KM416C156B/BL/BLL

CMOS DRAM

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

FEATURES

- Performance range:

trRaC | tcac tRC \

,,KM{L%CjSGB/BHBLL_S,,,, ) 50ns | 15ns BQns l
| KM416C156B/BL/BLL-6 . €0ns | 15ms | 110ns
KM416C156B/BL/BLL-7 70ns | 20ns 130ns

| KM416C156B/BL/BLLE | 80ns | oons 150ns |

« Fast Page Mode operation
« Byte Write operation (2W)
- Word Read/Write operation
« CAS-before-RAS refresh capability
+ RAS-only and Hidden Refresh capability
« Self Refresh Operation (LL-version)
» TTL compatible inputs and outputs
+ Early write or output enable controlled write
« Triple +5V+10% power supply
- Refresh Cycle
-512 cycle/8ms refresh
-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 (50/60/70/80): 605/495/440/415mW
» JEDEC standard pinout
+ Available in plastic SOJ and TSOP (ll)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM416C156B/BL/BLL is a CMOS high
speed 262,144 bit x 16 Dynamic Random Access
Memory. lts design is optimized for high performance
applications such as minicomputers, graphics and high
performance portable computers.

The KM416C156B/BL/BLL 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 KM416C156B/BL/BLL is fabricated using
Samsung's advanced CMOS process.
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KM416C156B/BL/BLL

PIN CONFIGURATION (Top Views)

CMOS DRAM

« KM416C156BJ/BLJ/BLLJ « KM416C156BT/BLT/BLLT « KM416C156BTR/BLTR/BLLTR
SIS A
Vee 1 O 40 |3 Vss vee -] 1© 40 [7T Vss Vss 1] 40 1 |ED Vee
DQi ] 2 3% [0 DQs DQy ] 2 39 [T DQis DQve T 39 2 £ bon
DGz ] 3 a8 11 DQ1s DQ2 ] 3 38 [0 DQis DQ1s ] 38 3 1 bQe
DQa ] 4 37 b pQia DQs ] 4 37 [0 DQu4 DQ1s ] 37 41 DQa
- DQs T 5 36 |0 DQus DQ 1] 36 5 |ED DQa
DO
v = 2 32 j 3013 Vec I 6 35 [0 Vss vss ] 35 6 D Vce
e O s pas I 7 34 [ DQz pQr T 34 7 | pas
bQs (4 7 34 B DQr DQs T 8 33 |1 pan pan ] 33 8 o pos
Dos () 8 33 p oan par 4 © 32 |1 DQwo DQro T 32 9 | bar
DQ7 ] 9 3z b DQwo DQs T 10 31 -1 DQe DQs O] 31 10 [T DQs
DQs [ 10 31 0 DQs
NC. O 1 30 [3 N.C.
w12 29 NC. N.C. T 11 30 |1 N.C. N.C. T 30 11 |20 N.C.
Wi s b oA w012 29 1 N.C. N.C. 0] 29 121w
RAS ] 14 27b oF 0w o 13 28 b CAS CAS ] 28 13 1 OW
Ne. d1s wsh A RAS 0T 14 27| OE OE 1] 27 14 1 RAS
adie o ¥ N.GC. £ 15 26 | As As T 26 15 D NG
° g P A7 Ao ] 16 25 | A7 A 25 16 b Ao
A 17 24D As Pl BT 24D e A ] 24 17 [ A
Az ] 18 20 As A ] 18 23 As As ] 23 18 [ A2
As [ 19 220 A« As ] 19 22D As As ] 22 19 D A3
vee [ 20 21 7 vss Ve 0] 20 21 vss Vss (1] 21 20 Vee
-/
Pin Name Pin Function
Ao-As Address Inputs
DQ1-16 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
UwW Read Upper Byte Write Input
ow Read Lower Byte Write Input
OE Data Output Enable
Vee Power{+5V)
N.C. No Connection
410
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KM416C156B/BL/BLL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter H Symbol Rating Units
Voltage on any pin relative to Vss ViN, VouT -1t0+7.0 \L
Voltage on Vcc supply relative to Vss Vece -1t0+7.0 V
Storage Temperature Tstg -55to + 150 C v
Power Dissipation Po i 1 w )
Short Circuit Output 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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70 C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vvee 4.5 5.0 5.5 Vv N
Ground Vss 0 0 0 \Y ‘
Input High Voltage ViH 2.4 — Vvee +1 \ o
Input Low Voltage ViL -1.0 -— 0.8 V

DC AND OPERATlNG CHARACTER|ST|CS (Recommended operating conditions unless otherwise noted)

L s uig

ELECTRONICS

Parameter ‘ Symbol| Min = Max | Units
KM416C156B/BL/BLL-5 ‘ 110 mA
' Operating Current” KM416C156B/BL/BLL-6 - o] %0 mA |
. (RAS and CAS Cycling @trc=min.) KM416C156B/BL/BLL-7 ! 80 mA |
KM416C156B/BL/BLL-8 75 mA
Standby Current | 2 mA
(RAS=CAS=UW=[W=VH) ccz
o KM416C156B/BL/BLL-5 110 mA
HAS-Only Refresh Current* KM416C156B/BL/BLL-6 lcc ) 90 mA
(CAS=ViH, RAS Cycling @ trc=min.) KM416C156B/BL/BLL-7 © 80 mA
KM416C156B/BL/BLL-8 75 mA
KM416C156B/BL/BLL-5 70 mA
Fast Page Mode Current’ KM416C156B/BL/BLL-6 o B 60 mA
(RAS=ViL, CAS, Address Cycling i trc=min.) KM416G156B/BL/BLL-7 o4 55 mA
KM416C156B/BL/BLL-8 50 mA
KM416C1568 1 mA
Standby Current
R AR 0 T e, KM416C156BL lccs - 200 | mA
(RAS=CAS=UW=LW=vce-0.2v) KM416C156BLL 150 | uA
_ . KM416C156B/BL/BLL-5 110 mA
CAS-Before-RAS Refresh Current” KM416C156B/BL/BLL-6 | ) 90 mA
(RAS and CAS Cycling @trc=min.) KM416C1568/BL/BLL-7 s 80 | ma
KM416C156B/BL/BLL-8 75 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage{ViL)=0.2V KM416C156BL lcc7 - 300 #A
CAS=0.2v Din=Don't Care, Trc=1254S(L-ver),
Tras=Tras min.~300ns
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KM416C156B/BL/BLL

CMOS DRAM

L:C AND OPERATING CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units

Self Refresh Current ‘
RAS=CAS=0.2V KM416C156BLL Iccs 200 #A
xW=0E=Ao-As=Vcc-0.2V or 0.2V
Inputl Leakage Current . Iy 10 10 uA
(Any input 0= VIN -2 Vcc+0.5V, all other pins not under test=0 volts.) ~
Output Leakage Current

| -10 10 A
(Data out is disabled, OV < Vout < Vcg) on #
Output High Voitage Level (lo(H)=-5mA) VoH 2.4 - v
Output Low Voltage Level {loij=4.2mA) VoL - 0.4 \

*NOTE: lcc, loes, Icca and lcce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In lcct and Iccs, address can be changed maximum
two times while RAS=VIL. In Iccs, address can be changed maximum once within one fast page cycle.

CAPACITANCE (1a-25C, Voo=5V, f=1MHz)

Parameter ‘ Symbol Min Max Unit

Input Capacitance (Ao-As) CINt - 5 pF

Input Ca'pz;\;:'itance (RAS, CAS, LW, UW OF) CiNz - 7 pF

Input Capacitance (DQ1-DQ1s) +l Coba - 7 pF
AC CHARACTERISTICS (0'c<Ta<70°C, Voc=5V + 10%, See notes 1,2)

‘ 54 | 6 7 -8
Parameter Symbol -~ - Units | Notes
Min| Max Min| Max | Min| Max | Min| Max
Random read or write cycletime tre 90 110 130 150 ns
Read-modify-write cycle time trwc . 135 155 185 205 ns
It 7 S A
Access time from RAS trac | 50 60 70 80| ns | 3411
Access time from CAS - e |1 15 15 20 20| ns | 345
Access time from column address taa 25 30 35 40 ns 3N
CAS to output in Low-Z ez |0 0 0 0 ns 3
Eqkinibgﬁer turn-off delay - toFF 0 15 0 ! 15 0 15 0 151 ns 7
Transition time friseand fal) tr 3 50 3 50 3 50 3 50| ns 2 |
|RAS precharge time tRP 30 | w 50| 60 ns -
ﬁﬂigpiulisgviigm 7 tRAS 750 10,000 | 60| 10,000 | 70 | 10,000 | 80. 10,000| ns
RAS hold time B tRsH 15 15 20 20 ns
CAShold time tose |50 60 70 80 ns
LT,S,P,‘%'SG’ width ) toas 15 10,000 15 10,009 20 | 10,000 | 20| 10,000 | ns
RAS to CAS delay time ) oo 20 35 20 45| 20 50| 20 60 | ns 4
RAS to column address delay time tRAD 15 25 15 30| 15 3B 15 40| ns "o
CAS to RAS precharge time R 5 A 7 5 5 5 ns
Row address set-up time tASR 07 . 0 ¢ 0 ns
{*} 50ns Product:Vcc=5V 1 5%, Cout=50pF
412
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KM416C156B/BL/BLL

CMOS DRAM

AC CHARACTERISTICS (continued)
‘ -5(% 6 T -8 i
Parameter *Symbol S Units - Notes |
Min| Max | Min| Max : Min| Max | Min Max
Row address hoid time tRaH 10 10| ! 10 10 ns
Column address set-up time . tasc 0 ) 0 0 0 ns B
Column address hold time o tcan o, |10 15 15 ns |
Column address hold time referenced to RAS _ R 40 45 55 | 80 | s | &
Column address to RAS lead time tRaL | 25 30 :: 40 ns
Read command set-up time 1RCS 0 0. 0 0! ns
Read command hold time referenced to CAS teH |0 B 0. 0 ‘ 0 ns 9
Read command hold time referenced to RAS | tRRH 0 0 0 i 0 ns 9
Write command hold time - tweH 0] L L - 10 ns
Write command hold time referenced to m twer 40 45 . 501 55 ns 6
Write command pulse width twe 10 10 10 . 10 ns
Write command to RAS lead time tAwL 15 15 o1 | 20 ns ||
Write command to CAS lead time towe 15 15 15 20 ns
Data set-up time tos 0 | 7 o) 0 0 ns 10
Data hold time toH |10 s 1 s 10
Data hoid time referenced to RAS | towm | 40 45 | 55 60| ! ns 6
Refresh period (Normal) tREF 8 8 ‘ 8 8| ms
‘Refresh period (L-Version) tREF 64 64 ‘ 64 64| ms
Refresh period (LL-Version) REF . 18 128 | 128 18] oms -
| Write command set-up time twcs 0 or 0y 0 L
| CAS to LW, UW delay time towo | 40 | 40 50 ; 50 ns 8
RAS to [W, UW delay time o 75 85 9 105 ns 8 |
| Column address to LW, UW delay time © tawo 50 55 60 B 65 ns 8
| CAS precharge to W delay time " teewo 55 | 60 65 70 s ||
CAS set-up time (TAS-before-RAS refresh) tcsR 10 10! | 0] 1o | s ]
CAS hold time (CAS-before-RAS refresh) w10 10 10 15 s i
RAS to CAS precharge time ) tRf’C; ,,:E o ”754 177 7777”5;7 5 74" ns
CAS precharge time (C-B-R counter test cycle) teer | 20 N 20 25 30 ] 7‘ ns
Access time from CAS precharge 1cPA o 30 : o 35 467 ”W* & s 3
Fast Page mode cycle time 7 tPC 35 | - 40 7 45 50 L
Fast Page mode read-modify-write cycle time trwc| 80 80 95 100 ns
ETS precharge time (Fast Page mode) tep 10 107: ) ' 1w 101 ns
VWS pulse width (Fast Page mode) thasp | 50 | 100K {60 100k 70 100K l 80| 100K | ns
RAS hold time from GAS precharge taHce | 30 35 40 45 | ns ]
OF access time toEA 15 15 ) 20 7 i 7 20| s
OF to data delay . toeo | 15 5 20 20 ns
; Qut put buffer turn off defay time from O toEz 0 {r 15 0 15 \ 0 20 0 20| ns 7
(") 50ns Product:Vcc=5V + 5%, Cout=50pF
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KM416C156B/BL/BLL CMOS DRAM

AC CHARACTERISTICS (Gontinued)

| R 7 5 I
Parameter ‘Symbolk T — e B Unitsl Notes .
Min \ Min| Max | Min; Max | Min, Max |
OEcommenahodtme  Jwe 1s) | 15] [ o0 2 s |
Masked write set-up time B J'LCSH # J ‘
Masked write hold time referenced to RAS | tMRH | O,L o
Masked write hold time referenced to CAS tMon | O(
RAS pulse width C-B-Rself refresn) | Frmﬁ 1100
| RAS precharge time (C-B-R self refresh) tes | 90
CAS hold time (C-B-R self refresh) tes | -50
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF
KM416C156B Truth Table
RAS | CAs | Ow W | OF _  DQi-DGs DQs-DQ1s STATE |
H x | x X x| HI-Z HI-Z Standby
L H X X X | Hz ez Refresh
L L H ! H L ) DQ-0UT DQ-OUT Word Read
L | o ot x ' paw DQ-IN Word Write |
L Lt | H L | x DQ-IN ; Byte Write
L] L L Ho | x| - DOIN | Bytewrite |
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KM416C156B/BL/BLL

CMOS DRAM

NOTES

~N o ;

. An initial pause of 200us is required after power-up

followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

. VIH{min) and Vil{max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL{(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads
and 100pF
. Operation within the trco(max) limit insures that

tRac{max) can be met. tRcp(max) is specified as a
reference point only. if tRco is greater than the
specified tRcp(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that tRcp > trep (max).
. tAR, tWCR, tDHR are referenced to tRAD(max).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to Vou or VoL.

. twcs, tRwD, tcwp and tawD are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp=tcwp(min), trwp>
trwo(min) and tawp >tawp(min), then the cycle 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 trcH 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 trap(max) limit insures that

trac(max} can be met. tRap(max) is specified as a
reference point only. if tRaD is greater than the
specified trap(max) limit, then access time is
controlled by taa.

. 512 cycles of burst refresh must be executed

within 8ms before and after self refresh, In order to
meet refresh specification.

. tRCs, tMes are referenced to the later W rising edge

at early write cycle.

. twes is referenced to the later W falling edge at

early write cycle.

. tewl, trwi are referenced to the later W falling edge

at early write cycle.

. tweH, twe are referenced to the earler W falling

edge at early write cycle.

. tRWD, tawp, tcwo are referenced to the earler W

failing edge at Read-Modify-write cycle.
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KM416C156B/BL/BLL CMOS DRAM

TIMING DIAGRAM

READ CYCLE
NOTE; D;y=OPEN te pr—

ViH— B tra: 1\
AAS \
ViL —
1
1crp il %_'CRP-
tReo: trRsH

= RO T N

N

tasa tRaH tRAL
tasc) [=—rtcAH—
A Vin— ROW COLUMN
ViL— ADDRESS ADDRESS
1 traH
!—- }——tRc> AR [—=—tRRH—=—

w U O
ow tRoH
ViL— tRe e tARH —e=r

S ]

. Vin— b
W
u Vib — t

OE v e toE /Z
Vit —
fox torF
tRaC toz b 07—l
Vin —
DQ1-Da8 OPEN DATA-QUT }-——
ViL — by
f=—tcac—] ]-——~—— torr
-—O—ICLZ—Q-{ Fmear 1OEZ ]
trac
ViH— = p |
DQ9-DQ16 OPEN DATA-OUT b
nw — -

WRITE CYCLE (EARLY WRITE)

NOTE; Dgy,7=OPEN 1
trRas - @ ] thp ——e—

— Vin— !
RAS taR

Vie— & \——

tcrp tosH icre
trReD! tRsH

TAS Vih— on \ tcas / /_

Vii—

sk tRAH tRAL —
tasC—=—= = CAH —e=—

A Vin— ROW COLUMN

Vi — ADDRESS ADDRESS

TowL

Vin— LSS weH——y ><
uw

ViL—

towe
Wes N TRWL

T TR ]
[

Vi — x
_ Vin—
OE ViL—

tos toH
Vin—
ViL —
tos tor
ViH—
DQ9-DQ16 DATA-IN
ViL—

m DON'T CARE
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KM416C156B/BL/BLL

CMOS DRAM

UPPER BYTE WRITE CYCLE (EARLY WRITE)

NOTE; Dgyr=OPEN

tre:
t trp |
—_— e———
ViH—
RAS i — P \_
tcRP CSH __tCRE—
trCO. tRsH
ViH— \ toas / /L
CAS Vi — \
tase 1t
tASC et [ 1CAH ]
ViH = ROW COLUMN
A Vi — ADDRESS ADDRESS
towr J'
twos tawL
p=—twcH
= GRG0
uw Vie — K
| ek
tMAH—=
. ViH — ol tucs
w VL e

= TORX
OE ViL —

DQ1~DQA8 il

l——— 1oH —==

D09~DO16 Vi —

DATA-IN

KKK XXX

LOWER BYTE WRITE CYCLE (EARLY WRITE)

NOTE; Doy r=OPEN

ViH R

l

s
>
i

ViL —

torp

tosH

le]

LG —

/ \

e t P~

Vil —
ViL ~

tasm

P tcaH —==—]

tRat

A Vi —

ROW
ADDRESS

COLUMN
ADDRESS

KX

[y Sm—

f=— tMRH—=—]

Vil = A
ViL —

tmcs

towe

1RWL

[=—a twCs [=— tweH- j

e S

uw

Vie —
w Vi —
. Vi —
OE ViL —
DQ1-DQ8

e WXXXXXXXX

DATA-IN

MUY XX HKXIHKEAXXAXK

ViIH—
DQ9-DQ16 \;, _

m DON'T CARE
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KM416C156B/BL/BLL CMOS DRAM

WRITE CYCLE (OE CONTROLLED WRITE)
NOTE; Doyr=OPEN

the
tRAS 1RP

Vie — \ 7 ) W
tcRP tosH terp-e—i
trco RsH

_ ViH — 4 tcas
CAS Vi — [—=—— tRAD ~———f \ 5

tasR tRaH Iy traL
o et —
A Vi — d ROW COLUMN
Vi — ADDRESS ADDRESS

— R

— Y
o Vin — —— twp
uw ViL — X
1
towL
w Vin — v = twp—==]
ViL — £

! | I

_ ViH —
Ot Vi — toeo [ foen

b tos=—  fem—— o ———

DQ1-~DQ8 ::’: : > : DATA-IN 1
—-tDs-l I“—IDN

ViH —
ViL — 3

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

NOTE; Doyr=OPEN e
1Ras trP
_ ViH— R / N
RAS ViL — \‘t 2 -
1cRp fosn
troe tRsH [~=—tcrp—==1
J— Vin — X \ o / Y
CAS Vi~ —t—— {RAD ——m] \ - /
traH tRaL
[=- 1SR =] tasc =~ = tcan —=

A Vin— v RO { COLUMN
ViL — ADDRESS ADDRESS 4
l fowe
.
. Vi — \—.—Mpv_—
uw Vie —
—_ Vin — 4
W <
ViL — o -‘1.')EH—'1
v RN
OE Vi — toED

DQ1-DQ8

——105-—{ |-~—IDH——

Vin —
Vi — 4
[X0] sonronne
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KM416C156B/BL/BLL CMOS DRAM

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
NOTE; Doyr=OPEN

tre

ViH = b ¢ 3
a; [ tras /
RRS Vi = \ F trp —= \
tosH
tcRp ’-—.— tReo thst F-— terp e

P— - tcas i’
= X0 \ -y
Vit — [—==—1tRAD ——w=—

tRaL
tasr tRAH tasc ]

pomsm— fCAH —m—t
A Vin — ROW COLUMN
Vi — ADDRESS ADDRESS
b tvcH
tRAM ~—f
NAAAXX
uw ViL — acs e o

taw
_ ViH— L~— twe

""lOEH’| I
w X
[==-tos =~ == tDH —am=

Vil =

ViH—
0Q9-~-DQ16

Vie —

READ-MODIFY-WRITE CYCLE
tawc
Vi - p |
FAS " \ s /p ——
Vi — K A
tcre ——
trco 1RsH
ViH — 3 teas
CAS v e 1RAD ] \ /
(e N /
tash tasc
(Gl Iy SN F YV toan
A Vi = - ROw COLUMN
Vie = . ADDRESS ADDRESS

tawn: = trwL —=—1
towns = tcwL
Vi = \_._ e
Vie =

¥
tawo [ R —e=]
[ e fewp == == tCWL
. ViH — b tv
LW = \__ P
Vi — T - ] Y

Vin =~
Ok Vi —
. toeo [i
thac - toez 5] 1o+
DQ1~-DQ8 Vi VALD VALID N
Vil —  OATA-0UT DATA-IN "4
trac ~ toED tDs 1o+
oz toez
DQ9-DQ16 Vi~ © wo N
ViL — - DATA-OUT | DATA IN l

m DON'T CARE
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KM416C156B/BL/BLL

CMOS DRAM

READ-MODIFY-UPPER-BYTE-WRITE CYCLE

Vin —
RAS

Vi —
RS Vin —

Vie —

ViH —
A

Vi —
. Vin —
UwW

Ve —
. Ve —
W Vit —
oF ViH —

Vi —

H —=
DQ1~-DQ8
IL o

Vi —
DQ9-DQ16

ViL —

= Vi —
RAS

ViL —

ViH—

A Vi —

Vin —
A

Vi —
__ ViH —
uw ViL —
__ ViH —
W

Vie —
_ Vin —
OE

Vi —

Vin —
DQ1-DQ8

Vb —

ViH —
DQ9-~-DQ18

I

. trRwe
trRP
‘R e — - tRAS / \
7 —
torp AR
~=——trco trsh
X tcas
tRAD \
tasc |
tasa | tRaK o tean
£ Row COLUMN Y
ADDR ADDRESS
! ][ tawp: e trwL—e—]
tewn towt
— —{
\—-—lww
' f——t’unu——
tmoH
/ f==—— toED =]
tRac oz F—eed t0E2
A vaun ¥ y
X DATA-OUT
tRAG OED e 1oH
toLZ frmmer] t toez DS —I
A vauo ) VALID "\
) DATA-OUT paTAN i
READ-MODIFY-LOWER-BYTE-WRITE CYCLE
{RWC
trp
tras
y ;l X
o \__
tcrp
[=—trcp 1Rs
X tcas
== tRAD -~eri
tasc
tasr "“j -{ tRan [=—=]tcan
ROW COLUMN
ADDR ADDRESS
tawo oty —om] e TMRH —ed
town fowt — tveH
R
\'-' twe
1
TR, A7
toez tos| | toW
tRac f e (S I
oz
AN o VALID "{
Y DATA-OUT i oatain )
tRAC 10ED ~—erl
toz i toez
y, VALID
DATA-OUT
b X

m DONT CARE
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KM416C156B/BL/BLL

CMOS DRAM

FAST PAGE MODE WORD READ CYCLE

tRASE — e tRP
ViH — b
AR tRHCI
AAS \ '
Wil — 46 1/
c tec.
tcrp }——— tReD o e tep [ tCP ] e tRSH ———a——]
— XA | 4 4
TAS Vin tRAD = tcAsv-—/ = tcas \-— teas
VL — TASC fuerd] K—s b
tash tesH tasc
[ tRAR | p=— toan [tascter] ey tcan rm—tmd ] tCAH
Vi ROW GOLUMN COLUMN "N COLUMN
A _ ADDR ADDRESS ADDRESS ADDRESS
Viu g 4 L 4
I —— tRAH
l trcs tac= L lincs :70' ™| —{tres b= tRoH-—]
o W X 7 i "
Vie — oS tRRH| ]
RC! - . (et
tAcH tRes ::{Cp hoerl thcs P tRCH =i
w0 ' VY,
W
Vi —
tan —emi tan ——] ' tan
v | [ tepa m topa
IH = toea) 1 ;
OB Vi — 2 m Z
toac = 'O;F-t [ tcac—] tOFF [ tcaC—] toFF
[=—— trac toez toez toez
ViH=— p P § X
N < VALD £\ VALID
DQi-~-DQg Vit — " \& DA'mour 4 t” oaraour ) DATA OUT, >_—
- (¥4
1cac TOFF fed [=tcac=— ll?i [ teac —=—y Lt‘-o—iF-
=" trac t—e— toEz toez toez
ViH— b o
N P VALID VALID
DQ9~DQ16 Vit — &\mm.our | S ‘& DATA-OUT >_ DATA-OUT, >—_
taz tez toLz
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)
trase trp.
Vin = \ tar trHoP
RaS Vi — \( si 7
icrp tec tec N
trco 1o m-— = 1CP =
Vin— 3
CAS e tRAD — ] [==-tcas -—/ \r—-— lCASj / \——— toas —=—l
ViL — 1ASC | aen] rid
N et teSH Rl ol tasc
A tran | toan tasc [e—i AR foa—ae] e tCAM
A Vi — ROW COLUMN COLUMN '} COLUMN
Vit — ADDR ADDRESS ADDRESS ADDRESS
twes twor twes l—-—— e twes e
— ViH— l o
uw .
ViL — X 7 N
)|
twes "‘t’:v "{ twes Ftowt —“—NCJH' towt g |
W AT OO
W
ViL — l X I Z Z
rod
. ViH—
Ok ViL —
tos ioH tos toH os I__
ot
ViH— £ 2
VALID VALID VALID
DQ1~-DQ8 Vi — DATAIN @ DATA-IN DATA-IN
oy | 5
1 to:
iy g e O [ S N | I
Vin— VALID vaup ) VALID
bas-bate ViL— m el ket o

m DON'T CARE
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KM416C156B/BL/BLL

CMOS DRAM

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)
NOTE; DOUTZOPEN

RAS

DQ1~-DQ8

Vik — r
DQ9-DQ16
Vi — 3

Vin — Xﬁ
Vi —

S

tRHCP
7

1crp

ViH ~—

Vit — tasc

[ tRsH——=—i

—

b X
\.._ tcas ~ed

tasc | | toau

ViH—

Vi ADDR ADDRESS

COLUMN
ADDRESS

N

= LOOUUO000
ViL —

twes
I fwen

}___

L
fow tRwL —1—-]
=1 tmcs

|-- trcs=—

| = tmcH~—

tMRH

ViH — VA
o= AN

KA

Vii —
Vie —

toHR

\ Il 1 ||
o T S
] e oS |
' ot JORIOUIAXN

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE)

NOTE; Dgy7=OPEN

ﬂ—

- - X

RAS Ve $‘—*'"’ B tRHcp "1

Vi — b —

tcnp|-~ = thco—— = tcp~—] tasH
J— Vin — b h ‘
TAS v R «—L \-— toas | /
t 1ASC, N
— A s tas
tasr | o tosn SC l toan ( J

Vi ROW T COLUMN COLUMN

A Ve — / ADDR ADDRESS ADDRESS
s tucs bmed 1 Lj(ww
b= tMCH
e

- Vin— /\/ A
ow / 5/ ’

Vie— X

twas twes tweH

ow

Vi — 3 \/ ‘ Z

ICWL
IHWL

Vin —
o O /\& WW XXX

ViL — AV \(

___ owa ~f-
U’ls
VALID
O‘ W W MW %WWWW
DON T CARE
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CMOS DRAM

FAST PAGE MODE READ-MODIFY- WRITE CYCLE

¢
-
l

DQ1{~DQ8

DQ9-DQ16

Vi —

Vin —

ViL —

ViH—
Vi —

Vin—

Vie 7™

Vi —
ViL —

Vin—
Vi —

Vin—

ViL —

ViH—

Vit —

— fang e

f= tre—

tPRWC

-
= tur’-—l

tor

tean
lasn 7 A
- 1 tasc
oW ) col Y / 7\)< N 7 N
AJDH ADDR )\ VAV,
I
tres s
Y\
/ twr | | twe
= - —— lown tewn - - —-—
- tawn x - ———- tawn o] 7
tawo tRWL
tr tow. thes | i f
gley I—k A L ‘4 towt
i I
X twe Y| twe
. ,a_\ e tewD \
TAWD - - e — lawp == =y
TR oo e e

\ [toea W
-/ torr:-|

—_——ttaa ] =
trac 4 lcrﬂ |
; 1CAC ¢
| ]
| iR
N
tris au

DAIA-OJT

trac

taz

VALD
na"A 0L

——t

VALID

DATA I

N A
DATA 1N

NvALG

DAIA CUT

taen

\ vaLi: \

DATA-OUT

vaLO

DATA-N

\ VALD
DATAIN

}‘%s DON'T CARE

ELECTRONICS

423




KM416C156B/BL/BLL

CMOS DRAM

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

ViH —
Vi —
7 Vi —

ViL —

Vin—
A

ViL—
—_ Vit —
uw

Vie —
— Vi —
W

ViL —
___ Vin—
OE

ViL—

Vin—
Da1-Das

Vin—
DQs-DQ16

ViL—

tre
tRasP
tosk
& TAR ——emmd Z
by
trRWC RsH
fee— tRCD ——1 fe— tCP ey fment— LCRP e
X tcas /’ \ tcas /
7 7
- tRAD |
tRAH I tRAL
toan tcam
1asm tasc tasc
ROW cot Y coL
ADDR ADDR ADDAR |
4 fow towe —_...|
RCS I a— tRCS
I“"J e tRWI
twe twe
tewn \ tewe Q
tawn tawp
tRwD tcpwo
tmes neu!
tmeH Mok
I'tw:s-—
/ L NQAAX
toEA tos:/"
10ED
tem—] tan ] tas —mert
tRac: teac toez
tRac
tcra |
t
oz VALID terz VALID
DATA-OUT 0ATA-OUT
1
" toH taa 10ED 1oH
thac 105 tcac tos
RAC t I l;ozz A bT_
>— N
L P 4
oz towz
VALID VALID VALID VALID
DATA-OUT DATAIN DATA-QUT DATAIN

m DON'T CARE
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KM416C156B/BL/BLL

CMOS DRAM

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

————— tRASP = tap
HAS Vi — p tcsH /
Vi — \ s
tPRWC tRSH
b— taco —ﬂ e tp ] [~ftene
I Vin— X Es Y
CAS teas / \—-7 1cAs /
Vi~ tRAD 7
| tRaL
! I oAk tcan
tasn tasc tasc
! —
Vin— A aow N coL. coL
A VL e Y A0oR | ADOR ) ADDR
tmcs AR
tMes
tMeH tmes
_ Vin— - -3
uw
Vi — towt towe
o] A
1RCs
tRcs bt =]
i Vin— X | e twe
LW M o \ e \
Vi —
tawo: tawn-
tBwo tcpwo
OF Vi~ toER toen
Vil — ./ toH
v toED tox
o ‘ ta toen
. los tcac tos
tRAaC foez + N I
e trrc = tcra %
e . x— B
DQ1-DQ8 >—_
M= L\ N
teez N terz
N VALD VvALID VAUID VALID
[ tan i DATA-OUT DATA-IN b tan— DATA-OUT DATAIN
(OED IOED
thac p tcac
AC toez toez
'
Vi = .
DQ9-DQ16
n—
tow oz
vALS VALID
DATA-OUT DATA-OUT

m DON'T CARE
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KM416C156B/BL/BLL CMOS DRAM

RAS-ONLY REFRESH CYCLE
NOTE; UW, LW, OE, Diy=Don't Care  Dgy1=OPEN

tre

Vi — % tras
- ) / [

teae tapc

tasr | | tran

ROW

N I e,

CAS-before-RAS REFRESH CYCLE
NOTE; UW, W, OE, A=Don't Care

RS \‘I/I:: : _—-tapc—— S— " Z"—\RPC \
L / ( AORERROCORARANN

\Z
DQ1-DQ16 OPEN
Vi

CAS-before-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care

trp tRPs
RAS ik~ / \ tRAsS / N
viL— tapPc
trpC
icp tcHs
_ Vin— X |lcsr
CAS y, §\
v —
" toFF
Vou —
DQ1-0Qt6 | b OPEN
VoL — ¥,

ELECTRONICS




KM416C156B/BL/BLL

CMOS DRAM

HIDDEN REFRESH CYCLE (READ)

| 9 Re
o Vin— thas 7 tRAS
RAS Z thp e
ViL — 7 2
t RDI_*._ tRCD tas e tcHR
o ViH ~— 3 \ o /
CAS Vi — I tRAD ——=mi - l
tasr tRAH MasCla] 1caH !
Vin— ROW COLUMN
A Vi — ADDRESS ADDRESS -J
{ I——tHCSF‘— [==—1aRt—=—
o Vin — p
Uw
Vi = l tRos -] {RAH ~w={
r—-— OS5 e 1 J
o R RO R
Vie — taa
18 |
= | AR
Vie — L
TCAG ~mem] torr
= tc1z = toEz
ViH— .
DQ1-DQs OPEN i DATA-QUT }i
ViL ™™ - >,
e ——— {CAC -——r] toFr
=—toz
i toez +
Vin —
DQs-DQ16 v OPEN DATA-OUT >—“———
L=

HIDDEN REFRESH CYCLE (WRITE)

NOTE; Doy=OPEN

trc

J— Vim — Y tRas | N tRas Z :
Ras Vie \1 mp..\ 4. \_
tere |—-— thaco tRsH =—— tcHr
Vin ~— \ / /
Vil — e tRAD —-amd \
T
tasm tRAH trse poed toan
Vi— oW % COLUMN
A Vil — L ADDRESS ADDRESS
twes ) o
o Vin— = twen
uw ViL — K
twes = tWCH —=m]
w X
W Vi — L y.
— ViH—
= XXX
Vi —
s |
—m-—( ‘— 1ok o
Vi —
Vi — h
= o
ViH~—
DQ9-DQ16 DATA-IN
ViL— M X

m DON'T CARE
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KM416C156B/BL/BLL

CMOS DRAM

TIMING DIAGRAMS (continued)

CAS-before-RAS REFRESH COUNTER TEST CYCLE

- tRas 4‘ ‘:_. tRP- ——
RaS v:i—_ \r‘ ' \
CAS :::: \ / 7 5 7 tcas / E '
S 1

Vin— A/ VVVV VVAAAAANAAAANAAN N AN VSN VI AAAAAAAANYYIAANY
g B ST Tl
READ CYCLE Twes 1M T | v

| | ] L

e r— 1
o ey e X

Vin— FARFARARFRAFIARRKRRRFFFIIF FAFFARAFRA | toea
ot - 0’0.0’..0 0‘0"‘0‘0.0‘0'0’0‘0.0’00'0.0.0’00.”0'000””.’ ‘ 0
DQ1-DQe ://ZH: OPEN @' VALID DATA-QUT l 1>—_
WRITE CYCLE B o L
S YRR vAvav.vavivavviviviviviviviviviviviyiviy NI ’ ‘W::NL__ vvvvvvvvvvvvvv"v
o R TR AN

Vin— y ,
w0000 IR0

- k __‘DS_]‘ = toH- R ‘
DQ:-DQ1e vl.':— OPEN ,< VALID DATA-IN } ‘

- tom_

READ-MODIFY-WRITE b ~

. teac

—
i

,teac

- toewp———

to E_ﬂ T
OA.A'A.A.A.A.A.A‘n’A’A‘A’A‘ - ;/_to 2. ;

i twe | SANVVV AN VAN
=R

tos| | t
| loez los| oM

e Vin—  KAAATAA AT AN AV AV
S A g
_ Vin— ARIANANANVAN ARV AN AANVY
o RN
DQ1-DQ1e \\Illl/lzt:

.

VALID
DATAIN ff

VALID .
DATA-OUT

HH

@ DON'T CARE

0 ungg

ELECTRONICS

428
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CMOS DRAM

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

1 020(25 91)

1.030(25.16)
ﬁmﬁmﬁml"lmmﬁr‘!r‘lr"lﬁr‘h 1M

e

D O

O _

[_T\_JLJI_IL]—DULT['_JL_A{_H_JLH_IL_J[JLJLJLJ
0.026(0.66)
"0.030(0 76)

LQMM MR zmﬁ

00161041) 0050 11 27)
0.020(0.¢ 51) - TYP

—

395(10.03)

}_;0

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il)

(Forward and Reverse Type)

AAAAAARAAR HARHARSARA

g8
EEHEEHEEEE EHEEEEHEEE | |
y Y

0.80 TYP \ [ 0.25 l
B 035 I 0.805 TYP

0.405(10.29)

Units: Inches (millimeters)

O 025(0 64)
MIN

~x
#j.
L

0.435(11.05)
0.008(0.20})
0.012(0.30)
0.365(9.27)
0.375(9.53)

[
0.445(11.30)
a
i

0.130(3.30)
T 0140(3.56)
0.050(1.27)
MAX
0.80 TYP
8l& 8|8
21’ e

0.10
0.25

0.40
0.60

<>
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