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of
CAS. Both measurements must meet the tpc Specification.
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FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

RASC _RP
iy =
fcsH
oc tpc 'RSH
fcrp RcD fcas cp fcas fcp tcas e
__ I
CAS H 7 1 N 7 N f N : V)
AR RAL
'RAD
'ASR | [IRAH tasc fcAH tasc || tcaH tasc ||tcaH
ADDR ¥:E :@zf ROW @zf COLUMN(A) X [ COLUWN(B) X/ X coLunin) X X row
t,
‘IE‘ Ren ~ ” twes tweH
—=
E 7 - | N T
il tacp
~ RAC TcAC oFF1 s | |'bH
icac ToFFL l— ~— i'
oz
VioH - X Vv p v
VO Vi - OPEN ; { DX‘IAIA{“()A) 75—@':&4\5&-5 NOTE1L { D\ZGI/'\'?N £
oAC
—
= :
RAS ONLY REFRESH CYCLE
(ADDR=A0-A9; OE, WE=DON'T CARE)
'Rc
RAS tRp
51c V
RAS V|||[| - N A \
tcrP tRPC
CAS Y = i X
ViL -
'ASR 'RAH
ADDR Wﬁ Z ﬁii ROW ZW ﬁ( ROW
110 ¥8f - OPEN
DON'T CARE
@ UNDEFINED
Notel:Do not drive data prior to tristate.
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CBR REFRESH CYCLE
(A0-A9; OE =DON'T CARE)

tRp RAS Rp 'RAS
53c V
RAS yittz N 1 N Y
tRPC
i‘cpN tcsr ICHR tRpc,,. 'csRr ICHR
ViH = y /—J&
CASH CASL ylH= ¥ \ ] I 1%
110 = OPEN
WE ViIH
IL
HIDDEN REFRESH CYCLE
(WE=HIGH: OE =LOW)
(READ) (REFRESH)
'RAS ‘R, 'RAS
RRS gl - A £ ]
i tcrp tRcD tRsH 'CHR
Tas ViH =
CAS vif -_/ t N A
AR
'RAD tRAL
'Asr || 'RAH tasc tcAH
ADDR x'l'f I@ii ROW :m COLUtMN ¥
AA
'RAC
Tonc NOTE1
oLz 1 7 loFF1
170 ng = OPEN " VALID DATA ;>—OPEN—
0AC YoFF2
— E lorD
OF yif % J

Note: 1. torr isreferenced from therising edge of RAS or CAS , whichever occurs last.
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T2316160A
PACKAGE DIMENSIONS
42-LEAD SOJ DRAM (400 mil)
42 D 22
fNMponNnnonooonnonNnooooonnonnonon -
D
El -
}
| [ 4o
A
T 4

SYMBOL DIMENSIONSIN INCHES DIMENSIONSIN MM
A 0.128~0.148 3.251~3.759
Al 0.025(MIN) 0.635(MIN)
A2 0.105~0.115 2,657~2.920
B 0.026~0.032 0.660~0.813
b 0.015~0.020 0.381~0.508
c 0.007~0.013 0.178~0.330
D 1.070~1.080 27.178~27.432
E 0.395~0.405 10.033~10.287
e 0.050 1.270
E1 0.435~0.445 11.049~11.303
L 0.082(MIN) 2.083(MIN)
0.004(MAX) 0.102(MAX)
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T2316160A
PACKAGE DIMENSIONS
44/50L LEAD TSOPII DRAM (400 mil)
4IilFlﬂl_lI_II_II_II_II_IFIH I_IFIHHI_II_II_II_II_II_IZFSI?_ e
O ek
— e
EI Juututdunt gttty lel__ wow .
=a jﬁ

SEATING PLANE b

L1’

SYMBOL DIMENSIONSIN INCHES DIMENSIONSIN MM

A 0.047 1.200(MAX)

Al 0.002~0.006 0.050~0.150

A2 0.037~0.041 0.950~1.050
b 0.012~0.018 0.300~0.450
c 0.005~0.008 0.120~0.210
D 0.820~0.830 20.820~21.080
E 0.455~0.471 11.560~11.960
e 0.031 0.800

E1 0.395~0.405 10.030~10.290
L 0.016~0.024 0.400~0.600
L1 0.031 0.800

0 0°~5° 0°~5°
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