K4C5608/1638M 256Mb FCRAM

FCRAM Specification
Version 0.0
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K4C5608/1638M 256Mb FCRAM

Revision History

Version 0.0 (Oct./5/2001)
- First Release

Notice : FCRAM is a Trademark of Fujitsu Limited, Japen
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K4C5608/1638M

256Mb FCRAM

General Information

Organization

B (200MHz)

A (154MHz )

256Mx8 K4C560838M-TCB K4C560838M-TCA
256Mx16 K4C561638M-TCB K4C561638M-TCA
1 2 3 4 5 6 7 8
Memory -|_
DRAM

Small Classification

Density and Refresh

Organization

10 11

— IXI

Speed

—IX|

Temperature & Power

Package

Version

Bank

Interface (VDD & VDDQ)

. SAMSUNG Memory : K
.DRAM: 4

. Small Classification

C :FCRAM

. Density & Refresh

56 : 256M 8K/64ms

. Organization

08
16

1 x8
1 x16

. Bank

3: 4 Bank

. Interface (VDD & VDDQ)

8: SSTL-2(2.5V, 2.5V)

8. Version
M : 1st Generation

9. Package

T: TSOP I (400mil x 875mil)

10. Temperature & Power

C : (Commercial, Normal)

11. Speed

A : 154MHz (308Mbps/pin)
B : 200MHz (400Mbps/pin)

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

Key Feature

K4C560838/1638M-TC
ftem B (200MHz ) | A (154MHz)
tck Clock Cycle Time (Min.) CL=3 5.5ns 6.5ns
CL=4 5ns 6ns

trc Random Read/Write Cycle Time (Min.) 25ns 30ns
trac Random Access Time (Max.) 22ns 26ns
Ibp1s Operating Current (Single bank) (Max.) TBD TBD
Ibp2p Power Down Current (Max.) TBD TBD
Ibpe Self-Refresh Current(Max.) TBD TBD

« Fully Synchronous Operation
Double Data Rate (DDR)
Data input/output are synchronized with both edges of DQS.
Differential Clock (CK and &)inputs
CS, FN and all address input signals are sampled on the positive edge of CK.
Output data (DQs and DQS) is referenced to the crossings of CK and CK.
 Fast clock cycle time of 5ns minimum Clock : 200MHz maximum
Data : 400Mbps/pin maximum
* Quad Independent Banks operation
 Fast cycle and Short latency
« Bidirectional Data Strobe Signal
« Distributed Auto-Refresh cycle in 7.8us
« Self-Refresh
* Power Down Mode
« Variable Write Length Control
« Write Latency = CAS Latency - 1
* Programmable CAS Latency and Burst Length
CAS Latency = 3, 4
Burst Length =2, 4
* Organization K4C561638M-TC : 4,194,304 words x4 banks x 16
K4C560838M-TC : 8,388,608 words x4 banks x 8
* Power supply voltage Vdd:2.5+0.15V
VddQ : 2.5 £0.15V
* 2.5V CMOS 1I/O comply with SSTL-2 (Half Strength Driver)

* Package 400X875mil, 66pin TSOP II, 0.65mm pin pitch (TSOP Il 66-P-400-0.65)
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K4C5608/1638M 256Mb FCRAM

Pin Names Pin Assignment (Top View)
K4C561638M-TC
Pin Name
A0 to Al4 Address Input K4C560838M-TC
BAO, BAl Bank Address vdd vdd[] 1 66 [JVss  Vss
DQO0 DQOH 2 65 (1 DQ7 DQ15
DQO to DQ7 (x8) vddQ VvddQ E 3 64 % VssQ VssQ
Data Input/Output DO1  NC2 NC2  DO14
DQO to DQ15 (x16) Q O 4 63 1 Q
— DQ2 DQ1[ 5 62 []DQ6 DQ13
cs Chip Select VssQ VssQ[] 6 61 []VddQ VddQ
- o ion Comtrol DQ3 NC2[] 7 60 [JNC2 DQ12
unction t-ontro DQ4 DQ2[] 8 , 0 .\ 59 []DQ5 DQ11l
PD Power Down Control VddQ vddQ [ o 875mil Length 58 []VssQ VssQ
__ DQ5 NC2[]10 57 [INC? DQ10
CK, (CK) Clock Input DQ6 DQ3[]11 56 []DQ4 DQ9
VssQ VssQ []12 66Pin TSOP II 55 []VddQ VddQ
DQS (X8) DQ7 Nc2[]13 54 INC?  DQ8
UDQS/LDQS (X16) NC' NC! Eig :2 % Nt NC!
Write/Read Data Strobe VddQ VddQ VssQ  VssQ
vdd LbQs n~c2[]16 51 [1DQS UDQS
17 50 [] et 1
NToL ok O NC NC
Vss Ground vdd  vad 18 065 49 [N VREF VREE
1 1 []19 -oomm 48 [Tvss  Vss
vddQ Power (+2.5V) NC NC Lead Pitch
(for 1/0 buffer) 2 , 20 47 Hnc? Ne?
= “BE &
VssQ Ground AL3  Al3 22 45 1 CK CK_
(for I1/O buffer) N PN 523 44 MpD PD
Cs Cs 24 43 ANt nNet
VREF Reference Voltage 1 1 25 42 M a12  A12
NC™ NC™ Hyg 41 0a11  A11
NC1,NC2 No Connection BAO  BAO H,7 40 [ a9 A9
BA1 BA1
A0 A10 28 39 [ A8 A8
AO a0 29 38 A7 A7
G g B
A2 2% = A4 A4
A3 A3 132 35 ]
vdd  vdd ]33 34 []Vss  Vss
-5 - REV. 0.0 Oct. 2001
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K4C5608/1638M

256Mb FCRAM

Package Outline Drawing (TSOP Il 66-P-400-0.65)
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K4C5608/1638M 256Mb FCRAM

Block Diagram

CK —®|DLL
CK —p| CLOCK »To Each Block
PD —p| BUFFER
\/ [ | BANK #3 v
TS —» | COMMAND CONTROL | | BANK #2
| SIGNAL | | BANK #1 T
FN —p| DECODER O
GENERATOR BANK #0 =
A X a
H [al=
zz>
ODE e MEMORY _ HEST:
| REGISTER a CELL TE 1780
AOto Al4 —#| ADDRESS ™ % ARRAY &
z
BAO, BA1 —» | BUFFER \J 14 8
i
UPPER ADDRESS
A LATCH COLUMN DECODER A
A A A
S—
LOWER ADDRESS
REFRESH LATCH
COUNTER | * A,
Y
READ WRITE
BURST WRITE ADDRESS DATA |<{ DATA
COUNTER LATCH _ | BUFFER BUFFER
ADDRESS =
COMPARATOR i A A|
DQS =w-p] DQ BUFFER
A
DQO to DQn
Note : The K4AC560838M-TC configuration is 327768X256X 8 of cell array with the DQ pins numbered DQO-7
The K4C561638M-TC configuration is 327768X128X16 of cell array with the DQ pins numbered DQO-15.
-7 - REV. 0.0 Oct. 2001
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K4C5608/1638M

256Mb FCRAM

Absolute Maximum Ratings

Symbol Parameter Rating Units Notes
Vin: VouT Input, Output Voltage -0.3 to VddQ + 0.3 \
Vvdd, vddQ Power Supply Voltage -0.3t0 3.3 \
VREE Input Reference Voltage -0.3t0 3.3 \%
Topr Operating Temperature O0to 70 xC
Tste Storage Temperature -55to 150 xC
TsoLpER Soldering Temperature(10s) 260 xC
Pp Power Dissipation 1 w
louTt 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.

Recommanded DC,AC Operating Conditions (Notes :

l) (Ta=0to 70 xC)

Symbol Parameter Min Typ Max Units Notes

vdd Power Supply Voltage 2.35 2.5 2.65 \%

vddQ Power Supply Voltage (for I/O Buffer) 2.35 vdd vdd \%

VREF Input Reference Voltage VddQ/2*96% | VddQ/2 [VddQ/2*104% \% 2
V| x(DC) [Input DC high Voltage Vgeget0.2 - VddQ+0.2 \ 5
ViL(DC) Input DC Low Voltage -0.1 - VRep-0.2 \% 5

V ck (DC) |Differential Clock DC Input Voltage -0.1 - VddQ+0.1 \% 10
Vp (DC) Input Differential Voltage. CK and cK Inputs (DC) 0.4 - VddQ+0.2 \% 7,10
Vi (AC)  |Input AC High Voltage Vgept0.35 - VddQ+0.2 \ 3,6
VL (AC) Input AC Low Voltage -0.1 - Vgep-0.35 \ 4,6
Vip (AC) Input Differential Voltage. CK and cK Inputs (AC) 0.7 - vddQ+0.2 \% 7,10
Vy (AC) Differential AC Input Cross Point Voltage VvddQ/2-0.2 - VvddQ/2+0.2 \% 8,10

V,so (AC) |Differential Clock AC Middle Level VvddQ/2-0.2 - VvddQ/2+0.2 \% 9,10

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

Notes: 1. All voltages are referenced to Vss, VssQ.
. VRer is expected to track variations in VddQ DC level of the transmitting device.

Peak to peak AC noise on Vi may not exceed * 2% of Vggg (DC).
. Overshoot limit : V| (max.) = VddQ + 0.9V with a pulse width <= 5ns
. Undershoot limit : V (min.) = -0.9V with a pulse width <= 5ns

N

. Vi4(DC) and V| (DC) are levels to maintain the current logic state.

. VI|(AC) and V, (AC) are levels to change to the new logic state.

. V,p is magnitude of the difference between CK input level and CK input level.
. The value of VX(AC) is expected to equal VddQ/2 of the transmitting device.
. Viso means [V,ck(CK) + V|ck(CK)]/2

10. Refer to the figure below.

© o0 N O U~ W

| VID(AC)| \/ \/ : : :
oV Differential . ...-.. V... Vo . \/ ____________ \/ ____________ \/ ______

Viso

VSS ] ] e

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

Pin Capacitance (vdd.vddQ = 2.5V, f = 1MHz, Ta = 25xC)

Symbol Parameter Min Max Units
Cin Input Pin Capacitance 2.5 4.0 pF
Cine Clock Pin (CK, CK) Capacitance 2.5 4.0 pF
Cio 1/0 Pin (DQ, DQS) Capacitance 4.0 6.0 pF
Cnet NC1 Pin Capacitance - 15 pF
Cne? NC2 Pin Capacitance 4.0 6.0 pF

Note : These parameters are periodically sampled and not 100% tested.
The NC? pins have additional capacitance for adjustment of the adjacent pin capacitance.
The NC2 pins have Power and Ground clamp.

-9 - REV. 0.0 Oct. 2001
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K4C5608/1638M 256Mb FCRAM

DC Chacteristics and Operating Conditions (vdd, VddQ = 2.5V +0.15V, Ta = 0~70xC)

Max
Iltem Symbol Units Notes
B(200MHz) | A(154MHz)

Operating Current

tck = min, Igc=min

Read/Write command cycling

OV<=V |\ <=V (ac) (MAX.) Vipyacy(min.) <=V <=VddQ
1 bank operation, Burst Length = 4

Address change up to 2 times during minimum Izc.

Ibp1s TBD TBD 1,2

Standby Current

tek=min, Cs= ViH, PD = ViH,
OV<=V <=V (ac)(Max.) Viyac) (Min.)<=V,,;<=vddQ Ibp2n TBD TBD 1
All Banks : inactive state

Other input signals are changed one time during 4*tc g

Standby (Power Down) Current mA
tck=min, CS =V, PD =V, (Power Down)
V<=V <=vddQ Ibp2p TBD TBD 1

All Banks : inactive state

Auto-Refresh Current

tck = min, lgrgpc= Min, treg = Min
Auto-Refresh command cycling Ipps TBD TBD 1
0V<=V n<=V|(AC) (max.), V|4(AC) (min.) <=V,y<=VddQ
Address change up to 2 times during minimum lgeec.

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

Item Symbol Min Max Unit Notes

Input Leakage Current | 5 5 UA
(0V<=V y<=VddQ, All other pins not under test = 0V) L
Output Leakage Current | 5 5 A
(Output disabled, 0V<=V,;<=VddQ) Lo : u
VRer Current IREF -5 5 uA

Output Source DC Current

Voy = VddQ - 0.4V lon(PC) -10 - 3
Normal Output Driver

Output Sink DC Current

VoL=0.4V loL(DC) 10 - 3

Output Source DC Current

Vo = VddQ - 0.4V lon(DC) TBD T8D 3
Strong Output Driver

Output Sink DC Current loL(DC) TBD 18D 3

Vo =0.4V oL

mA

Output Source DC Current

Vop = VddQ - 0.4V lon(DC) TBD TBD 3
Weaker Output Driver -

Output Sink DC Current loL(DC) TBD 18D 3

VoL=0.4V oL

Output Source DC Current

Vou = VddQ - 0.4V lon(DC) TBD TBD 3
Weakest Output Driver

Output Sink DC Current I, (DC) TBD TBD 3

Vg =0.4V oL
Notes : 1. These parameters depend on the cycle rate and these values are measured at a cycle rate with the minimum values of t, tgc and Iz

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.

- 10 - REV. 0.0 Oct. 2001
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K4C5608/1638M 256Mb FCRAM

AC Characteristics and Operating Conditions (Notes : 1, 2)

B(200MHz) A(154MHz)
Symbol Item Units Notes
Min Max Min Max
trc Random Cycle Time 25 - 30 - 3
CL=3 5.5 8.5 6.5 8.5 3
tek Clock Cycle Time
CL=4 5 8.5 6 8.5 3
trRAC Random Access Time - 22 - 26 3
ten Clock High Time 0.45%tc - 0.45% ¢ - 3
teL Clock Low Time 0.45%tc - 0.45% o - 3
tCKQS DQS Access Time from CLK -0.75 0.75 -0.85 0.85 3,8
tQSQ Data Output Skew from DQS -0.5 0.5 -0.52 0.52 4
tac Data Access Time from CLK -0.75 0.75 -0.85 0.85 3,8
ton Data Output Hold Time from CLK -0.75 0.75 -0.85 0.85 3,8
tospre DQS(Read) Preamble Pulse Width 0.9%tck-0.2 | 1.1%ck+0.2 | 0.9%1ck-0.2 [ 1.1%tc+0.2 3
tosp DQS(Read) Pulse Width 0.4*t ¢ -0.2 - 0.4* 0.2 - 4
tosqv Data Output Valid Time from DQS 0.4*c-0.4 - 0.4*c-0.4 - 4
tboss DQS(Write) Low to High Setup Time 0.75*tc 1.25*tck 0.75% ¢ 1.25%¢ck 3
tosPRE DQS(Write) Preamble Pulse Width 0.4* - 0.4*tck - 4
tbsprRES  |DQS First Input Setup Time 0 _ 0 _ 3
tDSPREH DQS First Low Input Hold Time 0.25" ¢ - 0.25% o - 3
tosp DQS High or Low Input Pulse Width 0.45*tc 0.55*tc 0.45*t o 0.55*tck 4
tbss DQS Input Falling Edge to Clock Setup Time ct-3 L3 _ Lo _ ns 34
CL=4 1.3 - 15 - 3,4
tospsT DQS(Write) Postamble Pulse Width 0.45%ck - 0.45" ¢ - 4
tbspsTH DQS(Write) Postamble Hold Time ct=3 L3 _ Lo _ 34
CL=4 13 - 15 - 3,4
tossk UDQS - LDQS Skew (x16) -0.5%ck 0.5% -0.5% ¢ 0.5%ck
tos Data Input Setup Time from DQS 0.5 - 0.6 - 4
toH Data Input Hold Time from DQS 0.5 - 0.6 - 4
toipw Data Input pulse Width (for each device) 15 - 1.9 -
tis ICommand / Address Input Setup Time 0.9 - 1 - 3
tH [Command / Address Input Hold Time 0.9 - 1 - 3
tipw [Command / Address Input Pulse Width (for each device) 2.0 - 2.2 -
itz Data-out Low Impedance Time from CLK -0.75 - -0.85 - 3,6,8
tHz Data-out High Impedance Time from CLK - 0.75 - 0.85 3,7,8
tosLz DQS-out Low Impedance Time from CLK -0.75 - -0.85 - 3,6,8
tQSHZ DQS-out High Impedance Time from CLK -0.75 0.75 -0.85 0.85 3,7,8
toPDH Last Output to PD High Hold Time 0 - 0 -
tPDEX Power Down Exit Time 2 - 2 - 3
tr Input Transition Time 0.1 1 0.1 1
trppL IPD Low Input Window for Self-Refresh Entry -0.5*tck 5 -0.5%t ok 5 3
tREFI JAuto-Refresh Average Interval 0.4 7.8 0.4 7.8 5
tpAUSE Pause Time after Power-up 200 - 200 - *

- 11 - REV. 0.0 Oct. 2001
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K4C5608/1638M 256Mb FCRAM

AC Characteristics and Operating Conditions (Notes : 1, 2) (Continued)

B(200MHz) A(154MHz) )
Symbol Item - - Units | Notes
Min Max Min Max
| Random Read/Write Cycle Time CL=3 5 - 5 -
Re (Applicable to Same Bank) CL=4 5 - 5 -

RDA/WRA to LAL Command Input Delay
Irco . 1 1 1 1
(Applicable to Same Bank)

| LAL to RDA/WRA Command Input Delay CL=3 4 - 4 -

RAS (Applicable to Same Bank) CL=4 4 - 4 .

| Random Bank Access Delay

RBD - 2 - 2 -
(Applicable to Other Bank)

| LAL following RDA to WRA Delay BL=2 2 - 2 -

RWD (Applicable to Other Bank) BL=4 3 - 3 R

LAL following WRA to RDA Dela
lwRD ) 9 y 1 N 1 . Cycle
(Applicable to Other Bank)

CL=3 5 - 5 -
IRsc Mode Register Set Cycle Time
CL=4 5 - 5 -
F3) IPD Low to Inactive State of Input Buffer - 1 - 1
DA PD High to Active State of Input Buffer - 1 - 1
) CcL=3 15 - 15 -
IREFC lAuto-Refresh Cycle Time
CL=4 18 - 18 -

REF Command to Clock Input Disable
lcko 16 - 16 -
at Self-Refresh Entry

lLock DLL Lock-on Time (Applicable to RDA command) 200 - 200 -

- 12 - REV. 0.0 Oct. 2001
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K4C5608/1638M

256Mb FCRAM

AC Test Conditions

Symbol Parameter Value Units Notes
Viy(min) | Input high voltage (minimum) VRer + 0.35
ViL (max) |Input low voltage (maximum) VRer - 0.35 Vv
VREF Input reference voltage vVddQ/2 \%
VT Termination voltage VREF Y,
VswiNG Input signal peak to peak swing 1.0 \%
VR Differential clock input reference level Vx(ac) \Y
Vip(AC) Input differential voltage 1.5 v
SLEW Input signal minimum slew rate 1.0 Vins
VoTr Output timing measurement reference voltage VddQ/2 \%
VddQ - Vi1
—“ Measurement Point é— R=50W
i Tt \ ----------------- / ------- v IH mm(Ac) Ou[put
Vswine VREF v 50w ®
S i Wy 1 ViL MaX ac)
Yol CL=30pF —— VREF
|V | 77

AC Test Load

DT DT

Slew=(V\ymin(ac) - ViLmaxc)/DT

Notes : 1. Transition times are measured between V) minpcy and V, maxcy.

2.

~

~

Transition (rise and fall) of input signals have a fixed slope.

If the result of nominal calculation with regard to tc contains more than

one decimal place, the result is rounded up to the nearest decimal place.
(i.e., tpgss = 0.75*tck, tck = 5ns, 0.75*5ns = 3.75ns is rounded up to 3.8ns.)

. These parameters are measured from the differential clock (CK and &) AC cross point.
. These parameters are measured from signal transition point of DQS crossing Vreg level.

. The trer) (MAX.) applies to equally distributed refresh method.

The tggr (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.

REV. 0.0 Oct. 2001
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K4C5608/1638M

256Mb FCRAM

Power Up Sequence

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

2.

9.

Apply Vdd before or at the same time as VddQ.

. Apply VddQ before or at the same time as Vggp.

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

. Start clock (CK, CK) and maintain stable condition for 200us (min.).
. After stable power and clock, apply DESL and take PD = H.
. Issue EMRS to enable DLL and to define driver strength. (Note : 1)

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

Ready for normal operation after 200 clocks from Extended Mode Register programming. (Note : 2)

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

2. L=Logic Low, H = Logic High

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

Basic Timing Diagrams
Input Timing

FN

AO-A14
BAO.BA1

DQS

DQ(Input)

Refer to the Command Truth Table.

Timing of the CK, /CK

Vip(ac)

- 15 - REV. 0.0 Oct. 2001
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K4C5608/1638M

256Mb FCRAM

Read Timing (Burst Length = 4)
. o

!
‘I

. fen
e —

. tek
‘I

LDQS

DQOto 7

ubQsSs

DQ8 to 15

Input AL
(Control &
Addresses) S b . . . . . . . . . . .
< b . . . . . . . . .
tpw \ \ \ \ \ v tekos N v fekes \ \ \
CAS latency =3 | ! : s | rlexesyf er ) few tf b fosur !
! ! ! ! ' losete ! : !
, High-Z ' ' ' ' ' High-Z '
DQS h T T
(Output) : : : : ; : \ I : :
: : : : : Préamble Postallmble : :
A : : : !t ose!
DO ' High-z : : : : '
(Output) ' ' ' ' ' '
X X X X X L e X
CAS latency =4 | ! ! ! : stz | : [T s
\ \ \ \ \ \ . lospre \
DQS , High-Z | X X X X X : X
(Output) : : : : : R A ! T
: . . . . . ' Prearhble . Postamble
: : : : : : : R )
DO \ High-Z | : : : . . : '
(Output) ] ] ] ] ] ] ] ]
. . . . . . IAC .
Note : The correspondence of LDQS, UDQS to DQ. (K4C561638M-TC)

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

Write Timing (Burst Length = 4)

- tCH - [CL - lCK
cK ' .
cK T e e L e LR
) ) ) ) ) ) ) ) ) ) ) )
tis 't ' ' ' ' ' ' ' ' ' ' '
Input ) : : : : : : : : : :
(Control & fLAVbR
Addresses) after
. . . . . . . " togpsrh' . . .
—_— . . . . . . ‘- . .
— e s L : | toss, . : .
CAS latency = 3 \ \ \ \ \ \ \ N \ \ \
, , thspRES \ . osp ospu tospr | tospst ! ! !
' ' I — | | — e | ] ] '
DQS :}DSPREH . m N —— :_/L
(input) : : : o
! ! ! Preamble ! ' tpss ! ' | Postamble ! ! !
) ) ) i ) L ) - ! ) ) )
' ' ' ' bospre ! V| s | ' ' .
' ' ' -— ' ' "I ' ' ' '
' ' ' ' tpg ' ths ' ' ' ' '
: : : : : : : :
) ) ) ) ) ) ) )
DQ
(Input)
: : . " toss . :
) ) ) ) ) L ) I » )
— e FI e R e (R
CAS latency = 4 , , , , ' tosprES , , , T o ,
\ \ \ \ " e—s v Iosp | tose 1 tosp |itospsT |u !
' ' ' ' ' ' [ —> 4 ] Bl '
DQS {psPREH L_ ' '
fe—p Y 1 . . S |
(input) : (I
! ! ! ! ! Predmble !
1 1 1 1 1
. ' . . . tospre
. -
. 3
) ) ) ) ) —
) ) ) ) ) )
) ) ) ) ) ) N
) ) ) ) ) )
DQ DO
(Input)
) ) ) ) —
t
: : : : 1 togss

Note. The correspondence of LDQS, UDQS to DQ. (K4C561638M-TC)

LDQS DQO to 7

uUDQS DQS to 15

tREFI, tPAUSE, Ixxxx Timing

CK (o7 '

\ \ \ \ \ \ \ \ \ \ \ \
tis X YH ' ' 1 tRerLPAUSE, Ixxxx 1 ' ' ts X ty X X X
A—pid—p ' ' ' ' ' ' ' A —p] ' ' 1
Input \ . . . . . . . \ . . .

(Control & omman: Command‘
Addresses) . . . . . . . . . . . .
\ \ \ \ \ \ \ \ \ \ \ \

Note. "lyxxx'Means "lkc", "lrco's "lras’s €tC.
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K4C5608/1638M

256Mb FCRAM

Write Timing (x16 device) (Burst Length =4)

CK FEEEEE . e e ; .
— 4 E ' d 4 :
cK L T e e
Input . - - - :
(Control & :

Addresses)
CAS latencyi=3 . : : : : : : : :
-LDQS \ ; v ;
: : : : : : Prleamble Postarpble : :

DQO ~7
ubDQS \ . }
X X X . Preamble .
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K4C5608/1638M

256Mb FCRAM

Function Truth Table (Notes : 1,2,3)

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

Symbol Function (] FN BA1-BAO Al4-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 EN BA1-BAO |A14-Al13 [A12-Al1l| A10-A9 | A8 A7 | A6-AO
LAL Lower Address Latch (x16) H X X \% \% X X X LA
LAL Lower Address Latch (x8) H X X \% X X X LA 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 LA LA 5
Notes : 5. For x16 device, A7 is "X" (either L or H).
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K4C5608/1638M

256Mb FCRAM

Write Command Table

K4C561638M-TC

Command (Symbol) cs FN BA1-BAO Al4 Al13 Al2 All A10-A9 A8 A7 A6-A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X LVWO | LVW1 | UVWO | UVW1 X X X LA
K4C560838M-TC
Command (Symbol) cs FN BA1-BAO Al4 Al13 Al2 All A10-A9 A8 A7 A6-A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X VWO VW1 X X X X LA LA
Note : 6. Al4 to All 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
Note : 7. For x16 device, LVWO0 and LVW1 control DQ0-DQ7, UVWO0 and UVW1 control DQ8-DQ15.
Mode Register Set Command Truth Table
Command (Symbol) cs FN BA1-BAO Al4-A9 A8 A7 A6-AO0 Notes
RDA (1st) L H X X X X X
MRS (2nd) L X v L L v Y 8
Note : 8. Refer to "Mode Register Table".
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K4C5608/1638M

256Mb FCRAM

Function Truth Table (Continued)

Auto-Refresh Command Table

PD _
Function Gl |- S CS | FN |BA1-BAO|A14-A9 | A8 | A7 | A6-A0 [Notes
(Symbol) State n-1 3
Active WRA(1st) Standby H H L L X X X X X
Auto-Refresh REF(2nd) Active H H L X X X X X X
Self-Refresh Command Table
Command Current PD —_—
Function CS | FN [BA1-BAO|A14-A9( A8 | A7 |A6-AO0 | Notes
(Symbol) State n-1l n
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 9, 10
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 11
Power Down Table
Command Current PD —
Function CS | FN [BA1-BAO|A14-A9| A8 | A7 [A6-A0 |Notes
(Symbol) State n-1 | n
Power Down Entry PDEN Standby H L H X X X X X X 10
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 11

Notes : 9. PD has to be brought to Low within tgpp, from REF command.

10. PD should be brought to Low after DQ’ s state turned high impedance.
11. When PD is brought to High from Low, this function is executed asynchronously.

ELECTRONICS
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K4C5608/1638M

256Mb FCRAM

Function Truth Table (Continued)

Current State — e - 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
Idle H L H X X PDEN Power Down Entry 12
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 REF (Self) | 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 lllegal 13
H H L L BA, UA WRA lllegal 13
Read
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 13
H H L H BA, UA RDA lllegal
Write H H L L BA, UA WRA lllegal 13
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 Igeec
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
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 Izgc
H H L H BA, UA RDA lllegal
Mode Register Accessing H H L L BA, UA WRA Illegal
H L H X X PDEN lllegal 14
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 C | H H X X RDEX | Exit Power Down Mode->Idle after tppey
L H L X X - lllegal
H X X X X - Invalid
L L X X X - Maintain Self-Refresh
Se;f-Refreshing -
L H H X X SELFX Exit Self-Refresh->ldle after Irgpc
L H L X X - lllegal

Notes : 12. lllegal if any bank is not idle.
13. lllegal to bank in specified states

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

ELECTRONICS
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K4C5608/1638M

256Mb FCRAM

Mode Register Table

Regular Mode Register (Notes : 1)

Address BA11 BAO*! A14-A8 A73 A6-A4 A3 A2-A0
Register 0 0 0 TE CL BT BL
A7 Test Mode (TE) A3 Burst Type (BT)
0 Regular (Default) 0 Sequential
1 Test Mode Entry 1 Interleave
» Y
A6 A5 A4 CAS Latency (CL) A2 Al AO 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 3 0 1 0 4
1 0 0 4 0 1 1 Reserved "2
1 0 1 Reserved "2 ! X X
1 1 X Reserved "2
Extended Mode Register (Notes : 4)
Address BA1% BAO™ Al14-A7 A6 A5-A2 Al A0
Register 0 1 0 DIC 0 DIC DS
/
A6 Al Output Driver Impedance Control (DIC)
0 0 Normal Output Driver
0 1 Strong Output Driver
1 0 Weaker Output Driver
1 1 Weakest Output Driver
Note : 1. Regular Mode Reister 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 lest Mode is specific mode for supplier.
1 DLL Disable

4. Extended Mode Register is chosen using the Combination of BAO = 1 and BA1 = 0.

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

State Diagram

Self
Refresh
4
PD=L
. Standby
PD=H (Idle)
Auto- - ]
Refresh Register

REF

Active
(Restore)

Active

Write
(Buffer) Read

» Command Input

------ » Automatic Return

The second command at Active
state must be issued 1clock after
RDA or WRA command input
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K4C5608/1638M 256Mb FCRAM

Timing Diagrams
Single Bank Read Timing (CL = 3)

v+ 4+ 4 . dpc=bcyclas v 4+ 4 4+ 4 ilgeFBoydles & 4 4 44 .
Command :X RDA X LAL X DESL XRDA X LAL X DESL XRDA X LAL
BL-2 | heotiocle 1 hescdodes 1t 1 coziode | dwezéodes 1 1 1 vt

DQS Mz oy Mzl
(Output) ' ' ' ' ' ' ' ) ' \ ' ' ' ' '
e ’

DQ Wz L
(Output) l l l ) )
BL =4 Lo

DQS JHiZy
(Output)

DQ HiezZy
(Output) ' ' ' ' '

BL = 2 ! lkcp =1 cycle lkas =" cycles ! ! ! lrcp =1 cycle 'ras =4 cycles ! ! ! ! ! !
DQS _aMZy v v n b TN Wz v Y
(Output) ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ’ ' '
S O - R S T S S G S < S S S S S
1 1 1 ? 1 1 1 1 1 1 1 1 1 ? 1 1 1 1 1 1 1 1 1 1
DQ Mzl Lo (:}(—N HZy L '
(Output) ] ] ] ] ] ] ] ] ] ] ] \QO Ql; ] ] ] ] ] ] ] .\QO Q1
BL=4 T T T T S
DQs Mz . L v Lo ! !
Qutputy A : : .
e T T T T o I

DQ L HZy v HZL o
T L0 S s s g ) G 10 0 s s e 1 1 2
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K4C5608/1638M

256Mb FCRAM

Single Bank Write Timing (CL = 3)
0 1 2 3 4 5 6

CK —- - - ety e- = =
A' ]
CK ..':\

Jrc=5cyclgs |

i lrcF5cycles | |

DESL

Command :X WRA X LAL X

X WRA >< LAL

DESL

0
'RAs 4 Y'|

XWRA B X

' Igcp=1cyclé ! ' IRCD 1 cyc Ié

BL=2

0 0
ras = 4 cycles ' IRCD i cycl Ie'
0 0 !

[ \ﬂ/

(ir?pQut) @

BL=4

\ WL
.—l—l—l—
1 1 1

() \ﬂﬂ/

.y Eﬂ@@

Single Bank erte Tlmlng (CL 4)

- 1&11_,}'"rfo.,__,.;'-'"mﬂmm,_,.jmr

IRC Eyl

t IgcF 5 ycl '
'

Command :X WRA X LAL X7

DESL

_X WRA X LAL

DESL

. IRC 1qu_ . '54)’1 . IRC ={ cyclg

:_XWRAXLAL:X_:

Is4yl: . IRC 1)"

BL=2 T T — "

Xﬂ/

'
. WL
g

'
. WL
g g

[ \ﬂ/

' ' ' 4 T T
DQ
(input)
T I

BL=4

L wL=3
\

- - -

[(%%i)\ﬂ_ﬂ/

YoDz0m

Note : I:l means "H" or "L"
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K4C5608/1638M

256Mb FCRAM

Single Bank Read-Write Timing (CL = 3)

DQ

Command :X RDA X LAL X DESL X WRA X LAL X DESL X RDA X LAL
| |ﬂlzco = I& cyclé : ILAS ::4 cyclés : : : ;RCD ::1 cyc;e : :lRAS ::4 cyclles : : : : : :
e S S S ! L L Mz
Y S
Mz
Hiezp
R R R R N

Single Bank Read-Write Timing (CL =4)
0

CK

CK

BL=2

DQS

DQ

BL=4

DQS

DQ

1

2

3

1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

IrcE 5 cycles \ \ \ , , ,

LAL X7 DESL _X RDA X LAL

Vo Vo N A Vo N 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

. lkep=leoyclk 1 gas=Mcycles ] . lrep=lcycle Tras =4 cyclbs . Lo : :

JH-Zy . P Sy

Vo i . CLE4 ,
1 1 1 v T T T T T
IHi-ZI 1 1 1 1 1 1 1
VHieZL L L
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
' ' ' ' ' " CLed '
VHIZY o Vo

ELECTRONICS
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K4C5608/1638M 256Mb FCRAM

Multiple Bank Read Timing (CL = 3)
0 1 2 3 4 5 6 7 8 9 10 11

CK - - - .. R L v
! ' ' ' ' I = b cyclas ' ' ' o lggp = A cycles -l.kA?D =il cyslfe ' IWD =i cycltle ' '
Command :>< RDAaX LALa XRDAb X LALb XDESL XRDAa X LALa X RDAC X LALc XRDAd X LALd X RDAD
E ERSD =:l cyclle_ : :lRAS ::4 cyc;es : : : IL;D =:1 cyclie : E_ IéBD = 2I cyclels E_ IR:BD = 2I cyclés :
Bank Add. v \ v
(BZB BAL) Bank"a"X X XBank"b"X X XBank"a"X X XBank"c"X X XBank"d"X X XBank"b"
BL=2 + 1 lmp=dcycles 1+ 4+ 1 1 41 a4 4 a4 T
1 R e e e ] 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l
DQS — o ' ' —— '
(Output) ) ) ) ) ) ) )
pQ M+
(Output) . . . .
BL=4 . . 1 0
VHIEZY
DQS —— —
(Output) ' ' ' ' '
1 1 1 é 1
VHZU 0 0

DQ
(Output) ! ! ! ! !

Multiple Bank Read Timing (CL = 4)

P\ )
“1 N
: IR‘CD = 1 cyclé :

2

:_ IRBD = 2 cycle§ lkep = l cyclé
) \ \ \ \ \

1" “1
: : IRC 5 cyclés

Command :X RDAaX LALa XRDAb LALDb XDESL XRDAa X LALa X RDAc X LALc XRDAd X LALd >< RDAb

. frep =1 cycle | \lras T4 cycles | . . VIrep 1 cycle . i lgep =2cycles . lgep =2 cyclés
(EzngAgg) Bank"a"X X XBank"b"X X XBank"a"X X XBank"c"X X XBank"d" X XBank"b"
BL=2 ! i le-Zoces 1 1 & 1 1 1 1
DOS HiZL
oo, + .+ T .
Qupun o L ks
bo Mz L L 1L b

(Qutput) -
BL =4 . . . \ \ \ \
Hi-Z .
DQS
(Output) ;»
L
Do Mz Lo
(Qutputy . L

Note : "X" is don’ t care. |yc to the same bank must be satisfied.
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K4C5608/1638M 256Mb FCRAM

Multiple Bank Write Timing (CL = 3)
0 1 2 3 4 5 6 7 8 9 10 11

. L. R ot Y L G o
-I;?C: 5 cycles . . . . lggp = 2 cycles 'k_co =1 cycle . |h‘co =1 cycle
< —u—n

Command WRAaX LALa XWRAbX LALb XDESL WRAaX LALa XWRACX LALc XWRAdX LALd X WRAD

' '.RgD =tlcycle ! Tras 24 cycles ! ! ! lkeo =!1 cycle ' ' Igep =2cycles . lRIBD =2 cyclés '
(gigk Qgg) Bank" " X X XBank"b“ X7 X _XBank"a" X X XBank"c“ X X XBank"d“ X X XBank"b"
BL=2 ; mecPode o LB o L oo
DQS : 1 U 1 U 1 | : U \ U : ! 1 | 1
(input) ' ' ! i ) ' ! i )
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ v lpgss \ \ \ \ \ \
R S TS L LwiEr '

wSIIIT @@ma—@a-@

_ ! b Yot ' 't '
BL=4 ¢ 1 e s s L
boS L= ! fh—
(input) ' L L
] ] ] ] ] ] ] ] ] WLO—2 ] ] ] ] ] ] ] ] ] WLI—2 ] ] ] ]
1 1 1 1 1 1 1 .—l—l—l— 1 1 1 ’—l—l—l— 1 1

T T e Jpoplpapapp

Multiple Bank Write Timing (CL 4)

0 1 2 3 4 5 6 7 8 9 10 11
CK "”'.: ' ' _: ' " ' ' ' ' "",: (—
! o Izc = 6 cycles " lggp=2 cycles Ikep ='1 cycle ' lkep = L cycle . . |

Command \ WRAaX LALa XWRADX LALb XDESL XWRAa LALa XWRACX LALc § WRAd } LALd WRADb

: TreD =1 cycle_ . Tras 7 4 cycles | : . IR§D ='T cyclb T I?BD 2 cycIeS 1. Igep =2 cyclds .
(gigk Qgg) Bank" X X XBank"b"X X XBank"a"X X XBank"c">< X XBank"d"X X XBank"b"

BL=2 . . IF,'BD =2 cycle's . ' . . . ' . DQSS : : . . . . .
DQS ! \ ! ) ) \ | \ | \ : \ ! \
(input) i L . .
| | | | | | | | | | | | | | \ \ \ v fpgss \ \ | |
Do twids bbby b twds e
DQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(oo @H-@ﬂ_@ﬁ-@
BL=4 . . : : : : : : . togss . tbass \ : . logss . : :
\ \ \ \ \ \ \ \ \ [ e 1 \ | S— \ \ \— \ \

LU
N S T o T D D W D S

Note : I:l means "H" or "L" "X" is don’ t care |z to the same bank must be satisfied.
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K4C5608/1638M 256Mb FCRAM

Multiple Bank Read-Write Timing (BL =2)
0 1 2 3 4 5 6 7 8 9 10 11

. -- - . .- R

. ST . . . , . . ! . . =5 cye €s . . . .

' |_ lngp = 4 cycles @ =1 cycle. lgwp =2 cycles ' 'RBD' 4 cycles T T T T =7 cycl@s ] ' '
T

Command :><WRAaX LALa XRDAb X LALb X DESL XWRAC X LALc XRDAd X LALd X DESL XWRAC X LALc

4
' T '
.I = 1 aycle -I :xlcole ' ' ' ' [ —locle -| :lcale ' ' ' ' ' | _-lccle
rRed 0)’ - WRD Y| ' ' ' ' ' RCD Y/ lwro Yy ' ' ' ' ' 'RED Yy

(gigké‘gg) Bank"a"X X XBank"b“X7 X _XBank"c"X X XBank"d"}( X _XBank"c“X X

CL=3 : X X : :<_>tDésS : hgss X A X X
1 Hi-Z ' ' ]
bQS —4—p
. . —
DQ —————
CL=4 ' ' : : '
1Hi-Z ' ' '
DQS —————
THiZ
bQ —————

<
c
=
p=d
)
w
o
>
=
Py
@
Y
o
1
=
=
™
-
3
S
Q
~~
o3}
—
1
N
N

0 1 2 3 4 5 6 7 8 9 10 11

CK (R U [ [
+ 4 W 3 '

: ' IR:BD = 2I cyclels 'R:cp = 1:cyclel ! ILWD =B cycles ' ' ljpp =2 cycles 'IRCD 1l cyale : ' : '
Command A WRAa X LALa X RDAb LALb X DESL X WRAC X LALc X RDAd LALd X DESL
: |RCD: =1 oycle -:| rp*1 Cyo.le ' ' ! ! ! : : I,?CD =1 cycI_sl lwro'= 1 cy:cle ' ' ' ' ' '
(gigk Qg‘i) Bank"a" X X XBank"b" X X XBank"c"X X XBank"d"X X
CL=3 ' ' ' ' ' + lhgss ¢ ' ' ' ' ' ' ' ' ' + lbgss
1 ) 1 1 1 1 L e e 1 1 1 1 1 1 1 l 1 ! ' ' 1 1
1Hi-Z ' ' '
DQS ' ' ' ' '
oy
1 1 1 |4 1
1Hj-Z 1 [ [ [
PQ ————

cL=4 ) ) ) .
VHI-Z | | |
DQS

HZ
:

Note : "X" is dont care
Irc to the same bank must be satisfied.
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K4C5608/1638M 256Mb FCRAM

Single Bank Write with VW (CL=3, BL=4, Sequential mode)

. ke = 5cycles ' ' ' ' ' ' ' lhc = 5'cycles:

x8 device ] ' ] ' ] ] ] ] ] ] ] ' ] ' ] ] ] ] ] ] ] ] ] ]

Command :x WRA X LAL X DESL X WRA X LAL DESL X WRA X LAL
: LA=#3 ' LA=#1

Address :X UA XVW=2 X X UA XVW=1X X UA X LA
DQS \: U ] 4 / \: [’ 1 [ U ]
(InpUt) ; : Ll 1 1 ; : Ll 1 Ll

Vo : ' : Last two data are masked. o L'tast‘t:t}ree data.are masked.
. . . . . . T . . . . . . P e w—— . .

i &

v+ 4 4 . Address #3 #O@#L®#) . . . 4 L #HL@#ERYHE)H@Y) L
b [ ol T e e R e
Command :x WRA X LAL X DESL X WRA X LAL X DESL X WRA X LAL
y ! \TASFS T\ ; ; ; — v ' [ TAF3 \ ; ; ; ; ; — \ !
Address :X UA Xuvw_z X X UA X va_1X X UA x LA
A N\ Lvw=1 | A LVW=1 A
UDQS : ; | , ! , : , ) ) | ,
(Input) . . . ]
! ! ! ! ! ! ! ! ! Las,(wo qata are masked ! ! ! L-ast‘tgree datarare masked

DQS8 to . . . . . . . . . | PE—— . . . . . . | PEE——

el
(Input)

EAd:dres's #3 #0(#:1)(#2:1) #;fl(#IQ)(#'B)(#d)

s EEERY e e

E E E E E E E E Last three 'data'are masked E E E E Last three 'data'are masked
DQO to [} [} [} [} [} [} [} 1 r|_|_|—| [} [} [} [} [} 1 1 r|_|_|—| [} [} [}
oor
(Input) — ; ; ; ; ; : ; — ; ; ; ; ; ; T T T T — T T
Ly v v v Address #3 (MO)(WL)(#2) ;. L HLEREDEO

Notes : DQS input must be continued till end of burst count even if some of laster data is masked.
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K4C5608/1638M 256Mb FCRAM

Mode Register Set Timing (CL=3, BL=2)

. . . . . Jre=5cycles - . . . . . . . Jlres 3 5 cyeles . .
U \ I U \ RDA
Command :X RDA X LAL X DESL X RDA X MRS X DESL X W(I’?rA >
: I,:Q_CD = ';L cyclé_ : I'RAS = :4 cyclc'es : : : iR‘ D qll cycie : : : : : : : : : :
Al4 to AO y Valid
BAO, BAL :X BA,UA X LA X X X(Op-Code) X X BA,UA >
DQS CHiZe o e C « .+ Hi-Z .
©upuy oo e
1 1 1 1 1 1 CL = 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 e T I

(Output) ' ' ' ' ' ' ' ' ' h i ' ' ' ' ' ' ' ' ' ' ' '

Power Down Timing (CL=3, BL=2)

CK ) v K ' N Ol Al v o ' " v K ' N O Al v ! ", i L ..
T Y L Al
y Y Y Y y Y RDA

Command :X RDA X LAL X DESL )( |@< X DESL X or )
1 1 1 1 WRA
D mepcioycle L 4 e fepshoyee
Al4t0A0 ——t—p——+ o
BAO, BA1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' .“ ' ' 7- ' ' ' '
A -
. R e R . AR
©utputy ;. L :\—7: R ".‘W S
' ' ' T ] ] ] ] ] ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
DO 't Hi-Z! ' ' ' ' ' ' ' {ooVo1 v OHI-Z ' ' ' A ' ' ' ' '
(Qutput) v :Q .Q A ".'W A

Power Down Entry Power Down Exit

Note : "x" is don’ t care.
IPD is defined from the first clock rising edage after PD is brought to "Low".
IPDA is defined from the first clock rising edage after PD is brought to "High".
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K4C5608/1638M 256Mb FCRAM

Auto-Refresh Timing (CL=3, BL=4)

CK

o T e L A e L S L S L S e e AREEA S AT S

Lo n o dme=Boyeles o n o n o egei=5dydles

S S O S S e S U R A N S S
Command :X RDA X LAL X DESL X WRA X REF X DESL x D XMRS%rr >

A A v A A A A WRA A REF

| keocloyle | as=Acyls | . . leosloyle . . N o .

' i T >, T T T T T T T |y ' ' ' ' ' ' ' ' ' '

pos Mz ob o b Ty Wz Lo

oupy T DA SR A A A

' ' ' ' ' + CLe3 ' ' ' ' ' ' ' ' ' '

DO VHIEZ v 0 Yoz\ Mz e T T

(Output) ) ) ) ) ) ) ) ) ) .Q A Q .Q ) ) ' ' ' ' ' ' '

Note : In case of CL=3, Iggrc must be meet 15 clock cycles. When the Auto-Refresh operation is performed,
the synthetic average interval of Auto-Refresh command specified by tger, must be satisfied. tgep is
average Interval time in 8 Refresh cycles that is sampled randomly.

t t, . t t; tg :
SR B Wa R B e W el SECerrteee BT [l iy R
|WRA|R'EF| |WFIaA||REF| |WII?A|| REF | |WII?A [REF] |Wll?A|REF|
| |
v

8 Refresh Cycle

Total time of 8 Refresh cycle t)+ try+ t3+ty+tg+ig+to+ g

tREFI =
8 8

trer is specified to avoid partly concentrated current of Refresh operation that is activated larger area than
Read/Write operation.
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Self-Refresh Entry Timing

0 1 2 3 4 5 m-1 m m+1

IRCD =: 1 cyc:lze- ’
'« -

] LY
Command WRA X REF X DESL X_ x l

+ teppe(Min) deppy (Man) IPD = 1 cycle™?
. 1~—

S ERNEEEE RN RN

PD.: .
1 1
*3
foporl 0 ., ., lckDS16cycles T
1 1+ Hi-2 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

DQS
(Output) :_/I ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

poQ W\ HA o e e e
(Output) >.<QX; \ \ \ \ \ \ \ \ v R

Note : 1. "X" is don’ t care.
2. IPD is defined from the first clock rising edge after PDis brought to "Low".
3. It is desirable that clock input is continued at least 16 clock cycles from REF command even though PD
is brought to "Low" for Self-Refresh Entry.

Self-Refresh Exit Timing

n -1

R R T T e N T S S S S S
: 1 : 1 : 1 1 1 : 1 l 1 : [ : 1 : 1
WRAS X REF 'S X DESL IC‘;T;;%“(’*[%”;QSFX X RDA*7>< LAL >
ek 11 meege 41
. . . B . . . . . . . . . .‘ . . . .
' ' ' ' ' ' ' ' ILOCK ' ' ' ' ' ' ' ' '
pos Mz p ST H A | R
©Oupuy + .+ | v Mo s
YoYU T S T N S | N S
©utpuyy o | o or oo o

Self-Refresh Exit

Note : 1. "X" is don’ t care.,
2. Clock should be stable prior to PD= "High" if clock input is suspended in Self-Refresh mode.
. DESL command must be asserted during Iggec after PD is brought to "High".
. IPDA is defined from the first clock rising edge after PDis brought to "High".
. 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 |ggpc

. Read command (RDA+LAL) can be issued after ILOCK.

~N o0~ w

- 34 - REV. 0.0 Oct. 2001

ELECTRONICS



K4C5608/1638M 256Mb FCRAM

Function Description

DDR FCRAM

The DDR FCRAM is an acronym of Double Data Rate Fast Cycle Random Access Memory. The DDR FCRAM is competent to per-
form fast random core access, low latency, low consumption and high-speed data bandwidth.

Pin Functions

Clock Inputs : CK & CK

The CK and CK inputs are used as the reference for synchronus operation. CK is master clock input. The CS, FN and all address
input signals are sampled on the crossing of the positive edge of CK and the negative edge of CK. The DQS and DQ and DQ output
data are referenced to the crossing point of CK and CK. The timing reference point for the differential clock is when the CK and C_Ksig-
nals 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 PD 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 aignal for forming the operation commands on FCRAM. 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 BAL 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 BA1
Bank #0 0 0
Bank #1 1 0
Bank #2 0 1
Bank #3 1 1
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Functional Description (Continued)

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
K4N560838M-TC A0 to Al4 AO to A7
K4N561638M-TC AO to Al4 AO to A6

Data Input/Output : DQO to DQ7 or DQ15

The input data of DQO to DQ15 are taken in synchronizing with the both edges of DQS input signal.
The output data of DQO to DQ15 are outputted synchronizing with the both edges of DQS output signal.

Data Strobe : DQS or LDQS, UDQS

The DQS is bi-directional signal. Both edges of DQS are used as the reference of data input or output. The LDQS is allotted for Lower
Byte (DQO to DQ7) Data. The UDQS is allotted for Upper Byte(DQ8 to DQ15) Data. In write operation, the DQS used as an input signal
is utilized for a latch of write data. In read operation, the DQS that is an output signal provides the read data strobe.

Power Supply : Vdd, vddQ, Vss, VssQ

Vdd and Vss are supply pins for memory core and peripheral circuits.
VddQ and VssQ are power supply pins for the output buffer.

Reference Voltage : VREF

VRek is reference voltage for all input signals.
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Functional Description (Continued)

Command Functions and Operations

K4C5608/1638M-TC are introduced the two consccutive command input mcthod. 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 synchroniaing with the both edges of DQS 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 5.

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 DQS input signal (Burst Write Operation). The data and DQS inputs have to
be asserted in keeping with clock input after CAS latency-1 from the issuing of the LAL command. The write data length is set by the
VW in the LAL command. The DQS 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 automatically to the idle state after Ig .

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

K4C560838/1638M-TC 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 outputs 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 Igerc. However, about a syntheAtic average interval of Auto-Refresh command, it must be careful. In
case of equally distributed refresh, Auto-Refresh command has to be issued within once for every 7.8us 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 3.2us (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 K4C560838/1638M-TC become Self-Refresh mode by issuing the s elf-
Refresh command. PD has to be brought to "Low" within tgpp, 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 7.8us after the
latest Auto-Refresh command. Once the device enters Self-Refresh mode, the DESL command must be continued for Iggrc period. In
addition, it is desirable that clock input is kept in Ickp 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 Igerc. 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 Ixgrc from Self-Refresh exit.
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Power Down Mode( PD="L" )

When all banks are in the idle state and all outputs are in Hi-Z states, the K4C560838/1638M-TC become Power Down Mode by
asserting PDis "Low". When the device enters the Power Down Mode, all input and output buffers except for PD are disabled after
specified time. 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 at next CK rising edge 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 AO to A14, BAO and BA1
address inputs. The K4C560838/1638M-TC have two mode registers. These are Regule and Extended Mode Register. The Regular or
Extended Mode Register is chosen by BAO 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.

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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Functional Description (Continued)

* Regular Mode Register/Extended Mode Register change bits (BAO, BA1)
These bits are used to choose either Regular MRS or Extended MRS

BA1l BAO Al4 - AO
0 Regular MRS cycle
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 access using the A2 to A0 pins and sets the Burst Length to be 2 or 4
words.

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

CAS Latency =2

C_K -
CK
Command RDA LAL
00 N SN\
DQ Data 0 @@ Data 3
Addressing sequence for Sequential mode
Data Access Address Burst Length
Data 0 n
:l_. 2 words (Address bits is LAO)
Data 1 n+1 not carried from LAO to LA1
Data 2 n+2 4 words(Address bits is LA1, LAO)
not carried from LAO to LA1
Data 3 n+3
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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 A1 AO

Data 1 ...A8 A7 A6 A5 A4 A3 A2 A1 A0 :I 2 words
Data 2 ...A8 A7 A6 A5 A4 A3 A2 E A_O 4 words
Data 3 ..A8 A7 A6 A5 A4 A3 A2 A1 AO

(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 CK. In a write mode, the place of

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

>
o
>
ul
>
>

CAS Latency

Reserved

Reserved

Reserved
3
4

Reserved

Reserved

R|lFR|FRP|PFP|O|O|lO| O
RP|lRPr|O|O|FR|FL|O|O
R|O|lrRr|O|lRFR|O|FR|O

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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Functional Description (Continued)

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 (A1/A0)

This field is used to choose Output Driver Strength. Four types of Driver Strength are supported.

A6 Al Output Driver Impedance Control
0 0 Normal Output Driver
0 1 Strong Output Driver
1 0 Weaker Output Driver
1 1 Weaker Output Driver

(E-3) Reserved field (A2 to A5, A7 to Al4)
These bits are reserved for future operations and must be set to "0" for normal operation.
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