KM48C512LL

CMOS DRAM

512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
* Performance range:
thac tcac tre ‘
KM48C512LL-7 70ns 20ns 130ns
| KM48CS12LL8 | 80ns | 20ns | 150ns
 KM48C512LL-10 [ 100ns T 25ns | 180ns

Fast Page Mode operation
Byte Read/Write operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
TTL compatible inputs and outputs
Early Write or output enable controlled write
Dual +5V+10% power supply
Refresh Cycle
— 1024 cycle/128ms (self-refresh)
* Power Dissipation

— Standby: 11mW (Normal)

0.55mW (self-refresh)

— Active (70/80/100): 578/495/413mW
+ JEDEC Standard pinout
Available in Plastic SOJ, ZIP and TSOP #

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM48C512LL is a CMOS high speed
524,288 bit x 8 Dynamic Random Access Memory. lis
design is optimized for high performance applications
such as personal computer, graphics and high perfor-
mance portable computers.

The KM48C512LL features Fast Page Mode operation
which allows high speed random access of memory
cells within the same row. CAS-before-RAS refresh capa-
bility provides on-chip auto refresh as an alternative to
RAS-only refresh. All inputs and outputs are fully TTL
compatible.

The KM48C512LL is fabricated using Samsung’s ad-
vanced CMOS process.
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KM48C512LL

CMOS DRAM

PIN CONFIGURATION (top views)

* KM438C512LLJ

S

Vee (J10 28 [ Vss
bQ, [J2 27 [JDQy
DQ; 3 26 [JoQ;
DQ; 4 251 DQq
DQ, (5 24 [10Qs
NC.[]6 23[]CAS

w7 22 GE
RAS []8 21[NC

Aq ]9 20 As

As[J10 19 ] A

A 111 1814

A; 2 170 As

Az []13 0 16 [ As
Vccq 14 15[ Vss

-~ J
{SOJ)
o KM48C512LLT

Vec @10 28 [0 vss
por ]2 27 [ bag
D, ] 3 26 [ 1 oar
DO; [I] 4 25 [ 11 bas
oas ] 5 24 ['T] DQs
NC.[] 8 23 [ 11 CAS
wIjr 22 [0 G
RAS (] 8 21 [ I N.C.
Ag (] @ 20 [T As
A T} 10 19D A7
Ay [T 11 18 1] As
Ax [T] 12 1711 As
A3 [I] 13 18 [ As
vee ] 14 15 10 vss

(TSOP (ll)-Forward Type)

» KM48C512LL.Z

DQs
DQ7
Vss
Dy
DQ3
N.C.

Ao
A2
Vce
As
Ag
Ag

e KM48C512LLTR

vss ] 28 [« JRN BIRY]
DQg (] 27 211 pay
DQ7[[] 26 3 [ oa
DQg (T] 25 4|1 oas
DQs (] 24 5[] pQs
CAS([] 23 6 [ ] NC.
OE(] 22 O W
NC. [ 21 8 [ 1) AAS
Ag ] 20 911 As
A7 ] 19 101 A
Ag (T] 18 11 A
Ag I 17 12[7] A2
A (] 6 13 Eg A3
Vgs [[] 15 14 Vee

(TSOP(il)-Reverse Type)

Pin Name| Pin Function Pin Name | Pin Function

LEAQ Address input n Read/Write input

' DQ, 4 Data InfOut OE Data Qutput Enable
Vss Ground ] -Vcc +F-’ower(+5V)

| RAS Row Address Strobe 4‘ kN.C. No Connection
CAS

Column Address Strobe J L
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KM48C512LL

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Parameter ‘r Symbol T Rating Units ‘
|_Voltage on Any Pin RelativetoVss | Vw.Vour | ~110+7.0 v {
|__Voltage on Vcc Supply Relativeto Vss | Vee __ —lt+70 | VvV
__Storage Temperature i Teg | _ ~55t0+150 | ¢ |
| Power Dissipation o ~ Po ] 700 | 09mW 7

Short Circuit Output Current 1 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.

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

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55 \
Ground Vss 0 0 0 \
Input High Voitage ViH 2.4 — Vee+1 v
Input Low Voltage ViL -1.0 — 08 v J
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
T
Parameter Symbol Min Max Units
: KM48C512LL-7 - 105 mA
Operating Current” T
(RAS, CAS, Address Cycling @trc =min.) KM48C512LL8 lecs - %0 mA
i | KM48CSI2LL10 | | = | 75 | mA
Standby Current [ _ 2 mA W
(RAS =CAS =Vy) 2
RAS-Only Refresh Current” [ KmacstaL7 | — ] 105 | ma
hatiag = . i - 3 -
(CAS = V)4, RAS, Address Cycling @trc = min.) KM48C512LL-10 _ 75 mA |
Fast Page Mode Current® . KMABGRIALLS | leow | — | 75 | mA
(RAS =V,,, CAS, Address Cycling @tec=min.) KM48C512LL-10 _ 65 mA
Standby Current _
(RAS = CAS = Veo — 0.2V) e | 100 ) A
[ CAS-Betore-RAS Retresh Current* Enggg}gtlﬁg | - 1&? mﬁ 1
(RAS and CAS Cycling @trc = min.) cCs
KM48C512LL-10 —_ 75 mA
Self Refresh Current
RAS=CAS=V, 1 - 200 ‘ A
WE =0E =A0~A9: Vcc-0.2V or 0.2V ces s
DQ1~ 8=Vcc-0.2V, 0.2V or OPEN |
Pt
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DC AND OPERATING CHARACTERISTICS
{(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Units
Input Leakage Current
L (Any Input 02V, 6.5V, alt other pins not under test=0V) N —10 10 HA
“Output Leakage Current o ! i
| (Data out s disabled, OV  Vour =5.5V) B o —10 | 10 pA |
Output High Voltage Level(lgy=—5mA) Vo 24 — \
Output Low Voltage Level(lg, =4.2mA) Voo — 0.4 Liv

* NOTE: Iccr, loca, loca @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 lcci and lccs, Address can be changed maxi-
mum two times while RAS = V.. In lccs, Address can be changed maximum once while CAS = V..

CAPACITANCE (t,=25°¢

Parameter Symbol Min Max Unit
Input Capacitance (Ap-Ag) Cini — pF
Input Capacitance (RAS, CAS, W, OF) Cinz — pF
Qutput Capacitance (DQ1-DQa) Coag — pF
AC CHARACTERISTICS (0°c<Ta<70°C, Ve =5.0v + 10%, See notes 1, 2)
|- l KM48C512LL-7 | KM48C512LL-8 | KM4BC512LL-10
‘ Parameter Symbol win | Max | Win | Max | Min | Max Units | Notes
i
| Rﬂdqm read or write cycle time tac 130 150 180J ns |
TRead-modify-write cycle time : tawc 180 N 200j 240 ns
| Access time from RAS trac 70 80| | 100| ns Eﬂ
7Azess time from CAS teac 20 20 25| ns 345 |
;A;ess time from column address tas 35 40 45| ns n |
| CAStooutput in LowZ | tas 5 ns | 3
Bmtﬁf;r turn-o?d;;y #’to.:; 15 0 15 20| ns ﬂ
Transition time (rise and fall) T 3] s al 5o 50| ns | 2
| RAS precharge time tre 50 60 70 ns o
| RAS pulse width tms | 70| 10,000 | 80 | 10,000 | 100 | 10,000 | ns
' FAS hold time tosn | 20 20 25 ns ||
CAS hold time tess | 70 80 100 ns ||
| CAS pulse width toas 20 [ 10,000 | 20 | 10000 | 25| 10000 | ns |
| RAS 1o CAS delay time taco 20, 50| 20| 60| 25| 75| ns | 4
&ﬁo column addressTielay time | trap 15 3B 15 40| 20 55| ns 11 i
RS to RS procharge time | |5 : 0 w ]
| Row address setuptime | ten | 0 0 0 ns
Fioderess hold time ] ~taan 10 | 10 15 ns
Column address set-up time tasc 0 ! 0 0 ns
Column address hold time toan 5] 15 20 ns
.ll
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KM48C512LL CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Parameter | Symbol Min Max Units
Input Leakage Current [ [

‘ (Any Input 0- V)~ 6.5V, all other pins not under test=0V) \ 'LL 10 10 PA
Output Leakage Current ¥7*\‘f‘f7¥” o o
(Data out is dlsabled OV VOUT 5.5V) J oL

stz o R 4‘ “

l»Output High Voltage Level(lpy= 5mA) Vo . \ \

‘ Output Low Voltage Level(lo =4.2mA) Vou ’ - } 0.4 ‘ %

* NOTE: e, Icca, lecs and lccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. lcc is specified as an average current. In Iccr and lccs, Address can be changed maxi-
mum two times while RAS = V.. In lccs, Address can be changed maximum once while CAS = V).

CAPACITANCE (1.=25°¢)

I \
Parameter | Symbol \ Min Max ‘ Unit
, _Imput Capacitance {Ag-Ao) _*»LW Cint - | =8 | pF
| __Input Capacitance (RAS. CAS. W. OF) *AL,,,,,Q'N,Z S S _PF
Qutput Capacitance (DQ1-DQog) ' Coao — | 7 pF ‘

AC CHARACTERISTICS (0°C<Ta<70°C, Vo =5.0V + 10%, See notes 1, 2)

T 1
KM48CS512LL-7 KM48C512LL-8 KM48C512LL-10
Parameter Symbol —————F—— 71— - Units | Notes
| Min | Max | Min [ Max Min | Max i ‘
|

‘ Random read or write cycle hme tre 1& B 150 J ) 18047; | ns [;777‘
| Read-modify-write cycle time tawe @(LF,, | 200 | | 240J'7 - ns |
Access nme from RAS tHAC Fﬁ 70 80 s 100 n57E3|4,11

| icﬁcressr; tlme from CAS ~ ] JCAC N 20 207‘77_ 25 ns_}j,4,5 |
7Access ume from column address tan 35 407‘77 45 ns 31 |
CAS to output in LowZ tewz 5 £_¥ #‘5** - ns | 3 !

[ o1 Output buffer turn- off delay torr 0 15 LO 15 0 | 20 ns | 7 1

’>Transmon time (rise and fall) tr 3 50 3 50 3 J 50| ns 2

O T I B — ] ]

RAS precharge time trp 50 60 70 . ns

e U — —r———— — 1
RAS pulse width - tass | 70 | 10,000 BOiL 10000 | 100 | 10000 | ns | |
RAS hold time j tass 2 |l s s | |
CAS hold time tesw 70 80 mo | ns ‘
T T T -\L‘ I R | T -
CASpusewidth | lws | 2010000 ,FZO 10,000 | 2510000 | ns | T

%R AS to CAS delay time | taco ﬂ 20| s 2| 60| 2] 75| ns | 4
RAS to column address delay time two | 15| 35| 15 J: 40 20| 5| ns | 11
CAS to | HAS S precharge time - tere 5 L 5 1fL k‘wi
How address set- upihmeiwi tasn | 0 l N 0 s
F|ow address hold time B tran 10 e 10 15*kf | ns -

ulumn address set-up time tasc *Olk o o J&#_\

| Column address hold time I tcan | 15| I 151 20 ns !

i SAMSUNG S48
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KM48C512LL CMOS DRAM
AC CHARACTERISTICS (continued)
Parameter Symbol tKMMCSﬂLL-LILMMCSﬂLL-B KM480512LL10 Units | Notes ‘
in| Max | Min | Max T[ Max d |
! Column address hold tlme referenced to RAS RAS | tar 55 60 75# ns 6
7(gumn address to RAS lead time ETRIAM 35 4@;7 75(.) , nsﬁ o
f?eaé command set-up time T T ool e T el T as
Read command hold time refefence& toﬁs t;c.T | 707 1 70 _(TL nsﬁij(igi
Read command hold time referenced to RAS | tww . O | 0| | 0| | ns | 9 |
Write command saé time ] iwcs 707 ] 0 Vﬂ» 70 | 7nis 877
'Wiite command hold fime | twe | 15| | 1 o Tl
Write command hold time referenced to RAS twer 55 60 75 - ns | 6
mle command pulse wﬁl ‘.Twpi 7 1577 77715 o 20 n; B
Writé;r;mand tbﬁ lead time - h;;u - 57 - 207—*4 Eg 7 : 7n7577 o
Write command 1o CAS lead time tow 20| 20 AMTEA s
Data-in set-up time tos 0 0 K 'ns | 10 |
| Datainholdtime | ta | 15 5] 20 ' ns | 10
Data-in hoId tlmei;ef;%\_ceTto; Fﬁ:}: torn 7 EJ;k::EDi 7 jji4 ns: 767 ‘
RAS pulse width (C-BR self refresh) tass | 100 100 100 i
RAS ‘precharge time E @  self refresh) | taes #‘ 130 B 150 | %ﬁ) i;jl;i_,i
CAS hold time (C B-R self refresh) tous 0 (L ‘Li ns ]
Refresh period »(Eelf refrﬂ ] e 128 ‘ \ 128 ; 1*284_@5 |
CAS to W delay time tewo 45 . 45 55 | ns | 8
I ﬁ]oﬁdelay time tawp ‘-EF?*#TO‘;*:THO ns ! 8 ‘
| Column address to W delay time o | 60 65| s | s | 8 |
G sewp e ASeloe S ey | ten | 0 |0 0 ||
CAS hold time (CAS-before-RAS refresh) toun 10 10 10 L | ns
?R—E;rreciharge to CAS hold time trec ’mr_ﬁo; *’*T*JJ ns
CAS precharge time {C-B-R counter test cycle) | tcer 35 40 50 - fnsﬁvigv
hccess time from GAS procharge. | ton | | 40| | 4] 0| n | 3 |
Fast page mode cycle time trg 45 50 55 | ' ns
| Fast page mode read-modify-write cycle time | teawc | 95 w00 |15 | as | |
RAS pulse width (fast page mode) taase 70, 100K | 80| 100K | 100 | 100K ns |
RAS hold time from CAS precharge tamce 40 45 50 rns ]
CAS precharge time (fast page mode) tee 10 N 10 10 ns
| FAS hold time referenced to OF thon | 20 20 | 20 T |
&ss time from OE ] toea ’TIQ(T ] 20 257 ns “
OE to data-in delay time toen 20 7r-207%- 25 ns |
Output buffer turn off delay time from OE | toe 0 207-07' 20 0 25| ns
OE command hold time 1 toen 20 20| | 25 | ns
=== SAMSUNG 549
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KM48C512LL CMOS DRAM

NOTES

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

2. Vin(min) and Vy (max) are reference levels for measuring timing of input signals. Transition times are measured
between Viy(min) and Vi.({max) and are assumed to be 5ns for all inputs.

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

4. Operation within the trep{max) limit insures that trac(max) can be met. trep(max) is specified as a reference
point only. If trcp is greater than the specified trep(max) limit, then access time is controlied exclusively by tcac.

5. Assumes that tagp>trcpimax).

8. tam. twcr, toHr are referenced to trap(max).

7. torFmax defines the tme at which the output achieves the open circuit condition and is not referenced to Von
to VoL.

8. twcs. trwp, tcwp and tawp are non restrictive operating parameters. They are included in the data sheet as elec-
tric characteristics only. If twes2twes(min) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycie. If tcwp>tcwp(min). tawp2tawp(min) and tawp=tawp(min), then the cy-
cle 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.

9. Either tack or tggy must be satistied for a read cycle.

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

11. Operation within the trap(max) limit insures that trac{max) can be met. trap(max) is specified as a reference
point only. If trap is greater than the specified trap(max) limit, then access time is controlled by taa.

TIMING DIAGRAMS

READ CYCLE
—_— RO —
FAS Vin— fe——————————thAs—— — AP ——————]
V= \ TAR— H V
LCRP fosH ‘ .
r——-— trco tRsH —— =] [
\ ! tcas — =
o :IH: _/ | o [1CAS / \
it tasr mA:A tasol — tRaL 1
A Vin— m ROW COLUMN
ViL— ADDRESS ADDRESS
|"‘HL:‘1J tARH e
w0 R
|
Vin— VY ANNAANNNAAANANANAANNN/ ARANNNNAANNN M NAAAANNAANNNNAAR N/
o . SECOSBESBONAERESAEREN A SBSSAIEAN
L‘ toFF
——toEz
DQ,-DQs zz:: OPEN L VALID DATA-OUT
—tGLZ ——1 I

: SAMISUNG 550
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KMA48C512LL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY WRITE)

Vi tRas tRP
. \H—
RAS ‘ taR —— =
Vie— \
tcp tosH
tacp

— Vin— \
CAS / . |

ViL— _ A RAH 3 \

tasm tasc HEaR

A = ROW COLUMN

ViL— DRES: ADDRESS

f—= tRAD —
o towL —

— DV—CS— e tWCH =]
w Viw— — tpr

ViL—

iwcmL
}"— tRwL

Vin—
OE

ViL—

F—f toHA
tps r—f toH—

Vin—

DQ:-DQs Vi— VALID DATA-IN OPEN

WRITE CYCLE (OE CONTROLLED WRITE)

ViH—

RAS
ViL—

J— ViH—
CAS
i —__/

S, £ )
- ,ADDRESS. .

— ViH—
w
ViL—
ViH—
14
ViL—
ViH—
DQ1-DQs ViL—

e — tRas - tRP
‘ tar
tcsH
tcrp teco
tcas
1aSR T(RAD_—{ tRaL \—
] o (o SR
COLUMN
ADDRESS
F‘ towl
tRwL
e RSN
o1 RSOOSR
|22
P O

m DON'T CARE
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KM48C512LL CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-WRITE CYCLE

P tAwc— - — — -
—_—————— ——— tpas——— —_—
Vin— &
BAS - — - tAR— — ~—\
RAS
ViL— ! '
i .
D et ST —
I ———-—tpgp ———f————— ——— lRgH - —————— —— 1]

SR i v = U

task | [tRaH ‘1455_4 tcam [

XX

ViH— W T AR ARSI AT 7 Varay
* v R aooress XN Ro6aEss  ROOORABAASEAASEASBAEAEENE)
e e s NN
_ }——7 — " ——= pgWD — —— = ——— ~—=| (B hwwr——-*i
w Vin— — + ! 00000V
- T RSSO

i
T

VIH— vvvvvvvvvvvvvvvvvvv.v"‘ L
o BOLOSOMBII00N. |/ i |

vi— $XX
. - tcac-— ) ‘_Los ton-
— tRaC - - OEZ =

Vi _ | YV R AVYY Y YV Y XY
0ar0a, o o o "@ Saran_ ROSKABOEASON
FAST PAGE MODE READ CYCLE
b tpasP— — —— } ALl
RAS Vin— e — lAR—‘-—i ] L——K_
Vie— ’ “7'
[ 1 p———— lRHCP —————==t
terp| | 1heD — ! tept i r—-‘ tASH —=f
CAS \ tcas #F_ﬁ_\»—* tcas :[ i: 7 \
~ tRAL | '
t t "
I% CAH tasc| | tca A—T
A COLUMN coLy
ADDRESS ADDRESS
’r‘:;{ iﬁ—-lncs F«Lp tRCs B ARCH

w Vin— ‘ NV ‘I
ViL— 1AA -— trAk
-—r—lu—q taa
———'CPA
toEa toea

toEa
— Vin- 1 [
QE v
L— a
tcac ! !
. I_'(EF_‘ tcac toFe tcac ...L \OFF
‘ AC toEZ tciz toEz toLz tor
tez ——= t= tOEZ =
_ |
DQ.-DQ Vou N VALD IS\/VALID VALID
1-DGe Voi— /N DATA-OUT YOA oATA-0UT, DATA-OUT

m DON'T CARE
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KM48C512LL CMOS DRAM

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

—_— tRagP — B —

= T

trRP

\crp tpc—.
CAS Z --1cas
taan | | CAH [tasc | tcaH '
tASR r"'l— "= lasc \" —1 —_—
A ROW COLUMN COLUMN COLUMN
ADD ADDRESS ADDRESS ADDRESS
_’(HAD .[ — towL —— —1 twes H lcw\_ ‘ L ': towL
' lwcn__l T | _twen ! twes m 'RWL
w Twp
. ."NQNM VOO IR X XX .’. ’.
oE R AR EENER IR R ‘0'0’0 N
tos ‘».‘Eﬁ_. ‘ tos \ !DH
0Q:-D0s DATAIN YauD, 0“0 XAREIXNK

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

s m s /- —- —-tRagp—- ——— ——————— ——~ l~—~—‘
RAS N\

‘ e
)

¢ ——— 1CSH —— ——f

— — tPRWC —— - —tRsH —
% + tcas —— fee t
. __ ——
RCD AS Ctoas—— CRP

__ RAD —-tcas 7.¢
CAS =1
tRAR I ‘
ASR ‘ —tRaL
A
—TIRWL_-
—1lcwp
¢ ﬂr« = tewe
w N\
twp —
OE
toH
DQ1-DQs

B oonT cane
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KM48C512LL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don't care

—a Vin— K tRas—
RAS Vie— ‘

. tcmp

l_——_

— ViH—
CAS
ViL— |

‘tash| |tnan
Vig— 3
A ROW ADD
ViL— g

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W, OFE, A=Don't Care

ViH—

RAS ‘ h — A ‘? 3
viL—

.

ViL— |

tcHR

o ViH—
CAS

1| trrc

AXOEEEREND

toFF

Viion — X

DQ;-DQg VioL — I OPEN
CAS-BEFORE-RAS SELF REFRESH CYCLE
NOTE: W, OE, A=Don't Care
- v — ————tnp——ﬁ tnass trps
RAS ViL — / tRrC \i. Z \
tcp tcHs Ree
Vin — tcsh
; cAS viL — i
torF !
Vou = PE
DQ1-DQ8 Vou — P4 OPEN

m DON'T CARE
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KM48C512LL

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

trc

tRAS F=——tRp — tRas 1RP ——|
H_As ViH— —'ﬂ( tan . '
ViL— A
| =
tcRP tRecD — - tRsH — tcHR—
—_ ViH— 1’— ‘ ﬁ{ ‘ A._‘
Cas viL— j 'R—‘DQ:i y \_
tasc —
tasR 1—- tRAH fcan
SN €5 )
|
- tres +~ v—i- tRAK
RN [ NI
ViH— toea YV VAV VAV VAV AV A AL VY TAY VY
5t Ve . BB
: !cu:,_l 1_'
]Icu___ HoFF
tRac ——1to0Ez —
DQ;-DQe \\I::: g&f VALID DATA.OUT Ji*

HIDDEN REFRESH CYCLE (WRITE)

tre

—tras

RAS

tar ﬂ
A

~

\RC————

T—- tRP ——]
tRas 4%

tCHR~

/

7

|
| |
tRSH
tcre tRep
_ ViH—
CAS |
ViL— F—1RAD
| o A
|
|

tasr — ‘ tRAH

ViH— LUMN TAVAVAVAVAVAVAVAWAVAVAWAY YAV, \WAVAVAVAVAWAVAVAV WAV,
. R D T R SR
— Vih— .(wcs.‘ __‘.'»(WCHA_ WAV AW AW A A AN AW A A W AV AW AV AV AV AV AV AV AV A VA VAW AV AV AV AV A WAV AV AV
e m e R R
|
® .
}-—--tDs toH —
DQ,-DQs VALID DATA

ViH—
ViL— )
-

——tpHA —

YRR

[Xzoom caRe

£ SAMSUNG
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KM48C512LL CMOS DRAM

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

} ¥ tRAS — ] tRe -—[
— ViH—~ fx l -
RAS
ViL—

[ ¥
—

| fosk_ F———H tCHR | |~ tePT—| b tRSH —
s T\ g ———
TR o T ﬁ i
Vin— VA A NVVAV  VWAANAAANAAAANANN 4 COLU
e RN EEEEED.
READ CYCLE R | e
s e 1
v e SRS | =+ ot
I “ “
Vin— vvvvvv'vvvvvvvvvvvvvvvvvvv'vv ‘QELJ
BE v 0.0.0‘0 0’0’0’0.0’0.0’0’0 0.000.0.0 0'0.0.0 ) 0’0’“0.0.“ J
l ! I \" L— - toFF
e =
DQ,-DQ, :Z:: OPEN f % m VALID DATA-OUT 15___

WRITE CYCLE

. ViN— \ANAANAANWAANANAAAANA N/ \ VVWWNAANANNN ANV
PR A K QRN
VIH" VVVVVVVVVvvvvvvvvvvvv "V"v'v"v""""VVVV""
T s
[ e |
DQ,-DQ;s :ll::: OPEN VALID DATA-IN [ ‘l
L ii =
READ-MODIFY-WRITE - | ‘_ ot
V[Hﬂ \AAANN/ \A\AN/ \ANN/ VVVV 'V 'WP ANV NAAAAANANAAN
W o XX ARy =S

ViH—~ AAANNANNAAAAANANANANNANAAAAAN]
e o KRB

A’A’A’A A‘n ‘.A AVA “ “

Co
toez t t
‘J’Ef ‘_.DE{ L]

tcwz
o VioH— VALID
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KM48C512LL

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM48C512LL contains 4,194,304 memory locations
arranged in 8 groups of 524,288 x 1 bit each. Ninteen
address bits are required to address a particular memory
location. Since the KM48C512LL has only 10 address
input pins, time multiplexed addressing is used to in-
put 10 row and 9 column addresses. The multiplexing
is controlled by the timing relationship between the row
address strobe (RAS), the column address strobe (CAS)
and the valid row and column address inputs.

Operation of the KM48C512LL begins by strobing in a
valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins is
changed from a row address to a column address and
is strobed in by CAS. This is the beginning of any
KM48C512LL cycle in which a memory location is ac-
cessed. The specific type of cycle is determined by the
state of the write enable pin and various timing relation-
ships. The cycle is terminated when both RAS and CAS
have returned to the high state. Another cycle can be
initiated after RAS remains high long enough to satis-
fy the RAS precharge time (tqs) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by taas(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
KM48C512LL begin a complex sequence ot events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write ena-
ble input(W) high during a RAS/CAS 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. |f CAS goes low before trcpfmax) and it the
column address is valid before taap{max) then the ac-
cess time to valid data is specified by tpacimin).
However, if CAS goes low after tacp{max) or if the
column address becomes valid after tgap{max), access
is specified by tcac Or tas. In order to achieve the mini-
mum access time, tgac{min), it is necessary to meet
both trepimax) and tgap(max).

Write

The KM48C512LL can perform early write, late write and
read-modify-write cycles. The differece between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OE. CAS. in any type
of write cycle, Data-in must be valid at or before the fall-
ing edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The 8-bit wide data at the data
10 pins is written into the addressed memory cells.
Throughout the early wrife cycle the output remains in
the Hi-Z state. In the early write cycie 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 ceil appears at the output before and during
the time that data is being written into the same celfs.
This cycle is achieved by bringing W low after CAS and
meeting the data sheet read-modify-write timing require-
ments. The OF input must be low during the time de-
fined by tees fOr data to appear at the outputs. If tcwo
and tgwp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM48C512LL DQ pins.

Data Output

The KM48C512LL has a three-state output buffers which
are controlled by CAS and OE. 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.; after the falling edge
of CAS. (nvaiid data may be present at the output dur-
ing the time after t.,, and before the valid data appears
at the output. The timing parameters tcac, trac and t.:
specify when the valid data will be present at the out-
put. This is true even if a new RAS cycle occurs (as in
hidden refresh). Each of the KM48C512LL operating cy-
cles is listed below after the corresponding cutput state
produced by the cycle.

Valid Qutput 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 (tows OF taws
times are not met)
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DEVICE OPERATION (continued)

Refresh

The data in the KM48C512LL is stored as a charge on
microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will af-
fect data integrity if the charge is not periodically
refreshed. There are several ways to accomplish this.

RASB-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 1024 row address
(AQ-A9).

CAS-before-RAS Refresh: The KM48C512LL has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CAS input is held
low for the specified set up time (tcss} before RAS tran-
sitions low, the on-chip refresh circuitry is enabled. An
internal refresh operation automatically occurs. The
refresh address is supplied by the on-chip refresh ad-
dress 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 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 KM48C512LL 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 cer-
tain 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 prefemed method.

Fast Page Mode

The KM4BC512LL has Fast page mode capability pro-
vides 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 sequential row
addresses for the same page.

CAS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CAS-before-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 A0 through A9 are supplied by on chip
refresh counter.

Power-up

If BAS = Vss during power-up, the KM48C512LL could
begin an active cycle. This condition results in higher
than necessary current demands from the power sup-
ply during power-up. It is recommended that RAS and
CAS track with V¢ during power-up or be held a valid
Vw in order to minimize the power-up current.

i SAMSUNG

558




KM48C512LL

CMOS DRAM

PACKAGE DIMENSION
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28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type)
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