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Revision History

Version 0.0 (Oct. 2002)
- First Release

Version 0.01 (Nov. 2002)
- Changed die revision from D-die to F-die
- Corrected typo
- Corrected DQS to DS and QS(DQS -> DS and QS) in AC timing table and timing diagram.
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4,194,304-WORDS x 4 BANKS x 18-BITS DOUBLE DATA RATE Network-DRAM

DESCRIPTION

K4C89183AF is a CMOS Double Data Rate Network-DRAM containing 301,989,888 memory cells. KAC89183AF is organized as
4,194,304-words x 4 banks x18 bits. KAC89183AF feature a fully synchronous operation referenced to clock edge whereby all opera-
tions are synchronized at a clock input which enables high performance and simple user interface coexistence. KAC89183AD can oper-
ate fast core cycle compared with regular DDR SDRAM.

K4CB89183AF is suitable for Server, Network and other applications where large memory density and low power consumption are
required. The Output Driver for Network-DRAM is capable of high quality fast data transfer under light loading condition.

FEEATURES
K4C89183AD
Parameter = 5 =
CL=4 4.0 ns 4.5ns 5.0 ns
tck Clock Cycle Time (min) CL=5 3.33ns 3.75ns 4.5ns
CL=6 3.0ns 3.33 ns 4.0 ns
trc Random Read/Write Cycle Time (min) 20.0 ns 22.5ns 25 ns
trac Random Access Time (min) 20.0 ns 22.5ns 25 ns
Ipp1s Operating Current (single bank) (max) TBD TBD TBD
Ibp2s Power Down Current (max) TBD TBD TBD
Ippas Self-Refresh Current (max) TBD TBD TBD

¢ Fully Synchronous Operation
- Double Data Rate (DDR)
- Data input/output are synchronized with both edges of DS / QS.
- Differential Clock (CLK and W) inputs
- CS, FN and all address input signals are sampled on the positive edge of CLK.
- Output data (DQs and QS) is aligned to the crossings of CLK and CLK.
¢ Fast clock cycle time of 3.0 ns minimum
- Clock : 333 MHz maximum
- Data: 666 Mbps/pin maximum
¢ Quad Independent Banks operation
* Fast cycle and Short Latency
* Selectable Data Strobe(Uni/Bi-directional data strobe)
« Distributed Auto-Refresh cycle in 3.9us
¢ Self-Refresh
* Power Down Mode
* Variable Write Length Control
* Write Latency = CAS Latency-1
¢ Programable CAS Latency and Burst Length
- CAS Laatency = 4,5, 6
- Burst Length =24
* Organization : 4,194,304 words x 4 banks x 18 bits
» Power Supply Voltage Vpp : 2.5V £ 0.125V
. Vppg 1 1.8V + 0.1V
¢ 1.8V CMOS I/O comply with SSTL - 1.8 (half strength driver)
* Package : 60Ball BGA, 1mm x 1mm Ball pitch
¢ Notice : Network-DRAM is trademark of Samsung Electronics., Co LTD
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PIN ASSIGNMENT (TOP VIEW)

Pin Names
Pin Name

A0 ~ Al4 Address Input
BAO, BA1 Bank Address
DQO ~ DQ17 Data Input/Output
cs Chip Select
FN Function Control
PD Power Down Control
CLK, CLK Clock Input
VDD Power (+2.5V)
Vgg Ground
Vopo Power (+1.8V)

(for 1/O buffer)
Vsso Ground

(for 1/0 buffer)
e Reference Voltage
NC No Connection

ball pitch=1.0 x 1.0mm
x18

9000606060600000000;
0000000000006

DQ8

Q0.0

BAO

00.0.60000000080.0

ELECTRONICS
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Block Diagram

CLK

CLK

PD

cs

FN

A0 ~ Al4

BAO, BA1

—» | DLL
—» | CLOCK » To Each Block
—» | BUFFER
J | | BANK #3 v
—»| COMMAND CONTROL | | BANK #2
— | SIGNAL | | BANK #1 -
—» | DECODER
GENERATOR BANK #0 e
A o>| 3
a) [a )=
o 523
|| mope ™10 MEMORY o SS5E
®™ | REGISTER a CELL N 00
—» | ADDRESS ™ ARRAY r
% - Z
—»| BUFFER v 7 3
™ | UPPER ADDRESS
i LATCH COLUMN DECODER
A A A
—
LOWER ADDRESS
REFRESH LATCH
COUNTER J T Y
Y
READ WRITE
BURST WRITE ADDRESS DATA |=| DATA
COUNTER LATCH »| BUFFER BUFFER
ADDRESS
COMPARATOR A A A
DS DQ BUFFER
Qs =— ©
Y
DQO ~ DQ17

Note : The K4C89183AD configuration is 4 Bank of 32768 x 128 x 18 of cell array with the DQ pins numbered DQ0~DQ17.
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Absolute Maximum Ratings

Symbol Parameter Rating Units Notes
Vpp Power Supply Voltage -0.3~3.3 \%
Vobpag Power Supply Voltage (for 1/0 buffer) -0.3~Vpp+0.3 \%
Vin Input Voltage -0.3~Vpp+0.3 \
Vout DQ pin Voltage -0.3 ~ Vppg + 0.3 \
VREF Input Reference Voltage -0.3 ~ Vppg + 0.3 \%
Topr Operating Temperature 0~70 oC
Tstg Storage Temperature -55 ~ 150 oC
TsoLDER Soldering Temperature(10s) 260 °c
Pp Power Dissipation 2 W
lout Short Circuit Output Current + 50 mA

Caution : Conditions outside the limits listed under "ABSOLUTE MAXIMUM RATINGS" may cause permanent damage to the device.
The device is not meant to be operated under conditions outside the limits described in the operational section of this specifi-

cation. Exposure to "ABSOLUTE MAXIMUM RATINGS" conditions for extended periods may affect device reliability.

Recommended DC,AC Operating Conditions (Notes : 1) (ta=o0-~70°c)

Symbol Parameter Min Typ Max Units | Notes

Vbp Power Supply Voltage 2.375 2.5 2.625 \%

Vbbpo Power Supply Voltage (for I/O Buffer) 1.7 1.8 1.9 \%

VREE Input Reference Voltage Vpp/2x96% [ Vppg/2 |V ppg/2x105% \ 2
V4 (DC) |Input DC high Voltage Vrept0.125 - Vppo+0.2 \ 5
ViL(DC) Input DC Low Voltage -0.1 - VReg-0.125 \% 5

Vck (DC) |Differential Clock DC Input Voltage -0.1 - Vppo+0.1 \ 10
Vp (DC) Input Differential Voltage. CLK and CLK Inputs (DC) 0.4 - Vppo+0.2 \% 7,10
Viy (AC)  |Input AC High Voltage Vgept0.2 - Vppo+0.2 \ 3,6
VL (AC) Input AC Low Voltage -0.1 - Vregp-0.2 \ 4,6
Vip (AC) Input Differential Voltage. CLK and CLK Inputs (AC) 0.55 - Vppg+0.2 \% 7,10
Vy (AC) Differential AC Input Cross Point Voltage Vppq/2-0.125 - Vppg/2+0.125| V 8,10

Viso (AC) |Differential Clock AC Middle Level Vppo/2-0.125 - Vppg/2+0.125| V 9,10

ELECTRONICS
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Notes: 1. Allvoltages are referenced to Vss, VssQ.
2. Vger is expected to track variations in VddQ DC level of the transmitting device.

Peak to peak AC noise on VgRgg may not exceed + 2% of Vggg (DC).
. Overshoot limit : Vy(max.) = VddQ + 0.7V with a pulse width <= 5ns
Undershoot limit : V, (min.) = -0.7V with a pulse width <= 5ns
. V,4(DC) and V, (DC) are levels to maintain the current logic state.
. VI4(AC) and V, (AC) are levels to change to the new logic state.
. V|p is magnitude of the difference between CLK input level and CLK input level.

. The value of Vx(AC) is expected to equal VddQ/2 of the transmitting device.
. Viso means [V,ck(CLK) + Vo (CLK)]/2
10. Refer to the figure below.

CLK

CLK

Vss

|Vip(AC)|

0 V Differential

VISO

—_— - — A - — — — + — —_ —— - — — —

[} I [} [}
| JV,SO(min) | Viso(max) |
I |

Vgs - — —

11. In the case of external termination, VTT(Termination Voltage) should be gone in the range of Vgige(DC) +£0.04V.

Pin Capacitance (Vpp=25V, Vppg = 1.8V, f = 1 MHz, Ta = 25°C)

Symbol Parameter Min Max Delts Units
Cin Input Pin Capacitance 1.5 2.5 0.25 pF
Cinc Clock Pin (CLK, CLK) Capacitance 1.5 25 0.25 pF
Cio DQ, DS, QS Capacitance 2.5 3.5 0.5 pF
Cne NC Pin Capacitance - 1.5 - pF

Note : These parameters are periodically sampled and not 100% tested.
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DC Characteristics and Operating Conditions (vdd = 2.5V £ 0.125V, VddQ = 1.8V £ 0.1V, Ta = 0~70 °C)

Max .
Parameter Symbol Units | Notes
F6 FB F5
Operating Current
tck = min, Igc=min
Read/Write command cycling
Ibp1s TBD TBD TBD 1,2

OV<=V \<=V| (ac) (Max.) Viyacy(min.) <=ViN<=Vppq
1 bank operation, Burst Length = 4
Address change up to 2 times during minimum Igc.

Standby Current
tck=min, CS =V, PD = Vi,
0V<=V <=V ac)(Max.) Vigac) (Min.)<=V y<=Vppg Ibp2n TBD TBD TBD 1
All Banks : inactive state

Other input signals are changed one time during 4*tc

Standby (Ewer Dow_n) Current mA
teg=min, CS=V,,, PD =V, (Power Down)
V<=V <=V DDQ

All Banks : inactive state

Iop2p TBD TBD TBD 1

Auto-Refresh Current

tog = Min, lggpe= Min, tgee = min
Auto-Refresh command cycling Ibps TBD TBD TBD 1
0V<=V <=V, (AC) (max.), V|, (AC) (min.) <=V|\<=Vppq
Address change up to 2 times during minimum lrggc.

Self-Refresh Current
self-Refresh mode Ibps TBD TBD TBD
PD =0.2V, OV<=V|y<=Vppg

Parameter Symbol Min Max Unit Notes

Input Leakage Current | s s R
(0V<=V y<=VddQ, All other pins not under test = 0V) LI . u
Output Leakage Current | 5 5 A
(Output disabled, 0V<=Vg1<=VddQ) Lo : u
Vgee Current IREE -5 5 UA

Output Source DC Current

vddQ=1.7V / Vou = 1.420V lon(DC) -5.6 - 3
Normal Output Driver

Output Sink DC Current

VddQ=1.7V / Vo, = 0.280V oL (PC) 56 ) s

Output Source DC Current

VddQ=1.7V / Vg, = 1.420V 'o(PC) 98 ) 3
Strong Output Driver mA

Output Sink DC Current o (DC) 98 3

VvddQ=1.7V / Vo = 0.280V oL : )

Output Source DC Current

VddQ=1.7V / Vg, = 1.420V lon(PC) -2.8 - 8
Weak Output Driver

Output Sink DC Current

VddQ=1.7V / Vg, = 0.280V lor(DC) 2.8 - 3

Notes : 1. These parameters depend on the cycle rate and these values are measured at a cycle rate with the minimum values of tck, trc and Igc.

2. These parameters depend on the output loading. The specified values are obtained with the output open.
3. Refer to output driver characteristics for the detail. Output Driver Strength is selected by Extended Mode Register.
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AC Characteristics and Operating Conditions (Notes : 1, 2)

F6 FB F5
Symbol Parameter Units |[Notes
Min Max Min Max Min Max

trc Random Cycle Time 20.0 - 22.5 - 25 - 3

C. = 4.0 7.5 45 75 5.0 7.5 3
ltek Clock Cycle Time C.=5 3.33 7.5 3.75 7.5 4.5 7.5 3

CL.=6 3.0 7.5 3.33 75 4.0 7.5 3
ltrRAC Random Access Time - 20.0 - 225 - 25 3
ltch Clock High Time 0.45%t ¢ - 0.45%t- ¢ - 0.45%t ¢ - 3
lteL Clock Low Time 0.45*tc¢ - 0.45%c ¢ - 0.45*tc¢ - 3
ltckos QS Access Time from CLK -0.45 0.45 -0.45 0.45 -0.5 0.5 3,8
IQSQ Data Output Skew from QS - 0.2 - 0.25 - 0.3 4
ltac Data Access Time from CLK -0.5 0.5 -0.5 0.5 -0.6 0.6 3,8
lton Data Output Hold Time from CLK -0.5 0.5 -0.5 0.5 -0.6 0.6 3,8
thp CLK half period ( minium of Actual tgy, te) min(tcy, tey) - min(icy, toL) - min(icy, tey) - 3
tosp QS(Read) Pulse Width typ-lons - tplons - tup-lons - 4.8
tosov Data Output Valid Time from QS thp-toHs - thp-toHs - thp-toHs - 4,8
toHs DQ, QS Hold skew factor - t 0'235:7 - 0‘0+55X - 0'(155)(

ck*O- tc+0.17 teg*0.17

tboss DS(Write) Low to High Setup Time 0.8*t 1.2%ck 0.8*ck 1.2%ck 0.8*t 1.2%ck ne 3
tosPRE DS(Write) Preamble Pulse Width 0.4%t o - 0.4 - 0.4%t o - 4
tbsPRES DS First Input Setup Time 0 - 0 - 0 - 3
tbsPREH DS First Low Input Hold Time 0.3* - 0.3*ck - 0.3*tcx - 3
tose DS High or Low Input Pulse Width 0.45%c 0.55* ¢ 0.45%¢ 0.55%c 0.45%c 0.55* ¢ 4

C.=4 0.9 - 0.9 - 1.0 - 3,4
toss DS Input Falling Edge to Clock Setup Time C =5 0.9 - 0.9 - 1.0 - 3,4

C =6 0.9 - 0.9 - 1.0 - 3,4
tospsT DS(Write) Postamble Pulse Width 0.45*c¢ - 0.45*tc¢ 0.45*t¢ - 4

C =4 0.9 - 0.9 - 1.0 - 3,4
tospsTH DS(Write) Postamble Hold Time C.=5 0.9 - 0.9 - 1.0 - 3,4

C. =6 0.9 - 0.9 - 1.0 3,4
tos Data Input Setup Time from DS 0.3 - 0.35 - 0.4 - 4
ton Data Input Hold Time from DS 0.3 - 0.35 - 0.4 - 4
tis ICommand / Address Input Setup Time 0.6 - 0.6 - 0.7 - 3
Ity [Command / Address Input Hold Time 0.6 - 0.6 - 0.7 - 3
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AC Characteristics and Operating Conditions (Notes : 1, 2) (Continued)

ELECTRONICS

F6 FB F5 )
Symbol Parameter - - - Units |Notes
Min Max Min Max Min Max
Lz Data-out Low Impedance Time from CLK -0.5 - -05 - -0.6 - 3,6,8
It~ Data-out High Impedance Time from CLK - 0.5 - 0.5 - 0.6 3,7, 8
lorPDH Last Output toPD High Hold Time 0 - 0 - 0 -
tbDEX Power Down Exit Time 0.6 - 0.6 - 0.7 - 3
It Input Transition Time 0.1 1 0.1 1 0.1 1
tFPDL PD Low Input Window for Self-Refresh Entry -0.5% ¢k 5 -0.5*tck 5 -0.5% ¢ 5 3
tREFI IAuto-Refresh Average Interval 0.4 3.9 0.4 3.9 0.4 3.9 5
us
tPAUSE Pause Time after Power-up 200 - 200 - 200 -
C =4 5 - 5 - 5 -
Random Read/Write Cycle Time
lrRc C.=5 6 - 6 - 6 -
(Applicable to Same Bank)
C.=6 7 - 7 - 7 -
RDA/WRA to LAL Command Input Delay
Irco ' 1 1 1 1 1 1
(Applicable to Same Bank)
C =4 4 - 4 - 4 -
LAL to RDA/WRA Command Input Dela:
IRAS ) P y C.=5 5 - 5 - 5 -
(Applicable to Same Bank)
C =6 6 - 6 - 6 -
Random Bank Access Delay
IrBD ’ 2 - 2 - 2 -
(Applicable to Other Bank)
| LAL following RDA to WRA Delay BL=2 2 - 2 - 2 -
RWD (Applicable to Other Bank) BL=4 3 - 3 - 3 -
LAL following WRA to RDA Delay
lwrD ) 1 - 1 - 1 -
(Applicable to Other Bank)
C.=4 7 - 7 - 7 - Cycle
IRsc Mode Register Set Cycle Time C. =5 7 - 7 - 7 -
C.=6 7 - 7 - 7 -
IpD IPD Low to Inactive State of Input Buffer - 2 - 2 - 2
lbpa PD High to Active State of Input Buffer 1 - 1 - 1 -
C =4 19 - 19 - 19 -
ooy Power down mode valid from REF command C.=5 23 - 23 - 23 -
C =6 25 - 25 - 25 -
C.=4 19 - 19 - 19 -
IREFC lAuto-Refresh Cycle Time C =5 23 - 23 - 23 -
C =6 25 - 25 - 25 -
| REF Command to Clock Input Disable | | |
CKD at Self-Refresh Entry REFC REFC REFC
I ock DLL Lock-on Time (Applicable to RDA command) 200 - 200 - 200 -
- 10 - REV. 0.01 Nov. 2002
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AC Test Conditions

Symbol Parameter Value Units Notes
V x(min) Input high voltage (minimum) VRer *+ 0.2
VL (max) |Input low voltage (maximum) Vgeg-0.2 \Y;
VREF Input reference voltage VddQ/2 \%
Vi Termination voltage VREE \Y,
VswinG Input signal peak to peak swing 0.7 \Y
Vgr Differential clock input reference level Vx(ac) \Y,
Vp(AC) Input differential voltage 1.0 \%
SLEW Input signal minimum slew rate 2.5 Vins
Votr Output timing measurement reference voltage vddQ/2 Y, 9

25 W

Output O—'W\/— 777

R R R e e o R VL max ac)

e Z=50W

\ans
VddQ
50 W
T ""\""""""""'/ """" Vi mingac) Z—50W

‘ Vss 50 W
DT DT &=V
SIeW=(V|Hmin(AC) - V”_m aX(AC) )/DT AC Test Load

Notes : 1. Transition times are measured between V4 minipcy and Vi max(pc)-
Transition (rise and fall) of input signals have a fixed slope.
2. If the result of nominal calculation with regard to t; contains more than
one decimal place, the result is rounded up to the nearest decimal place.
(i-e., tppss = 0.8*tck, tek = 3.3ns, 0.8%3.3 ns = 2.64 ns is rounded up to 2.7 ns.)
. These parameters are measured from the differential clock (CLK and CW) AC cross point.
. These parameters are measured from signal transition point of DS crossing Vygg level.
. The tger (MAX.) applies to equally distributed refresh method.
The tger (MIN.) applies to both burst refresh method and distributed refresh method.
In such case, the average interval of eight consecutive Auto-Refresh commands has to be more than 400ns always. In
other words, the number of Auto- Refresh cycles which can be performed within 3.2us (8X400ns) is to 8 times in the
maximum.
. Low Impedance State is speified at VddQ/2+ 0.2V from steady state.
. High Impedance State is specified where output buffer is no longer driven.
. These parameters depend on the clock jitter. These parameters are measured at stable clock.
. Output timing is measured by using Normal driver strength.

» W

()]

© 00N>
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1. As for PD, being maintained by the low state (<0.2V) is desirable before a power-supply injection.

2. Apply Vpp before or at the same time as Vppg.

Power Up Sequence

3. Apply Vppq before or at the same time as VRrgf.

4. Start clock (CLK, CLK) and maintain stable condition for 200us (min.).

5. After stable power and clock, apply DESL and take PD

=H.

6. Issue EMRS to enable DLL and to define driver strength and data strobe type. (Note : 1)

7. Issue MRS for set CAS Latency (CL), Burst Type (BT), and Burst Length (BL). (Note : 1)

8. Issue two or more Auto-Refresh commands. (Note:1)

9. Ready for normal operation after 200 clocks from Extended Mode Register programming.

Note : 1. Sequence 6, 7 and 8 can be issued in random order.

Logic Low, H = Logic High

2. L
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- - - - - - - - - - . nla
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= — ] = —— = =
- - I - - JR .|l 9o
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w
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Basic Timing Diagrams
Input Timing

Command and Address tek

» )
A0-Al4 / (t
BA0.BAL >E A BA > ( > - )\ )

<« ala s RSN Y )

DQn (Input) * * * * ;l)
(l

— — t

DQm (Input) )
(l

Timing of the CLK, CLK

Refer to the Command Truth Table.

Vibac)
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Read Timing (Burst Length
Unidirectional DS/QS mode

K4C89183AF
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Read Timing (Burst Length = 4)
Unidirectional DS/Free Running QS mode

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

' .,_,.,_,.,_IC{K_,. ' ' ' ' ' ' ' ' ' ' . .

CK \Vr — (PR oo oo (P (R (R !

= | ﬁ--’s % % %L _fs foooh F_o X Ao X A X fo X 1.

Input : ﬂs l|H>A|_(after RDA) I : : : : : : : : : E

(Control & { ‘/;( DESL :

Addresses) i T T T T T T T T T T T T T T T T T ]
LDS/UDS i
(Input) |

A e I B S

CAS latency =4 - ‘QSP: - ‘QSP:

D ' High-z: X X
(OQutplm . Hig Z.

CAS Iatency'/ =5,

B2/ NSNS

D 1 I.h_l 1 1 1 1 1 1

CAS Iatency 6 :

D ' " high-z- :
(O%tplm e :

Note : DQO to DQ17 are aligned with LQS.
QS is always asserted in Free Running QS mode.

- 15 - REV. 0.01 Nov. 2002

ELECTRONICS



K4C89183AF

Write Timing (Burst Length = 4)
Unidirectional DS/QS mode, Unidirectional DS/Free Running QS mode

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 17 18
' Iq_’lq,_’lq,_tclK_,l ' ' ' ' ' ' ' ' ' ' ' '
CK \r -- - - = = ! ' - e—— = - -~ '
o | ﬁ__f.t % ’t % *t /A S A S S S AN SIS SN S
R I
(Control & r_\{ ‘/;( DESL '
Addresses) —7 T T - - n - - - - - - .
L T R A
: : : : : , 'osPRES, | : : T Es : : : : : : :
CAS Iatency 4 l l l T tospren | fosp | foser -EL | lospst l l l l l l l
1) A ) ot A R

(Input) 1 N Y, I | :
! ! ! ! ! ! Preamble ' ' toss ! ! |Postamble ! ! ! ! ! ! !
f ' ' f f ' Lt . f f f f f f f
. . . . ospre | . . . . . . . .
: : : : : : » fon | ' : : : : : : :
D ; )
(Ir?put) | |
: : : : : : : :, fooss _n1 : : s : : : : :
: : : : : : : tDSPRESI : . tpss R : : : : :
CAS latency, =5 . . . . . . TDSPREH i osp ;losp 1 osp [lospsT [ . . . . .
[l ] ] ] ] ] ] ] |-_'£ )I - i 3| LI ] ] ] ] ]
DS | A ' i ! | ! n |
(Input) ! \ . ' \ ' \ |

. . . . + Preamble . + Postamble . . .

. . . . |"—>tDSPRE . . . .
, , , , , , , , bs s tos , . , , , , ,
\ \ \ \ \ \ \ \ > n -> ~ ~— \ \ \ \ \ \
: : : : : : : : X ‘D_i: _ X tD_H__:__ [[»_L'L X X : : : :
D ] |
(npuy | RIDIDIT |
: : : : : : : : : \ ‘DQSS : : : oss | : : :

1 >l “ "

S T T e S e A T S i
CAS latency =6 | . . . . . . . . tDSEH pspsT | . . .
DS i K jﬁl i _[ '
(. & S A
' ' ' ' ' ' ' ' ' i Preamble Postamble ' '
: : : : : : : : : ttosere | : : : :
1 1 1 1 1 1 1 1 1 1 e 1 1 1 1
: : : : : . . . . . LTI - . . .
DQ ‘ .
(Input) /_\QO !
: : : : : : : : : : : : : : :
S 1 1 1 1 1 1 1 1 1 1 LOW 1 1 1 1 1
OrQey—+—+ =+ v . L L w e
. 88 o : \ \ \ \ \ \ \ ! \ ! \ : !
(Free Runninig) | \ / \ / \ / \ / \\ | \ / !
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note : DQO to DQ17 are sampled at both edges of DS.

ELECTRONICS
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treen tpause: IXXXX Tlmlng

CLK . I.———-I I.———-’ II. —-’I \.———-’ :\.———J I.———-

\
)
)
t\s ! t\H ! ! ! tREFItPAUSE,IXXXX ! ! ! ts tu—< !
)
|

|q_. ' ' ' ' ' ' ' - la—p
Input [} [} [} [} 1 [} [} [} [}
(Control & omman l Comman
Addresses . . . —H . . . .
\ \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \
Note. "lxxxx'means "lkc", "lrcp's "lras’ €tC.

- 17 - REV. 0.01 Nov. 2002
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Function Truth Table (Notes : 1,2,3)

Command Truth Table (Notes : 4)
*The First Command

Symbol Function cs FN BA1-BAO A14-A9 A8 A7 A6-A0
DESL [Device Deselect H X X X X X X
RDA Read with Auto-close L H BA UA UA UA UA
WRA  |Write with Auto-close L L BA UA UA UA UA

*The Second Command (The next clock of RDA or WRA command)

Symbol Function cs FN BA1-BAO [A14-A13 |A12-A11 | A10-A9 | A8 | A7 |A6-A0
LAL Lower Address Latch H X X \% X X X X LA
REF Auto-Refresh L X X X X X X X X
MRS Mode Register Set L X \% L L L L \% \%

Notes: 1. L=Logic Low, H=Logic High, X =eitherL or H, V=Valid (Specified Value), BA=Bank Address, UA=Upper Address,
LA = Lower Address.
2. All commands are assumed to issue at a valid state.
3. All inputs for command (excluding SELFX and PDEX) are latched on the crossing point of differential clock input where
CLK goes to High.
4. Operation mode is decided by the comination of 1st command and 2nd command refer to "STATE DIAGRAM" and the
command table below.

Read Command Table

Command (Symbol) cs FN BA1-BAO | A14-A9 A8 A7 | A6-A0 | Notes
RDA (1st) L H BA UA UA UA UA
LAL (2nd) H X X X X X LA

Write Command Table

Command (Symbol) s | en | BAY | a1a | Aa13 | A12 | A1 |[AE0T | s | A7 [A6-A0
BAO A9
WRA (1s)) L L BA | UA | UA | UA | UA | UA | UA | UA | UA
LAL (2nd) H X x | vwo | vwi | x X X X X LA

Notes : 5. A14~A13 are used for Variable Write Length (VW) control at Write Operation.

VW Truth Table

Function VWO VW1
Write All Words L X
BL=2
Write First One Word H X
Reserved L L
Write All Words H L
BL =4
Write First Two Words L H
Write First One Word H H
- 18 - REV. 0.01 Nov. 2002
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Function Truth Table (Continued)

Mode Register Set Command Truth Table

Command (Symbol) cs FN BAL1-BAO AL14-A9 A8 AT AB-AO Notes
RDA (1st) L H X X X X X
MRS (2nd) L X \% L L \% \% 6
Note : 6. Refer to "Mode Register Table".
Auto-Refresh Command Table
Command Current e ==
Function CS FN |BA1-BAO|A14-A9 | A8 A7 A6-A0 [Notes
(Symbol) State n-1 &
Active WRA(1st) Standby H H L L X X X X
Auto-Refresh REF(2nd) Active H H L X X X X X
Self-Refresh Command Table
Command Current PD - BA1-
Function CS FN Al4-A9 | A8 | A7 |A6-AO0| Notes
(Symbol) State n-1 | n BAO
Active WRA(1st) Standby H H L L X X X X X
Self-Refresh Entry REF(2nd) Active H L L X X X X X X 7,8
Self-Refresh Continue - Self-Refresh L L X X X X X X X
Self-Refresh Exit SELFX Self-Refresh L H H X X X X X X 9
Power Down Table
Command Current PD - BA1-
Function CS FN Al4-A9| A8 | A7 |A6-AO0| Notes
(Symbol) State n-1 | n BAO
Power Down Entry PDEN Standby H L H X X X X X X 8
Power Down Continue - Power Down L L X X X X X X X
Power Down Exit PDEX Power Down L H H X X X X X X 9

Notes : 7. PD has to be brought to Low within trpp, from REF command.
8. PD should be brought to Low after DQ’s state turned high impedance.
9. When PD is brought to High from Low, this function is executed asynchronously.

ELECTRONICS
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Function Truth Table (Continued)
Current State — PP = cs FN Address Command Action Notes
H H H X X DESL NOP
H H L H BA, UA RDA Row activate for Read
H H L L BA, UA WRA Row activate for Write
Idie H L H X X PDEN Power Down Entry 10
H L L X X - lllegal
L X X X X - Refer to Power Down state
H H H X LA LAL Begin read
H H L X Op-Code | MRS/EMRS [ Access to Mode Register
Row Active for Read H L H X X PDEN lllegal
H L L X X MRS/EMRS | lllegal
L X X X X - Invalid
H H H X LA LAL Begin Write
H H L X X REF Auto-Refresh
Row Active for Write H L H X X PDEN lllegal
H L L X X REF (Self) | Self-Refresh entry
L X X X X - Invalid
H H H X X DESL Continue burst read to end
H H L H BA, UA RDA Illegal 11
Read H H L L BA, UA WRA lllegal 11
H L H X X PDEN lllegal
H L L X X - lllegal
L X X X X - Invalid
H H H X X DESL Data write & continue burst write to end
H H L H BA, UA RDA lllegal 11
Write H H L L BA, UA WRA lllegal 11
H L H X X PDEN lllegal
H L L X X - lllegal
L X X X X - Invalid
H H H X X DESL NOP-> Idle after Irgrc
H H L H BA, UA RDA lllegal
Auto-Refreshing H H L L BA, UA WRA lllegal
H L H X X PDEN Self-Refresh entry 12
H L L X X - lllegal
L X X X X - Refer to Self-Refreshing state
H H H X X DESL Nop-> Idle after lrgc
H H L H BA, UA RDA lllegal
i . H H L L BA, UA WRA lllegal
Mode Register Accessing
H L H X X PDEN lllegal
H L L X X - lllegal
L X X X X - Invalid
H X X X X - Invalid
L L X X X - Maintain Power Down Mode
Power Down L H H X X RDEX | Exit Power Down Mode->Idle after tppex
L H L X X - lllegal
H X X X X - Invalid
) L L X X X - Maintain Self-Refresh
Seif-Refreshing L H H X X SELFX | Exit Self-Refresh->Idle after Ipzrq
L H L X X - lllegal

Notes : 10. lllegal if any bank is not idle.
11. lllegal to bank in specified states
12. lllegal if trpp is not Stisfied.

: Function may be Legal in the bank indicated by bank Address (BA).

ELECTRONICS
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Mode Register Table
Regular Mode Register (Notes : 1)

Address BA1™1 BAO™ Al4-A8 AT A6-A4 A3 A2-A0
Register 0 0 0 ™ CL BT BL
P /
A7 Test Mode (TM) A3 Burst Type (BT)
0 Regular (Default) 0 Sequential
1 Test Mode Entry 1 Interleave
A6 A5 A4 CAS Latency (CL) A2 Al A0 Burst Length (BL)
0 0 X Reserved "2 0 0 0 Reserved 2
0 1 0 Reserved "2 0 0 1 2
0 1 1 Reserved 2 0 L 0 4
1 0 0 4 0 L L w2
Reserved
1 0 1 5 1 X X
1 1 0 6
1 1 1 Reserved 2
Extended Mode Register (Notes : 4)
Address BAL1™% BAO™ Al4-A7 A6~A5 A4-A3 A2~A1l AQ™
Register 0 1 0 SS DIC(QS) DIC(DQ) DS
~E ~E Strobe Select s bQ Output Driver Impedance Control
o [ o Reserved'? A4 | A3 | A2 | AL (el
0 1 Reserved*2 0 0 0 0 Normal Output Driver
1 0 Unidirectional DS/QS 0 1 0 1 Strong Output Driver
1 1 Unidirectional DS/Free Running QS 1 0 1 0 Weak Output Driver
1 1 1 1 Reserved
v
Note: 1. Ill?egular M?de Regi‘ster Is Chosen Using‘ the combination of BAO = 0 and BA1 = 0. AO DLL Switch (DS)
2. "Reserved" places in Regular Mode Register should not be set.
3. A7 in Regular Mode Register must be set to "0"(Low state). 0 DLL Enable
Because Test Mode is specific mode for supplier.
4. Extended Mode Register is chosen using the Combination of BAO = 1 and BA1 = 0. 1 DLL Disable

5. AO in Extended Mode Register must be set to "0" to enable DLL for normal operation.

- 21 -
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State Diagram

Self
Refresh

PD=L
. Standby
PD=H (ldle)
Auto-
Refresh

Mode
Register

MRS
(RAeCstti ore) Aetive
LAL
| y
Write
(Buffer) Read

» Command Input

» Automatic Return

The second command at Active

state must be issued 1clock after
RDA or WRA command input

- 22 -
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Timing Diagrams
Single Bank Read Timing (CL=4)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N S S S S S S S S S A S A

CLK - " \ ' \ I
' 't Igc=5cycles ¢ ' ' ' ' Igc=5cycles ¢ '

. . . . .
P
Command :X RDA X LAL X DESL X RDA X LAL X DESL X
e — ] —

T — T
kcp=1cycle + lgras=4cycles + lgrcp=lcycle v lgras=4cycles
- —t L L1 e _— L

A A A A

! "1 kes5eycles vov 0

'
L ' L | L L L L L | L
RDA X LAL X DESL X RDA
T ' T ' T T ' T

— T
lrcp=1lcycle + + Igag=4cycles
L < —t .

=

i
S 3 3 SRS T3 ) SRR 3 Y SR 0y
s

BankAdd.:x #0 X x #0 X X #0 X X #0
Unidirectional DS/QS mode, | | 1 111 b L b L L
BL=2 ¢ |
(Input)
QS 1 L lew ' v v .'/ | N S S A NS Y A
(Output) ' |L?W| ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' | | | | | | | | /—\_
N - T - o I I © & R
[ [ [ 2 d 1 1 1 1 1 1 1 [ [ hd 1 1 1 1 1 1 1 [ [ T 1 1 1 1 1 1 1 [ [
' ' Hj-Z ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
_(om;’Dﬁ o .<Q° >< Q1 > . :<Q° x Q1 } P— . .<Q° x
BL =4 T
_ DS
(Input) |
oy 3 ptow: v SN N N T
R S S A S A R G = S
DO 1 G HIZ o+ o Y ey
Loupu) ————————————{jerfeefos——————(w)orferfos}——————(w)

Unidirectional DS/Free Running QS mode ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' v L '
BL_—2 DS |
(Input)

Qs
(Output)

DQ
L (Output)

BL =4 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

_ DS
(Input) |

Qs
(Output)

DQ
L(Output)
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15

DESL

13 14

XRDAXLALX
D

11

10

(]
DESL
5cycles

' lgc=6cycles

(!
lRAS

oo )
A X

1cycle

IRCD

XRDA X LAL X

=5)

DESL

W

' [zgc=6cycles *

Scycles

o

1
T

IRAS
1

[l

#OX

UIAXLAX

B

DS
(Input)

Single Bank Read Timing (CL
CLK

U
Address :X

...... ol
o o
[=] (=]
B 8
n n n
1 1 I
I P~ N e A R B = - =" A1~ "r---- - -
[¢] ¢] O
........... R
o
........ - —<--- ---.--A-.@.-- R D - -
- -
o o
(=} (=} (=]
_ &4 o (&3

BT B IS IR I P h--q----

DQ

L(Output)
DQ
L(Output)
DS
(Input)
DQ

L (Output)
DQ
L(Output)

Qs
(Output)

(%]
(o4

5
=3
g
=1
e

(Output)
DS
(Input)
(Output)
(Input)

Bank Add.

BL

K4C89183AF

Unidirectional DS/QS mode

BL
BL

BL
Unidirectional DS/Free Running QS mode

REV. 0.01 Nov. 2002
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=6)

Single Bank Read Timing (CL

15

14

13

12

11

10

CLK

(e

<
rc=7cycles

A~

“

Y

“

A RS

1

s

.ll I\. .II I\ .ll
Irc=7cycles

W~

“

"~

“

XR[‘)‘AX LAL X

Yo e X

DESL

DESL

lras=6cycles .

Iras=6cycles .

oo

D Y

UAXMX

#OIX

U
Address :X

B

Bank Add.

T

DS

Unidirectional DS/QS mode
BL |

kit i
...... ALY /R IR, R T .
@] O
...... - -q---- [
2 N 2 N
-= - =0-f---L --- -==-0----14
— T — T
= o= oc (7ol [7o)E=) os
g2 ©3 o©Z 003 ©Z o3F
e £ 2 = £ £
= > > = =] >
<] S 5 ] <]
] ) 1
-
o

Unidirectional DS/Free Running QS mode

DS|

(Input)

Qs

(Output)

DQ

L (Output)

(Input)

Qs

(Output)

DQ

L(Output)

BL

REV. 0.01 Nov. 2002
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Single Bank Write Timing (CL=4)

CLK

' | (] " ' | ] \ " " \ " '
' IRC—ScycIes ' ' v IRC—ScycIes ' ' ' ' IRC—ScycIes '

1 1 1
' ' ' ' '
Command :XWRA X LAL X DESL XWRA X LAL X DESL X WRA X LAL X DESL X WRA x
T T T T T T T T T T T ' T '

. IRCD 1cyc|e . + lgras=4cycles . IRCD 1cyc|e . + lgas=4cycles IRCD lcycle + + lgas=4cycles

! L PR L . A NE— \

| P P [y— P |
Address :x UA X LA X X UA X LA X X UA X LA X X uA X

i Co Co oo i

waij fjfff x%x fjfff xﬂx fff.f x%ﬁ

Unidirectional DS/QS mode . o . ' - ' o '
BL =2 . . .
S T — U — \f\/ — \f\f‘

Qs
(Output)

Lo,

CLK -

Vo
:Low'

O T o S S A N S N S WO S S R
o= L S S S S S S S S S S S S S S S N S S

Qs
(Output)

R J
- --F----
b

Low
' ' Vo Vo v Vo Vo Vo Vo oo Vo Vo Vo Vo Vo '
Do U B LLowess L Lowed
DQ
L (Input)
Unidirectional DS/Free Running QS mode
' Vo o '

BL':Z(.WBSHHH::\/_\/ '::: \/_\/ :::: \F\/—

-§ - -

Qs
(Output)

e B A N T S A S O N MO T

| W
BL=4

Gl Ve U P ammmn¥a ¥a ¥ ammmn g U g

Qs
(Output)

WwL=3 ' ' ' ' ' ' ' T WL=3 ' ' ' ' ' ' T WL=3
' o e T " »

-®- -

L (o Coforfoz)oa)l DD Cofor)foz)o2)
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Single Bank Write Timing (CL=5)

CLK

CLK -, \ " \ "
' ' Irc=6cycles ¢

1 1 1
' Igc=6cycles !

L L L L L | L | L | L L L L
DESL XWRA X LAL X DESL

1 1
Vo Vo
T .
Command x WRA X LAL X DESL
. IRCD 1cyc|e . D] IRAS:5cycIes . + Ircp=lcycle
' L L L - -t

G oD .

+ |kkas=5cycles . IRCD lcycle .

XUAXLAX

U
Address :X UA X LA X
'
'

fx@xgxf

'
.
Bank Add. ) #0 X
.
1

Unidirectional DS/QS mode

Qs

(Output)

BL =4

Qs

(Output)

'x#ox — X#ox
poretona BEEEEE
_(Input)llllllllll\/—\/ . \/_\/

Ll awi=A " L wi=4 Lo
[ N L L T e e e | hd ' [ |
- Low . .

'¢ L WL=4 L WL=4 |

E AR
e T OHeREC

Unidirectional DS/Free Running QS mode
' Vo o '

\/_\/

iirec S R
K WA

Qs
(Output) AW/
' wi=4 !

AW/,
' wi=4 !

L (Inpl)ju?)

BL =4

Gty gta

Qs
(Output)

" WL=4

RSV e

" WL=4

L (Inpl)Dth) @@@@

- 27 -
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Single Bank Write Timing (CL=6)

CLK

CLK -+, ' \ | ' \ [} | [l " " ' ' '
' Vo Vo v lgc=Tcycles v Vo ' lrc=7cycles Vo ' '
| . M M M - L L - L M L |
Command x WRA X LAL X DESL XWRA X LAL X DESL XWRA X LAL x
T — — — T — — T \
. IRCD 1cyc|e . + + Igas=6cecycles D] D] IRCD lcycle . . IRAS:(ScycIes D] . . IRCD 1cycle .
! L L P P . A L L '
| L P P P L P L P L |
Address :X UA X LA X X UA X LA X X UA X LA x
i o o i
!

e Yo fiffﬁﬁff”x#ox — e

T
Unidirectional DS/QS mode Vo Vo Vo Vo . Vo o Vo Vo !
BL_:2 DS \ / \
(Input) ) \ } \ /
T T o I
[ T T T S T S T S S P T S S

Qs
(Output)

Vo
:Low'

1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1
. o ., . . WL=5 . o o . o WL=5 , ., . o
' Vo v O O T O Vo Vo v R O O O Vo
" D D
L (Input)
| T T T T T T T T T T T T T T
' Vo Vo Vo Vo T Vo Vo Vo Vo T Vo Vo Vo Vo
BL =4

[ aesssssan U U VAE—— U ¥

Qs
(Output)

L oo e @@@@

Unidirectional DS/Free Running QS mode
' Vo o '

[ U U e € o

R
*--F----

Low
'

Qs
(Output)

WS L Ll el Ll nowss

L (oo
BL=4

Gl U S g Ve U g Vg U

Qs
(Output)

WL=5 ' ' ' ' ' ' ' . ' ' ' ' WL=5 '
T T T T T ' ' ' ' ® T T T T T T

L DD DD Cofor)foz)oz)
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Single Bank Read-Write Timing (CL=4)

CLK

CLK -

' | (] " ' | ] \ " " \ " '
' IRC—ScycIes ' ' v IRC—ScycIes ' ' ' ' IRC—ScycIes '

Command :X RDA X LAL X ; DE:SL ; XWRA X LAL X ; DE:SL ; X RDA X LAL X ; D;ESL: ; ;XW;RA;[
XH — XUAXMX — XUAXLAX i
S £ S f X f - f - e B D'

Unidirectional DS/QS mode

BL =2 , . I I I I : : : :
i (inpzt? . - - - - : - - T T n n T T T T \ /_\ /

Lo,

Qs

'
(Output) : L9W

o R T
Vo T T o T T T "
VOV HRZ 0 —w— ,
bQ _, P <Q°XQ1> Lo <D°XD1> .
BL=4

oupy 4 tew v PN P

A S A R S -

0 g 0 0 0 0 0 0 0 0 0 v 0
. WL=3 ., ' . . . . ' ' . CL=4 ,
T

- -f------

L - @ -|]------

°> * »
o v v
, Hi-Z '

DQ

S

Unidirectional DS/Free Running QS mode
Vo o '

BL o2 ‘ :::::::::::::E:E:
i amﬁi \ /F_R /

Qs
(Output)

' (i ' { ' (| ' ' " ' ' ' { ' " ' ' { ' " '
' CL=4 ' ' ' ' ' ' ' ' wL=3 ' ' ' ' ' ' ' ' ' ' CcL=4 '
' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 ' ' L

CoHZ DL~ L S e i~
o_- - e fr )1} Q0J
BL =4 I T S T T S

[t

e ~—- - -

Qs
(Output)

P CL=4 « 0 0 PWL=3 0 0 0 0 ' CL=4
L4 — T T T > o T T
1

DQ . . HZ |
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Single Bank Read-Write Timing (CL=5)

CLK
CLK -, " \ ' \ W (! " | ' \ " \ ' \ (! (! " \ " \ " | " \ " ' " \
Vo ' lgc=6cycles + ¢t 4+ 1 11 lgc=Beycles Vo Vo
P S S
Command x RDA X LAL X DESL X WRA X LAL X DESL X RDA X LAL X DESL
i T f T f T T T T T T T f T f T i T T T T T T T f T i T f T T T
T
| L | L | L L L L L L L | L | L | L L L L L L L | L | L |
Address ] UA X LA X X UA X LA X X UA X LA X
L
' ' '

P T T T T T T T T T T T S
Y S S S S S A S S S S S S N S
Bank Add. K #0 X X #0 X X #0 x
PR e S e e e e S e e B S

Unidirectional DS/QS mode Vo v v v v v v v oo
BL =2

R A N A A N S S N S A S A N S S N

P WL=4

- |-

DQ

VOVHZ 0 e
e <QOXQ1> N <DOXD1>.
BL=4

R RN AV A

e T S S e S P S TP L S S S S R S T
o HIZ L L oy oy

9 DO oofefemes
L ' o o o o ' ' o Anaw) Ana o o ' ' ' o o '
Unidirectional DS/Free Running QS mode ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' v L o o ' ' o o o o o ' o o o o o '

BL =2 DS \ ' y
(input) 2 A\

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

' v v v v ' ' o v v v ' v v '

Qs
(Output)

Lol ol og 1t wima

oMz Lo — o s U
x_ - At P} 1 f——————————
BL =4 T S

———— Y g ¥

Qs

(Output)

: e e b iwled

b . S HZ oL oL L L L L VY Ve

L e e e {oo)or)p2)os)———

- l l l l l l l l l l l l l l Ll l ] l l l l l l l l l l
Read data Write data
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Single Bank Read-Write Timing (CL=6)

CLK (P ' ' { ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' { ' ' ' ' ' ' ' ' ' ' ' 1,

CLK -+ " \ ' \ W
' " v Qge=Toycles 1 v 0w a0 a4 0 Joc=Teycles v 0 a0
RC RC

A A Ao,

' '
Command :X RDA X LAL X DESL XWRA X LAL X DESL X RDA X LAL x
' T ' T ' T T T T T T T T T ' T T ' T T T T T T T T T T T

f f f f
| M P M M L L L L M L M M M [ (P |
Address x UA X LA X X UA X LA X X UA X LA x
o
' Vo Vo Vo Vo T Vo Vo Vo Vo T Vo Vo Vo Vo Vo '
| N A A P T A A A A P A A A (— ' L
Bank Add. K #0 X X #0 x X #0 X
' T T T T O T O] D] T O O T T P M v
Unldll’eC[IOna| DS/QS mode\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BL_:2 DS \ : . .
(input) / \ )

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 0 ' ' v 0 T 0
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
0 S / N\ o
(Output) ' ' . ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' | | |
1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

. e . . . CL=6 . . . . . e WL=5 . . . . . . .
' ' [ G T T T T T T T T T T ' ' e T T T T T T T T | ' ' ' ' '
' v Hi-Z ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
DQ L N <Q°XQ1> N <D°XD1> M
- l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
BL =4 s ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' : : : : : '

(input) \ /—\_1 '\_C

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' | ' ' ' f ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
QS 1 L low v v N
Output) v 0 v e h N A N e v
o ey CEES L e WESS L
O HRZ L L Y Yy

> Qoo foz oz DD
L ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' | A 4 4 h ' ' ' ' ' ' ' ' '
Unidirectional DS/Free Running QS mode ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

BL =2

BL

(o> AW

Qs
(Output)

DQ

=4 os ' L L L L L L L L L L L L Co Co Co '
o0 WA WA WA
Qs
(Output)

QSRR R L ) (T ) () OB ) (77 (S

' ' ' WL=5 ' ' ' '

Read data Write data

.31 - REV. 0.01 Nov. 2002

ELECTRONICS



X

,XUA,XLAXUA,XLA,XUAXLA,XUAXLA,XUA,XLAXUA,[

15

14

13

(]

12
Irep=2cycles

“

11
AN
'

“

Il.
Irep =2cycles

1

T

10

“

Y
'
1
T

“

I).
Irep=2cycles
1
T

i

"~
'
1
T

“

I&.
Irep=2cycles
1
T

<

"~
'
1
T

4)

4

AY
'
1

Address:lx UAIXLA X UA X LA X

(!

kep=2cycles

RDA X LAL X RDA X LAL XDESLX RDA X LAL X RDA X LAL X RDA X LAL X RDA X LAL X RDA X LAL X RDA

o

"~
'
T

-

CLK

Multiple Bank Read Timing (CL
CLK

Command

K4C89183AF

kv
Ehl---n- --
m* 1
><T - - - - |- - -
O S T I T P e I e T
3 o
C = >
gs®|--:8 1 - -
2° jig
><<-- 1% |- --
X
c
.-}t G- R P R A R I .
=}
O
el 2. SR AU ) R SRR AU A PR R
° < <
> 1l 1l
81 - -@-_--q---- - @ -1 -
i S O
><Gof-4-1 |[---t------{---- Y A
e X
So|-gt-3- (R A R .-
) PN ]
= - - I ) R ! [, --9.
S><< - =
%]
eet--- cecteced.--n et ---@- - - -0O-
o
2 N 2 N c
><T - -t - - -8 t-----2£4---- - o ft----- L1--C-
3 % - T - T m
c % v o S
anannnnm I s B - --
- ) 8
A T B i R - --L-
8 2
g T 33 8% g8 8% 8% 9% s 8% 8% g3 g
M 5 oz ©3 [S=1 og ©3 o3 g o3 ©3 [SN=1 a
o 2 2 2 2 = g 5 2 = 2 2
~ = E S =1 £ S S S £ S =1 =}
c o~ ) o < ) O T« o o < o
s = 1 = it oy = T2 0 = = i =
] T _ 5 _
=) o 2 m o
c
= =}

REV. 0.01 Nov. 2002

Note : Iz to the same bank must be satisfied
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K4C89183AF

=5)

Multiple Bank Read Timing (CL

15

14

13

12

11

10

II. ./I II. .ll
lksp=2cycles

(e}

Irep=2cycles

A Ao,
'

Irgp=2cycles

Il. .lI I). .ll
lkgp=2cycles '

o

s

IL .lI IL .lI I\. .ll I\. .II I\ .ll
kep=2cycles '+ v 00

RDAX LAL X RDAX LAL X

'
\ (!
' '

-

CLK
CLK

.........:---:-:---:[
IXUAXLAIXUAIXLAXUAIXLAXUAIXLAIXUAXLAI[

X RDA X LAL X RDA X LAL X RDA X LAL X RDA X LAL X RDA X LAL

' L | L L L
DESL

Command

Address:lquXLAXUAxL:AX .

X

f

'
Bank
e

Bank Add.

4
[%]
co-8]-
o
>
- - o |
©
I
-t -
X
j=
- - a |-
o
a
%3 8]
gl2l
o
>
-9 - - -
©
JiN
S b-4-
X
c
- @ -- -
2
9]
NS
S
°
v =}
i =
%]
----Q
2]
[a]
©
c
i<l
3]
Q
=
=}
=3
]

wn Te]
1 1
JN A LI IR R R R I D I
3] o
e 4---- -t -e-4--4----
Q
el
[N A I R R R _.o.
£
»
PR A W et ---@--]--0-
2 N z N 2
aft-----:24---- at----- D
— T — I c
=}
O e R - .-
(]
o
[N A [ A .-
iy
8
ve gz o we gz og 3 2T 9= o
oz ©3 03 og ©3 o3 g o3 ©3 03
2 = g 2 = £ 5 2 = g
= = p=3 = = p=3 = = > p=3
o~ o o < ] O O« o o
D = 5 000 = T 8V = S5
5

(Output)

BL =4

: Iz ¢ to the same bank must be satisfied

Note

REV. 0.01 Nov. 2002
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8

XUA,XLA,XUAXLA,XUAXLA,XUA,XLAXUA,[

15

(]
2cycles

14

|
IRBD
(
'

o

13
-
'

(]

12
Irep=2cycles

“

11
AN
'

[l

10
Irep=2cycles

“

Y
'
1
T

el
2cycles

L

—

lRBD

(!

X RDA X LAL X RDA X LAL X RDA X LAL X RDA X LAL X RDA

1

s
'
1
T

“

"~
'
!

DESL

6)

4

AY
'

(]
Address :X UA X LA X UA X LA X
1 1 1

[

(]
kep=2cycles
\

RDAX LAL X RDAX LAL X

(!

-

CLK

Multiple Bank Read Timing (CL
CLK

Command

K4C89183AF

Ao K

A

Bank
e

7cycles

7c§/cles
kc(Bank"a")

1+ Irc(Bank"a")

Bank Add.

S mode'

Unidirectional DS/Q

Qs

DS
(Output)

(input)

B R
©
[ R e
©
n
at----4----
O
- |6. |||||||
1
—dedl--qd----
O
-@--l--4----
- - ---
N
£
o=
oz
s
o
1

=61

CL:

DQ

(input)
(Output)
L(Output)
(Output)
DQ

L (Output)

BL

Unidirectional DS/Free Running QS mode

2
3

TTTTOTT

DQ

(Output)

BL =4

REV. 0.01 Nov. 2002

: Iz ¢ to the same bank must be satisfied

Note
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K4C89183AF

Multiple Bank Write Timing (CL=4)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CLK e hoa! GECH .ot s .o .ot .o Y st '~ -" G o oo o e '
CLK T T d W™ e ™ (et > Tl T TRl (] T} ' Wt =

Command :X WRA X LAL XWRA X LAL XDESL X WRA X LAL XWRA X LAL XWRA X LAL XWRA X LAL XWRA X LAL XWRA x

Address:IXUAXLAXUAXLAX XUAXLAXUAXLAXUAXLAIXUAXLAIXUAXLAXUAI[

I I I I I I I
' " IRBD—chcIes v v ' ' ' IRBD =2cycles IRBD =2cycles ! IRBDZZCycIes ' IRBD:2cycIes ' v v '
| | { | { { |

' '
Bank Add :x Bankx Bank \ XBank Bankx Bank Bank Bank Bank K
n "a” " g "b” n " " " "b” " " ”C” g n "d” " 1 " " " "b” n
' v R o o ' ' v v v v ' v o o o o '
' ' ' 1 Igc(Bank"a")=5cycles ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' - T T T T ' T T T T T '
' o o o ' IRC(Bank"b"):ScycIes o o o o ' o o o o o '
Unidil’ec[iona| DS/Q mode 1 1 Lq, 1 1 - - - - - 1 1 »! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
WAVAVAVAERVAVAVAVAVAVAYE
(input) ) ' ' ' ) )
0 T T T T f ' T v T T T v T o T A T '
' T o o o ' ' o o o o o ' o o o o o '
Qs ' . Low ., ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
(OUIpm) [ [ [ [ [ [ [ [ [ TWL=3 ! [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
1 1 1 1 1 1 1 L 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
' [T gt T T ' ' T T T T T ' T T T T T '
(now) pagpsil ooy pagpaif_ Joudeey)
- l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l
' o o o o ' ' o o o o o ' o o o o o '
BL =4 ' o o o o ' ' o o o o o ' o o o o o '
~ DS |
(input)
' T T T T ' ' T T T T T ' T T T T T '
' T o o o ' ' o o o o o ' o o o o o '
Qs ' v Low o o ' ' o o o o o ' o o o o o '
(Output)
' T T T o
' ' ' ' ' ' ' @
e R
' ' ' v ' ' ' ' '
DQ
L (Input)
Unidirectional DS/FIree Il?unnling QS mlode - - - - - - - - . . . . . . . . . . . . . . . . . . . .
BL =2 ' v ' o o ' ' v v o o v ' o o o o T '
__ DS D D Y D [ D D D D D
(input) \ [ L\ [ N/ LN A W A W \ [\ \ A
Qs \ S ) ! ) ) \ S ) A ) ! A ! A
e T S S
1 1 1 1 1 1 1 v T T T T T ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L~ e S e S S T S R S S R
' o v o o ' ' o o o o o ' o o o o o '
(o) pagoik_Jouofeey Pagosih_Jugeril Jpeolpei\ Joagpa
' T T T T ' ' T T T T T ' T T T T T '
BL=4 S S S S S S S S S S S S S S S S S S S S S S S S S A S S SN
DS
(input) |

Qs
(Output)

DQ
(Input)

Note : Iz to the same bank must be satisfied
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Multiple Bank Write Timing (CL=5)

CLK

CLK -

EA A Ao,

1 IL 1 1 1 1 1 1 1 1 1 1 1 1
:‘ IRBD—chcIes v ' . IRBD—chcIes ' IRBD—chcIes ' IRBD—chcIes ' IRBD—chcIes '

Command :X WRAX LAL XWRAX LAL X DE;SL XWRAX LAL XWRAX LAL XWRAX LAL XWRAX LAL XWRAX LAL :[
Address:IXUAXLAXUAXLAIX : : :XUIAIXLIA:XUIA:XLIAIXUIA:XLIAIXUIA:XLIA:XUIAIXLIA:[
BankAdd.:XBankx X ):(B.gnkx | XBka | Xka | XBde | kaX | )C

: IRC(Bank a) chcles :

Lo,

'
' IRC(Bank b")= 6cycles '
1 1

Vo '
Unidirectional DS/QS mode} : : :4 :
BL =2

wm””” \ﬂﬂﬂf—ﬂﬂﬂﬂﬂﬂ

' WL=4

. ---

BL =4

DS
(input)

Qs .+ 1 Low
(Output)

*---1---
4

DQ
L (input)

Unidirectional DS/Free Runnlng QS mode
BL =2

W ANANE AN AN AT

Qs
(Output)

' ' '
« WL=4 .
T T T

R e X e )

BL =4

'
*
WL=4
'

DS
(input)

Qs
(Output)

DQ
(input)

Nole-:IRc to the same bank must be satisfied.
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K4C89183AF

=6)

Multiple Bank Write Timing (CL

15

10 11 12 13 14
.lI Il. .lI I\. .ll II. ./I II. .ll II. .II
Irep=2cycles Irep=2cycles 2cycles

Y

el
2cycles

A A

“

"~

4

AY

“

W~

“

"~

(]
kep=2cycles

“

"~

CLK

lRBD™

L T A

XUAIXLAIXUAXLAIXUAXLAIXUAIXLAXUAI[

L L L L | L ' L | L ' L '
DESL XWRA X LAL XWRA X LAL XWRA X LAL XWRA X LAL XWRA

RAIX LAL IX

ALXW

RAXL

w

Command

Address:lx UAIXLA X UA X LA X

Bank Add. )

Ao K

A

Bank
e

7c§/c|es
v kc(Bank'a")
1 - - -
1

©
X
2
3
o
~t-4-
&
S R
S -
=)
v o
-TT- E
I

:
7cycles

1 1

[ "\

=51

' WL

Low

BL=

Qs

(input)
(Output)

)

‘E ‘@

DQ

L (input)

51

' WL

(input)
(Output)
DQ

L (input)

WAWAWEW,

(Output)
DQ
L (input)

Unidirectional DS/Q
DS

Unidirectional DS/Free Running QS mode

DS

BL =4

(Output)
DQ
(input)

l

.
.
.

Note lrc to the same bank must be satisfied.
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Multiple Bank Read-Write Timing (BL=2)

CLK

CLK -

\ (! "
.- IRBD—chcIes '

Command :IXWRAXLALXRDAXLALXDESLXWRAXLALXRDAXLAL XDESLXWRAXLALXRDAXLAL XDESLXWRAI[
S 3 8 79 8 S 79 (08 ©79 €00 G T3 00 (70 078 G A7 6
R ) D D G ) S G SR ) S G S— )

IRC(Bank a)

Unidrectonal DS/QS model | |ttt & E'Rcha”;k"a")E e e N R
CL=4 —_— —_— —_—
T NSNS NN NN
SR I R S S A0 U S S S A U S S
<0uwut>::':;WL;B;:::CL:4:::::"':::::::

CL;Squf“T'Z:f::Tf”"Qb 9 ———— e
_(Inpzts) /—\/ \/—\y \y—\_
NN eEy aanmw vt

(Output) ' ' ' ] ] ' ' ' ' ' ' ] —c 1
.o LWL CL=5

||H'I_Z T T T 1 T 1 [ [ P e UL (I T e N e U :
T N S N :: gl —eper————podout——patbar)
(om;SS::”W::::::::' :::/_}\:::::::::/_}\:'

v ':WL;S L S S L S N voor oo e

::Hfz%:...:::::':::::'::":::::':
Unldlr_ecuon%?DS/Free Runnlng QS mode ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' .dl '
CL=4 — oy T i g —————————\ i o —
oo WAW AW AW

-

-

Qs

(Output)

Qs
(Output)

.

L DQ
CL=6

'anﬁiﬁfﬁﬁﬁﬁﬁﬁﬁﬁ..\ifl\?ﬁfﬁ].\ﬂf/fﬁ.].\

Qs
(Output)

¢ <

" '
' WL=5

f (I Vo (- (I [ Vo — A A
' oo ' . T ' ' Vo
. " Hi.z ® D D .
Note :Iz¢ to the same bank must be satisfied.

- 38 - REV. 0.01 Nov. 2002

ELECTRONICS



K4C89183AF

Multiple Bank Read-Write Timing (BL=4)

CLK

CLK -

\ (! "
.- IRBD—chcIes '

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
' ' Vo Vo Vo Vo Vo '
I N SN
Command x WRA X LAL X RDA X LAL X DESL XWRA X LAL X RDA X LAL X DESL XWRA X LAL X RDA X LAL x
. IWRD—lcycIe . - IRWD—Scycles . - IWRD—lcycIe . . IRWD—ScycIes .o . IVIVRD:IlcycIIe .o :
' > = Vo '
Address * UA X LA X UA X LA X X UA X LA X UA X LA X X UA X LA X UA X LA *
h h 4 h h h
Bank Add. x Bank x X Bank x x Bank X X Bank x X Bank x X Bank x
" a { g n 1 " " a 1 " b d
' Vo Vo K Vo R ' Vo oo Vo Vo Vo Vo Vo
' Vo Vo Vo ' ' oo Vo Vo Vo Vo Vo

IRC(Bank Y )

' Vo Vo ' ' lgc(Bank"a")
Unidirectional DS/QS mode' ' ' ettt T TR T RN R S N R B
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SNSRI NNV GRS b

(Output)

-9 -
\

V' Hi-Z

o P T eoketbegps——{eedeesfoodesl——pagpatjpazpas——
s WAWAVY WANAWY,
o leli T P L

(Output) ' ' ' ] ] ' ' ' ' ' ' ] —c 1
.o LWL CL=5
[

' Hi-Z

L DQ
CL=6 DS

-(Input)lllllllllll A4 -I:
ST TV N U N N N SN SO Y A W A U A S A S AR U A W

(Output) CL=6
1 1 1 1 1 : WL:5 1 1 1 1 : : - 1
|

-|- .-

- le-

Vo —1
, Hi-Zz V)

L DQ
Unidirectional DS/Free Runnlng QS mode
CL=4

DS
(Input)

Qs
(Output)

[ [
CWL=3 o o

' Hi-Z
' i

L DQ
CL=5 DS

i (Input)

Qs
(Output)

L DQ
CL=6 DS

i (Input)

Qs
(Output)

" ' g
' WL=5

o
* Hi-z ®
S

L QY
Note :Iz¢ to the same bank must be satisfied.
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4)
10 11 12 13 14 15

Write with Variable Write Length (VW) Control(CL

K4C89183AF

#2 #3 (#0) (#1)

DESL
Last two data are masked.

High]

- - - - - - - - - - - F - - 4 T R F - - W
3
- - - - - - - - - - -4 F- - R e o G <HINT] - - F--4 F----
i ARSI
29
X = T ] F- F--ccmmmm Sro-izrss - -1 [~ .

L

i
D
=

[\
.

#1 (#0)

X X -
el

#1 (#2) (#3) (#0)

+ Last one data

[P [P [P
1 1 1 Ll 1 1
v v v
o o o
T T T
T T T
1 1 1 1 1 1
1 U 1 1 1 1
=#1 X

Vw=1
VWO = High :I .
VW1 = don’t care —h '
TR T T
N
o
o o o
o s
1 1 1 1 1 1
1 1 1 1 1 1
v v v
T T T

DESL
o
o o o
1 U 1 1 1 1
=#1 X

VW=1

VWO = High= ' '

VW1 = ngh] ' ' '

. L

o
l/_l_l_l_l_l\

o

'

'

L

L

nk

X WRA iX LAL X
>;<
X WRA ;X LAL X

o
/
oo

3

&)

%
I

'
1
1
'
'
'
'
1
'
'
'
1
'
Lower Address #3 #0 #1 #2

'
'
'
'
'
—T
'
'
'
'
'
'
'
'
'
[
'
'

'
'
'
'

'
DESL
'

1
'

h
'

'

Lower Address #3 #2
'
'
'

:
DESL
'

'

I
'

'

.

'

'

Low ]
don’t care
.
'
'
'
'
1
1
'
.
'
'
1
High
Low :I
1
'

.
|
LA=#3 X
VW=AIl
. [vwo =
. =
. ,
X
X
.
.
1
1
X
.

:

#3
All

'

'

'
Vw1

'

'

'

'

'

'

'

'

'

A
X

nk
nk

'
'
'

gy
'
'
!
T
'
'

UA:X

WRA;X LAL X
UA IX

Bal

LA

VW
' ' ' W0
' ' ' le
' ' ' :

Bank Add. x
1
'
'
'
'
1

- ./I
al
g
L
T
'
'
'
'
1
SEQUENTIAL MODE

'
1

2, SEQUENTIAL MODE

DS

Command k WRAX LAL X
'
:
Address :X

CLK
CLK
DQ
DQ
(Input)

(Input)
(Input)
=4
(Input)

f
'
:
Address k

BL

BL.
Command

Bank Add.

REV. 0.01 Nov. 2002

DS input must be continued till end of burst count even if some of laster data is masked.

Note :

ELECTRONICS




n+2 n+3

n+l

n-1

10

lpDA

X

Power Down Exit

Power Down Entry

REV. 0.01 Nov. 2002

:4)

4, BL

,PD "Low" and a stable clock signal must be maintained.

When PD is brought to "High", a valid executable command may be applied Irp cycles later.

PD should be brought to "High" within tzgg (max.) to maintain the data written into cell.

In Power Down Mode

K4C89183AF

Power Down Timing (CL

Read cycle to Power Down Mode

- e e I B .,
- - - o R
o
- i [ L R T, T = R, = - - -
(&3
—
_
B I = I I 2.
o 3
< <
I I i S 110 AP I, Y A
_ _
(] (©]
@
8
B I L N e it i G g---- PR e B CEE
w | < %)
.D:M |||M ||||||||||||||||||||||||||||||| o- -~ R e
o o
.= S o) Lo 3 L PR - S N
LX >< @ E = = =
< |« < B 5
= e == 3St----fF------ €--41 r-----F----|----- o - --- - == |-
a |- 9 %
.W_VJ.unn_VJ ............ [ T I e R L---- - -----
) =
%
N4 K.A_.v._H kel a _D M [/ = 0w = o m [ = 0w o [Sx=)
s34 3 ¢ B i 8 ©°§ 8§ ¢ 8% ©% =f
o E 3 k= E 5 = S £ 5 S
B E 2 g ) ) g ) s
© b 35
z =]
= 5

Note : PD must be kept "High" level until end of Burst data output.
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4, BL=4)

Power Down Timing (CL

Write cycle to Power Down Mode

Command :X WRAX LAL X

Address

—t-------1}-
()
i
||||||| g
B
L-- - |- --@ -
2
o] L-- 3 |----4
4
< I
%]
o I
2]
[a)
= n = n o
c 03 o3
i c 5
g )
=]
c
]

DC

(Output)

DS
(input)

Unidirectional DS/Free Runn
(Output)

DC

(Output)

Note : PD must be kept "High" level until end of Burst data output.

PD should be brought to "High" within tzgg (max.) to maintain the data written into cell.

In Power Down Mode

,PD "Low" and a stable clock signal must be maintained.

When PD is brought to "High", a valid executable command may be applied Irp cycles later.
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4,BL=2)

Mode Register Set Timing (CL

From Read operation to Mode Register Set operation

15

14

13

12

11

10

(!

Irc=7cycles

(!

“

RS

[l

1

s

“

AS

4

AY

“

A%

“

AS

(!

-
(!

"
-

CLK
CLK

DESL

DESL

'

' '
Valid

X

(opcode

X

XUAXLA

UAIXLAX

Al4~A0 :X
'
BAO, BAL x
1
'
'

'
BA

Unidirectional DS/QS m

DS
(input)

(Output)

-
o
o
o
(5}
o
||||||||||| o _ __
€
]
........... @
(=2
£
........... S,
c
=1
||||||||||| X - -- -
[
o
........... Lo
s
8
85 s
Dp C
£ S
3 g
= e
=]
f=
D

DS

(Output)

(Output)

Minimum delay from LAL following RDA to RDA of MRS operation is CL+BL/2.

Note :
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4, BL=4)

Mode Register Set Timing (CL

From Write operation to Mode Register Set operation

15

14

13

12

11

10

(!

(]
Irc=7cycles

“

EA A NS AT ASNA A RO RS

“

AS

Command k WRA

"
-

CLK
CLK

XLALX I

DESL

DESL

'

' '
Valid

X

(opcode

X

XUAXLA

UAIXLAX

Al4~A0 :X

> e
oo
L
O o
<< <
o o
S - - - - === -]
al-------
3
o
l-------
-
B3 I
Y
>< - - --- o~ "
2
< b -.--. R
o £
%]
|WA_| ..... @-..
2]
o
- -
< g
o S
S =
< ]
o =
h=]
c
]

DS
(input)

(Output)

DC
(input)

1}
°
||||| [
£
[%2)
||||| o----
=)
£
%]
o

Unidirectional DS/Free Runn

(input)

(Output)

DC
(input)

Minimum delay from LAL following WRA to RDA of MRS operation is WL+BL/2.

Note :
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15

14

12 13
X UA X LA

11

(!
DESL

10
Irc=7cycles

(!

“
'

s

:2)
A

IL
'
Valid
(opcode

X

1

4, BL

s

W
'

(]
'

(!
'
DESL

[
'

(!
'

(!
'

UAXLAX

"
-

CLK

From Read operation to Extended Mode Register Set operation
CLK

Extended Mode Register Set Timing (CL
A14~A0 :X

K4C89183AF
BAO, BAL :;X

CL + BL/2

(input)
Qs
(Output)
DS
(Output)
(Output)

Unidirectional DS/QS m
DS
(Output)
Unidirectional DS/Free Runn

REV. 0.01 Nov. 2002

Note : Minimum delay from LAL following RDA to RDA of EMRS operation is CL+BL/2.
When DQ strobe mode is changed by EMRS, QS output is invalid for Igg¢ period.
DLL switch in Extended Mode Register must be set to enable mode for normal operation.
DLL lock-on time is needed after initial EMRS operation. See Power Up Sequence.
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12 13 14 15

11

(!
DESL

10
Irc=7cycles

(!

:4)

i

1

4, BL

fis

“
'

AS

(]
'

(!
'
DESL

[
' '

AN ROA
' ' '
X LAL X

"
-

CLK

CLK

Command k WRA

From Write operation to Extended Mode Register Set operation

Extended Mode Register Set Timing (CL

K4C89183AF

XUAXLA

Valid
(opcode)

X

UAXLAX

Al4~A0 :X
'
BAO, BAL x
1
'
'

Unidirectional DS/QS m

DS
(input)

(Output)

(input)

1}
°
||||| [
£
[%2)
||||| o----
=)
£
%]
o

Unidirectional DS/Free Runn

REV. 0.01 Nov. 2002

DLL switch in Extended Mode Register must be set to enable mode for normal operation.
DLL lock-on time is needed after initial EMRS operation. See Power Up Sequence.
Minimum delay from LAL following WRA to RDA of EMRS operation is WL+BL/2.

Note : When DQ strobe mode is changed by EMRS, QS output is invalid for Izgc period.

ELECTRONICS
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(Output)
DQ
(input)
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Auto-Refresh Timing (CL=4, BL=4)

Unidirectional DS/QS mode

Ircp=1cycles
- -

[0} 1 2 3 4 5 6 7 n-1 n n+l n+2
1
i
' ' B 4 I -
S S S (oo A I R S R B lerc=l19cycles | | | | |
' ' v v v v v v v v v ' ' ' v v " v v v \ ' ' '
\ Y RDA \/TALor \
Command RDA LAL DESL WRA REF DESL or MRS or
WRA REF A
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 | 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Bank; V/ \
Bank, Address ’ LA X X X >
)& D N
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
: lrcp=1cycle : : Iras=4cycles : : IRED:1cycIe : : : : : : : : : : :
' ' v ' v v v v v v v ' 0 ' | ' ' ' ' ' ' ' ' ' '
(output)  «Low . . . . . . . . . . m o Low, . . . . .
i ' \ '
. {(
e T T T - S T T S S R S S
' ' ' r— v v v v v T ' ' ' ' ' ' ' ' ' ' ' ' '
DQ 1Hi-Z 1 1 1 1 1 1 1 1 1 1 U U U J 1 1 Hi-Z 1 1 1 1 1
(outpu) ————t—t— {00 o1 Y02 f 03 p—
' ' ' ' ' ' ' ' ' ' ' ' i ' i i ' ' ' ' ' ' ' ' '
Unidirectional DS/Free Running QS mode ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CLK ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' y \ ) y ' ' \ ' '
CLK . at h h ' .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
' ' ' ' ' Irc=5cycles ' ' ' ' ' ' ' 1 lrepc=19cycles ' ' ' ' '
S S A S S S S S D S PO S S S S S Y
RDA LAL or
Command :X RDA X LAL X DESL X WRA X REF X ’DESL x or kMRS ors
A A A WRA /\_REF /,
R Voo Voo a0 b '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
U k U 1
Bank,
Bank, Address :X UA X LA X
f T f T ' T T T T T T T T T
' '
' '
'
'

Qs
(output)

1 1 1 1 1 1 1 Ll 1 1 1 1 1
' ' ' ' ' ' ' ' ' ' ' ' '
' ' [ ' ' ' ' ' ' ' ' ' '
N U U U R T T T e Tavn Tavn toen S N R
(output) —= T T T T T T T T T T Qo Q3 (- T T T T T T
Note : In case of CL=4, lgggc must be meet 19 clock cycles.
When the Auto-Refresh operation is perfomed, the synthetic average interval of Auto-Refresh command
specified by to., must be satisfied.
trer) is average interval time in 8 Refresh cycles that is sampled randomly.
t t t . . t] . . . t
l l 1 1 l l l b l l l
Lk : " ]—| ﬂ ﬂ " “ Lo : " “ : :
1 1 1 1 1 1 1 1 1 1
' ' ' '
' o Vo
L ]

8 Refresh cycle

_ Total time of 8 Refresh cycle _ ti+hHz+,+i5+i5+H+g
8 8

trer is specified to avoid partly concentrated current of Refresh operation that is acivated
larger are than Read/Write operation.

ReFI
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Self-Refresh Entry Timing

Unidirectional DS/QS mode

1
A S S S S R S S
' ' 0 ' 0 0 0 0 0 0 0 0 T 0 0 0 ' ' ' ' ' ' ' '
' ' '
Command :X WRA X REF X DESL ’ X .
f T f T ' T T T T T T T 1T T T T T T ' T T T T T ]
. tepOL (min) PPDL(Max) . . Auto Refresh .+
D ' | — ' ' ' ' ' ' | ' ' ' ' ' ' ' ' ' ' ' '
T T T ) T T T T T T T 0 T T T T T 1 1 1 1 1 1 1
' ' X‘ ' K ' ' 1 Self Refresh Entry f ' ' ' ' ' \ ' ' ' ' ' '
' ' ' ' ' ' ' ' ' i ' | ' ' ' ' ' h ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 |' *. 1 L 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 [] [] [] ] ] [} PDV ] ] ] ] ] [ 1 1 [ [ [ [ [
Vet | e ——— T T iz
Qs . . . . . . . . CKD . W . . . . . . . . . )
(outplt) Low _ / i .
l l l l l l l l l l l II‘ l l l l l l l l l l l l
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQ U HI_Z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(oups) | f————————————————————

Note : 1.[] is don't care.
2. PD must be brought to "Low" within the timing between t-pp, (Min) and tgpp (Max) to Self
Refresh mode. When PD is brought to "Low" after | ppy, K4C89183ADlperform Auto Refresh and enter
Power down mode. _
3. Itis desirable that clock input is continued at least Icxp from REF command even though PD is
brought to "Low" for Self-Refresh Entry.

Self-Refresh Exit Timing

Unidirectional DS/QS mode

CLK - a h [ 1
' ' ) ' ' ) ‘yCommand (1st
. . . . + 'REFC . . . . + 'REFC . . : : - e .
. . . ~— ; : . . J— : : : : . \ . ommand (2nd)® , .
\ ' ' d '
Command X pEsL’ ’ XWRA’5 X REF® X DESL X 4 X /X XRDA'7X LAL” )
1 1 1 1 1 1 1
v ppac2cycles™ U lpepoleycle v e eepdeyele v 0 0 0 0 ]
' ' ' A, : ' -—— - ' ' ' ' ' T ' ' ' ' ' ' '
' ' ' ' 0 o ' | ' ' ' ' W ' | ' ' Mot ' ' ' '
A5 T (A { O (N | (O
' ' ' [ ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
T T T ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 1 -~ 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1
[ [ [ [ 1 1 1 1 1 ] 1 1 LQCK 1 1 1 1 1 1 1 ] ] ] [
os ' ohiz ! ' T T T T T T T T T T T T T T T T ‘.\ ! . ' !
—_—] LOwW
(output) ' ' ' ' . :
e
1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQ 1 HI Z 1 1 1 “ 1 “ 1 1 1 1 1 1 1 “ 1 1 1 1 1 I“ 1 1 1 1 1
(output)— T T T 1 T T T T T T (- T T T T (- T T T "
Self-Refresh Exit
Note : 1. [] is don't care. —
2. Clock should be stable prior to PD = "High" if clock input.is suspended in Self-Refresh mode.
3. DESL command must be asserted during I, after PD is brought to "High"
4. lppa is defined from the first clock rising edge after PD is brought to "High"
5. It is desirable that one Auto-Refresh command is issued just after Self-Refresh Exit before any other

operation.
. Any command (except Read command) can be issued after lkgrc.
. Read command (RDA +LAL) can be issued after || co -

~N o
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Self-Refresh Entry Timing

Unidirectional DS/Free Running QS mode

1
v lepsleyele | 1 0 kerc 7 0 0 0 0 b 0 00w
\ \ 0 \ 0 0 0 0 0 0 0 0 N 0 0 0 \ \ \ \ \ \ \ \
1 | \
Command :X WRA X REF X DESL ’ .
) T \ T \ T T T T T T T T T T T T \ T T T T T ]
. tepOL (min) PPDL(Max) . . Auto Refresh .+
D ' | — ' ' ' ' ' ' | ' ' ' ' ' ' ' ' ' ' ' '
T T T T T T T T T 7 T T T T T | \ \ \ \ \ \
\ \ \ \ ' Self Refresh Entry + 1 \ \ \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ ) | \ ) \ \ \ \ \ ) \ \ \ \ \ ]
1 1 1 1 1 1 1 | D 1 L 1 1 1 1 1 1 1 1 1 1 1 1
[ [ ] ] ] ] [l PDV [} ] ] ] ] [ [ [ ] [ [ [ [
| 0 0 0 0 0 0 0 0 0 0 0 0 \ \ \ \ \ \ \ \
) \ \ \ \ \ \ \ \
. . . . . . ko . . . . . . . . . . . .
. . . . 'Hi-Z . . . .
Qs | NN L
(output) /
o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I HI_Z 1 1 1 1
(oupl) ——

Note : 1.[] is don't care.
2. PD must be brought to "Low" within the timing between tpp (Min) and tgpp (Max) to Self
Refresh mode. When PD is brought to "Low" after lrpy K4C89183AD perform Auto Refresh and enter
Power down mode. —_
3. Itis desirable that clock input is continued at least |, from REF command even though PD is

brought to "Low" for Self-Refresh Entry.

Self-Refresh Exit Timing

Unidirectional DS/Free Running QS mode

o] 1 3 m m L 2 n-1 n n+1 p-1 p
CLK :
CLK - a h [ 1 :
' ' ) ' ' ) * Command (1st '
. . . . + 'REFC . . . . + 'REFC . . : : - e . .
. . . ~— ; : . . J— : : : : . 4 . Command (2nd)® , . .
\ , 8 d '
Command X DESL’ XWRA’5 X REF® X DESL X 4 X /X X RDA"’ X LAL” )
1 1 1 1 1 1 1
v ppac2cycles™ U lpepoleycle v e eepdeyele v 0 0 0 0 ]
' ' ' AR : ' [ i ' ' ' ' ' T L ' ' ' ' ' ' '
' ' ' ' T ' | ' ' ' ' wW o ' | ' ' " ' ' ' '
A5 T (A { O (N | (O
' ' ' Ctopex ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
v v v ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 1 -~ 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1
[ [ [ [ 1 1 1 1 1 ] 1 1 LQCK 1 1 1 1 1 1 1 ] ] ] [
' ' ' ' T T T T T T T T T T T T T T T T ' ' ' '
Qs ' ' ' '
—_
(output) =, L )
e
1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQ 1 HI Z 1 1 1 “ 1 “ 1 1 1 1 1 1 1 “ 1 1 1 1 1 I“ 1 1 1 1 1
(output)— T T T 1 T T T T T T (- T T T T (- T T T "
Self-Refresh Exit
Note : 1. [] is don't care. —
2. Clock should be stable prior to PD = "High" if clock input.is suspended in Self-Refresh mode.
3. DESL command must be asserted during I, after PD is brought to "High"
4. lppa is defined from the first clock rising edge after PD is brought to "High"
5. It is desirable that one Auto-Refresh command is issued just after Self-Refresh Exit before any other

operation.

Any command (except Read command) can be issued after lrggc.
Read command (RDA +LAL) can be issued after | ock -

. QS output is invalid until DLL lock from Self-Refresh exit.

© N
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Function Description

Network - DRAM

Network - DRAM is an acronym of Double Data Rate Network - DRAM.
Network - DRAM is competent to perform fast random core access, low latency and high-speed data transfer.

Pin Functions

Clock Inputs : CLK & CLK

The CLK and CLK inputs are used as the reference for synchronous operation. CLK is master clock input. The CS, FN and all
address input signals are sampled on the crossing of the positive edge of CLK and the negative edge of CLK. The QS and DQ output
data are aligned to the crossing point of CLK and CLK. The timing reference point for the differential clock is when the CLK and CLK
signals cross during a transition.

Power Down : PD

The PD input controls the entry to the Power Down or Self-Refresh modes. The PD input does not have a Clock Suspend function like
a CKE input of a standard SDRAMSs, therefore it is illegal to bring P D pin into low state if any Read or Write operation is being per-
formed.

Chip Select & Function Control : CS &FN

The CS and FN inputs are a control signal for forming the operation commands on Network-DRAM. Each operation mode is decided
by the combination of the two consecutive operation commands using the CS and FN inputs.

Bank Addresses : BAO & BA1

The BAO and BA1 inputs are latched at the time of assertion of the RDA or WRA command and are selected the bank to be used for
the operation. BAO and BA1 also define which mode register is loaded during the Mode Register Set command (MRS or EMRS).

BAO BA1
Bank #0 0 0
Bank #1 1 0
Bank #2 0 1
Bank #3 1 1

Address Inputs : AOto Al4

Address inputs are used to access the arbitrary address of the memory cell array within each bank. The Upper Addresses with Bank
address are latched at the RDA or WRA command and the Lower Addresses are latched at the LAL command. The AO to A14 inputs
are also used for setting the data in the Regular or Extended Mode Register set cycle.

Upper Address Lower Address
K4C89183AD-TC AO to Al4 AO to A6
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Functional Description (Continued)

Data Input/Output : DQO ~ DQ17

The input data of DQO to DQ17 are taken in synchronizing with the both edges of DS input signal.
The output data of DQO to DQ17 are outputted synchronizing with the both edges of QS output signal.

Data Strobe : DS or QS

Method of data strobe is chosen by Extended mode register.

(1) Unidirectional DS/QS mode
DS is input signal and QS is output signal. Both edges of DS are used to sample all DQs at Write operation. Both edges of QS
are used for trigger signal of all DQs at Read operation. During Write. Auto-Refresh and NOP cycle, QS assert always "Low"
level. QS is Hi-Z in Self-Refresh mode.

(2) Unidirectional DS/Free running QS mode
DS is input signal and QS is output signal. Both edges of DS are used to sample all DQs at Write operation. Both edges of QS
are used for trigger signal of all DQs at Read operation. QS assert always toggle signal except Self-Refresh mode. This strobe
type is easy to use for pin to pin connect application.

Power Supply : Vpp, Vppa Vss: Vsso

Vpp and Vgg are supply pins for memory core and peripheral circuits.
Vopo and Vggq are power supply pins for the output buffer.

Reference Voltage : Vggp

Vger is reference voltage for all input signals.
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Command Functions and Operations

K4C89183AD are introduced the two consecutive command input method. Therefore, except for Power Down mode, each operation
mode decided by the combination of the first command and the second command from stand-by states of the bank to be accessed.

Read Operation (1st command + 2nd command = RDA + LAL)

Issuing the RDA command with Bank Addresses and Upper Addresses to the idle bank puts the bank designated by Bank Address in
a read mode. When the LAL command with Lower Addresses is issued at the next clock of the RDA command, the data is read out
sequentially synchronizing with the both edges of QS output signal (Burst Read Operation). The initial valid read data appears after
CAS latency, the burst length of read data and the burst type must be set in the Mode Register beforehand. The read operated bank
goes back automatically to the idle state after Iz .

Write Operation (1st command + 2nd command = WRA + LAL)

Issuing the WRA command with Bank Addresses and Upper Addresses to the idle bank puts the bank designated by Bank Address in
a write mode. When the LAL command with Lower Addresses is issued at the next clock of the WRA command, the input data is
latched sequentially synchronizing with the both edges of DS input signal (Burst Write Operation). The data and DS inputs have to be
asserted in keeping with clock input after CAS latency-1 from the issuing of the LAL command. The DS have to be provided for a burst
length. The CAS latency and the burst type must be set in the Mode Register beforehand. The write operated bank goes back automat-
ically to the idle state after I . Write Burst Length is controlled by VWO and VW1 inputs with LAL command. See VW truth table.

Auto-Refresh Operation (1st command + 2nd command = WRA + REF)

K4C89183AD are required to refresh like a standard SDRAM. The Auto-Refresh operation is begun with the REF command following
to the WRA command. The Auto-Refresh mode can be effective only when all banks are in the idle state and all DQ are in Hi-Z states.
In a point to notice, the write mode started with the WRA command is canceled by the REF command having gone into the next clock of
the WRA command instead of the LAL command. The minimum period between the Auto-Refresh command and the next command is
specified by Izxgec. However, about a synthetic average interval of Auto-Refresh command, it must be careful. In case of equally distrib-
uted refresh, Auto-Refresh command has to be issued within once for every 3.9 us by the maximum In case of burst refresh or random
distributed refresh, the average interval of eight consecutive Auto-Refresh command has to be more than 400ns always. In other words,
the number of Auto-Refresh cycles which can be performed within 3.2 us (8x400ns) is to 8 times in the maximum.

Self-Refresh Operation (1st command + 2nd command = WRA + REF with ﬁ:"L")

It is the function of Self-Refresh operation that refresh operation can be performed automatically by using an internal timer. When all
banks are in the idle state and all outputs are in Hi-z states, the K4AC89183AD become Self-Refresh mode by issuing the Self-Refresh
command. PD has to be brought to "Low" within tppp, from the REF command following to the WRA command for a Self-Refresh mode
entry. In order to satisfy the refresh period, the Self-Refresh entry command should be asserted within 3.9us after the latest Auto-
Refresh command. Once the device enters Self-Refresh mode, the DESL command must be continued for Irggc period. In addition, it
is desirable that clock input is kept in Icxp period. The device is in Self-Refresh mode as long as PD held "Low". During Self-Refresh
mode, all input and output buffers except for PD are disabled, therefore the power dissipation lowers. Regarding a Self-Refresh mode
exit, PD has to be changed over from "Low" to "High" along with the DESL command, and the DESL command has to be continuously
issued in the number of clocks specified by Iz . The Self-Refresh exit function is asynchronous operation. It is required that one Auto-
Refresh command is issued to avoid the violence of the refresh period just after Iggrc from Self-Refresh exit.
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Power Down Mode( PD="L" )

When all banks are in the idle state and all DQ outputs are in Hi-Z states, the K4C89183AD become Power Down Mode by asserting
PD is "Low". When the device enters the Power Down Mode, all input and output buffers except for ﬁ, CLK, CLK and QS. Therefore,
the power dissipation lowers. To exit the Power Down Mode, PD has to be brought to "High" and the DESL command has to be issued
for Ippa CYcle after PD goes high. The Power Down exit function is asynchronous operation.

Mode Register Set (1st command + 2nd command = RDA + MRS)

When all banks are in the idle state, issuing the MRS command following to the RDA command can program the Mode Register. In a
point to notice, the read mode started with the RDA command is canceled by the MRS command having gone into the next clock of
the RDA command instead of the LAL command. The data to be set in the Mode Register is transferred using A0 to A14, BAO and BA1
address inputs. The K4C89183AD have two mode registers. These are Regular and Extended Mode Register. The Regular or
Extended Mode Register is chosen by BAO and BA1 in the MRS command.The Regular Mode Register designates the operation mode
for a read or write cycle. The Regular Mode Register has four function fields.

The four fields are as follows :

(R-1) Burst Length field to set the length of burst data

(R-2) Burst Type field to designate the lower address access sequence in a burst cycle
(R-3) CAS Latency field to set the access time in clock cycle

(R-4) Test Mode field to use for supplier only.

The Extended Mode Register has two function fields.

The two fields are as follows:

(E-1) DLL Switch field to choose either DLL enable or DLL disable
(E-2) Output Driver Impedance Control field.

(E-3) Data Strobe Select

Once these fields in the Mode Register are set up, the register contents are maintained until the Mode Register is set up again by
another MRS command or power supply is lost. The initial value of the Regular or Extended Mode Register after power-up is unde-
fined, therefore the Mode Register Set command must be issued before proper operation.
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* Regular Mode Register/Extended Mode Register change bits (BAO, BA1)
These bits are used to choose either Regular MRS or Extended MRS

BA1l BAO Al14~A0
0 Regular MRS cycle
0 1 Extended MRS cycle
X Reserved

Regular Mode Register Fields

(R-1) Burst Length field (A2 to AO)

This field specifies the data length for column

words.

access using the A2 to AO pins and sets the Burst Length to be 2 or 4

A2 Al A0 Burst Length
0 0 0 Reserved
0 0 1 2 words
0 1 0 4 words
0 1 1 Reserved
1 X X Reserved

(R-2) Burst Type field (A3)
This Burst Type can be chosen Interleave mode or Sequential mode. When the A3 bit is " 0", Sequential mode is
selected. When the A3 bit is "1", Interleave mode is selected. Both burst types support burst length of 2 and 4 words.

A3 Burst Type
0 Sequential
Interleave

« Addressing sequence of Sequential mode (A3)

A column access is started from the inputted lower address and is performed by incrementing the lower address input to

the device.

CAS Latency = 4 (Free Running QS mode)

CK
CK

Command

Qs

DQ

) O ) )

Addressing sequence for Sequential mode

ELECTRONICS

Data Access Address Burst Length
Data 0 n 1 2 words (Address bits is LAO)
Datal n+1 . not carried from LAO~LA1
Data 2 n+2 » 4 words(Address bits is LA1, LAO)
Data 3 nt3 not carried from LA1~LA2
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Functional Description (Continued)

« Addressing sequence of Inteleave mode
A column access is started from the inputted lower address and is performed by interleaving the address bits in the
sequence shown as the following.

Addressing sequence for Interleave mode

Data Access Address Burst Length
Data 0 A8 A7 A6 A5 A4 A3 A2 AL AO
Data 1 ...A8 A7 A6 A5 A4 A3 A2 Al AD " 2words
Data 2 ...A8 A7 A6 A5 A4 A3 A2 f & - 4 words
Data 3 ...A8 A7 A6 A5 A4 A3 A2 Al AOD

(R-3) CAS Latency field (A6 to A4)
This field specifies the number of clock cycles from the assertion of the LAL command following the RDA command to
the first data read. The minimum values of CAS Latency depends on the frequency of CLK. In a write mode, the place of

clock which should input write data is CAS Latency cycles - 1.

Addressing sequence for Interleave mode

A6 A5 A4 CAS Latency
0 0 0 Reserved

0 0 1 Reserved

0 1 0 Reserved

0 1 1 Reserved

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 Reserved

(R-4) Test Mode field (A7)
This bit is used to enter Test Mode for supplier only and must be set to "0" for normal operation.

(R-5) Reserved field in the Regular Mode Register
* Reserved bits (A8 to Al14)
These bits are reserved for future operations. They must be set to "0" for normal operation.
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Extended Mode Register Fields
(E-1) DLL Switch field (A0)

This bit is used to enable DLL. When the AO bit is set "0", DLL is enabled.

(E-2) Output Driver Impedance Control field (Al to A4)

This field is used to choose Output Driver Strength. Four types of Driver Strength are supported. QS and DQ Driver
Strength can be chosen separately. A2-Al specified the DQ Driver Strength. A4-A3 specified the QS Driver Strength.

QS DQ .
Output Driver Impedance Control
A4 A3 A2 Al
0 0 0 0 Normal Output Driver
0 1 0 1 Strong Output Driver
1 0 1 0 Weaker Output Driver
1 1 1 1 Reserved

(E-3) Strobe Select (A6/A5)

Two types of strobe are supported. This field is used to choose the type of data strobe.
(1) Unidirectional DS/QS mode
Data strobe is separated DS for write strobe and QS for read strobe.
DS is used to sample write data at write operation. QS is aligned with read data at Read operation.

(2) Unidirectional DS/Free running QS mode

Data strobe is separated DS for write strobe and QS for read strobe.
DS is used to sample write data at write operation. QS is aligned with read data and always clocking

A6 A5 Strobe Select

0 0 Reserved

0 1 Reserved

1 0 Unidirectional DS/QS mode

1 1 Unidirectional DS/Free running QS mode

(E-4)Reserved fied (A7 to Al4)
These bits are reserved for future operations and must be set to "0" for normal operation.

ELECTRONICS
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Package Outline Drawing (TSOP Il 66-P-400-0.65)

Unit in mm
HAAAAARARAAAAAAAAAARAAAAAAARARAAR — 7
O 1 v |/
lHHHHHHHHHHHHT\tHHHHHH FEEENEEEEE. ! =
0.71TYP . _|l.o2a-007 @
. 22.62 MAX ; g E
i i d H‘Ta 3 |
hhhhnhhhhhhahhhhahhhhhaahhhhihhiea 1 z
% '-0.510.1> %T

Package Outline Drawing (FBGA 60ball, 1.0 x 1.0 mm) -will be added.
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General Information

Speed

Organization F6 (667Mbps) FB (600Mbps ) F5 (500Mbps )
288M(x8) K4C89083AF-T/GCF6 K4C89083AF-T/GCFB K4C89083AF-T/GCF5
256M(x9) K4C89093AF-T/GCF6 K4C89093AF-T/GCFB K4C89093AF-T/GCF5
288M(x16) K4C89163AF-T/GCF6 K4C89163AF-T/GCFB K4C89163AF-T/GCF5
288M(x18) K4C89183AF-T/GCF6 K4C89183AF-T/GCFB K4C89183AF-T/GCF5

1 2 3 4 5 6 7 8 9 10 11
Memory T
DRAM

Small Classification

Density and Refresh

Organization

Temperature & Power

Package

Version

Bank

Interface (VDD & VDDQ)

1. SAMSUNG Memory : K
2.DRAM: 4

3. Small Classification
C : Network-DRAM

4. Density & Refresh

8. Version

F : 7th Generation

9. Package
T: TSOP Il (400mil x 875mil)

G : 60 FBGA

10. Temperature & Power

89 : 288M 8K/32ms

5. Organization C : (Commercial, Normal)
08 :x8
09 : x9 11. Speed
16 : x16 F6: 667Mbps/pin (333MHz, CL=6)
18 :x18 FB :600Mbps/pin (300MHz, CL=6)
F5 : 500Mbps/pin (250MHz, CL=6)
6. Bank
3: 4 Bank
7. Interface (VDD & VDDQ)

A: SSTL-2(2.5V, 1.8V)
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