SAMSUNG ELECTRONICS INC

KM416C256A/AL/ALL

b7E D EE ?9b4l42 0015873 928 W sSMGK

CMOS DRAM

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
* Performance range:
trac teac tac
KM416C256A/AL/ALL-6 60ns | 15ns | 110ns
KM416C256A/AL/ALL-7 70ns | 20ns | 130ns
KM416C256A/AL/ALL-8 80ns | 20ns | 150ns

Fast Page Mode operation
2 CAS Byte/Word Read/Write operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
Selt Refresh operation (LL-version)
TTL compatible inputs and outputs
Early Write or output enable controlled write
Triple +5Vx10% power supply
Refresh Cycle
— 512 cycle/8ms (Normal)
— 512 cycle/64ms (L-version)
— 512 cycle/128ms (LL-version)
Power Dissipation
— Standby: 5.5mW (Normal)

1.1mW (L-version)

0.83mW (LL-version)
-~ Active (60/70/80): 660/605/550 mW

* JEDEC Standard pinout

Available in Plastic SOJ, ZIP and TSOP I

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM416C256A/AL/ALL is a CMOS high
speed 262,144 bitx 16 Dynamic Random Access
Memory. Its design is optimized for high performance
applications such as personal computer, graphics and
high performance portable computers.

The KM416C256A/AL/ALL features Fast Page Mode
operation which allows high speed random access of
memory cells within the same row. CAS-before-RAS
refresh capability provides on-chip auto refresh as an
alternative to RAS-only refresh. All inputs and outputs
are fully TTL compatible.

The KM416C256A/AL/ALL is fabricated using Samsung’s
advanced CMOS process.
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SAMSUNG ELECTRONICS INC L7E D EE ?9kL4142 0015874 AkY EESMGK
KM416C256A/AL/ALL CMOS DRAM

PIN CONF'GURAT'ON (Top Views)

* KM416C256AJ/ALJ/ALLY » KM416C256AZ/ALZ/IALLZ » KM416C256 AT/ALT/ALLT * KM416C256ATR/ALTR/ALLTR
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(SOJ) (TSOP(It)-Forward Type) (TSOP(Il)-Reverse Type)
Pin Name Pin Function Pin Name Pin Function
Ao-Ag Address Inputs LCAS Lower Column
DQve Data In/Out _ Address Strobe
Vss Ground W Read/Write input
RAS | Row Address Strobe || OF Data Output Enable
UCAS | Upper Column Veo Power (+5V)
Address Strobe N.C. No Connection
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss Vin, Vour -1t 4+7.0 Vv
Voltage on Ve Supply Relative to Vss Vee -1t0'+7.0 \
Storage Temperature Tstg —-55 10 +150 °C
Power Dissipation Po 700 mw
Short Circuit Qutput Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.
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SAMSUNG ELECTRONICS INC E?7E D WB ?9b4lu2 0015875 ?T0 EESMGK
KM416C256A/AL/ALL CMOS DRAM

RECOMMENDED 0PERAT|NG COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voitage Vee 4.5 5.0 5.5 \Y
Ground Vss 0 0 0 \
Input High Voltage Vin 2.4 - Vee+1 A
Input Low Voltage Vi -1.0 - 0.8 \")

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Parameter Symbol | Min | Max | Units
Qperating Current* KM416C256A/AL/ALL-6 -— 120 mA
(RAS, chA's or [CAS, KM416C256A/AL/ALL-7 loct — [ 110 | mA
Address Cycling @tac = min.) KM416C256A/AL/ALL-8 — 100 | mA
Standby Current (RAS = UCAS =[CAS=Vy) lece — 2 mA
KM416C256A/AL/ALL-6 — 120 mA

RAS-Only Refresh Current”

. i KM416C256A/AL/ALL-7 leca — 110 | mA
(UCAS = LTAS, RAS, Address Cycling @tac=min.) KM416C256A/ALIALL.S — | 100 | ma
Fast Page Mode Curent® KM416C256A/AL/ALL-6 - 95 | mA
(RAS =V, UCAS or LCAS, KM416C256A/AL/ALL-7 leca - 85 mA
Address Cycling @tec=min.) KM416C256A/AL/ALL-8 — 80 mA
KM416C256A - 1 mA
Standby Current
_ _ _ KM416C256AL lecs — | 200 A
(RAS = UCAS = [TAS 2 Voo - 0.2V) KM416C256ALL — | 150 | uA
. KM416C256A/AL/ALL-6 - 120 | mA
gsmBmem'e'nc?st—c-A-SRe"eg;‘cﬁﬁge&m — min) KM416C256AIALALLY | loos | — | 110 | mA
’ ) KM416C256A/AL/ALL-8 — 100 | mA
Battery Back Up Current
Average Power Supply Current, Battery Back Up Mode
Input High Voltage (Vi) = Vec-0.2V
lg{_gt L\c;w Voltage (V) =0.2v KM416C256AL lecr — ] 300 | uA
= Vi

Dw =Don’t Care
Tnc = 125;45, Tms =tras min. ~ 1}45

Self Refresh Current
=CAS =02V KM416C256ALL lca | — | 200

W=0E = A0~ A8= V0.2V or 0.2V #A
DQ1~16=Vc-0.2V, 0.2V or OPEN

input Leakage Current -

(Any input 0<V<6.5V, all other pins not under test = 0V) h 101 10 | wA
Output Leakage Current _

(Data out is disabled, OV <Vour<5.5V) lo 10010 1 wA
Output High Voltage Level (lon = —5mA) Vou 24 —_ v
Output Low Voltage Level (io. =4.2mA) VoL - 0.4 \'

* NOTE: lccs, locs, lecs and logs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. in lec: and lecs, Address can be changed maximum
two times while RAS = Vy.. In lgcs, Address can be changed maximum once while UCAS and UCAS = V.
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SAMSUNG ELECTRONICS INC E?E D W ?9b4142 00L587L 637 EESMGK
KM416C256A/AL/ALL CMOS DRAM

CAPACITANCE (t.=25°¢)

Parameter Symbol Min Max Unit

Input Capacitance (Ao-As) Cini - 5. pF

Input Capacitance (RAS, LCAS, UCAS, W, OF) Cinz - ! 7 ! pF !

Output Capacitance (DQ1-DQ1s) Coa — l 7 pF ]

AC CHARACTERISTICS (0°C<Ta<70°C, Voo = 5.0V £ 10%, See notes 1, 2)
KMA1GC2SGNALIALLS | KMA1GC2SBAALALLT | KNATBC2SGATALIALLY
Parameter Symbol Units | Notes
Min | Max | Min | Max | Min | Max

Random read or write cycle time tre 110 130 150 ns
Read-modify-write cycle time tawe 155 185 205 ns
Access time from RAS trac 60 70 80| ns | 34,11
Access time from CAS teac 15 20 20| ns | 345
Access time from column address taa 30 35 40| ns 3,11
CAS to output in Low-Z toz 0 0 0 ns 3
Output buffer turn-off delay tore 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 2
RAS precharge time tap 40 50 60 ns
RAS pulse width tas | L60%[ 10,000 | 70 | 10,000 | 80 | 10,000 | ns
RAS hold time task 15 20 20 ns
CAS hold time tesk 60 70 80 ns
CAS pulse width teas 15 | 10,000 | 20 | 10,000 | 20-| 10,000 | ns
RA3 to CAS delay time trep 20 45| 20 50 | 20 60 | ns 4
RAS to column address delay time trap 15 | 15 3| 15 40 | ns 1
CAS to RAS precharge time teap 5 5 5 ns
Row address set-up time tash o] 0 0 ns
Row address hold time tran 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time toan 15 15 15 ns
Column address hold time referenced to RAS | tan 50 55 60 ns 6
Column address to RAS lead time thaL 30 35 40 ns
Read command set-up time tres 0 0 0 ns
Read command hold tirhe referenced to CAS | tack 0 0 0 ns
Read command hold time referenced to RAS | tpew 0 0 0 ns
Write command set-up time twes 0 0 0 ns 8
Write command hold time ‘ twen 10 15 15 ns
Write command hold time referenced to RAS | twen 45 55 60 ns 6
Write command pulse width twe 10 15 15 ns
Write command to RAS lead time trwl 15 20 20 ns
Write command to CAS lead time towe 15 20 20 ns
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SAMSUNG ELECTRONICS INC E?E D EE ?9b4l42 0015877 573 EESMGK
KM416C256A/AL/ALL CMOS DRAM
AC CHARACTERISTICS (Continued)

KMA1BC256NALALLS | KMAIOC2SBNALIALLT | KMATGC2SGAALIALLY
Parameter Symbol Units | Notes
Min | Max | Min | Max | Min | Max
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 15 15 ns 10
Data-in hold time referenced to RAS ton 50 55 60 ns 6
Refresh period (512 cycles) trer 8 8 8| ms
Refresh period (L-version) trer 64 64 64 | ms
Refresh period (LL-version) ‘trer 128 128 128 | ms
CAS to W delay time tewo 40 45 45 ns
RAS to W delay time trwo 85 95 105 ns
Column address to W delay time tawo 55 60 €5 ns
CAS setup time (CAS-before-RAS cycle) tesa 10 10 10 ns
CAS hoid time (CAS-before-RAS refresh) tonn 10 10 10 ns
RAS precharge to CAS hold time tarc 5 5 5 ns
TAS precharge time (C-B-R counter test cycle) | teer 20 25 30 ns
Access time from CAS precharge tepa 35 40 45 | ns 3
Fast page mode cycle time tec 40 { = 45 50 ns
Fast page mode read-modify-write cycle time | teawc 80 95 100 ns
RAS pulse width (fast page mode) trasp 60| 100K | 70! 100K | 80| 100K | ns
BAS hold time from CAS precharge taHce 35 40 45 ns
CAS precharge time (fast page mode) ter 10 10 10 ns
RAS hold time referenced to OE tron 15 20 20 ns
Access time from OE . toea 15 20 20| ns
OE to data-in delay time toeo 15 20 20 ns
Qutput buffer turn off delay time from Ot toez 0 15 0 20 0 2| ns
OE command hold time toen 15 20 20 ns
RAS pulse width (C-B-R self refresh) taass | 100 100 100 48 19
RAS precharge time (C-B-R self refresh) tres 110 130 150 ns 19
CAS hold time (C-B-R self refresh) toms 0 0 0 ns 19
KM416C256 Truth Table
RAS LCAS UCAS w OE DQi~s DQgn 18 State
H H H H H Hi-Z Hi-Z Standby
L H H H H Hi-Z Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Lower Byte Read
L H L H L Hi-Z DQ-OUT Upper Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-In Don’t Care Lower Byte Write
L H L L H Don't Care DQ-IN Upper Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z -
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SAMSUNG ELECTRONICS INC

KM416C256A/AL/ALL CMOS DRAM

NO
1.

2.

~ o ;

11.

12.

14.
15.

18.
17.

TES

An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh
cycles before proper device operation is achieved.

ViHimin) and ViLmax) are reference levels for measuring timing of input signals. Transition times are measured
between ViHmin) and Viymax) and are assumed to be 5ns for alt inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the trcomax) limit insures that taacimax) can be met. trepimay) is specified as a reference point

only. if trep is greater than the specified trcoimax) limit, then access time is controlled exclusively by tcac.

. Assumes that trcp2tRebimax)-
. AR, twcn, tonr are referenced to tRaD(max)-

torFmaxy defines the time at which the output achieves the open circuit condition and is not referenced
to Von or Vor.

twes, tawp, tcwo and tawp are non restrictive operating aprameters. They are inciuded in the data sheet as elec-
trical characteristics only. If twos2twcsmin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp2tcwpiming, tRwWDZtRwomin), tawp=tawpmin) then the cycie is a
read-write cycle and the data output will contain the data read from the selected address. If neither of the above
conditions are satisfied, the condition of the data out is indeterminate.

Either tgcH or trrH Must be satisfied for a read cycle.

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in
read-write cycles.

Operation within the trapimax) limit insures that tracimax) can be met. tranimax) is specified as a reference point
only. If trap is greater than the specified trapimay limit, then access time is controlied by taa.

tasc, tcan are referenced to the earlier CAS falling edge.

tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle.
tcwo is referenced to the later CAS falling edge at word read-modify-write cycle.

tcwL is specified from W falling edge to the earlier CAS rising edge.
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tasc | tean
-]

COL
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r CWL

tcsr is referenced to earlier CAS faliing low before RAS transition low.
tchr is referenced to the later CAS rising high after RAS transition low.
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SAMSUNG ELECTRONICS INC b7E D NN ?79b4142 0015879 3ub WMESMGK
KM416C256A/ALJALL CMOS DRAM

18. tps, tpH is independetly specified for lower byte Dini~s), upper byte Din(gn.18).

LCAS \

19. 512 cycle of Burst Refresh must be executed within 16 ms before and after self refresh, in order to meet refresh
specification.

TIMING DIAGRAMS
WORD READ CYCLE
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KM416C256A/AL/ALL CMOS DRAM

TIMING DlAGRAMS (Continued)
LOWER BYTE READ CYCLE
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KM416C256A/AL/ALL CMOS DRAM

TIMING DIAGRAMS {Continued)
WORD WRITE CYCLE (EARLY WRITE)
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SAMSUNG ELECTRONICS INC L7E D EH ?79B4lu2 0015382 930 B SMGK

KM416C256 AJALJALL CMOS DRAM
TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)
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SAMSUNG ELECTRONICS INC
KM416C256A/AL/ALL

L7E D

I ?7964lu42 0015883 8477 EESMGK

CMOS DRAM

TIMING DIAGRAMS {Continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

UCAS

CCAS

DQ,~DQy

DQy~-DQyg

Ve —

Vih — !\

T tRkS
tap ———————=

tac

l— trp —=|

trec

V‘H _ W
Vie —

taco

tagn

tesk

g%

Vi —

tasr

-

tran

.
—teap —= tasc \
K

teas

I

—tcan —

traL

\‘j: _ @,‘ ADDRESS
Nt

ow

CO

XA

ADDRESS

LUMN

tawL

]

towe

v R
D S 0

Vi —

toen

h— o —

VALID DATA-IN

BB SRR

Vin
Vv

B A A e N NN et

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

trc
tras p— tRP —d

Vi o ™)
RAS I \ tan / N

Vie = tcre

taco oo trsH
c

ocAs M T teas /

Vie —

}‘-‘ trec ‘*i

— VlH -
cAs . N

Vi tasr tran e tasc fo

] 1 —lcan—

A Vik = m ROW £~ COLUMN

Vo — ADDRESS ADDRESS
w Vi -~ A

tawL r— [
-

o LR

Vi — toEn

Vo, —

DQ,~DQg "
Vi —
toen }—-—- ——lns—! I——QDH——
Viw — - .
00,00 7~ (RN o omman R

m DON'T CARE

s ugg

ELECTRONICS

564



SAMSUNG ELECTRONICS INC

KM416C256A/AL/ALL

L7E D EH 79kLulue

00158384 703 MESMGK
CMOS DRAM

TIMING DIAGRAMS (Continued)
WORD READ-MODIFY-WRITE CYCLE

~—tawc

tras

Vin — b
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os ton
|l— trac =-—toez ’——
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SAMSUNG ELECTRONICS INC

KM416C256A/AL/ALL

GYE D WM 79b4l42 0015885 b4T EESMGK

CMOS DRAM

TIMING DIAGRAMS (Continued)
UPPER-BYTE READ-MODIFY-WRITE CYCLE

— tawe |
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. Viu —
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- C
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FAST PAGE MODE WORD READ CYCLE
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— DATA-OUT L DATA-OQUT DATA-QUT
oL
torz = torz — toLz
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TIMING DIAGRAMS (Continued)

FAST PAGE MODE LOWER BYTE READ CYCLE

tRasp —tap
RAS Vi — -ﬂ\ tan
Vie — tere 44 trpe
I__ taHce
LL
. V- 24
UCAS v, — tee tec t=— trsH ——
t tere . tce tep
RCD
e V- tc»xs_+ —tcas =4 = tcas — L
= P TN \ .
v, —
“ tasn csm tasc toau tRaL —-'I
] \ tasc i tean o tasc p—et ———1tc,m
RAH
Vin — ™~ Row COLUMN COLUMN COLUMN
A v, — ADD ADDRESS o ADDRESS “ ADDRESS
[N
i——'mo——_‘ E—'— tacs = tacs
t t I tren
tacs l—— RCH = qc;;
Vi = tan —= 'tAA_+ L taa
topa ——— — tcpa
o8 Vi — oEa e, toEA toea
V p—
- Lt '] torr }——— (c;«c tore '—-—"—. ! torr
trac cac toez po—] botogz ~  =toac L'losz
DQ,~DQ, ' VALID VALID " VALID
1 LIV DATA-OUT \ DATA-OUT DATA-OUT
oL Nl
torz —=t towz tez —
Vow —
DQy~DQyg . OPEN
oL
FAST PAGE MODE UPPER BYTE READ CYCLE ‘
trase —'tpp—‘1
S Vin — —ﬂ\ [  a— Y Z
Vi = tere e
) tee tec =~ thsk
RCD —— tep
. Vm F—tcas— A~ r=——tcas e w——ims V F
UcAs |, _ / u
- terp T
r'—— tesw
£¢
Vin = 4
LCA3 Ve — tRaL
tasn tRan tasc toan tasc toan tasc te
] i AH
Vin — ROW N " COLUMN COLUMN x" COLUMN
A Vi — ADD \_ ADDRESS N ADDRESS \_ ADDRESS
L
—rt, | 1 o .
HAD‘FJ tres tRcH [|es 1gc;l I _|— Res ‘-—Itncr«
_ = 4
W Vin tRAH
Vi — taa tan—]
tera —1tcea
45
o Vih — N\
E
Vi — /5
I ]
Vow — ‘_. toea i‘—‘ tore F‘ toea "-*J tore 1—— toea l’—4 tore
DQ;~DQ, 4§
! 8 VoL — OPEN tcac toez tcac tosz toac toez
trac
_ g — —
Vo  vaLp ) VALID VALID >
DQy~DQyg Vo — DATA-QUT DATA-OUT DATA-OUT
torz — terz — foiz

m DON'T CARE
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TIMING DIAGRAMS {Continued)
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)
-

AS

UCAS

,_
[y
>
w

gl

v —
DQ~DQys

tre

trase
Vin = \ tar
Vi <
fere tc b =) e ]
taco tep -
Vin — toas —= Y’ *tm\s—-*/ 4
Ve — . P
tere CoH toc tec
treo tee
Vin— W \\ tcas \k teas 77—/£ 144
Vie— X A\
tasr tesn tasc toan
e g, tasc (el
trar
Vin—  ROW COLUMN COLUMN
Vig— ADD ADDRESS ADDRESS o
— tran twes twes
twen e
V‘””SES%%SEEEES% twp A > & ’
Vie— { s by .0‘ .
tcw;‘—4 ICWL% [ ow N
£
- GG
Ve — 72

tos

g —re

‘ k24
tox y—al l-— ton los

—r

owmn XCEOX o orain IO

tomr

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE)

RAS

=

OE

DQ,~DQ,

DQq~DQyg

lrase J\‘ tha
Vin — tar ' d
Y= tere 4¢ ‘ L
Vin — 55 1 ‘
r~— o t t \
Vi — . PC o PC o sH «1
#-—-— taco F
Vg — toas = ——tcas —=1{ =55 teas
"- N N / u /
- tasr tlesn ] tasc te tase ‘[ 1
1 e Cam asc !l | tean 1
o teas |+ i :
Vi — FROW " COLUMN COLUMN COLUMN
Vi — ADD \_ ADDRESS ADDRESS ADDRESS
trao twes twen twes \ twes twen
— twer
Vi — tywp ——= =t twp =t twp —=
Vip — X 79
I tew ; towe *"“-l :t ——— tR;L E&j—{
VlH -
VlL -
tos L-’ ’——— tom tos l——— ton ’x; ton
Vin — 1~ VALID VALID VALID
vy — DATA-IN DATA-IN DATA-IN
L‘tDHR
Vin — A
B A U R RN

m DON'T CARF
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KM416C256A/AL/ALL CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)

tRasp P
Vi — -
— tar
RAS N /
Vi — <L
tcrp 2
1
|’_‘ taco " e [ | tesw
Vik— \\ tocas = \ teas —— ¥ !\— tcas —J "
UCAS ViL— 7 7 * /
teap tapc
<
_ Vm- $ 4
LCAS Vi — . tesn

asr | | tran tasc tasc toan tasc toan
= tcan p—i —
Vi = 1 row COLUMN COLUMN COLUMN
A Vi — ADD ADDRESS ADDRESS ADDRESS
trap =1 twes | b twes twes
wen twen twon =
— Vin — typ —= 1 twe [t twe —
w
V\L - T
| tewe ~—| ——ttowL *—‘ T tow o
— Vin —
OE
Vi —
Vin—
DQ,~DQg

L
los ton tos tow tos town

Vin = VALID VALID VALID
DQs~DQ1s Vi — DATA-IN DATA-IN DATA-IN
tDNR

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

tre
taase
iy — tan
RAS v \ tosm
L= terp

- ¢
["" Lo theo terwe ter RSH

Viw — N I )¢ —
OCRS V: B W P \ cas Z Cas /7

CRP [ e losm

J
P

v — thco —— teawe tor — trsH .
H— teas tcas
A N, A — /7
L — |
tasr tran t
=1 1 " tean tow, - ASC tean towe e
A Vi — - ROW COLUMN A~ COLUMN
Vi ADD ADDRESS ADDRESS
l .
trap tacs Y Lo tRaL oo
W Vi — \ Y/ \ /
ViL— towp |
tawo
o tawo
EA
— Vi —
OE
Ve — t 1
L ’-'—(AA QED | EJS
r—tmc toez ton
teac f
Vion —
DQ, ~DQyg V' on
I
terz —= towz
VALID DATA-OUT  VALID DATA-IN VALID DATA-OQUT  VALID DATA-IN

B oonr oane
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TIMING DIAGRAMS (Continued)
FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE

trase trp
vy, — —
BAS H \ tar
Vi ~ tore tarc
_ X
mRs torwe task
ViL — tesm
tere ep
1 [ tRco—= ; .
Vi — cas caS
oA, _ \ /
- tasr| |tran tasc N
=t = = [ tean tow tcan o |
A Vin — ROW COLUMN COLUMN
vy — ADD N ADDRESS . ADDRESS
trao i7 twe traL 14*“1
§ [ WP
— Vi —
T SR p— g \j/
tawp
trwo tawo
Vin — :EEA
OE
Viu — taa toeo | tos , S
$ p=—1IcPa
trac |y toez | tom o
teac T toac
Vion — £ N
DQ,~DQyg v “~
oL — "
) tore — terz
v _ VALID DATA-QUT  VALID DATA-IN VALID DATA-QUT  VALID DATA-IN
on
DQy~DQ1g OPEN
VioL —

FAST PAGE MODE UPPER-BYTE- READ-MODIFY -WRITE CYCLE

tre
trase
— Vin — tan
RAS tesn trsn
Ve — tere

terwe

v |— trco——
W — [ R t 7
UCAS \ CAS / ter \ cas

Vie— tcre i treg

iy —
LCAS

Vi — tasr | |tRan tasc tean towe tasc | toam

Vin — ROW x COLUMN COLUMN
A Vi — ADD ADDRESS \_ ADDRESS

thap l.__| __I tae I

v R N

Vi — F—tewo

trwo
tawp

BE \\;m -
=
Viow — =—taa teea
)

DQ;~DQg Vior —
—traC
Vienw —
DQg~DQy .
ViolL —
towz

VALID DATA-OUT VALID DATA-IN VALID DATA-OUT  VALID DATA-IN

m DON'T CARE
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-

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tac

taas b IRp ——e} thas — o] tap =

Vi o =y

tar - \
RAS v, — \ ! ,Z J \
pe- torp —ed -—taco‘—ﬁ—— trsn ~——=

Vin — y t— tonr =
UCAS \
Vi — 4
= lcip = . _’
= ICHR
Vi — r
o A\ /_/
nw -
tasA tasc
1 tran mam— toan
A Vi ROW COLUMN
Vi — ADDRESS ADDRESS )
[T —— __l ' |
—trcs RRH
Vo
w
ViL —

tan torr
t
—_— VlH —_ OFA 4
= 4
Vip — x

toez

trac

Vou —
DQy~DQyg VALID DATA-QUT }———
Voo — teLz

HIDDEN REFRESH CYCLE (WRITE)

tRas tap —— tras tap
— —
s N\ e ‘ N /
Vi — = '"l b

T
)—‘cnp - trco trgH ——=i

R = tcrA W
UCAS Vi — / \\ I
’-tCRP‘—
Vip— —— teHr
LCAS Vie — / \ 1 ;

tasn taam tasc

A T ROW COLUMN
Vi — . ADDRESS | ADDRESS

trap —==f

tcan

twen —=

Vi — [= twes = AVAVAVAV AV .VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY.
" e ARSI IXIKAS

=

GE Vin — ) AN
Vi —
tos toH —|
QH —
0Q~DQyg VALID DATA-IN
VoL —
I {oHr

m DON'T CARE
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KM416C256A/AL/ALL CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

e trp
Viw — taas
RAS /

Vi —
tesn for s
Vin — te t
UeR VIIH \ CAS
CAS L=
. tepr ——d tasH |
RS zm : o teur \i—— teas r
' ! trac =
v tasc tcan ‘
[ R AVAV AW AV AV A VAV AVAVAVAVAVAVAVAVAVAVAVAVAVAY
N~ coLumn
5 - SRXRXKLEEEEEEEIN, Sty ]
READ CYCLE s | | i i
F=—"teac —= =] trck
w Vie —
tron
Vig —
OE
ViL =~
— toea LOEZ"—- torr
Vo —
DQ;~DQyg v(:: _ /ﬁ( VALID DATA-OUT
oLz
trwL
WRITE CYCLE tewe
w Vi —
| b ||
. Vm—
OE Vi —
w
S S
DQ,~DQyg \\//: : OPEN { VAUID DATAN |
tew
tawp |
READ-MODIFY-WRITE trcs towo | o —]|

Vi — 7

twp
W toac \
VIL -
Vi — \]:__
toea 1
OE Vi — ! OFo, e tor=—

tez toez tos

Vion — 7
DQ1~DQ1stL _ 4

VALID DATA-OUT VALID DATA-IN

m DON'T CARE
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TlMlNG DIAGRAMS (Continued}
RAS ONLY REFRESH CYCLE

NOTE: W, OE=Don't Care

RAS

A Vin —
Vo — \. ADDRESS

CAS-BEFORE-RAS REFRESH CYCLE

Vik — _!\

Vi —

tras

tere

‘. S
ik —

terp tapc tcre
Vin —
Vi - \—/

tasm tran

ROW

NOTE: W, CE, A=Don’t Care

OCAS

DQ,-DQyq

tre

NOTE: W, OF, A=Don't Care

RAS

UCAS

LCAS

L— [T P ‘F-—hw

Vig — i~ thas s X
Vi — —d L lapG ] \ f

ter

tesm

Vo d:_. tonn
v - /N

ter tesm
Vi — r— tenm
ViL — / !

toer
VOH_ ‘
PEN
o y— ©
CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
tRp trRPS
Vin— 1
viL— / il " z \—_
1

tep o RPC
Vin— =\ (lCsR
ViL— / \ A

tep tcHs
ViH— i’ icsr

- 2
Ve /
* torF
Vo — K.
VoL — Py OPEN

DQ1-DQ16

s v
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DEVICE OPERATION

Device Operation

The KM416C256A/AL/ALL contains 4,194,304 memory
locations arranged in 16 groups of 262,144 x 1 bit each.
Eighteen address bits are required to address a partic-
ular memory location. Since the KM416C256A/AL/ALL
has only 9 address input pins, time multiplexed address-
ing is used to input 9 row and 9 column addresses. The
multiplexing is controlled by the timing relationship be-
tween the row address strobe (RAS), the column address
strobe (LCAS, UCAS) and the valid row and column ad-
dress inputs.

Operation of the KM416C256A/AL/ALL begins by strob-
ing in a valid row address with RAS while LCAS (UCAS)
remains high. Then the address on the 9 address input
pins is changed from a row address to a column address
and is strobed in by LCAS (UCAS). This is the begin-
ning of any KM416C256A/ALALL cycle in which a
memory location is accessed. The specific type of cy-
cle is determined by the state of the write enable pin
and various timing relationships. The cycle is terminated
when both RAS and LCAS (UCAS) have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge
time (tgp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(Min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device oper-
ation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CAS pulse widths. In ad-
dition, a new cycle must not begin until the minimum
RAS precharge time, tgp, has been satisfied. Once a cy-
cle begins, internal clocks and other circuits within the
KM418C256A/AL/ALL begin a complex sequence of
events. If the sequence is broken by violating minimum
timing requirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write ena-
ble input(W) high during a RAS/xCAS cycle. The access
time is normally specified with respect to the falling
edge of RAS. But the access time also depends on the
falling edge of CAS and on the valid column address
transition. If xCAS goes low before tacp(max) and if the
column address is valid before tpap{max) then the ac-
cess time to valid data is specified by trac{min).
However, if xCAS goes low after taco(max) or if the
cotumn address becomes valid after teap{max), access
is specified by tcac Or taa. In Order to achieve the mini-
mum access time, tsac(min), it is necessary to meet
both tecp{max) and trag{max).

Write

The KM416C256A/AL/ALL can perform early write, late
write and read-modify-write cycles. The differece be-
tween these cycles is in the state of data-out and is de-
termined by the timing relationship between W, OE,
LCAS and UCAS. In any type of write cycle, Data-in must
be valid at or before the falling edge of W or xCAS,
whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before xCAS. The 8-bit wide data at the data
1/O pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the
OE input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringing W low after CAS and
meeting the data sheet read-modify-write timing require-
ments. The OE input must be low during the time de-
fined by toea for data to appear at the outputs. If tewo
and trwo are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM416C256A/AL/ALL DQ pins.

Data Output

The KM416C256A/AL/ALL has a three-state output
buffers which are controlled by CAS and OF. Whenever
either CAS or OE is high (Vi), the outputs are in the
high impedance (Hi-Z) state. In any cycle in which valid
data appears at the outputs, the outputs enter into the
low impedance state in the time specified by tc.z after
the falling edge of CAS. Invalid data may be present at
the output during the time after tcz and before the
valid data appears at the output. The timing parameters
teac, trac and taa specify when the valid data will be
present at the output. This is true even if a new RAS
cycle occurs (as in hidden refresh). Each of the
KM416C256/L/SL operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, OE con-
trolled write, CAS-only cycle.

Indeterminate Output State: Delayed Write (towp OF tran
times are not met)

= s unyg
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DEVICE OPERATION (Continued)

Refresh

The data in the KM416C256A/AL/ALL is stored as a
charge on microscopic capacitor within each memory
cell. The stored charge tends to dissipate over time and
will affect data integrity if the charge is not periodical-
ly refreshed. Refresh of the individual storage cells is
accomplished by accessing all rows within the refresh
period (trer) Off within 8ms. (L:64ms, LL:128ms)
There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CAS remains high. This cy-
cle must be repeated for each of the 512 row address
(AD-AB).

CAS-before-RAS Refresh: The KM416C256A/AL/ALL has
CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
either LCAS or UCAS input is held low for the speci-
fied set up time (tcsp) before RAS transitions low, the
on-chip refresh circuitry is enabled. An internal refresh
operation automatically occurs. The refresh address is
supplied by the on-chip refresh address counter which
is then internally incremented in preparation for the next
CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the out-
put by extending either LCAS or UCAS input active time
and cycling RAS. The hidden refresh cycle is actually
a CAS-before-RAS refresh cycle within an extended read
cycle. The refresh row address is provided by the on-
chip refresh address counter.

Self Refresh: The self refresh is CAS-before-RAS refresh
to be used for long periods of standby, such as a bat-
tery back-up. In normal CAS-before-RAS condition, when
RAS is held low above 100xs an internal timer activates
an refresh operation of consecutive row addresses in
DRAM. The self refresh mode is exited when either RAS
or CAS goes high(Vin).

Other Refresh Methods: It is also possible to refresh
the KM416C256A/AL/ALL by using read, write or read-
modify-write cycles. Whenever a row is accessed, all the
cells in the row are automatically refreshed. There are
certain applications in which it might be advantageous
to perform refresh in this manner but in general RAS-
only or CAS-before-RAS refresh is the preferred method.

Fast Page Mode

The KM416C256A/AL/IALLhas Fast page mode capabili-
ty provides high speed read, write or read-modify-write
access to all memory locations within a selected row.
These cycles may be mixed in any order. A fast page
mode cycle begins with a normal cycle. Then, while RAS
is held low to maintain the row address, CAS is cycled
to strobe in additional column addresses. This
eliminates the time required to set up and strobe se-
quential row addresses for the same page.

CAS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the TAS-bafore-RAS
counter test cycle provides a convenient method of
verifying the functionality of the CAS-before-RAS refresh
activated circuitry. The cycle begins as a CAS-before-
RAS refresh operation. Then, if CAS is asserted high
and then low again while RAS is asserted low, the read
and write operations are enabled. In this method, the
row address bits AO through A8 are supplied by on chip
refresh counter.

Power-up

If RAS = Vgs during power-up, the KM416C256A/ALJALL
could begin an active cycle. This condition results in
higher than necessary current demands from the pow-
er supply during power-up. It is recommended that RAS
and CAS track with Vec during power-up or be held a
valid V), in order to minimize the power-up current.

L msuieg
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PACKAGE DIMENSION
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

| 1.020(25.91)  0.025(0.64)
’ 1.030(25.16) MIN
miniminininininininininininininiEimi| — 7_/‘ - _
8|% 8;3 55 8|3
:) O gle £z 2\2 3o
5|5 6|o Fia g|°
818 93 g3 85
c|d s|a ole oo
© =
N N N N N R U A G S N N A .
0.026{(0.66) 0.130(3 30)
[ 0.030{0.76) 0.140(3.56)

[ \

10D 0.004(0.1)| |
0.016{0.41) 1 | l | 0.050 (1.27) | 1 0.050(1.27)
0.020{0.51) || [ TYP | MAX

40-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

TR ) e

0.009 (0.22)

(2.54 £0.25) 0.013 (0.39)
0.100+0.01

TYP

MAX
0.402 (10.21)
0.418 (10.61)

0.475 (12.06)

0.06+0.01 (1.27 % 0.25)‘ [ 0.016 (0.40)
TYP | i 0.024 (0.60)
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40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) Units: Inches (millimeters)
(Forward and Reverse Type)

0.80 TYP

jaialalalalslalalalalilinlslalalalsislslals -1
5ls 38 8z

10.

HHEEEEHEEE EHBEHHEBEHEH ——

18.31
18.51

1.20 MAX

0.10
0.25

4 \

HRAR R

0.80 TYP ‘ | 025
il 0.35 0.805 TYP %E

0.40
0.60

ELECTRONICS



