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KM44S4020B

CMOS SDRAM

2M x 4Bit x 2 Banks Synchronous DRAM

FEATURES

« JEDEC standard 3.3V power supply
« LVTTL compatible with muitiplexed address
« Dual banks operation
« MRS cycle with address key programs
-. CAS Latency (1,2 & 3)
-. BurstLength (1,2, 4,8 & full page)
-. Burst Type (Sequential & Interleave)
« All inputs are sampled at the positive going edge of the system
colck
« Burst Read Single-bit Write operation

GENERAL DESCRIPTION

The KM4454020B is 16,777,216 bits synchronous high data
rate Dynamic RAM organized as 2 x 2,097,152 words by 4 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock I/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmabile latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

- DQM for masking ORDERING INFORMATION
« Auto & self refresh — — . e
« 64ms refresh period (4K cycle) PartNO. . MAXFreq. | Interface| Package
KM4454020BT-G/F8 125MHz 44
KM44S4020BT-G/F10 100MHz LVTTL | TsoP(l)
KM44S4020BT-G/F12 83MHz
FUNCTIONAL BLOCK DIAGRAM
S I LWE
I Data Input Register |<—-—— EJ,’
g [T LDbaMm
Bank Select l L
X
S 2 ? 2Mx 4 @ e
3 g 2 7 g
4 o o &« DQi
Y o ¥f 8 b 2
CLKk— & g @ a8 2Mx 4 5 @
& ) -
ADD — & T - T
é e e 4>‘ Column Decoder ‘
b e} 0
5 3 2
g '—{ Latency & Burst Length
2 [
LCKE ‘ Programming Register ]
LRTAS LCTBR LVTVE TLCAS LWCBR LDf:M
L Timing Register | 1
CLK CKE [ RAS CAS WE DaM

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM4454020B

CMOS SDRAM

PIN CONFIGURATION (TOP VIEW)

VbD
N.C
Vssa
DQo
Voba
N.C

s 1o 44
g2 43
g3 42
g4 41
gs 40
g6 39
g7 38
gs 37
go 36
q10 35
q11 34
q12 33
g13 32
g14 31
g15 30
016 29
gq17 28
018 27
q19 26
q20 25
g21 24
22 23

b Vss
0 N.C
N Vssa
p DQ3
b0 Vbba
o NC
b Vssa
b DQ2
b Voba

0 N.C
0 DQM
0 CLK
0 CKE
g0 NC
O A9
b A8
O A7
0 A6
g A5
D A4
O Vss

b N.C/RFU

44PIN TSOP (1)
(400mil x 725mil)
(0.8 mm PIN PITCH)

CLK System Clock Active on the positive going edge to sample all inputs.

o— . Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze aperation from the next clack cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.

Aa~At0/AP | Address Row address : RAo ~ RA10, column address : CAo ~ CAg
Selects bank to be activated during row address latch time.

BA Bank Select Address Selects bank for read/write during column address latch time.

BAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

o= . Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

bam Data Input/Output Mask Blocks data input when DQM active.

DQo ~3 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VbD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

Vobassa | Data Output Power/Ground ilsmor:::ii(:y power supply and ground for the output buffers to provide improved noise

N.C/RFU No Connection/ This pin is recommended to be left No Connection on the device.

Reserved for Future Use

L ungg
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KM44S4020B

CMOS SDRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss

VIN, VouT

Voltage on VDD supply relative to Vss VoD, VDDQ -1.0~486 \Y
Storage temperature TsTG -55 ~ +150 c
Power dissipation PD 1 W
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0to 70C)

Supply voltage Vop, Voba 36 Y
Input logic high votlage ViH 2.0 3.0 Vop+0.3 \" 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 24 - - \% loH = -2mA
Output logic low voltage VoL - - 0.4 \% loL =2mA
Input leakage current 118 -5 - uA 3
Output leakage current loL -5 - uA 4
Note : 1. VIH (max) = 4.6V AC for pulse width < 10ns acceptable.
2. VIL (min) =-1.5V AC for pulse width < 10ns acceptable.
3. Any input OV < VIN < VoD + 0.3V, all other pins are not under test = OV.
4. Dout is disabled, OV < Vour < VDD.
CAPACITANCE (vopo=3.3V, Ta=25%, f = 1MHz)
Input capacitance (Ao ~ A10/AP, BA) pF
Input capacitance Cin2 oF
(CLK, CKE, TS, RAS, TAS, WE & DQM)
Data input/output capacitance (DQo ~ DQ3) Cout pF

01 vy
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KM4454020B

CMOS SDRAM

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0t0 70C)

Operating Current

Burst Length =1

> -
(One Bank Active) loct f;f - tg‘;f:““)
Precharge Standby Current | Icc2P CKE =ViL{max), tcc = 15ns 1 mA
in power-down mode lcc2PS | CKE & CLK<ViL(max), toc = o 1
lccaN CKE 2 ViH(min), TS= VIH(min), tcc = 15ns 25
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode lccaNs | CKE=ViH(min), CLK < ViL(max), tcc = % 12
Input signals are stable
Active Standby Current IccsP CKE <ViL{max), tcc = 15ns 4 mA
in power-down mode lccaPS | CKE & CLK < ViL(max), toc = o 3
CKE 2 ViH(min), CS= Vix(min), tcc = 15ns
Active Standby Current lecaN Input signals are changed one time during 30ns 40 mA
in non power-down mode -
(One Bank Active) IccaNS CKE = VIH(min), CLK < ViL(max), tcc = o 25 mA
Input signals are stable
3 130 105 90
@ Same Row 2 100 90 80 mA
’ loL=0mA
Operating Current lcca Page Burst 1 65 60 55
(Burst Mode) tcep = 2CLKs 3 190 170 145
@ Different Row 2 160 | 145 | 125 | mA
1 130 120 105
Refresh Current lccs tRC=trRC(min) 85 mA
1 mA
Self Refresh Current Icce CKE=0.2V
250 uA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.

3. KM44S4020BT-G**

4. KM44S4020BT-F**

s vy
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KM44S4020B CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD =3.3Vv£0.3V, TA=01t0 70C)

Input levels (Vih/Vil) 24/04
Input iming measurement reference level 14 \
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 "
Output load condition See Fig. 2

33v o Vit=1.4v

12002 508
Output oo . Vor (DC) = 2.4V, IoH = -2mA Output ©
uipu VoL (DC) = 0.4V, loL = 2mA pu
8709 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
i @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcoL(min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tccD(min) 1 CLK 3
CAS latency=3 2
Number of valid
output data CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRFc after self refresh exit.

LECTRONICS




KM44S54020B CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CAS Latency=3
CLK cycle time CAS Latency=2 tcc 12 1000 13 1000 15 1000 ns 1
CAS Latency=1 24 26 30
CAS Latency=3 6 7 8
fl';:;lff g’;';f, CAS Latency=2 | tsac 7 8 9 ns 1,2
CAS Latency=1 20 22 24
CAS Latency=3 3 3 3
S&p:;fta CAS Latency=2 | toH 3 3 ns 2
CAS Latency=1 5 5
CLK high pulse width tcH 3 35 4 ns 3
CLK low pulse width ter 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 7 8
fﬁ'ﬁtg output CAS latency=2 | tshz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is-longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.

O ”
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KM44S54020B CMOS SDRAM
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE 1

KM44S4020BT-8 (Unit : number of clock)
125MHz (B.Oné) 3 10 6 3 2 ) 3 1 1 |
100MHz (10.0ns) 3 8 5 2 2 3 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1

KM4454020BT-10 (Unit : number of clock)

100MHz (10.0ns)

- : : : - - i
83MHz (12.0ns) 3 2 3 1 1 1
75MHz (13.0ns) 2 2 2 1 1 1
66MHz (15.0ns) 2 2 2 1 1 1
60MHz (16.7ns) 2 2 2 1 1 1
KM4454020BT-12 (Unit: number of clock)
83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

ELECTRONICS




KM44S4020B

CMOS SDRAM

SIMPLIFIED TRUTH TABLE
Register Mode Register Set L L L L X OP CODE 1,2
Auto Refresh 3
- L L L H X X
nt 3
Refresh Self id
Refresh Exit L H H H X X 3
H X X 3
Bank Active & Row Addr. L L H H X Vv Row Address
Read & Auto Precharge Disable L H L H X v L ::;umn 4
ress
Column Address Auto Precharge Enable H (Ro~As) | 4 5
Write & Auto Precharge Disable L H L L X y L E:‘I’umn 4
ress
Column Address Auto Precharge Enable H (Po~P9) | 4,5
Burst Stop L H H L X X 6
Bank Selection \
Precharge L L H L X X
Both Banks X
Ent H X X X X
Clock Suspend or nry
Active Power Down L M v M X
Exit X X X X X
H X X X
Entry X
L H H H
Precharge Power Down Mode X
. H X X X
Exit X
L v \Y \"
DQM X v X 7
" H X X X
No Operation Command X X
L H H H

Note : 1. OP Code : Operand Code

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Ao ~ A10/AP, BA : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.
4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRP after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

s ungg
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KM48S2020B

CMOS SDRAM

1M x 8Bit x 2 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Dual banks operation
MRS cycle with address key programs
-. CAS Latency (1,2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation
DQM for masking
Auto & self refresh
64ms refresh period (4K cycle)

.

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The KM48S20208B is 16,777,216 bits synchronous- high data
rate Dynamic RAM organized as 2 x 1,048,576 words by 8 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock {/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications. ‘

ORDERING INFORMATION

_ PartNO. | MAXFreq. | Interface | Package
KM48S2020BT-G/F8 125MHz 44
KM48S2020BT-G/F10 100MHz LVITL | TsoP(l)
KM4852020BT-G/F12 83MHz

1

' S 1 LWE
Data Input Register I‘——-— f:;;’
3 & Lbam
Bank Select
2
g 5 g Mx 8 ® 2
8 g z 7 g
20 o o = 1> DQi
2 o2 2 > z
CLK — % g ‘? g 1Mx 8 % @
@ o -
ADD — & TT— — ]
a ]
@ - - -—-[ Column Decoder J
o 0 o
5 % 2
o ‘—L Latency & Burst Length
g i
LCKE ’ Programming Register ’
LRAS LCBR LWE LCAS LWCBR Lbam
[ Timing Register l
CLK CKE cs RAS CAS WE DQM

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM48S2020B CMOS SDRAM
PIN CONFIGURATION (TOP VIEW)

Voo g1 ° 44 p Vss

DQO g2 43 p DQ7

Vssa 00 3 42 B Vssa

DQ1 g4 410 DQB

Voba g5 40 B Voba

DQ2 6 39 p DQ5

Vssa 7 38 p Vssa

DQ3 g8 37 p bQ4

Vopa 09 36 p Vbba

N.C g 10 35p N.C/RFU

N.C g 11 34p NC

_WE g12 33 p DQM

CAS 013 32p CLK

RAS 414 31p CKE
Cs g15 30p NC
BA 016 290 A9

A10/AP Q17 28 A8

A0 O18 27 p A7
A1 019 26 p A6
A2 0020 25p[ A5 44PIN TSOP (ll)
A3 021 240 A4 (400mil x 725mil)
Voo 022 23 Vss (0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

CLK System Clock Active on the positive going edge to sample all inputs.

= . Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.

Ao~ AOIAP | Address Row address ;: RAo ~ RA10, column address : CAo ~ CAs
Selects bank to be activated during row address latch time.

BA Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

e » Enables write operation and row precharge.

WE ) :

Wiite Enable Latches data in starting from CAS, WE active.

Makes data output Hi-Z, tsHz after the colck and masks the output.

bam Data Input/Output Mask Blocks data input when DQM active.

DQo ~7 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VDD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VboalVssa | Data Output Powsr/Ground Isolated power supply and ground for the output buffers to provide improved noise
immunity.

N.C/RFU ggsc;%’:jgi;’%‘ws Use This pin is recommended to be left No Connection on the device.

L= v
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KM48S2020B

CMOS SDRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss

VIN, VouT

-1.0~46

Voltage on VDD supply relative to Vss VoD, Vbba -1.0~486

Storage temperature TsTG -55 ~+150 T

Power dissipation Po 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.

Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=0to 70C)

Vop, Vbba 3.0 36 \
Input logic high votlage VIH 2.0 3.0 VDD+0.3 Vv 1
Input logic low voltage ViL -0.3 0 0.8 Y 2
Output logic high voltage VoH 24 - - \ loH = -2mA
Output logic low voltage VoL - - 0.4 Y loL =2mA
Input leakage current I -5 - 5 UA 3
Output leakage current loL -5 - 5 UuA 4

Note : 1. ViH (max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL (min) = -1.5V AC for pulse width < 10ns acceptable.
3. Any input 0V = VIN < VpD + 0.3V, all other pins are not under test = OV.
4. Dout is disabled, 0V< VouT < VDD.

Input capacitance (Ao ~ A10/AP, BA)

Input capacitance

(CLK, CKE, TS, RAS, TAS, WE & DQM)

Data input/output capacitance (DQo ~ DQ7)

ELECTRONICS
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KM4852020B CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, Ta=0to 70C)

Operating Current Burst Length =1
= .
(One Bank Active) lect :Zf = toRi-('z'“) 125 | 120 | 105 | mA 1
Precharge Standby Current | lcc2P CKE=ViL(max), tcc = 15ns 1 mA
in power-down mode Icc2PS | CKE & CLK<ViL{max), tcc = 1
lcc2N CKE =ViH(min), CS = ViH(min), tcc = 15ns 25
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK<ViL(max), tcg = o
lcc2NS . 12
Input signals are stable
Active Standby Current lccaP CKE =ViL{max), tcc = 15ns 4 mA
in power-down mode lccaPS | CKE & CLK<Vi(max), toc = o 3
lccaN CKE = ViH(min), TS = ViH(min), tcc = 15ns 40 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode - -
(One Bank Active) lccaNs | CKE=ViH(min), CLK=ViL(max), toc = o5 mA
Input signals are stable
3 135 110 95
@ Same Row 2 100 90 80 mA 1
Operating Current loL =0 mA 1 65 60 55
Burst Mod lcca Page Burst
(Burst Mode) tcep = 2CLKs 3 200 | 180 | 155
@ Different Row 2 165 | 150 | 130 | mA 1
1 135 125 110
Refresh Current lccs tRCc2tRc(min) 85 mA 2
1 mA 3
Seif Refresh Current lccs CKE=0.2V
250 uA 4

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM48S2020BT-G*
4. KM48S2020BT-F**

o 28
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KM48S2020B CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD =3.3v+0.3V, Ta= 0 to 70C)

Input levels (Vih/Vil) 24/04
Input timing measurement reference level 1.4 \
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 Vv
Output load condition See Fig. 2

3.3v o Vit=1.4v

12002 50Q
Output o b . VOH (DC) = 2.4V, loH = -2mA Output ©
utp VoL (DC) = 0.4V, loL = 2mA pu
8709 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
Row active time tRAS(min) 48 50 60 ns 1
tRAS(max) 100 us
Row cycle time @Operation tRC(min) 80 80 90 ns 1
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tCDL(min) 1 CLK 2
Last data in to row precharge RDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tccD(min) 1 CLK 3
' CAS latency=3 2
'::t':ut;e;:t;"a"d CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRrc after self refresh exit.

I :
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KM48S2020B | CMOS SDRAM

AC CHARACTER|3T|CS (AC operating conditions unless otherwise noted)

CAS Latency=3 8 10 r_ 12 T
CLK cycle time CAS Latency=2 tcc 12 1000 13 1000 - 15 1000 ns 1
CAS Latency=1 24 26 30
CAS Latency=3 6 7
‘:Lll-t';l:: c‘i/;';?l CAS Latency=2 | tsac 7 8 o nso| 2
CAS Latency=1 20 22 24
CAS Latency=3 3 3 3
ﬁ;;p:;fta CAS Latency=2 | toH 3 3 3 ns 2
CAS Latency=1 5 5 5
CLK high pulse width tcH 3 3.5 4 ns 3
CLK low pulse width tcL 3 3.5 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsL.z 1 1 1 ns 2
CAS latency=3 6 7 8
ﬁ",ﬁtg output CASlatency=2 | tshz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.

o 3°
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KM48S2020B CMOS SDRAM
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM48S2020BT-8 (Unit : number of clock)
o | e e R e e e LR

F coloto | 80ns I d4Bns: o 20ns: 16ns  24ns 8ns |  8ns - 8ns ‘
125MHz (8.0ns) 3 10 6 3 2 3 1 1 1
100MHz (10.0ns) 3 8 5 2 2 3 1 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1

KM48S2020BT-10 (Unit : number of clock)

| Latenoy | gons | sons | 26ns 20ns 2ns | 10ns | 10ns 10ns

100MHz (10.0ns) 3 8 5 3 2 3 A 1 1
83MHz (12.0ns) 3 7 5 3 2 3 1 1 1
75MHz (13.0ns) 2 4] 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 ~] 1 1

KM48S2020BT-12 (Unit : number of clock)

e | =R w i w Jm e e e
o . LAtency. | gons: | 60ns | 30ns | 24ns | 30ns | 12ns | 12ns | 2ns

83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

Piamsuneg | T
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KM48S2020B CMOS SDRAM

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
Refresh Exit L PN L L L L X 3
H X X 3
Bank Active & Row Addr. H X L L H H X \% Row Address
Read & Auto Precharge Disable L Column 4
Column Address H X L H L H S v !
Auto Precharge Enable H (Ro~Rs) | 4,5
Write & Auto Precharge Disable H X L H L L X v L ggcljumn 4
ress
Column Address Auto Precharge Enable H ho~he) | 4,5
Burst Stop H X L H H L X X 6
) Bank Selection A
Precharge H X L L H L X X
Both Banks X
Entry H L H X X X X
Clock Suspend or
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L \" \ \"
DQM H X \ X 7
. H X X X
No Operation Command H X X X
: i L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code
Ao ~ A10/AP, BA : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Autofself refresh can be issued only at both banks prechérge state.
4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.
During burst read or write with auto precharge, new read/rite command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trRp after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

o 32
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KM416S1020B

CMOS SDRAM ‘

512K x 16Bit x 2 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Dual banks operation
MRS cycle with address key programs
-. CAS Latency (1,2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interieave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation
DQM for masking
Auto & self refresh

-

-

.

-

GENERAL DESCRIPTION

The KM416S1020B is 16,777,216 bits synchronous high data
rate Dynamic RAM organized as 2 x 524,288 words by 186 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock I/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

ORDERING INFORMATION

. B4ms refresh period (4K cycle) Part NO.* | MAX Freq. | Interface | Package
KM416S1020BT-G/F8 125MHz 50
KM416S1020BT-G/F10 | 100MHz LVTTL | TSOP(Il)
KM416S1020BT-G/F 12 83MHz
FUNCTIONAL BLOCK DIAGRAM
S t— LWE
l Data Input Register }'— g
3 - LbaM
Bank Select L
P
S 3 512K x 16 P 2
& 2 2 @ 2
5 b3 o o ~+ > DQi
2 oF 8 > z
CLK— & g3 g 512K x 16 3 oy
@ a = -
ADD — & T — T
g,
@ e = —ﬂ Column Decoder J
T 0 o]
5 % .
o <—’ Latency & Burst Length
g i
LCKE 1 Programming Register ‘
LRf\S LCTBR LVTVE TLCAS LWCBR L.DQM
Timing Register | |
CLK CKE Cs RAS CAS WE LU)DQM

* Samsung Electronics reserves the right to
change products or specification without
notice.

L= msuieg
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KM416S1020B

PIN CONFIGURATION (TOP VIEW)

Vbp
DQo
DQ1

Vssa
DQ2
DQ3

Voba
DQ4
DQ5

Vssa
DQ6
DQ7

Voba

LDQM

WE
CAS
RAS

Cs

BA
A10/AP
A0

A1

A2

A3

Vbbp

CMOS SDRAM
o

1 50 Vss
d2 49p DQ15
R E 48P DQ14
g4 47 A Vssa
ds 46 b DQ13
de 45p DQ12
a7 44 1 Vpba
s 43p paM
do 420 DQ10
010 41 Vssa
d11 40 DQ9
d12 39p DQ8
g13 38 p Voba
d 14 37 N.C/RFU
d15 36 UDQM
16 350 CLK
d17 34 CKE
g8 33p N.C
d19 32 A9
d20 31 A8
d21 30 A7
d22 291 AG
q23 8P AS 50PIN TSOP (Il)
q24 27 P Ad (400mil x 825mil)
g25 26 A Vss

(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

PN 5 Name E : . input Funcﬁon 5
CLK System Clock Active on the positive going edge to sample all inputs.
—— . Disables or enables device operation by masking or enabiing all inputs except
cs Chip Select CLK, CKE and L(U)DQM
Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
- Row / column addresses are multiplexed on the same pins.
Ao~ AODIAP | Address Row address : RA0 ~ RA10, column address : CAo ~ CA7
Selects bank to be activated during row address latch time.
t A
BA Bank Select Address Selects bank for read/write during column address latch time.
RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS fow.
Enables row access & precharge.
TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.
—_— . Enables write operation and row precharge.
WE Write Enable Latchés data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.
LU)DAM | Data Input/Output Mask Blocks data input when L{U)DQM active.
DQo ~ 15 Data Input/Output Data inputs/outputs are multiplexed on the same pins.
Vop/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.
VobaVssa | Data Output Power/Ground :;Or:,a:igy power supply and ground for the output buffers to provide improved noise
N.C/RFU No Connsction/ This pin is recommended to be left No Connection on the device.
Reserved for Future Use

L msuyg
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KM416S1020B CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS

 Parameter |  symbol | Tvale | T
Voltage on any pin relative to Vss VIN, Vout -1.0 ~ 4.6 \%
Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~486 \
Storage temperature TsTG -55 ~+150 c
Power dissipation PD 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=01t0 70T)
 Parameter | Symbol | M | Typ | Max | Unit |  Note
Supply voltage VoD, Vbba 33 36 \
Input logic high votlage ViH 20 3.0 Vop+0.3 \% 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 24 - - Y IoH = -2mA
Output logic fow voltage Vor - - 0.4 \" loL = 2mA
Input leakage current he -5 - 5 uA
Output leakage current loL -5 - 5 UuA

Note : 1. ViH (max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL (min) = -1.5V AC for pulse width = 10ns acceptable.
3. Any input OV = VIN = VDD + 0.3V, all other pins are not under test = 0V.
4. Dout is disabled, 0V = Vout < VpD.

CAPACITANCE (Voo =3.3V, TA=25C, f= 1MHz)
. Paameter . | Symbol | = Mn | Max | Unit
Input capacitance (Ao ~ A10/AP, BA) CINt 2 4 pF

Input capacitance

(CLK, CKE, CS, RAS, TAS, WE & L(U)DQM) Cinz 2 4 PF

Data input/output capacitance (DQo ~ DQ15) Cout 2 5 pF

ELECTRONICS



KM416S1020B CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70C)

Parameter Lo Test Condition
. Burst Length =1
Operating Current N X
(One Bank Active) lcct ﬁfi?zﬁzm) 135 130 115 mA 1
Precharge Standby Current | lcc2P CKE =Vi{max), tcc = 15ns 1 A
in power-down mode lcc2PS | CKE & CLK<ViL(max), toc = 1
lccaN CKE = ViH(min), TS = ViH(min), tcc = 15ns 25
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode | || CKE=Vin(min), CLK= ViL(maXx), toc = o "
Input signals are stable
Active Standby Current Icc3P CKE =Vi(max), tcc = 15ns 4 mA
in power-down mode IccaPS | CKE & CLK< Vi(max), tcc = 3
CKE = ViH(min), CS 2 VIH(min), tcc = 15ns
Active Standby Current lccaN Input signals are changed one time during 30ns 40 mA
in non power-down mode - =V
(One Bank Active) CKE = ViH(min), CLK=ViL(max), tcc = ®
IccaNS Input signals are stable % mA
3 140 120 100
@ Same Row 2 105 | 100 85 mA 1
! loL=0mA
1 70 65 60
OBperet:t:S 9 dCurrent lcca Page Burst
(Burst Mode) tcep = 2CLKs 3 215 | 200 | 175
@ Different Row 2 175 160 140 mA 1
1 140 130 115
Refresh Current lccs tRc =trRc(min) 85 mA 2
1 mA 3
Self Refresh Current lecs CKE=0.2V
250 uA 4

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM41651020BT-G**
4. KM416S1020BT-F**
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KM416S1020B CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD =3.3v+0.3V, TA=01070C)

Input levels (Vih/Vil) 24/04 "
Input iming measurement reference level 14 ) \'
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 \
Output load condition See Fig. 2

3.3v o Vit=1.4V

12000 5080
Outout o——— o & . VoH (DC) = 2.4V, loH = -2mA Outout ©
utpu VoL (DC) = 0.4V, loL = 2mA pu
8709 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
X @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcoL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceo(min) 1 CLK 3
CAS latency=3 2
Number of valid
output data CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trFc after self refresh exit.
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KM416S1020B ' CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CAS Latency=3 8 10 12

CLK cycle time CAS Latency=2 tce 12 1000 13 1000 15 1000 ns 1
CAS Latency=1 24 26 30
CAS Latency=3 6 7 8

CLK to valid

output delay CAS Latency=2 tsAc 7 8 ns 1,2
CAS Latency=1 20 22 24
CAS Latency=3 3 3 3

Output data —

hold time CAS Latency=2 toH 3 3 3 ns 2
CAS Latency=1 5 5 5

CLK high pulse width tcH 3 35 4 ns 3

CLK low pulse width teL 3 3.5 4 ns 3

Input setup time tss 2 25 3 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 7

CLK to output N

in Hi-Z CAS latency=2 tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (ir/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + t)/2-1]ns should be added to the parameter.
38
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KM416S1020B CMOS SDRAM
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM416S1020BT-8 (Unit : number of clock)
‘ CAS tre tRAS. RP. | tRRD tReb | teep | teon | tRoL
Frequency Latency’ _ i ; g K B i

: : - | 80ns _48ns 20ns . 16ns 24ns. | 8ns | Bns 8ns
125MHz (8.0ns) 3 10 6 3 2 3 1 1 1
100MHz (10.0ns) 3 8 5 2 2 3 1 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
KM416S1020BT-10 (Unit : number of clock)
- | cas | tre | tras | tme | twRD | tmep | teep | teoL | tmoL
. Frequency Lat e - ; T R - e
- Latency | sons | 50ns 26ns | 20ns | 26ns | 1Ons | MOns | fOns
100MHz (10.0ns) 3 8 5 3 2 3 1 1 1
83MHz (12.0ns) 3 7 5 3 2 3 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 1 1
KM416S1020BT-12 (Unit : number of clock)
e Ccas ]l ome | s e | tro | treo | teco | teor | tRoL
©- Frequency L%AS Lore o R R gt Bashuniatis e
- Latency | ogons | 6Ons | 30ns | 2ans | 30ns | 1 _M2ns | o 12ns
83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1
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KM416S10208 | CMOS SDRAM

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
Refresh Exit L H L H H H X X 3
H X X X 3
Bank Active & Row Addr. H X L L H H X \ Row Address
Read & Auto Precharge Disable H X L H L H x v L ;J:‘Ijumn 4
ress
Column Address Auto Precharge Enable H (fo~AT) | 45
Write & Auto Precharge Disable H X L H L L X v L ::;umn 4
ress
Column Address ™\ o Precharge Enable H Wo~An) | 4,5
Burst Stop H X L H H L X X 6
Bank Selection \ L
Precharge H X L L H L X X
Both Banks X H
Entry H L H X X X X
Clock Suspend or n
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L \ \ Y
bam H X " X 7
H X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code

Ao ~ A10/AP, BA : Program keys. (@MRS)

2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto”.
Auto/self refresh can be issued only at both banks precharge state.

4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)
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KM416S1021B

CMOS SDRAM

512K x 16Bit x 2 Banks Synchronous DRAM

FEATURES

« JEDEC standard 3.3V power supply
« SSTL_3 (Class Il) compatible with multiplexed address
« Dual banks operation
« MRS cycle with address key programs
-. CAS Latency (2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interleave)
« Allinputs are sampled at the positive going edge of the system
colck
« Burst Read Single-bit Write operation
» DQM for masking
« Auto & self refresh

GENERAL DESCRIPTION

The KM416S1021B is 16,777,216 bits synchronous high data
rate Dynamic RAM organized as 2 x 524,288 words by 16 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock I/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

ORDERING INFORMATION

« B64ms refresh period (4K cycle) S partNO: - | MAXFreq. | Interface| Package
KM416S1021BT-G7 143MHz SSTL_3 50
KM416S1021BT-G8 125MHz | (Class Il) | TSOP(l})
FUNCTIONAL BLOCK DIAGRAM
S b+ LWE
| Data Input Register }‘————~ g
3 [~ LDQM
Bank Select
20
23 2 512K x 16 o 2
g ¢ 2 2 g
g = o o ~ —— DQi
z o2 8 2 o
8 @ =
ADD — g T I — T
— | —
[
@ L —-[ Column Decoder [
D 0 [e]
5 % :
g ‘-——1 Latency & Burst Length
g I
LCKE ' Programming Register I
LR{\S LCTBR LVfIE TLCAS LWCBR LDQM
r Timing Register I l
CLK CKE cs RAS CAS WE LubaMm

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM416S1021B CMOS SDRAM
PIN CONFIGURATION (TOP VIEW)
)
Vop 41 50 Vss
DQO g2 49 DQ15
DQ1 43 48p DQ14
Vssa 04 47 B Vssa
DQ2 g5 46 p DQ13
DQ3 g6 45p DQ12
Voba Q7 44 p Voba
DQ4 08 433 DQ11
DQ5 09 42k DQ10
Vssa 410 41 Vssa
DQ6 411 40 p DQ9
DQ7 012 390 DQ8
Voba O 13 38 p Vopa
LDQM g 14 37 B VREF
WE g15 36 p UDQM
CAS 16 35p@ CLK
RAS d17 34p CKE
cS g18 33 NC
BA 019 32p A9
A10/AP 20 31p A8
A0 d21 30p A7
A1 d22 29 b A6
A2 423 8P AS 50PIN TSOP (Il)
A3 924 27 p Ad (400mil x 825mil)
Voo 025 260 Vss
(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

__Pin | . Name - _InputFunction

CLK System Clock Active on the positive going edge to sample all inputs.

e . Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and L(U)DQM
Masks system colck to freeze operation from the next clock cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.

Ao~ AOIAP | Address Row address : RAo ~ RA10, column address : CAo ~ CA7
Selects bank to be activated during row address latch time.

BA Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

— . Enables write operation and row precharge.

WE White Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

Lu)Dam Data Input/Output Mask Blocks data input when L(U)DQM active.

DQo~ 15 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VDD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VopalVssa | Data Output Power/Ground ilrsnor:"a‘.t':ic:y power supply and ground for the output buffers to provide improved noise

VREF Reference Voltage Reference voltage for inputs.

<
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KM4165S1021B CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS

’ » Patameter I .:v: i : .:_Symbol} o - T 2 Value- - o ™ Uvnit,
Voltage on any pin relative to Vss VIN, Vout -1.0~46 \
Voltage on VoD supply relative to Vss Vop, Voba -1.0~46 Vv
Storage temperature Tst6 -55 ~ +150 c
Power dissipation Po 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0t0 70TC)
~ Parameter | symbol | Min | Typ | Max | Unit |  Note
Device supply voltage Vbbb Voba - 36 \% 1
Output supply voltage Vbba 3.0 33 3.6 \% 1
Input reference voltage VREF 1.3 1.5 17 \% 2,3
Termination voltage Vit VREF-0.05 VREF VREF+0.05 \%
Input logic high votlage VIH VREF+0.2 - Vop+0.3 \" 1
Input logic low voitage ViL -0.3 0 VREF-0.2 Y 2
Output logic high voltage VoH Vitt+0.8 - - Vv 5
Output logic low voltage VoL - - Vit-0.8 \Y) 5
Input leakage current ) I -5 - 5 uA 6
Output leakage current lou -5 - 5 uA 7

Note : 1.Under all conditions, VDba must be less than or equal to Vob.
2. Typically, the value of VREF is expected to be about 0.45 *Vbpa of the transmitting device.
VREF is expected to track variations in Vbba.
3. Peak to peak AC noise on VREF may not exceed 2% VREF (DC)
4. Vit of transmitting device must track VREF of receiving device.
5. Voltage level measured at device pin with loH/loL = -16mA/16mA.
6. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = 0V.
7. Dout buffer is disabled, 0V < Vout < Vpp.

CAPAClTANCE (Vop =3.3V, TA=25C, f = 1MHz)

Parameter | symbol | Min |  Max | . umt
Input capacltance (Ao ~ A10/AP, BA) Cint 2 4 pF
Input capacitance
(CLK, CKE, TS, RAS, CAS, WE & L(U)DQM) Cinz 2 4 PF
Data input/output capacitance (DQo ~ DQ15) Cout 2 5 pF

o :
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KM416S51021B CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=01t0 70T)

e o ’ ‘ "{CA:S,
: Burst Length =1

Operating Current Icct fRCZtRe(min) 145 | 130 | mA 1
(One Bank Active) 10=0 mA
Precharge Standby Current | lcc2P CKE = Vi(max), tcc = 15ns mA
in power-down mode lcc2PS | CKE & CLK<ViL(max), toc =

lccaN CKE = ViH(min), CS=ViH(min), tcc = 15ns 30
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK < ViL(max), tcc =

lccaNS . 15

Input signals are stable

Active Standby Current lccaP CKE < VIL(maXx), tcc = 15ns A
in power-down mode lccsPS | CKE & CLK= ViL(max), tec = 4

lccaN CKE = ViH(min), TS = VIH(min), tcc = 15ns 50 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode OKE = Vir(min), CLK = Vir(ma),
(One Bank Active) = VIH(min), < ViL(max), tcc = ©

IccaNS Input signals are stable 35 mA

. lo=0mA 3 170 150

Operating Current lccs Page Burst mA 1
(Buret Mode) toep = 2CLKs 2 105 100
Refresh Current lccs trRC =tRC(min) 95 85 mA 2
Self Refresh Current Icce CKE < ViL(max) 2 mA 3

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM416S1021BT-G**

L= ung | )
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KM41651021B

CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD = 3.3V£0.3V, TA= 010 70C)

: Param‘gte'f - Value Unit
Input reference voltage 0.45 *Voba \%
Input signal maximum peak swing 2.0 \
Inout signal minimum siew rate 1.0 V/ns
AC Input levels (Vih/Vil) VREF+0.4 / VREF-0.4 \%
Input timing measurement reference level VREF \
Output timing measurement reference level vit \%
Output load condition See Fig. 1

VREF=0.45 * VDDQ ‘D

CLoAD=30pF

(Fig. 1) Output Load Circuit

rwise noted)

OPERATING AC PARAMETER (AC operating conditions unless othe

' - . . Veraion:
Parameter. Symbol e :
Row active to row active delay tRRD(min) 14 16 ns 1
RAS to CAS delay tRCD(min) 21 24 ns 1
Row precharge time tRP(min) 21 24 ns 1
o tRAS(min) 48 56 ns 1
Row active time
tRAS (max) 100 us
@Operation tRC(min) 70 80 ns 1
Row cycle time
@Auto refresh | tRFC(min) 77 88 ns 1,5
Last data in to new coi. address delay tCDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tCcCD(min) 1 CLK 3
CAS latency=3 2
Number of valid output data ea 4
CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.

5. A new command may be given trRFc after self refresh exit.

s ugg
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KM416S1021B

CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

... Parameter . o o = Unit |
e Min o Max b M by
CAS latency=3 7 8
CLK cycle time tcc 1000 1000 ns 1
CAS latency=2 13 15
i CAS latency=3 55 6
SLIK to valid output Y tSAC ns 1,2
elay CAS latency=2 7
Output data hold time toH 2.5 25 ns 2
CLK high pulse width tcH 3 3 ns 3
CLK low pulse width tcL 3 3 ns 3
Input setup time tss 2 25 ns 3
Input hold time tsH 1 1 ns 3
CLK to outputin Low-Z tsL.z 1 1 ns 2
CAS latency=3 55 6
OLK o autput = s s
In Hi- CAS latency=2 7 8
Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
46
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KM416S1021B

CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM416S1021BT-G7

. Ffequéncy :

- cAs

tRAS

tRRD

tRcp

© tecp

| feno

(Unit : number of clock)

Latency -

48ns

“21ns

| tans.

Co2Mns |

ns | 7ns

 _7n's

143MHz (7.0ns)

125MHz (8.0ns)

1
1

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

NN w|lw] w] w

B AN I, [ )}

N[N wl w

NINININ(N

NININ]Ww W] w

Al alalalal

Al alal a] o

Al Al af -

KM416S1021BT-G8

(Unit : number of clock)

requency | &

| " trRD -

- tRCD.

feo. | fROL

| tens |

24ns

| teeo |

125MHz (8.0ns)

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

60MHz (16.7ns)

N[NNI NN

NN Ww| N w
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KM416S1021B , CMOS SDRAM

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H . 3
H L L L H X X
Entt L 3
Refresh Self il
Refresh Exit L H L] AN LI [ X 3
H X X X 3
Bank Active & Row Addr. H X L L H H X \Y Row Address
Read & Auto Precharge Disable H X L H L H X v L Column 4
Column Address Auto Precharge Enable H (Po~A7) | 4,5
Write & Auto Precharge Disabie H X L " L L X v L ::(l’umn 4
ress
Column Address ™+ Precharge Enable H | @) | 45
Burst Stop H X L H H L X X 6
Bank Selection Vv
Precharge H X L L H L X X
Both Banks X
Entry H L H X X X X
Clock Suspend or
Active Power Down L v v v X
Exit L H X X X X X
. H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L \" \' Vv
DamMm H X \ X 7
. H X X X
No Operation Command H X X X
H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code

Ao ~ A10/AP, BA : Program keys. (@MRS)

2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.

4. BA : Bank select address.
if "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

aaar »‘"’
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DEVICE OPERATIONS - | CMOS SDRAM

MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with MRS

Function RFU RFU WB.L ™ CAS Latency BT Burst Length

0 0 Mode Register Set 0 0 0 | Reserved 0 Sequential | 0 { 0 | O 1 1

0] 1 Reserved 0 0 1 1 1 Interleave 0 0 1 2 2

1 0 Reserved 0 1 0] 2 0 1 0 4 4

1 1 Reserved 0 1 1 3 0 1 1 8 8
1 0 0 | Reserved 1 0 Q0 |Reserved |Reserved
Ao Length 1 0 1 | Reserved 1 0 1 |Reserved |Reserved
0 Burst 1 1 0 | Reserved 1 1 0 |Reserved |Reserved
1 Single Bit 1 1 1 | Reserved 1 1 1 |Full Page |Reserved
Full Page Length : x4 (1024), x8 (512}, x16 (256)

POWER UP SEQUENCE

1. Apply power and start clock, Attempt to maintain CKE="H", DQM= "H" and the other pins are NOP condition at the inputs.
2. Maintain stable power, stable clock and NOP input condition for a minimum of 200us.

3. Issue precharge commands for all banks of the devices.

4. Issue 2 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode register.

cf.) Sequence of 4 & 5 is regardless of the order.

The device is now ready for normal operation.

Note : 1. If Agis high during MRS cycle, "Burst Read Single Bit Write" function will be enabled.
2. RFU (Reserved for future use) should stay "0" during MRS cycle.

PSinsungg ’
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CMOS SDRAM

DEVICE OPERATIONS - |

BURST SEQUENCE (BURST LENGTH = 4)

BURST SEQUENCE (BURST LENGTH = 8)

52
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DEVICE OPERATIONS - |

CMOS SDRAM

DEVICE OPERATIONS

CLOCK (CLK)

The clock input is used as the reference for all SDRAM opera-
tions. All operations are synchronized to the positive going edge
of the clock. The clock transitions must be monotonic between
ViL and VIH. During operation with CKE high all inputs are
assumed to be in valid state (low or high) for the duration of set-
up and hold time around positive edge of the clock for proper
functionality and lcc specifications.

CLOCK ENABLE (CKE)

The clock enable(CKE) gates the clock onto SDRAM. If CKE
goes low synchronously with clock (set-up and hold time same
as other inputs), the internal clock is suspended from the next
clock cycle and the state of output and burst address is frozen
as long as the CKE remains low. All other inputs are ignored
from the next clock cycle after CKE goes low. When all banks
are in the idle state and CKE goes low synchronously with clock,
the SDRAM enters the power down made from the next clock
cycle. The SDRAM remains in the power down mode ignoring
the other inputs as long as CKE remains low. The power down
exit is synchronous as the internal clock is suspended. When
CKE goes high at least "1CLK + tss" before the high going edge
of the clock, then the SDRAM becomes active from the same
clock edge accepting all the input commands.

BANK ADDRESS (BA)
:Incasex 4

This SDRAM is organized as two independent banks of
2,097,152 words X 4 bits memory arrays. The BA inputis latched
at the time of assertion of RAS and CAS to select the bank to be
used for the operation. The bank select BA is latched at bank
active, read, write, mode register set and precharge operations.

:Incasex 8

This SDRAM is organized as two independent banks of
1,048,576 words x 8 bits memory arrays. The BA inputis latched
at the time of assertion of RAS and CAS to select the bank to be
used for the operation. The bank select BA is latched at bank
active, read, write, mode register set and precharge operations.

:In casex 16

This SDRAM is organized as two independent banks of 524,288
words x 16 bits memory arrays. The BA input is latched at the
time of assertion of RAS and CAS to select the bank to be used
for the operation. The bank select BA is latched at bank active,
read, write, mode register set and precharge operations.

ADDRESS INPUTS (A0 ~ A10/AP)

:In case x 4

The 21 address bits are required to decode the 2,097,152 word
locations are multiplexed into 11 address input pins (Ao ~ A1o0/
AP). The 11 bit row addresses are latched along with RAS and
BA during bank activate command. The 10 bit column
addresses are latched along with CAS, WE and BA during read
or write command.

:Incasex 8

The 20 address bits are required to decode the 1,048,576 word
locations are multiplexed into 11 address input pins (Ao ~ A10/
AP). The 11 bit row addresses are latched along with RAS and
BA during bank activate command. The 9 bit column addresses
are latched along with CAS, WE and BA during read or write
command.

:In case x 16

The 19 address bits are required to decode the 524,288 word
locations are multiplexed into 11 address input pins (Ao ~ A1o/
AP). The 11 bit row addresses are latched along with RAS and
BA during bank activate command. The 8 bit column addresses
are latched along with CAS, WE and BA during read or write
command.

NOP and DEVICE DESELECT

When RAS, CAS and WE are high, the SDRAM performs no
operation (NOP). NOP does not initiate any new operation, but
is needed to complete operations which require more than sin-
gle clock cycle like bank activate, burst read, auto refresh, etc.
The device deselect is also a NOP and is entered by asserting
TS high. S high disables the command decoder so that RAS,
CAS, WE and all the address inputs are ignored.

POWER-UP
1. Apply power and start clock, Attempt to maintain CKE="H",

DQM= "H" and the other pins are NOP condition at the
inputs.
2. Maintain stable power, stable clock and NOP input condition
for a minimum of 200us.
- Issue precharge commands for both banks of the devices.
Issue 2 or more auto-refresh commands.
5. Issue a mode register set command to initialize the mode
register.
cf.) Sequence of 4 & 5 is regardless of the order.

~w

The device is now ready for normal operation.
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DEVICE OPERATIONS - |

CMOS SDRAM

DEVICE OPERATIONS (Continued)

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the various
operating modes of SDRAM. it programs the CAS latency, burst
type, burst length, test mode and various vendor specific options
to make SDRAM useful for variety of different applications. The
default value of the mode register is not defined, therefore the
mode register must be written after power up to operate the
SDRAM. The mode register is written by asserting low on TS,
RAS, TAS and WE (The SDRAM should be in active mode with
CKE already high prior to writing the mode register). The state of
address pins Ao ~ A10/AP and BA in the same cycle as TS,
RAS, CAS and WE going low is the data written in the mode
register. Two clock cycles is required to complete the write in the
mode register. The mode register contents can be changed
using the same command and clock cycie requirements during
operation as long as all banks are in the idle state. The mode
register is divided into various fields depending on functionality.
The burst length field uses Ao ~ A2, burst type uses A3, CAS
latency (read latency from column address) uses A4 ~ As, ven-
dor specific options or test mode use A7 ~ As, A10/AP and BA.
The write burst length is programmed using As. A7 ~ As, A10/AP,
BA must be set to low for normal SDRAM operation. Refer to the
table for specific codes for various burst length, burst type and
CAS latencies.

BANK ACTIVATE

The bank activate command is used to select a random row in
an idle bank. By asserting low on RAS and CS with desired row
and bank address, a row access is initiated. The read or write
operation can occur after a time delay of tRep(min) from the time
of bank activation. tRcD is an internal timing parameter of
SDRAM, therefore it is dependent on operating clock frequency.
The minimum number of clock cycles required between bank
activate and read or write command should be calculated by
dividing tRep(min) with cycle time of the clock and then rounding
off the result to the next higher integer. The SDRAM has two
internal banks in the same chip and shares part of the internal
circuitry to reduce chip area, therefore it restricts the activation
of two banks simultaneously. Also the noise generated during
sensing of each bank of SDRAM is high requiring some time for
power supplies to recover before the other bank can be sensed
reliably. tRRD{min) specifies the minimum time required between
activating different bank. The number of clock cycles required
between different bank activation must be calculated similar to
trRcD specification. The minimum time required for the bank to be

active to initiate sensing and restoring the complete row of
dynamic cells is determined by tRAs(min). Every SDRAM bank
activate command must satisfy tRAs(min) specification before a
precharge command to that active bank can be asserted. The
maximum time any bank can be in the active state is determined
by trRAs(max). The number of cycles for both trRAs(min) and
tras(max) can be calculated similar to tRcb specification.

BURST READ

The burst read command is used to access burst of data on con-
secutive clock cycles from an active row in an active bank. The
burst read command is issued by asserting low on CS and RAS
with WE being high on the positive edge of the clock. The bank
must be active for at least tRcb(min) before the burst read com-
mand is issued. The first output appears in CAS latency number
of clock cycles after the issue of burst read command. The burst
length, burst sequence and latency from the burst read com-
mand is determined by the mode register which is already pro-
grammed. The burst read can be initiated on any column
address of the active row. The address wraps around if the initial
address does not start from a boundary such that number of out-
puts from each 1/O are equal to the burst length programmed in
the mode register. The output goes into high-impedance at the
end of the burst, uniess a new burst read was initiated to keep
the data output gapless. The burst read can be terminated by
issuing another bu(st read or burst write in the same bank or the
other active bank or a precharge command to the same bank.
The burst stop command is valid at every page burst length.

BURST WRITE

The burst write command is similar to burst read command and
is used to write data into the SDRAM on consecutive clock
cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on CS, CAS and WE with valid
column address, a write burst is initiated. The data inputs are
provided for the initial address in the same clock cycle as the
burst write command. The input buffer is deselected at the end
of the burst length, even though the internal wiiting can be com-
pleted yet. The writing can be completed by issuing a burst read
and DQM for blocking data inputs or burst write in the same or
another active bank. The burst stop command is valid at every
burst length. The write burst can also be terminated by using
DQM for blocking data and procreating the bank trRoL after the
last data input to be written into the active row. See DQM
OPERATION also.
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DEVICE OPERATIONS - |

CMOS SDRAM

DEVICE OPERATIONS (Continued)

DQM OPERATION

The DQM is used to mask input and output operations. It works
similar to OE during read operation and inhibits writing during
write operation. The read latency is two cycles from DQM and
zero cycle for write, which means DQM masking occurs two
cycles later in read cycle and occurs in the same cycle during
write cycle. DQM operation is synchronous with the clock. The
DQM signal is important during burst interrupts of write with read
or precharge in the SDRAM. Due to asynchronous nature of the
internal write, the DQM operation is critical to avoid unwanted or
incomplete writes when the complete burst write is not required.
Please refer to DQM timing diagram also.

PRECHARGE

The precharge operation is performed on an active bank by
asserting low on TS, RAS, WE and A10/AP with valid BA of the
bank to be procharged. The precharge command can be
asserted anytime after tRAs(min) is satisfied from the bank active
command in the desired bank. {RP is defined as the minimum
number of clock cycles required to complete row precharge is
calculated by dividing trRP with clock cycle time and rounding up
to the next higher integer. Care should be taken to make sure
that burst write is completed or DQM is used to inhibit writing
before precharge command is asserted. The maximum time any
bank can be active is specified by tRAs(max). Therefore, each
bank activate command. At the end of precharge, the bank
enters the idle state and is ready to be activated again. Entry to
Power down, Auto refresh, Self refresh and Mode register set
etc. is possible only when both banks are in idle state.

AUTO PRECHARGE

The precharge operation can also be performed by using auto
precharge. The SDRAM internally generates the timing to satisfy
tras(min) and "tRP" for the programmed burst length and CAS
latency. The auto precharge command is issued at the same
time as burst read or burst write by asserting high on A10/AP. If
burst read or burst write by asserting high on A10/AP, the bank is
left active untii a new command is asserted. Once auto
precahrge command is given, no new commands are possible to
that particular bank until the bank achieves idle state.

BOTH BANKS PRECHARGE

Both banks can be precharged at the same time by using pre-
charge all command. Asserting low on CS, RAS, and WE with
high on A10/AP after both banks have satisfied tRas(min)
requirement, performs precharge on both banks. At the end of
trP after performing precharge all, both banks are in idle state.

AUTO REFRESH

The storage cells of SDRAM need to be refreshed every 64ms
to maintain data. An auto refresh cycle accomplishes refresh of
a single row of storage cells. The internal counter increments
automatically on every auto refresh cycle to refresh all the rows.
An auto refresh command is issued by asserting low on CS,
RAS and TAS with high on CKE and WE. The auto refresh com-
mand can only be asserted with both banks being in idle state
and the device is not in power down mode (CKE is high in the
previous cycle). The time required to complete the auto refresh
operation is specified by tRFc(min). The minimum number of
clock cycles required can be calculated by driving tRFC with
clock cycle time and them rounding up to the next higher integer.
The auto refresh command must be followed by NOP's until the
auto refresh operation is completed. Both banks will be in the
idle state at the end of auto refresh operation. The auto refresh
is the preferred refresh mode when the SDRAM is being used
for normal data transactions. The auto refresh cycle can be per-
formed once in 15.6us or a burst of 4096 auto refresh cycles
once in 64ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode for data
retention and low power operation of SDRAM. In self refresh
mode, the SDRAM disables the internal clock and all the input
buffers except CKE. The refresh addressing and timing is inter-
nally generated to reduce power consumption.

The self refresh mode is entered from both banks idle state by
asserting low on CS, RAS, CAS and CKE with high on WE.
Once the self refresh mode is entered, only CKE state being low
matters, all the other inputs including clock are ignored to remain
in the self refresh.

The self refresh is exited by restarting the external clock and
then asserting high on CKE. This must be followed by NOP's for
a minimum time of tRFc before the SDRAM reaches idle state to
begin normal operation. If the system uses burst auto refresh
during normal operation, it is recommended to use burst 4096
auto refresh cycles immediately after exiting self refresh.
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DEVICE OPERATIONS - | CMOS SDRAM

BASIC FEATURE AND FUNCTION DESCRIPTIONS

1. CLOCK Suspend

1) Clock Suspended During Write (BL=4) 2) Clock Suspended During Read (BL=4)
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2. DQM Operation
1) Write Mask (BL=4) ~ 2) Read Mask (BL=4)
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paeiz) {00 }(o Y7 00 ) (o 2
pacts) (oo Yo Y770 )+ " {ar (@ e )

DQM to Data-in Mask =0 DQM to Data-out Mask =2

3) DQM with Clock Suspended (Full Page Read) Note 2

CLK
- BB B e
DQM NEE @ s

I T e T
pQ(EL1) ar Qs j ”':'Z (as)— H"ZE a7 Y as Y as )
v ' : > v v

HiZ H HiZ

pact) T T BN & S ) S w5
. v T Wz e\ HiZ | HIZ

bt b o) () 2L (e )

*Note : 1. CKE to CLK disable/enable = 1CLK.
2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE " L"
3. DQM masks both data-in and data-out.
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DEVICE OPERATIONS - | CMOS SDRAM

3. CAS Interrupt (i)

Note 1
1) Read interrupted by Read (BL=4)
CLK
cMD . |

ADD
DQ(CL1)

; @ -
oo | m@mm@ ,
oy mmma

' tCCD “oon
"Note2

2) Write interrupted by Write (BL=2) 3) Write interrupted by Read (BL=2)

oo | GEED | L

oo Note2 ; ! : o Notez : : . :
ADD -. E |
DQ m@ DQ(CL1)

‘oL ' DQ(CL2)
Note 3

DQ(CLI)

*Note : 1. By " Interrupt”, It is meant to stop burst read/write by external command before the end of burst.
By "CAS Interrupt", to stop burst read/write by CAS access ; read and write.
2. tccp : CAS to CAS delay. (=1CLK)
3. tcoL : Last data in to new column address delay. (=1 CLK)
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DEVICE OPERATIONS - |

CMOS SDRAM

4. CAS Interrupt (I} : Read Interrupted by Write & DQM

(a) CL=1,BL=4

i) CMD

bam

DQ
ii) CMD

baMm

Da

iif) CMD

pam ! . \ . .

o (@ (e o)

ii) CMD

[ale]V}

DQ
iiiy CMD

DQM

DQ

iv) CMD . . . : .
oaw [T i
o (@)oo e ) (o)

*Note : 1. To prevent bus contention, there should be at least one gap between data in and data out.

P suueg
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DEVICE OPERATIONS - | CMOS SDRAM

( Continued )

(¢) CL=3, BL=4

*Sninininipiniginipinint

:
Y VIR R S E

pa (o }(B ) (o) o)

powo SR

VR N R N N S S N O

Dolff .

jii) CMD

DM : L
pa |

iii) CMD

paM |
pa (0001 (02 ) 0n )

wowo L (m) LRy
pa (a0 )e{0 o )}(p2 )(os -

5. Write Interrupted by Precharge & DQM

CLK

CMD

DaM

bQ

Masked by DQM

*Note : 1. To prevent bus contention, DQM should be issued which makes at least one gap between data in and data out.
2. To inhibit invalid write, DQM should be issued. .
3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge
interrupt but only the other bank precharge of duat banks operation.

o 59
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DEVICE OPERATIONS - | CMOS SDRAM

6. Precharge

1) Normal Write (BL=4)
ew [LJ LML LI L
ow () 6D
o (o) o))

"tRDL
Note 2

2) Normal Read (BL=4)

CMD
baceL1)
paeL2
DQ(CL3)

7. Auto Precharge

1) Normal Write (BL=4)
e [P LI L
oo ¢ (wR) 1
pa (o ¥ 01 ¥ D2 Y D8 }——rr

Note 3
Auto Precharge Starts

2) Normal Read (BL=4)

a0 (m) o1
paeL)
oatoLs)

T Note 3
Auto Precharge Starts

*Note : 1. troL : Last data in to row precharge delay
2. Number of valid output data after row precharge : 0, 1, 2 for CAS Latency =1, 2, 3 respectively.
3. The row active command of the precharge bank can be issued after trp from this point.
The new read/write command of the other activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/other bank is illegal.

o 6°
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DEVICE OPERATIONS -1 CMOS SDRAM

8. Burst Stop & Interrupted by Precharge

1) Normal Write (BL=4) 2) Write Burst Stop (BL=8)
CLK CLK
oo (W) L )
DaMm paM - . L
0 ba (o0} (o) (o: o BENED)
> ! e~ B
"RDL  Noted ' ' ' ' ' "tBDL  Note 2
3) Read Interrupted by Precharge (BL=4) 4) Read Burst Stop (BL=4)

CLK mm e [T LN LT LT L
CMD , E E E ' CMD é é ‘ i
paELn ° N:ms pa(eLy)
Da(eLYy) baeLy (a0 Yo -

9. MRS

1) Mode Register Set

Q
=
o
g
-5
»
=
o
»

*Note : 1.trOL: 1 CLK
2.tspL: 1 CLK; Last data in to burst stop delay.
Read or write burst stop command is valid at every burst length.
3. Number of valid output data after row precharge or burst stop : 0, 1, 2 for CAS latency=1, 2, 3 respectiviely.
4. PRE : Both banks precharge if necessary.
MRS can be issued only at both banks precharge state.
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DEVICE OPERATIONS -1 CMOS SDRAM

10. Clock Suspend Exit & Power Down Exit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down)

CLK LT ok | ! ML

CKE . . R CKE L ferss

'“teéﬁ(' "Note 1 1 ', 11_\_' lntecrrtaKl Note 2t : : ;I——|: '
wo o) oo G oA (e ——

11. Auto Refresh & Self Refresh

1) Auto Refresh & Self Refresh Note 3

CMD

CKE

L RP
2) Self Refresh Note 8
CLK W
oo (mRe) |
CKE : .
IR

«tRFC .

*Note : 1. Active power down : one or both banks active state.

2. Precharge power down : both banks precharge state.

3. The auto refresh is the same as CBR refresh of conventional DRAM.
No precharge commands are required after auto refresh command.
During trFc from auto refresh command, any other command can not be accepted.

4. Before executing auto/self refresh command, both banks must be idle state.

5. MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.

6. During self refreh mode, refresh interval and refresh operation are perfomed internally.
After self refresh entry, self refresh mode is kept while CKE is low.
During self refresh mode, all inputs expect CKE will be don't cared, and outputs will be in Hi-Z state.
For the time interval of trRrc from self refresh exit command, any other command can not be accepted. Before/After self refresh mode, burst
auto refresh cycle (4096 cycles) is recommended.

o
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DEVICE OPERATIONS - |

CMOS SDRAM

12. About Burst Type Control

" ) At MRS As = "0". See the BURST SEQUENCE TABLE. (BL=4,8)
Basic Sequential Counting BL=1, 2, 4, 8 and full page.

MODE : At MRS A3 = "1". See the BURST SEQUENCE TABLE. (BL=4,8)

Interl Counti : : i

nierieave Lounting BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting

Every cycle Read/Write Command with random column address can realize
Random Random column Access
MODE teco = 1 CLK Random Column Access.
ceo = That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

13. About Burst Length Control

1

At MRS A2,1,0 ="000".
At auto precharge, tras should not be violated.

At MRS A2,1,0 = "001".

Basic 2 At auto precharge, tras should not be violated.
MODE 4 At MRS A2,1,0="010".
8 At MRS A2,1,0 ="011".
Full Page At MRS A21,0="111"
g At the end of the burst length, burst will be stop automatically. |
Special At MRS Ao = "1".
N'I)ODE BRSW Read burst =1, 2, 4, 8, fult page write Burst =1
At auto precharge of write, tras should not be violated.
Random Burst St tepL= 1, Valid DQ after burst stop is 0, 1, 2 for CAS latency 1, 2, 3 respectively
MODE ur op Using burst stop command, any burst length control is possible.
Before the end of burst, Row precharge command of the same bank stops read/write
RAS Interrupt burst with Row precharge.
Interrupt (Interrupted by Precharge) troL= 1 with DQM, valid DQ after burst stop is 0, 1, 2 for CAS latency 1, 2, 3 respectively.
MODE During read/write burst with auto precharge, RAS interrupt can not be issued.

AS Interrupt

Before the end of burst, new read/write stops read/write burst and starts new
read/write burst.
During read/write burst with auto precharge, CAS interrupt can not be issued.

Shnsungg
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DEVICE OPERATIONS - | CMOS SDRAM

FUNCTION TRUTH TABLE (TABLE 1)

cé‘{;f:’ TS | RARs | TAS | WE BA ADDR ACTION Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
IDLE L H L X BA CA, A10/AP | ILLEGAL 2
L L H H BA RA Row (& Bank) Active ; Latch RA
L L H L BA A10/AP NOP 4
L L L H X X Auto Refresh or Seif Refresh 5
L L L L OP code OP code | Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP | Begin Read ; latch CA ; determine AP
Active L H L L BA CA, A10/AP | Begin Write ; latch CA ; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End —-> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End —-> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Write L H L H BA CA, A10/AP | Term burst, New read, Determine AP 3
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
Read with
Auto L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
V"’:fn‘(’)"“h L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> idle after trp
L H H H X X NOP —> |dle after trRP
Pre- L H H L X X ILLEGAL 2
charging [ H L X BA CA | ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP > Idle after trP 4

o “
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- DEVICE OPERATIONS -1 CMOS SDRAM
FUNCTION TRUTH TABLE (TABLE 1)
C;‘r:ent TS | RAS | CAS | WE BA ADDR ACTION Note
L L L X X X ILLEGAL
H X X X X X NOP —> Row Active after trco
L H H H X X NOP —> Row Active after trco
Row L H H L X X ILLEGAL 2
Activating | | H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP —> Idle after trFc
L H H X X X NOP —> Idle after trrc
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP —-> |dle after 2 clocks
Mode L H H H X X NOP —> Idle after 2 clocks
Regist_er L H H L X X ILLEGAL
Accessing ™ H L X X X ILLEGAL
L L X X X X ILLEGAL
Abbreviations : RA = Row Address BA = Bank Address
NOP = No Operation Command CA = Column Address AP = Auto Precharge
*Note : 1. Ali entries assume the CKE was active (High) during the precharge cicok and the current clock cycle.
2. lllegal! to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the
state of that bank. :
3. Must satisfy bus contention, bus turmn around, and/or write recovery requirements.
4. NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A10/AP).
S. lilegal if any bank is not idle.
65
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DEVICE OPERATIONS - | CMOS SDRAM

FUNCTION TRUTH TABLE (TABLE 2)

C;t:f:' g"‘f) cﬁE TS | RAs | CAS | WE ADDR ACTION Note
H X X X X X X INVALID
L H H X X X X Exit Self Refresh —> Idle after trrc (ABI) 6
Self L H L H H H X Exit Self Refresh --> Idle after trrc (ABI) 6
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
Al L H H X X X X Exit Power Down —-> AB|
Banks L H L H H H X Exit Power Down --> ABI 7
Precharge L H L H H L X ILLEGAL 7
Power L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down 8
H L L H H L X ILLEGAL 8
Al H L L H L X X ILLEGAL
Banks
Idle H L L L H H RA Row (& Bank) Active
H L L L H H X NOP
H L L L L L X Enter Self Refresh 8
H L L L L L OP Code | Mode Register Access
L L X X X X X NOP
Any State H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clock Suspend next cycle 9
Listed L H X X X X X Exit Clock Suspend next cycle 9
above L L X X X X X Maintain Clcok Suspend

Abbreviations : ABI = All Banké Idle, RA = Row Address

*Note : 6. CKE low to high transition is asynchronous.
7. CKE low to high transition is asynchronous if restarts internal clock.
A minimum setup time 1CLK + tss must be satisfied before any command other than exit.
8. Power down and self refresh can be entered only from the both banks idle state.
9. Must be a legal command.

o 66
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TIMING DIAGRAM - | CMOS SDRAM

Single Bit Read-Write-Read Cycle(Same Page) @CAS Latency=3, Burst Length=1

tCH

0 11 12 13
1, ! i I,

—
-
.

777 Dontcare

ELECTRONICS



TIMING DIAGRAM - | CMOS SDRAM

*Note : 1. All inputs expect CKE & DQM can be don " t care when CS is high at the CLK high going edge.
2. Bank active & read/write are controlled by BA.

0 Bank A

1 Bank B

3. Enable and disable auto precharge function are controlied by A10/AP in read/write command.

Disable auto precharge, leave bank A active at end of burst.

Disable auto precharge, leave bank B active at end of burst.
Enable auto precf\arge, precharge bank A at end of burst.
Enable auto precharge, precharge bank B at end of burst.

=o|=10

4. A10/AP and BA control bank precharge when precharge command is asserted.

0 Bank A
1 Bank B
1 X Both Banks

o 7°
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TIMING DIAGRAM - | CMOS SDRAM

Power Up Sequence

CLOCK

CKE

CAS

ADDR

BA

A1/AP

DQ

Dam

io 11 12 13 4 is 6 7 8 9 {0 1 @2 a3 i4 15 16 47 18 19
1 1 ] 1

I |
I 1
l I

| i
i
! i
—1
1 I
I |
! i
X )

|
I
|
1
:
1

| |
1 '

| |

! H/gh le vel is necessary
I I

| !

[

M

I 1 f
t t |
| 1 [
| I I
I I 1
| ! |
I | 1
I | 1
1 I !

tR FC

'
|
[
t I
|

1 1
I I
| I
! I
! 1
| I
|

I I

: |
, , tRFC ,

/// //////// /// //// : //

7//// ///////// /// /////////’////////////

'55
8]

//// // /// /////

|
1 1 i I I I

/////////////////////////////////////// //// /// '

I I I
I I | I I I I ] I 1 I
I

f//// = ////// ;

j
High-Z !
i

I I
I I | | I | ! I |
I 1 | ! I ! | I I
| ! | ! 1 1 I 2l ]
| 1 | | 1 | | | 1
I [ | i | t | 1
1 I ! | 1
| l I

l I I I
I | | I
| I |
1 I i |
I I I 1 |
1 !
1 | I I I 1 |
1 | I

//////////////’/////////////// |

\-___

i ' 7// | //////
o r; Al
bt N -
(I;r;gr;:s; Auto Refresh Auto Refresh Mode Register Set |
e

077 :Don't care

O ”
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TIMING DIAGRAM - | CMOS SDRAM

Read & Write Cycle at Same Bank @Burst Length=4

CL=1

DQ CL=2

CL=3

A

bam

10 11 12 13 44 5 6 7 8 9 10 a1 12. 13 14 15 16 a7 .18 19
)

/B//////////////////////////// //////// ///// m///////////// //////////

| 1 [ ! | i i 1 1
7 [

1 1 1 1 1 1

; 1
Bk 1 '

ZA

t 1 1 1 3 1 | ! 1 i ] I ] i 1 I 1 I
] 1 ] ] | ] ) I ] ] 1 i ] 1 I ] [} 1 ] I [}
] 1 1 [} 1 tOH I ! I t 1 ! ] 1 I I 1 ! I i
] 1 ] ] | 1 i I 1 I | ] I
1 0a0 ¥ Qa1 }(qaz }{ qa3 }—+————+——F+—F—{ b0 { Dot )(Db2 ) DB3 )} ——
I e L {RAC—L— | i 1 1 1 ! I | i 1 I «—»tRDL ! I
I ] | otbs  —J{SAC ! I L e tSHZ *foteq ! I 1 I ! ! ) i I
1 ] 1 1 ] 1 I I ] ] ] | 1 I \ I 1 1 1 1
i | I | tOH I | t | 1 I | i 1 | 1 1
' ! ' I ] t 1 1 1 i 1 1
| ) I i [ | 1 i i 1 1 ] ] ] I i 1
l I i tRAC— | | | | | ! 1 ) I j—tRDL | )
| | 1 Note 3 | | ’_tSAC | r > <—€SHZ *”“ | | | ! I | | | '
1 ] 1 1 1 ] 1 ] | | I i 1 I I 1 ¥ I
I 1 | ! ! 1 tOH | | 1 1 i ! | I 1 |
] 1 I 1 1 i 1 1 1 | ! I
| +——t+—t+——+———+—1 Qa0 ) Qa1 { Qa2)(Qa3 —'—'_W
, ﬁncz, R T D —
| ] 1 «—»tRDL |
1 i I ] [}

Domegs ! abetsac ! 1 Ll L {sHZ lotes |
I [ I I

f"w"'r TT'T

Row Active Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)

V7)) : Don'tcare

*Note : 1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data
is available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clcok.

3. Access time from Row active command. tcc *(trcp + CAS latency - 1) + tsac

4. Ouput will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst)
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TIMING DIAGRAM - | CMOS SDRAM

Page Read & Write Cycle at Same Bank @Burst Length=4

10 11 12 13 14 5 6 7 8 9 140 M1 12 43 14 45 46 17 48 19
i 4 1j I’ 1 )/ ! !

)

[ N N N |
C e

(a0 mamm»@ j mmmm//////// : —

1
|
|
§
1
|
t
]
|
|

1 1 I
! i 1 1 l I I

i ]
Row Active Read Read Write Wirite Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)

V77) - Don' care

*Note : 1. To write data before burst read ends, DQM should be asserted three cycle prior to write

command to avoid bus contention.
2. Row precharge will interrupt writing. Last data input, troL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.
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TIMING DIAGRAM - | CMOS SDRAM

Page Read Cycle at Different Bank @Burst Length=4

0 11 12 13 14 5 6 7 8 9 {0 A1 2 A3 14 15 16 17 48 19 |
1 [/ j [/ i

|
[

Am/APII"I 7 :;: |II: , /////////////////

menillw@@M@@@@@@@M@- |
d | |

K

i |

t
i |
| |
] |
| I
|

| I I
l | | |
| | I I I
ciss !1WMMHM@@®@MM@.@1
| | 1 | |
: : : | | | | l | | v : | :
WE 1 \ : / ; 1 |
| ! | I | !

! !

Row Active Row Active Read Read Read Read Precharge
(A-Bank) (B-Bank) (B-Bank) (A-Bank) (B-Bank)  (A-Bank) (A-Bank)

{
| |
| | l |
| | | |
| | 1

1 I 1 1
1 | | |
i | | |
I I | |

| | | | |
| | | | I i 1
1 | | | I I [}
| | | I i | I
I | I t | | I

Read
(A-Bank)

V7] : Don't care

*Note : 1. TS can be don't cared when RAS, CAS and WE are high at the clock high going dege.
2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.

s ungg "’
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TIMING DIAGRAM - | CMOS SDRAM

Page Write Cycle at Different Bank @Burst Length=4

10 11 12 3 (4 5 6 7 .8 9 A0 A1 42 43 44 45 {6 17 48 {49 |
O A AV AVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVAVAYE
1 1 1 1
] ] 1 ]

CKE

|
| |
| 1
I ! |
i 1
t
| |
I
1

RAS

CAS

ADDR

BA

A10/AP

DQ

lives

1 |
T
| | !
Row Active Row Active Write Write Precharge
(A-Bank) (B-Bank) (B-Bank) (A-Bank) (Both Banks)

Write Write
(A-Bank) (B-Bank)

777 : Don't care

*Note : 1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.
2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the same.
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TIMING DIAGRAM - | CMOS SDRAM

~ Read & Write Cycle at Different Bank @Burst Length=4

70 11 12 13 14 5 8 7 ,8 9 10 A1 12 43 44 15 146 47 18 19 |
i )/ ! [/ [/ i ) ), Y y I, 1;

cs

RAS

CAS A ) )
///// //// —
o 5 ""’:
AW,APII .

1
| | 1 l I I I l I I I | I
t

I
I
l |
i 1
T
1

Row Active Read Precharge Write Read
(A-Bank) (A-Bank) (A-Bank) (B-Bank) (A-Bank)
Row Active Row Active
(B-Bank) (A-Bank)

V77) :Don'tcare

*Note : 1. tcoL should be met to complete write.
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TIMING DIAGRAM - | CMOS SDRAM

Read & Write Cycle with Auto Precharge @Burst Length=4

0 11 12 13 44 5 8 7 .8 9 0 MM {42 A3 {4 45 {6 47 18 d9 |
i i 1 i I [/ [} [/ I, 1y 1 [/ i ) |/

oS %W T ‘ ma
oor s ///////////////////////////////////////////////////////////////

I | t |

1 \ //////////////////////////////”/////////////////////////////////

AP %ﬂ T ’/////// e
cL=1 ' ! E i Q;OQaZ/—ti;i—\ S

] I 1 i
| § 1 ] t
I
1 I

1

i
1
[
1
!
1
1
i
i

v GEEEEEA | ¢ | | | pEEEmEE

I ! | | 1 | ) ) ! 1 1 1 |
' 1 I ' I i 1 t 1 i 1 ! + 1 ' I
Row Active Read with Auto Precharge Write with Auto Precharge
(A-Bank) Auto Precharge Start Point Auto Precharge Start Point
(A-Bank) (A-Bank) (B-Bank) (B-Bank)
Row Active
(B-Bank)

V77]] :Don'tcare

*Note : 1. tcoL should be controlled to meet minimum traAs before internal precharge start.
(In the case of Burst Length=1 & 2 and BRSW mode)

o "
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TIMING DIAGRAM - | CMOS SDRAM

Clock Suspension & DQM Operation Cycle @CAS Latency=2, Burst Length=4

10 11 12 13 14 5 6 7 8 9 A0 A1 12 43 4 a5 16 17 48 19

|
|
]
}
I
|
|
|
|
I
b
]

CLOCK

I I
I [ | | i

BA%

A1o/AP

i
|
|
2
f
I
|

l I l ! I I | I I | l I I I l |
I |

I | |
|

I
I
pQ |
i
I

' : 'ISHZ ' : ISHZ ' :

/’/////////////////////////////////////////’////////////////////

I I | I |

*Note 1

DQMWEH;H:::?:‘:'
'T'T"T"T'\\'/’IT}'T
Row Active Read Clock Read I Write Write

777 : Don'tcare

*Note : 1. DQM is needed to prevent bus contention.

I :
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TIMING DIAGRAM - | | | CMOS SDRAM

Read Interrupted by Precharge Command & Read Burst Stop Cycle @Burst Length=Full page

0 11 12 3 14 5 6 7 ,8 9 10 a1 12 A3 14 45 16 47 48 19 |
1, [/ 1y ), } [/ / I, |/ [/

ADDR / Rea /////////// Cha ////////////////////////////////////// ///////////////////////////////////////////////////////////////

BA //////////// //////////////////////////////////////////////////////////////// ////////////////
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|
I
|
cL=1 |
|
|
1
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I | 1 1
R ;@;W oA
1 I

7
’ |
W:
I I H ]

o C |
Row Active Read Burst Stop Read Precharge
(A-Bank) - (A-Bank) (A-Bank) (A-Bank)

V7] : Dontcare

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. About the valid DQs after burst stop, it is same as the case of RAS interrupt.
Both cases are illustrated above timing diagram. See the label 0. 1, 2 on them.
But at burst write, Burst stop and RAS interrupt should be compared carefuily.
Refer the timing diagram of "Full page write burst stop cycle”.
3. Burst stop is valid at every burst length.
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TIMING DIAGRAM - | CMOS SDRAM

Write interrupted by Precharge Command & Write Burst Stop Cycle @ Burst Length=Full page

0 41 32 43 4 5 ,6 7 8 9 40 A1 12 A3 14 45 {6 37 18 19
! 1, ; b/ 1

1
1

|
1
|
1
|

t 1 1 ' 1 1 ! ] ] ] 1 | 1 | 1 ] 1
i 1 ! | 1 | i ' [ | ' | | ! 1 t i 1
| 1 ! 1 1 | ) ' | i | | ! ! 1 [ ) 1
[} 1 1 1 1 Il Il ' HIGH 1 I I} i I Il 1
CKE | | 1 | 1 1 I 1 1 1 1 1 ! 1 | I | | i
| | I | 1 t ' 1 1 I | 1 ' | ! | i t |
1 | I 1 [ [ [ ) 1 1 | ! ' I 1 I | ) |
) | | | | ) [ 1 1 [ 1 | 1 | 1 i 1 t 1
! | | 1 | | ! ! 1 1 | | ' | ! | ! ' )
b~ 1 ] | 1 1 ] 1 1 I | | 1 1 ] f 1 I
cs UI —\_1_/ ' | | W I 1 l \_L_/ |
| ' | t t 1 1 1 1 '
| | 1 1 t | | 1 | !
0

| 1
i 1
t I

CAS

ADDR

BA

A10/AP

DQ

DaM

Row Active Write Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

V7)) :Don'tcare

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding
memory cell. It is defined by AC parameter of troL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.
3. Burst stop is valid at every burst length. )
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TIMING DIAGRAM - | CMOS SDRAM

Burst Read Single bit Write Cycle @Burst Length=2 |

CLOCK
|
1
CKE ! J
I
Cs P
[ T T T [
1 1
s T ay | |
t | 1 f | | [ I | *Note2 i
— K% 1 7 1 7 [}
CAS ! %)
) .
ADDR
BA

Aw/AP '% R/I\a i

I I 1 [
I 1 1

| I
I 1 1 I I
| 1 1 I o d I I
cL=1 ' | 1 . {DAa0 . { QADBO X QA1) ' |
i I | 1 ! 1 I 1 ] I i 1 | |
1 i ! ] i | 1 I 1 | ] | ] I I
DQ CL=2: : : 7—{DAaD } : : : ~ QAbO X QAb1) : : : { DBcO ) : : :
1 ] 1 1 | 1 | | | ! [ ] 1 t
: \ : I ] 1 1 | 1 | | | 1 1 i ]
I I
I |
i i 1

t
1 1 i 1 0 1 }
1 1 [ ' 1 1 1 i [ ! | | !
- ! 1 ] 1 1 1 i 1 QAbO QAb1 1 L DB 0 i i 1
CL=3 | [ 1 i pAao ) 1 [ 1 /—I\—.: =2 P s/ t |
! 1 1 1 ! I 1 1
) t 1 1 1 | | ' ' 1

|

my = %

Row Active Row Active Row Active Read Precharge
(A-Bank) (B-Bank) (A-Bank) (A-Bank) (A-Bank)
Write Write with
(A-Bank) Read with Auto Precharge
Auto Precharge (B-Bank)
(A-Bank)

V//) :Deontcare

*Note : 1. BRSW modes is enabled by setting Ao "High" at MRS (Mode Register Set).
Atthe BRSW Mode, the burst length at write is fixed to "1" regaredless of programmed burst ength.
2. When BRSW write command with auto precharge is executed, keep it in mind that tRAs should not be violated.
Auto precharge is executed at the burst-end cycle, so in the case of BRSW write command,
the next cycle starts the precharge.
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TIMING DIAGRAM - | CMOS SDRAM

Active/Precharge Power Down Mode @CAS Latency=2, Burst Length=4

CLOCK

CKE

BA

A1/AP

DQ

WE

bam

0 31 2 .3H.4 5 .s 7 .a .9 .1o M2 A3 44 45 96 47 a8 9

I i | i I
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I
| I |
| 1 | | | 1
: : Ul T T | | ffl T T
| I |
1

///

W/
T T" "T

I
I
1
|

Precharge Row Active Read Precharge
Power-down
Entry
Precharge Active Active
Power-down Power-down Power-down
Exit Entry Exit

V777 : Don'tcare

*Note : 1. Both banks should be in idle state prior to entering precharge power down mode.

2. CKE should be set high at least 1CLK + tss prior to Row active command.
3. Can not violate minimum refresh specification. (64ms)
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TIMING DIAGRAM - | CMOS SDRAM

Self Refresh Entry & Exit Cycle

0 5 6 7 8 9 10 A1 12 a3 4 a5 16 17 18 19

i‘ *ﬁ
LIRS

////// / / ///// ” 1

ADDR ////////////////// //////////////// /////////////////////////// /////////////////////////////////////////

BA // / /// ﬂ / // ‘ // //////////////////////////////////
AwlAP / // / // /
oo | i 5 iz E i iui : i . i R N

v ////// /////////////////// i

ooml
T S|

Self Refresh Entry Self Refresh Exit Auto Refresh

77, :Don'tcare

*Note: TO ENTER SELF REFRESH MODE
1. TS, RAS & TAS with CKE should be low at the same clcok cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.
3. The device remains in self refresh mode as long as CKE stays "Low".
cf.) Once the device enters self refresh mode, minimum tras is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4, System colck restart and be stable before retumning CKE high.

5. TS starts from high.

6. Minimum trrc is required after CKE going high to complete self refresh exit.

7. 4K cycle of burst auto refresh is required before self refresh entry and after self refresh exit if the system uses burst refresh.
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TIMING DIAGRAM - | CMOS SDRAM

Mode Register Set Cycle Auto Refresh Cycle ’
0 11 12 13 ;4 5 .6 0 1 2 '3 '4 's 'e '7 's '9 '10 '
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1 1 [} ] 1 I ] I ] [} 1 i I [} ” ! 1 ! ' |
— | 1 + [} t t 1+ t t ]
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B SVAREYE : | | SN R VAL
] 1 | t [}
I |

1 I 1*Note 2 1 ]
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N——f———n | RFC-!——,[I-»—+——|——-|

m:: /// Wﬁ

[ 1
| 1 | | | 1 1 1
|N°i=1| | | |

iiiiiiiﬂiiiii
e
we /P/W*%
o T T
e e o B B A

V77, :Dontcare

* Both banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

MODE REGISTER SET CYCLE

*Note: 1.CS, RAS, CAS, & WE activation at the same clock cycle with address key will set internal mode register.
2. Minimum 2 clock cycles should be met before new RAS activation.
3. Please refer to Mode Register Set table.
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KM44S516020A

CMOS SDRAM

8M x 4Bit x 2 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Dual banks operation
MRS cycle with address key programs
-. CAS Latency (2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation
DQM for masking
Auto & self refresh
64ms refresh period (4K cycle)

.

.

.

-

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The KM44S16020A is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 2 x 8,388,608 words by 4 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock l/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

ORDERING INFORMATION

_PartNO. | MAXFreq. | Interface | Package |
KM44516020AT-G/F8 125MHz | 54
KM44S16020AT-G/F10 | 100MHz | LVTTL | TsoP()
KM44516020AT-G/F12 83MHz

S —— LWE
| Data Input Register J‘—— g
g e LDQM
Bank Select L
bl
&2 3 8Mx 4 @ g
a 2 z ? 2
g =z o 3 = -l DQi
z gL 2 &
CLK o c @ a 8M x4 F
g 2 ° 2 i s
| ]
ADD — & » I I I
@ ]
T - ——% Column Decoder J
28 g
w2 27 <A—-’ Latency & Burst Length
) f
LCKE I Programming Register J

LRAS LCBR LWE TLCAS

L1

LWCBR LDQM

Timing Register

(T

CLK CKE C

(7]

RAS CAS

WE DQM
* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM44516020A

PIN CONFIGURATION

CMOS SDRAM
(TOP VIEW)
)
Vop O 1 54 Vss
N.C g2 53 E N.C
Voba 0 3 52 0 Vssa
N.C g4 510 N.C
DQ0 9 5 50 DQ3
Vssa 06 49 p Voba
N.C O7 48ph N.C
N.C g8 47h NC
VbbQ g 9 46 b Vssa
N.C 10 45p N.C
DQ1 g 11 44 DQ2
Vssa O 12 43 A Voba
N.C 013 42p N.C
Vbb O 14 41 P Vss
N.C 015 40 [ N.C/RFU
_WE 16 39 p DaM
CAS O 17 38 CLK
RAS Q18 37p CKE
CcS g19 36P N.C
BA 020 350 A11
A12 021 340 A9
A10/AP O 22 33P0 A8
A0 O 23 320 A7
A1 024 31p Ag
al
,’ié E 32 gg . ﬁ4 54PIN TSOP (i)
Vob Q27 28 0 Vss (400mif x 875mil)
(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

Reserved for Future Use

PN NAME | . ___INPUT FUNCTION |

CLK System Clock Active on the positive going edge to sample all inputs.

== ; Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cydle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.
Ao~ Atz Address Row address : RA0 ~ RA12, column address : CAo ~ CAg
c Selects bank to be activated during row address latch time.

BA Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

_— . Enables write operation and row precharge.

We Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

pam Data Input/Output Mask Blocks data input when DQM active.

DQo ~3 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

Vop/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VbbalVssa | Data Output Power/Ground il;orlna:igy power supply and ground for the output buffers to provide improved noise

N.C/RFU No Connection/ This pin is recommended to be left No Connection on the device.

ELECTRONICS
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KM44516020A CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS

. Parameter .} symbol o b Dvale o | Unit:
Voltage on any pin relative to Vss VIN, VouT -1.0~46 I v \
Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~46 \
Storage temperature TsTG -55 ~ +150 T
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=01t0 70T)

‘Péram'eter ~ Symbol ‘Min CTyp ] max : Umt o . Note

Supply voltage VDD, VDDQ 3.0 33 36 Y

Input logic high votlage VIH 2.0 3.0 Vop+0.3 \ 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 24 - - \" IoH = -2mA
Output logic low voltage VoL - - 0.4 \ loL =2mA
Input leakage current I -5 - 5 uA 3
Output leakage current loL -5 - 5 uA 4

Note : 1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL(min) = -1.5V AC for pulse width < 10ns acceptable.
3. Any input OV < VIN =< VoD + 0.3V, all other pins are not under test = OV.
4. Dout is disabled, 0V < Vout = VDD.

CAPACITANCE (vop=33V, Ta=25T, f = 1MHz)

 Parameter  Symbol | wmin | Max | Unit
Input capacitance (Ao ~ A12, BA) CIN1 2 4 pF
Input capacitance .
(CLK, CKE, TS, RAS, CAS, WE & DQM) Cinz 2 4 PF
Data input/output capacitance (DQo ~ DQ3) Cout 2 5 pF

ELECTRONICS




DC CHARACTERISTICS
(Recommended operating condition unless otherwise noted, TA=0to 70C)
— e —— T I S G N
. . Latency Az 1 ;
N Burst Length =1
%’:;aé':gkczt’;g lcct fRe=tRe(min) 125 | 110 | 95 | mA | 1
loL=0mA
Precharge Standby Current | lcc2P CKE=Vi(max), tcc = 15ns A
in power-down mode Icc2PS | CKE & CLK< ViL(max), toc = %
CKE = ViH(min), CS = ViK(min), tcc = 15ns
lccaN Inout sianal h d ime during 30 30
Precharge Standby Current nput signals are changed one time during 30ns A
in non power-down mode CKE 2 ViH(min), CLK < ViL(max), tcc = o
lccaNS : ! ' 20
Input signals are stable
Active Standby Current lccaP CKE < VIL{max), tcc = 15ns 8 A
in power-down mode jccaPS | CKE & CLK=ViL(max), tcc = @ 8
lecaN CKE = ViH(min), TS = ViH(min), tcc = 15ns 45 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode -
(One Bank Active) IccaNS CKE = ViH(min), CLK=ViL{max), tcc = > 30 mA
Input signals are stable
Ooerating . :ng?':tht 3 175 140 120
perating Curren age Burs
(Burst Mode) leca 2 Banks activated . mA 1
tccp=2CLKs 2 120 110 95
Refresh Current lces tRc =tRc(min) 210 mA 2
3 mA 3
Self Refresh Current lcce CKE=0.2V
500 uA 4
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM44S516020AT-G**
4. KM44S16020AT-F**
92
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KM44516020A

CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD =3.3v*0.3V, TA=01t0 70C)

G Parameter Value Unit
Input levels (Vih/Vil) 24/04 \%
Input timing measurement reference level 14 \Y
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 \
Output load condition See Fig. 2

j 3.3v ] Vitt=1.4V

= 12009 2 500

VoH (DC) = 2.4V, loH = -2mA
>
VoL (DC) = 0.4V, loL =2mA

Output ©

(Fig. 1) DC Output Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

50pF

(Fig. 2) AC Qutput Load Circuit

' L .  Version o T
Parameter Symbol - —— SUnit Note .
Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP(min) 20 24 26 ns 1
tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 70 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tCDL (min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tcep(miny 1 CLK 3
Number of valid CAS latency=3 2
output data ea 4
CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time

and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.

3. All parts allow every cycle column address change.

4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trrc after self refresh exit.

L ms uig
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KM44S16020A

CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

: -B g ‘ _10“ Rt B ;_f:,’»; 2 ‘,:Z‘:’;
1 - “Unit
) CAS latency=3 8 10 12
CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 12 13 15
i CAS latency=3 6 7 8
CLtK tt"c;""l"d il tsAc ns 1,2
output delay CAS latency=2 6 7 8
Output data CAS latency=3 3 3 3
hold ti toH ns 2
old time CAS latency=2 3 3 3
CLK high pulse width tcH 3 3.5 4 ns 3
CLK low pulse width tcL 3 3.5 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 ns 2
CLK to output CAS latency=3 6 7 8
in Hi-Z tsHz ns
In - CAS latency=2 6 7 8
Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
94
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KM44S516020A CMOS SDRAM |
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM44S16020AT-8 (Unit : number of clock)
— T CAS tRc T tRAs : e g tkﬁn mep | t’cép.  ::~ g 't’RD;;'.

| tatency | 7ons | d8ns | 20ns | féns 200s | 8ns | 8ns | Bne

9 6 3 2 ’ - 1 ' ' 1 '

1 1

 Frequency

125MHz (8.0ns)
100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
B66MHz (15.0ns)

alalala

1
p
1 1

NININ|Ww]|w
(3,1 e BN o> B BN
NINININ

2
2
2
2

NN W
-

B IR N 4

KM44S16020AT-10 (Unit : number of clock)
e : e | tRRD | Wep | tcep | feor | tRou
24ns | 20ns | 24ns | 1ons | 1ons 10ns
1
1

| cas | ftre
| Latency |

. Frequency

100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
66MHz (15.0ns)
60MHz (16.7ns)

NIN|INW]|Ww
a|lo|o |~
NININI|N
NN N
NIiN|IN|N
a|alalala
Alalaliala

1
1
1

KM44S16020AT-12 (Unit : number of clock)
o  CAS tRe | tRAs | P | tRRo | tReo | tcep | teoL tROL
 Frequency | (ShS | T& | T | W | WO | RP L om L TR L R
. fedug | lotency | oons | eons | 26ns | 24ns | 26ns | f2ns | 12ns | 12ns
1
1

1

83MHz (12.0ns) 3
75MHz (13.0ns) 3
66MHz (15.0ns) 2
2
2

60MHz (16.7ns)
50MHz (20.0ne)

ajo|o| N
[ZV I - I S )
NININ|IN|®
NIN|INN
NIN|INN
-
Alalalala
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KM44S16020A

CMOS SDRAM

Ao ~ A12, BA : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.

A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.

The automatical precharge without row precharge command is meant by "Auto".

Auto/self refresh can be issued only at both banks precharge state.

4. BA: Bank

If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.

select address.

If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.

Another bank readMwrite command can be issued after the end of burst.

New row active of the assoiated bank can be issued at tRP after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

SIMPLIFIED TRUTH TABLE
Register Mode Register Set X OP CODE 1,2
Auto Refresh 3
L L L H X X
Entry 3
Refresh Self
Refresh Exit L H H H X X 3
X X X 3
Bank Active & Row Addr. L L H H X v Row Address
Read & Auto Precharge Disable L Column 4
Column Address L H L H X v AA’::“

. Auto Precharge Enable H (Ro~As) 4,5
Write & Auto Precharge Disable L H L L X y L Column 4
ColumnAddress " uto Precharge Enable ' H ho~hs) | 4,5
Burst Stop L H H L X X 6

Bank Selection \ L
Precharge L L H L X X
Both Banks X H
Ent H X X X X
Clock Suspend or niry
Active Power Down L v v v X
Exit X X X X X
H X X X
Entry X
L H H H
Precharge Power Down Mode X
. H X X X
Exit X
L v ' \
bam X \" X 7
. H X X X
No Operation Command X X
H H H
(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)
Note : 1. OP Code : Operand Code

s uvig
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KM48S8020A

CMOS SDRAM

4M x 8Bit x 2 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply

LVTTL compatible with multiplexed address

Dual banks operation

MRS cycle with address key programs

-. CAS Latency (2 & 3)

-. Burst Length (1, 2, 4, 8 & full page)

-. Burst Type (Sequential & Interleave)

All inputs are sampled at the positive going edge of the system
colck

Burst Read Single-bit Write operation

GENERAL DESCRIPTION

The KM48S8020A is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 2 x 4,194,304 words by 8 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock I/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

«» DQM for masking ORDERING INFORMATION
« Auto & self refresh ; —
» B64ms refresh period (4K cycle) Part NO. 'MAX Freq. | Interface | Package
KM48S8020AT-G/F8 125MHz 54
KM48S8020AT-G/F10 100MHz | LVTTL | Tsop(y
KM48S8020AT-G/F12 83MHz
FUNCTIONAL BLOCK DIAGRAM
S — WWE
I Data Input Register l‘ g
g_’ —1— LDQM
Bank Select L
2
2 5 3 AMx 8 @ 2
3 2 2 2 g
g = o ® & 1 Dai
X o2 z g
CLk— & s 3@ a 4Mx 8 3 -',_;,f
@ @ -
ADD —» E T ‘[ _ I
a
oy - = --| Column Decoder ]
T O o
5 % :
@ <——{ Latency & Burst Length
g f
LCKE | Programming Register '
LWCBR LDQM

LRAS LCBR LWE TLCAS

1

Timing Register

A

CLK CKE C

RAS CAS

)

WE Dam

* Samsung Electronics reserves the right to
change products or specification without
natice.
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KM48S8020A

PIN CONFIGURATION

CMOS SDRAM
(TOP VIEW)
o
Vop O 1 54 0 Vss
DQO0 d2 53p DQ7
Voba O 3 52 P Vssa
N.C 04 51 N.C
DQ1 g5 50 DQ6
Vssa 06 49 P Vpba
N.Cc O7 48P N.C
DQ2 08 47 b DQ5
Voba 09 46 B Vssa
N.C 010 45p0 N.C
DQ3 4 11 440 DQ4
Vssa O 12 438 Voba
N.C 013 42 E N.C
Vop O 14 41P Vss
N.C 015 40P N.C/RFU
_WE 016 39p DQM
CAS g 17 38P CLK
RAS 0018 370 CKE
cs g19 360 N.C
BA O 20 350 A11
A12 O 21 34p A9
A10/AP O 22 33P0 A8
A0 O 23 32p A7
A1 024 31p A6
ﬁ? E 32 gg : ﬁi 54PIN TSOP (1)
Vop O 27 28 F Vss (400mil x 875mil)

PIN FUNCTION DESCRIPTION

(0.8 mm PIN PITCH)

L NAME ! : : INPUT FUNCT!ON
CLK System Clock Actlve on the posmve going edge to sample all |nputs
== . Disables or enables device operation by masking or enabling all inputs except
cs Chip Sefect CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
- Row / column addresses are multiplexed on the same pins.
Ao~ A2 Address Row address : RA0 ~ RA12, column address : CAo ~ CAs
Selects bank to be activated during row address latch time.
B dd|
A Bank Select Address Selects bank for read/write during column address latch time.
RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.
TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.
V= P Enables write operation and row precharge.
WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.
bam Data Input/Output Mask Blocks data input when DQM active.
DQo~7 Data Input/Output Data inputs/outputs are multiplexed on the same pins.
Vop/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.
Vbba/Vssa | Data Output Power/Ground ilrs::‘j:gy power supply and ground for the output buffers to provide improved noise
N.C/RFU No Connection/ This pin is recommended to be left No Connection on the device.
Reserved for Future Use

L ms v
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ABSOLUTE MAXIMUM RATINGS

_ Parameter ﬁ Symbol Value = Unit
Voltage on any pin relative to Vss VIN, Vout -1.0~486 \
Voltage on VDb supply relative to Vss Voo, Voba -1.0~46 \
Storage temperature TsTe -55 ~ +150 c
Power dissipation Po 1 W
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.

Functional operation should be restricted to recommended operating condition.

Exposure to higher than recommended voltage for extended periods of time could affect device reliability.
DC OPERATING CONDITIONS

Recommended operatmg conditions (Voltage referenced to Vss =0V, TA=0t0 70T)

_ Paameter | symbol | Min | Typ | Max | Unit Note
Supply voltage VoD, VDDQ 3.0 3.3 3.6
Input logic high votlage ViH 2.0 3.0 Vop+0.3 Y 1
Input fogic low voltage ViL 0.3 0 0.8 \Y) 2
Output logic high voltage VoH 24 - - \ IoH = -2mA
Output logic low voltage VoL - - 0.4 Vv loL = 2mA
Input leakage current [18 -5 - 5 uA 3
Output leakage current lou -5 - 5 uA 4
Note : 1. VIH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL{min) = -1.5V AC for pulse width < 10ns acceptable.
3. Any input OV = VIN < VDD + 0.3V, all other pins are not under test = 0V.
4. Dout is disabled, 0V < VouT < VDD.
CAPACITANCE (Vop=3.3V, Ta=25C, f= 1MHz)

. _ Paramefer _Symbol  Min wax | umt
Input capacntance (A0 ~ A12, BA) CiNt 2 4 pF
Input capacna_nce .

(CLK, CKE, TS, RAS, CAS, WE & DQM) Cinz 2 4 pF
Data input/output capacitance (DQo ~ DQ7) Cout 2 5 pF

PSiims ungg
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KM48S8020A CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition uniess otherwise noted, TA=0t0 70C)

Operating Current Burst Length =1
paraiing LA lect tRe = tRe(min) 130 | 115 | 95 | mA | 1
(One Bank Active) loL = 0 mA
Precharge Standby Current | lcceP CKE =ViL(max), tcc = 15ns A
in power-down mode lcc2PS | CKE & CLK < ViL(max), tcc =
lccaN CKE 2 ViH(min), CS = ViH(min), tcc = 15ns 30
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode locaNs | CKE=ViH(min), CLK < ViL(maXx), toc = o 20
Input signals are stable
Active Standby Current lccaP CKE <ViL(max), tcc = 15ns 8 mA
in power-down mode lccaPS | CKE & CLK<ViL(max), tcc = © 8
CKE = ViH(min), TS = ViH(min), tcc = 15ns
Active Standby Current locaN Input signals are changed one time during 30ns % mA
in non power-down mode = vi(min), CLR= Vi ¥
(One Bank Active) CKE = VIH(min), = Viy(max), tcc = @
locaNS Input signals are stable 30 mA
Operating Current gw%mAt 3 185 | 150 | 125
perating Curren age Burs
(Burst Mode) leca 2 Banks activated mA 1
teeD = 2CLKs 2 125 115 100
Refresh Current lccs trRC 2 tRc(min) 210 mA 2
3 mA
Self Refresh Current lcce CKE=0.2V
500 uA 4

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM48S8020AT-G**
4. KM48S8020AT-F**
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KM48S8020A CMOS SDRAM
AC OPERATING TEST CONDITIONS (vDD =3.3v*0.3V, Ta=0t0 70C)

o Pamess L Vews 0 Unk
Input levels (Vih/Vil) 24/04 \
Input timing measurement reference level 14 \Y
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 \)
Output load condition See Fig. 2

T 3.3V j Vit=1.4V
< 12000 < 508
Outout Oy <o - - . VoH (DC) = 2.4V, IoH = -2mA Outout ¢
utpu VoL (DC) = 0.4V, loL = 2mA utput &=
50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

| symbot Unit | Note
Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP (min) 20 24 26 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 70 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tCDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceh(min) 1 CLK 3
Number of valid CAS latency=3 2
tput data ea 4
outp CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRrc after self refresh exit.
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KM48S8020A

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CMOS SDRAM

. CAS latency=3 8 10 12
CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 12 13 15
i CAS latency=3 8
CLK to valid Cy tsAc ns 12
output delay CAS latency=2
CAS latency=3 3 3 3
E)L:Lp:t data 2h toH ns 2
oldtime CAS latency=2 3 3 3
CLK high pulse width tcH 3 35 4 ns 3
CLK low pulse width tcL 3 35 4 ns 3
Input setup time tss 2 2.5 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsL.z 1 1 1 ns 2
CAS latency=3 6 7 8
.CL}_I?t; output Cy tshz ns
In Hi- CAS latency=2 6 7 8
Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
102
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KM48S8020A

CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

(Unit : number of clock)

KM48S8020AT-8

. Trdueney

| t’RD

trRCD

tobL

tROL

20ns

16ns

20ns

ens

8ns

125MHz (8.0ns)

2

1

1

100MHz (10.0ns)

1

1

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

NININ] w]|w

aA|lolo|N

NN INN

NIN[(NN

NIN[(NIN] W

D lalalala

KM48S8020AT-10

(Unit : number of clock)

o Latency |

| cas | mw

Re

| tRRD.

oD L

tocp |

tfob

“tRDL.. .

1 24ns.

_20ns

;. 24ns

- 10ns L

o 1.0vns'_.'

ons

100MHz (10.0ns)

1

1

83MHz (12.0ns)

75MHz (13.0ns)

1
1
1

(

(
66MHz (15.0ns)
60MHz (16.7ns)
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1

1
1
1
1

(Unit : number of clock)

KM4858020AT-12
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| Latency |

CAsS |

e

tRP"

_IRRD

CiRED.

e |

tobl

. tROL

gons |

60ns |

_%ns |

24ns

s

R

12ns
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1
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1
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1
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SIMPLIFIED TRUTH TABLE
Register Mode Register Set X OP CODE 1,2
Auto Refresh 3
H L L L H X X
Enti 3
Refresh Self i
Refresh Exit L H L H H H X X 2
H X X X 3
Bank Active & Row Addr. H X L L H H X Row Address
Read & Auto Precharge Disable H % L H L H X L Column 4
Column Address Auto Precharge Enable H (Ro~Rs) | 4,5
Write & Auto Precharge Disable H X L H L L X L Colurmn 4
Column Address Auto Precharge Enable H (Ao~Re) | 4,5
Burst Stop H X L H H L X X 6
Bank Selection
Precharge H X L L H L X X
Both Banks
Ent H L H X X X X
Clock Suspend or niry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L Vv Vv Vv
DaMm H X \Y X 7
. X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code
Ao ~ A12, BA : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto”.
Auto/self refresh can be issued only at both banks precharge state.
4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank readMrite command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trp after the end of burst.
6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

=g

ELECTRONICS

104



KM416S4020A CMOS SDRAM |

2M x 16Bit x 2 Banks Synchronous DRAM

FEATURES GENERAL DESCRIPTION

« JEDEC standard 3.3V power supply The KM416S4020A is 67,108,864 bits synchronous high data

« LVTTL compatible with multiplexed address rate Dynamic RAM organized as 2 x 2,097,152 words by 16

+ Dual banks operation bits, fabricated with SAMSUNG's high performance CMOS

+ MRS cycle with address key programs technology. Synchronous design allows precise cycle control
-. CAS Latency (2 & 3) . with the use of system clock /O transactions are possible on
-. Burst Length (1, 2, 4, 8 & full page) every clcok cycle. Range of operating frequencies, programma-
-. Burst Type (Sequential & Interleave) ble burst length and programmable latencies allow the same

« Allinputs are sampled at the positive going edge of the system device to be useful for a variety of high bandwidth, high perfor-
colck mance memory system applications.

. Burst Read Single-bit Write operation

+ DQM for masking ORDERING INFORMATION

« Auto & self refresh _ _

+ 64ms refresh period (4K cycle) : Part NO. MAX Freq. | Interface | Package

KM416S4020AT-G/F8 125MHz 54

KM416S4020AT-G/F10 100MHz LVTTL | Tsopr(i)
KM416S4020AT-G/F 12 83MHz

FUNCTIONAL BLOCK DIAGRAM

S 1 LWE
l Data Input Register |‘———-——— g
3 - LDQM
Bank Select
—Y o
o)
22 é" 2M x 16 o 2
=1 el
5 = R 8 & LLs pai
z o2 g > g
CLK— & < E‘D"‘ § 2M x 16 EY =
(A T - -
ADD —— % — T
11 g
2]
@ - - Column Decoder |
o 0O Q
5 % 2
o <" Latency & Burst Length
g i
LCKE ' Programming Register l
LRAS LCIBR LVIVE TLCAS LWCBR LDQM

‘ Timing Register ' l
11 1
RAS CAS WE L(U)DQM

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM416S4020A

PIN CONFIGURATION (TOP VIEW)

PIN FUNCTION DESCRIPTION

CMOS SDRAM
[o]
g1 540 Vss
g2 53h DQ15
g3 52 @ Vssa
gd4 51h DQ14
gs 50 A DQ13
geé 49 P Vopa
gr 48 p DQ12
g8 47 p DQ11
go 46 P Vssa
g10 45p DQ10
d 11 44p DQ9
O12 430 Voba
d13 42h DQs
g14 41p Vss
d15 40 N.C/RFU
g16 39 p UDQM
g17 38 @ CLK
g18 37 P CKE
g19 36p NC
d20 35p A11
g21 340 A9
g22 33p A8
o 23 32p A7
24 31p A6
E gg 33 3 ﬁi 54PIN TSOP (if)
q27 280 Vss (400mil x 875mil)
(0.8 mm PIN PITCH)

Reserved for Future Use

o T e T _ INPUTFUNCTION

CLK System Clock Active on the positive going edge to sample all inputs.

== ; Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and L(U)DQM
Masks system colck to freeze operation from the next clock cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
Row / column addresses are multiplexed on the same pins.

0 —~

Ao~ Atz Address Row address : RA0 ~ RA12, column address : CAo ~ CA7
Selects bank to be activated during row address latch time.

BA Bank Select Add|

ani Selse ress Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Columni Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

= . Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

L(U)DQM D !

{uppa ata Input/Output Mask Blocks data input when L(U)DQM active.

DQo ~ 15 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VoD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VbpaVssa | Data Output Power/Ground ilrsno::i:y poWe( supply and ground for the output buffers to provide improved noise

N.C/RFU | No Connection/ This pin is recommended to be left No Connection on the device.

_,
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KM416S4020A CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS
Parameter . Symbol Value Unit

Voltage on any pin relative to Vss Vin, Vour -1.0~46 \
Voltage on VDD supply relative to Vss Vop, VobaQ -1.0~486 Vv
Storage temperature TsTG -55 ~ +150 T
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Expaosure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0to 70 C)

:'-?j ::: Payametgr f - __Symbol ~Min 1 Typ k Max : o Umt - Note
Supply voltage Vop, Voba 3.0 33 3.6 \
Input logic high votlage VIH 2.0 3.0 VDD+0.3 Vv 1
Input logic low voltage ViL -0.3 0 0.8 Y 2
Output logic high voltage VoH 2.4 - - \Y loH =-2mA
Output logic low voltage VoL - - 0.4 A loL =2mA
Input leakage current e -5 - 5 uA 3
Output leakage current loL -5 - 5 UuA 4

Note : 1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.

2. ViL(min) = -1.5V AC for pulse width < 10ns acceptable.
3. Anyinput OV < VIN < Vpp + 0.3V, all other pins are not under test = 0V.
4. Dout is disabled, 0V< VouT < VpD.

CAPACITANCE (VoD =3.3V, TA=25C, f= 1MHz)

o Parameter Symbol Min . - Max. -~ Unit
lnput capacitance (Ao ~ A12, BA) CIN1 2 4 pF
;g_ﬁ Céﬁ?scnggcems TAS, WE & L(U)DQM) Cinz 2 4 PF
Data input/output capacitance (DQo ~ DQ15) Cout 2 5 pF

S s uieg
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KM416S4020A

CMOS SDRAM

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=01t070C)

Burst Length =1

Operating Current > N
(One Bank Active) [ele]] Tgf . tORzEZ\m) 140 125 105 mA 1
Precharge Standby Current | lcc2P CKE <Vi(max), tcc = 15ns A
in power-down mode lcc2PS | CKE & CLK<Vil(max), tec =
lcczN CKE = VIH(min), TS = ViH(min), tcc = 15ns 30
Precharge Standby Current Input signals are changed one time during 30ns oA
in non power-down mode CKE = ViH(min), CLK< ViL{max), tcc =
lcc2NS . 20
Input signals are stable
Active Standby Current lccaP CKE <ViL(max), tcc = 15ns 8 mA
in power-down mode IccaPS | CKE & CLK<ViL(max), tcc = o 8
— CKE = ViH(min), CS = ViH(min), tcc = 15ns 50 A
Active Standby Current Input signals are changed one time during 30ns m
in non power-down made
(One Bank Active) CKE 2 VIH(min), CLK < ViL(max), tcc =
IccaNS Input signals are stable 35 mA
) loL =0 mA 3 200 | 165 | 135
Operating Current lcca Page Burst mA 1
(Burst Mode) 2 Banks activated
teep = 2CLKs 2 140 130 115
Refresh Current lces tRcZtrRc(min) 210 mA 2
3 mA
Self Refresh Current lcce CKE=0.2Vv
500 uA 4
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM416S4020AT-G**
4. KM416S4020AT-F**
108
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KM416S4020A CMOS SDRAM
AC OPERATING TEST CONDITIONS (vDD =3.3v+0.3V, TA=0to 707C)

~ parameter b  Vawe [ unt
Input levels (Vih/Vil} 24/04 Y
Input timing measurement reference level 14 \'
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 \"
Output load condition See Fig. 2
(J» 3.3V j vtt=1.4V
= 1200 = 509

VoH (DC) = 2.4V, IoH = -2mA

Output o————¢————¢ -~~~ ” VoL (DC) = 0.4V, loL = 2mA
8700 ;> 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 oons 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP(min) 20 24 26 ns 1
o tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
i @Operation tRC(min) 70 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL (min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tcCD(min) 1 CLK 3
Number of valid CAS latency=3 2 ea 4
output data CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trrc after self refresh exit.
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KM416S4020A CMOS SDRAM
AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CLK cycle time CASlatency™3 | e 1000 1000 1000 | ns 1
CAS latency=2 12 13 15

i CAS latency=3 6 7 8
‘?‘;};“tf;;gg CAS |atenc§=2 e 6 7 8 " "2
OutpL_lt data CAS latency=3 o 3 3 3 ns B
hold time CAS latency=2 3 3 3
CLK high pulse width tcH 3 35 4 ns 3
CLK low pulse width tci 3 35 4 ns 3
Input setup time tss 2 2.5 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsL.z 1 1 1 ns 2
_CLK_ to output CAS latency=3 tshz 6 7 8 ns
in Hi-Z CAS latency=2 6 7 8

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is fonger than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., {(fr + tf)/2-1]ns should be added to the parameter.
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KM416S4020A

CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM416S4020AT-8

{Unit : number of clock)

oo

125MHz (8.0ns)

100MHz (10.0ns)

83MHz (12.0ns)

-

75MHz (13.0ns)

66MHz (15.0ns)

D[N w | w |

NININ[N

PN Y

Aalalalala =l

(Unit : number of clock)

KM416S4020AT-10

T

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

1
1
1

66MHz (15.0ns)

-

B0MHz (16.7ns)

N[N | w [

(4,00 B o> T e 2 BN I e -}

NINININ|N

KM416S4020AT-12

(Unit: number of clock)

| cas
- Latency

e

trAs

tRe

RO |

weo |

T oo |

-80ns:

. 26ns

B 24"5 o

6ns |1

83MHz (12.0ns)

1

75MHz (13.0ns)

1

66MHz (15.0ns)

80MHz (16.7ns)

50MHz (20.0ns)

NININ|[Ww|w

alojo (N

WO O

NIN[NEN

NIN[NIN N

NININ(N

1
1
1
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KM416S4020A CMOS SDRAM

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Ent L
Refresh Self oy 3
Refresh Exit L H il S LT A X 3
H X X 3
Bank Active & Row Addr. H X L L H H X \' Row Address
Read & Auto Precharge Disable H % L H L " X v L Column 4
Column Address ") ¢ Precharge Enable H @) |45
Write & Auto Precharge Disable H X L H L L X v L Column 4
Column Address Auto Precharge Enable H (Ro~A7) 4,5
Burst Stop H X L H H L X X 6
Bank Selection \ L
Precharge H X L L H L X X
Both Banks X
Enti H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H :
Precharge Power Down Mode X
. H X X X
Exit L H X
L Vv \" Vv
bam H X \Y X 7
. H X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code

Ao ~ A12, BA : Program keys. (@QMRS)

2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.

4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

ELECTRONICS
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MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with MRS

RFU RFU W.B.L ™ CAS Latency

0 0 Mode Register Set 0 0 0 | Reserved 0 Sequential 00| 0 1 1

0 1 Reserved 0 0 1 | Reserved 1 Interleave 0 0 1 2 2

1 0 Reserved 0 1 0 2 0 1 o] 4 4

1 1 Reserved 0 1 1 3 0 1 1 8 8
1 0 0 | Reserved 1 0 0 |Reserved |Reserved
Length 1 0 1 | Reserved 1 0 1 |Reserved | Reserved
0 Burst 1 1 0 | Reserved 1 1 0 |Reserved |Reserved
1 Single Bit 1 1 1 | Reserved 1| 1| 1 |Full Page |Reserved
Full Page Length : x4 (1024), x8 (512), x16 (256)

POWER UP SEQUENCE

1. Apply power and start clock, Attempt to maintain CKE="H", DQM="H" and the other pins are NOP condition at the inputs.
2. Maintain stable power, stable clock and NOP input condition for a minimum of 200us.

3. Issue precharge commands for all banks of the devices.

4. Issue 2 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode register.

cf.) Sequence of 4 & 5 is regardless of the order.

The device is now ready for hormal operation.

Note : 1. If Asis high during MRS cycle, "Burst Read Single Bit Write" function will be enabled.
2. RFU (Reserved for future use) should stay "0" during MRS cycle.

ELECTRONICS
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DEVICE OPERATIONS - Il

=4)

BURST SEQUENCE (BURST LENGTH

BURST SEQUENCE (BURST LENGTH = 8)
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CMOS SDRAM

DEVICE OPERATIONS

CLOCK (CLK)
The clock input is used as the reference for all SDRAM opera-
tions. All operations are synchronized to the positive going edge
of the clock. The clock transitions must be monotonic between
ViL and ViH. During operation with CKE high all inputs are
assumed to be in valid state (low or high) for the duration of set-
up and hold time around positive edge of the clock for proper
functionality and |cc specifications.

CLOCK ENABLE (CKE})

The clock enable(CKE) gates the clock onto SDRAM. If CKE
goes low synchronously with clock (set-up and hold time same
as other inputs), the internal clock is suspended from the next
clock cycle and the state of output and burst address is frozen
as long as the CKE remains low. All other inputs are ignored
from the next clock cycle after CKE goes low. When all banks
are in the idle state and CKE goes low synchronously with clock,
the SDRAM enters the power down mode from the next clock
cycle. The SDRAM remains in the power down mode ignoring
the other inputs as long as CKE remains low. The power down
exit is synchronous as the internal clock is suspended. When
CKE goes high at least "1CLK + tss" before the high going edge
of the clock, then the SDRAM becomes active from the same
clock edge accepting all the input commands.

BANK ADDRESS (BA)
:Incasex 4

This SDRAM is organized as two independent banks of
8,388,608 words x 4 bits memory arrays. The BA inputis latched
at the time of assertion of RAS and CAS to select the bank to be
used for the operation. The bank address BA is latched at bank
active, read, write, mode register set and precharge operations.

!Incasex 8

This SDRAM is organized as two independent banks of
4,194,304 words x 8 bits memory arrays. The BA input is latched
at the time of assertion of RAS and CAS to select the bank to be
used for the operation. The bank address BA is latched at bank
active, read, write, mode register set and precharge operations.

:In casex 16

This SDRAM is organized as two independent banks of
2,097,152 words x 16 bits memory arrays. The BA input is
latched at the time of assertion of RAS and CAS to select the
bank to be used for the operation. The bank address BA is
tatched at bank active, read, write, mode register set and pre-
charge operations.

ADDRESS INPUTS (A0 ~ A12)
:Incasex 4

The 23 address bits are required to decode the 8,388,608 word
locations are multiplexed into 13 address input pins (Ao ~ At2):
The 13 bit row addresses are latched along with RAS and BA
during bank activate command. The 10 bit column addresses
are latched along with TAS, WE and BA during read or write
command.

:Incasex 8

The 22 address bits are required to decode the 4,194,304 word
locations are multiplexed into 13 address input pins (Ao ~ A12).
The 13 bit row addresses are latched along with RAS and BA
during bank activate command. The 9 bit column addresses are
latched along with CAS, WE and BA during read or write com-
mand.

:In casex 16

The 21 address bits are required to decode the 2,097,152 word
locations are multiplexed into 13 address input pins (A0 ~ A12).
The 13 bit row addresses are latched along with RAS and BA
during bank activate command. The 8 bit column addresses are
latched along with CAS, WE and BA during read or write com-
mand.

NOP and DEVICE DESELECT

When RAS, CAS and WE are high, the SDRAM performs no
operation (NOP). NOP does not initiate any new operation, but
is needed to complete operations which require more than sin-
gle clock cycle like bank activate, burst read, auto refresh, etc.
The device deselect is also a NOP and is entered by asserting
TS high. TS high disables the command decoder so that RAS,
CAS, WE and all the address inputs are ignored.

POWER-UP

1. Apply power and start clock, Attempt to maintain CKE= "H",
DQM= "H" and the other pins are NOP condition at the
inputs.

2. Maintain stable power, stable clock and NOP input condition

for a minimum of 200us.

Issue precharge commands for both banks of the devices.

Issue 2 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode
register.
cf.) Sequence of 4 & 5 is regardless of the order.

> w

The device is now ready for normal operation.

Puivsuneg
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CMOS SDRAM

DEVICE OPERATIONS (Continued)

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the various
operating modes of SDRAM. It programs the CAS latency, burst
type, burst length, test mode and various vendor specific options
to make SDRAM useful for variety of different applications. The
default value of the mode register is not defined, therefore the
mode register must be written after power up to operate the
SDRAM. The mode register is written by asserting low on CS,
RAS, CAS and WE (The SDRAM should be in active mode with
CKE already high prior to writing the mode register). The state of
address pins Ao ~ A12 and BA in the same cycle as CS, RAS,
CAS and WE going low is the data written in the mode register.
Two clock cycles is required to complete the write in the mode
register. The mode register contents can be changed using the
same command and clock cycle requirements during operation
as long as all banks are in the idle state. The mode register is
divided into various fields depending on functionality. The burst
length field uses Ao ~ A2, burst type uses A3, CAS latency (read
latency from column address) use A4 ~ As, vendor specific
options or test mode use A7 ~ As, A10/AP ~ A12 and BA. The
write burst length is programmed using As. A7 ~ As, A10/AP ~
A12 and BA must be set to low for normal SDRAM operation.
Refer to the table for specific codes for various burst length,
burst type and CAS latencies.

BANK ACTIVATE

The bank activate command is used to select a random row in
an idle bank. By asserting low on RAS and CS with desired row
and bank address, a row access is initiated. The read or write
operation can occur after a time delay of tRcp(min) from the time
of bank activation. tRcD is an internal timing parameter of
SDRAM, therefore it is dependent on operating clock frequency.
The minimum number of clock cycles required between bank
activate and read or write command should be calculated by
dividing tRco(min) with cycle time of the clock and then rounding
off the result to the next higher integer. The SDRAM has two
internal banks in the same chip and shares part of the internal
circuitry to reduce chip area, therefore it restricts the activation
of two banks simultaneously. Also the noise generated during
sensing of each bank of SDRAM is high requiring some time for
power supplies to recover before the other bank can be sensed
reliably. tRRD(min) specifies the minimum time required between
activating different bank. The number of clock cycles required
between different bank activation must be calculated similar to
treD specification. The minimum time required for the bank to be

active to initiate sensing and restoring the complete row of
dynamic cells is determined by tRAs(min). Every SDRAM bank
activate command must satisfy tRAs(min) specification before a
precharge command to that active bank can be asserted. The
maximum time any bank can be in the active state is determined
by tRas(max). The number of cycles for both tras(min) and
tRAs(max) can be calculated similar to tRcb specification.

BURST READ

The burst read command is used to access burst of data on con-
secutive clock cycles from an active row in an active bank. The
burst read command is issued by asserting low on CS and RAS
with WE being high on the positive edge of the clock. The bank
must be active for at least tRep(min) before the burst read com-
mand is issued. The first output appears in CAS latency nhumber
of clock cycles after the issue of burst read command. The burst
length, burst sequence and latency from the burst read com-
mand is determined by the mode register which is aiready pro-
grammed. The burst read can be initiated on any column
address of the active row. The address wraps around if the initial
address does not start from a boundary such that number of out-
puts fram each I/O are equal to the burst length programmed in
the mode register. The output goes into high-impedance at the
end of the burst, unless a new burst read was initiated to keep
the data output gapless. The burst read can be terminated by
issuing another burst read or burst write in the same bank or the
other active bank or a precharge command to the same bank.
The burst stop command is valid at every page burst length.

BURST WRITE

The burst write command is similar to burst read command and
is used to write data into the SDRAM on consecutive clock
cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on CS, CAS and WE with valid
column address, a write burst is initiated. The data inputs are
provided for the initial address in the same clock cycle as the
burst write command. The input buffer is deselected at the end
of the burst length, even though the internal writing can be com-
pleted yet. The writing can be completed by issuing a burst read
and DQM for blocking data inputs or burst write in the same or
another active bank. The burst stop command is valid at every
burst length. The write burst can also be terminated by using
DQM for blocking data and procreating the bank trRDL after the
last data input to be written into the active row. See DQM
OPERATION also.

Phimsuneg
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CMOS SDRAM

DEVICE OPERATIONS (Continued)

DQM OPERATION

The DQM is used to mask input and output operations. It works
similar to OE during read operation and inhibits writing during
write operation. The read latency is two cycles from DQM and
zero cycle for write, which means DQM masking occurs two
cycles later in read cycle and occurs in the same cycle during
write cycle. DQM operation is synchronous with the clock. The
DQM signal is important during burst interrupts of write with read
or precharge in the SDRAM. Due to asynchronous nature of the
internal write, the DQM operation is critical to avoid unwanted or
incomplete writes when the complete burst write is not required.
Please refer to DQM timing diagram also.

PRECHARGE

The precharge operation is performed on an active bank by
asserting low on CS, RAS, WE and A10/AP with valid BA of the
bank to be procharged. The precharge command can be
asserted anytime after tRAS(min) is satisfied from the bank active
command in the desired bank. tRP is defined as the minimum
number of clock cycles required to complete row‘precharge is
calculated by dividing trRp with clock cycle time and rounding up
to the next higher integer. Care should be taken to make sure
that burst write is completed or DQM is used to inhibit writing
before precharge command is asserted. The maximum time any
bank can be active is specified by tRAs(max). Therefore, each
bank activate command. At the end of precharge, the bank
enters the idle state and is ready to be activated again. Entry to
Power down, Auto refresh, Self refresh and Mode register set
etc. is possible only when both banks are in idle state.

AUTO PRECHARGE

The precharge operation can also be performed by using auto
precharge. The SDRAM internally generates the timing to satisfy
trAsS(min) and "trP" for the programmed burst length and CAS
latency. The auto precharge command is issued at the same
time as burst read or burst write by asserting high on A10/AP. If
burst read or burst write by asserting high on A10/AP, the bank is
left active unti a new command is asserted. Once auto
precahrge command is given, no new commands are possible to
that particular bank until the bank achieves idle state.

BOTH BANKS PRECHARGE

Both banks can be precharged at the same time by using Pre-
charge all command. Asserting low on TS, RAS, and WE with
high on A10/AP after both banks have satisfied trRas(min)
requirement, performs precharge on both banks. At the end of
trRP after performing precharge all, both banks are in idle state.

AUTO REFRESH

The storage cells of SDRAM need to be refreshed every 64ms
to maintain data. An auto refresh cycle accomplishes refresh of
a single row of storage cells. The internal counter increments
automatically on every auto refresh cycle to refresh all the rows.
An auto refresh command is issued by asserting low on TS,
RAS and TAS with high on CKE and WE. The auto refresh com-
mand can only be asserted with both banks being in idle state
and the device is not in power down mode (CKE is high in the
previous cycle). The time required to complete the auto refresh
operation is specified by trRFc(min). The minimum number of
clock cycles required can be calculated by driving tRFC with
clock cycle time and them rounding up to the next higher integer.
The auto refresh command must be followed by NOP's until the
auto refresh operation is completed. Both banks will be in the
idle state at the end of auto refresh operation. The auto refresh
is the preferred refresh mode when the SDRAM is being used
for normal data transactions. The auto refresh cycle can be per-
formed once in 15.6us or a burst of 4096 auto refresh cycles
once in 64ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode for data
retention and low power operation of SDRAM. In self refresh
mode, the SDRAM disables the internal clock and all the input
buffers except CKE. The refresh addressing and timing is inter-
nally generated to reduce power consumption.

The self refresh mode is entered from both banks idle state by
asserting low on CS, RAS, CAS and CKE with high on WE.
Once the self refresh mode is entered, only CKE state being low
matters, all the other inputs including clock are ignored to remain
in the self refresh.

The self refresh is exited by restarting the external clock and
then asserting high on CKE. This must be followed by NOP's for
a minimum time of tRFc before the SDRAM reaches idle state to
begin normal operation. If the system uses burst auto refresh
during normal operation, it is recommended to use burst 4096
auto refresh cycles immediately after exiting self refresh.

<P
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BASIC FEATURE AND FUNCTION DESCRIPTIONS

1. CLOCK Suspend

1) Clock Suspended During Write (BL=4 2) Clock Suspended During Read (BL=4)

oo (w) @D ) @

CKE T I [ i
L‘A. Masked by CKE ' . . . Masketl by CKE
Internal ' RN ' : ' . | . . AR .
CKE X IR gL ' . X . . RN .
DQ(CL2) : : :
DQ(CL3)
Not Written Suspended Dout
2. DQM Operation
1) Write Mask (BL=4) 2) Read Mask (BL=4)

oo R L @

DQM ) . i ) . .
Masked by DQ‘M K : : . . ~ Masked by DQM
oa 0 Das )

() _/ T IV ‘
pacts) (oo X D1 Y7 K 03 ) M2 (oY g Y as )
DQM to Data-in Mask =0 DQM to Data-out Mask = 2

3) DQM with Clock Suspended (Full Page Read) Note 2
CLK

o @ @ @D @
o TULETT L [ L

baM N @

L = RN
DQ(CL2) —._-__( o LY @ e ) ‘ P2 {Cas X ar ( as)

' . ‘ ’ i i v Hi-Z
DQ(CL3) ”:Z/, Y \ 2 e +—(as Y ao Y ar)

*Note : 1. CKE to CLK disable/enable = 1CLK.
2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE " L"
3. DQM masks both data-in and data-out.

ELECTRONICS



DEVICE OPERATIONS - i CMOS SDRAM

3. CAS interrupt (1)

Note 1
1) Read interrupted by Read (BL=4)

ow [T LT
- G
ADD I ;
DQ(CL2)
mw%*%1mmmmw

1 tCCD
‘Note2’

2) Write interrupted by Write (BL=2) 3) Write interrupted by Read (BL=2)

e 1IN pigipipipupips
aw (G )

tCCD Note 2 ' X Note 2

o O - A

0 {EREREE mm%ﬂ~4ﬂl~
= s () ———(am)(am)

Note 3
' .
+tCDL -
Note 3

*Note : 1. By " Interrupt", It is meant to stop burst read/write by external command before the end of burst.
By "CAS Interrupt", to stop burst read/write by CAS access ; read and write.
2. tcep : CAS to CAS delay. (=1CLK)
3. tcoL : Last data in to new column address delay. (=1CLK)

Phimsuncg *
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4. CAS Interrupt (ll) : Read Interrupted by Write & DQM

(a) CL=2, BL=4

(b) CL=3, BL=4'
pawo 1 (m)wR) T

DQM — —

ii) CMD

DQ

iii) CMD

pam [ :
pQ (Do X D1 X D2 D )
ipemp L :

iv) CMD L (wR)

DaM | . . . . X ' : . . 7 Z
L HiZ 0\

bQ ! ! ! ! ' Q? No!:e1 m :

*Note : 1. To prevent bus contention, there should be at least one gap between data in and data out.
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5. Write Interrupted by Precharge & DQM

CMD

DaMm
pQ

'

'
' '
' '
v '
' ‘

Masked by DM

*Note : 1. To prevent bus contention, DQM should be issued which makes at least one gap between data in and data out.
2. To inhibit invalid write, DQM should be issued.
3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge
interrupt but only the other bank precharge of dual banks operation.

6. Precharge ‘

1) Normal Write (BL=4) 2) Normal Read (BL=4)
*Sainininipips o LML
oo (w) L () o () L @)L
D D ENEY ey pacy)  —————{a0 ) Y@ Yas )

T e paeLy) (a0 Y@ Y@z Y as

7. Auto Precharge

1) Normal Write (BL=4) 2) Normal Read (BL=4)

' ' ' ' ' T v ! '
. . . . . Note 3 .
Auto Precharge Starts

*Note : 1. troL : Last data in to row precharge delay
2. Number of valid output data after row precharge : 1, 2 for CAS Latency = 2, 3 respectively.
3. The row active command of the precharge bank can be issued after tre from this point.
The new read/write command of other activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/other bank is illegal.

123
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8. Burst Stop & Interrupted by Precharge

1) Normal Write (BL=4)
CLK
CcMD

baM

DQ

K !
"tRDL Note 1

3) Read Interrupted by Precharge (BL=4)

CLK ;
cMD |
paEcLy) |

baceLy

2) Write Burst Stop (BL=8)
R T R =

paMm . . o
pa  —{( 0o X or X 02 X 03 }BHED)

‘tBDL Note 2

4) Read Burst Stop (BL=4)

CLK
CcMD

DQ(CL2)

9. MRS

1) Mode Register Set
cLK :

oo | @7 | @

'
CIRPOC ‘ 2CLK

*Note : 1. troL : 1 CLK
2.teoL : 1 CLK ; Last data in to burst stop delay.

Read or write burst stop command is valid at every burst length.

3. Number of valid output data after row precharge or burst stop : 1, 2 for CAS latency= 2, 3 respectiviely.

4. PRE : Both banks precharge if necessary.
MRS can be issued only at both banks precharge state.

Shusungg
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10. Clock Suspend Exit & Power Down Exit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down)
CLK | CLK L1 |
CKE . . . — L
€ . . . s . ' CKE | | ‘ |: s | '

Internal ‘Note1 ! : : : : . Internal "Note2 ' : : : |_l :

ClK ——————— — ok T T . T
oo EEEEEEEER(o- oo EEEEG—

11. Auto Refresh & Self Refresh

1) Auto Refresh & Self Refresh Note 3

S+ Nas4 't 0 v Nes
G o N S
we g

e R

cMD

CKE

*Note : 1. Active power down : one or both banks active state.

2. Precharge power down : both banks precharge state.

3. The auto refresh is the same as CBR refresh of conventional DRAM.
No precharge commands are required after auto refresh command.
During trrc from auto refresh command, any other command can not be accepted.

4. Before executing auto/self refresh command, both banks must be idle state.

5. MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.

6. During self refreh mode, refresh interval and refresh operation are perfomed internally.
After self refresh entry, self refresh mode is kept while CKE is low.
During self refresh mode, all inputs expect CKE will be don't cared, and outputs will be in Hi-Z state.
For the time interval of trrc from self refresh exit command, any other command can not be accepted.
Before/After self refresh mode, burst auto refresh cycle (4096 cycles) is recommended.

ELECTRONICS




DEVICE OPERATIONS - i CMOS SDRAM

12. About Burst Type Control

N : At MRS A3 ="0". See the BURST SEQUENCE TABLE. (BL=4, 8)
Basic Sequential Counting BL=1, 2, 4, 8 and full page.

MODE , At MRS A3 ="1". See the BURST SEQUENCE TABLE. (BL=4, 8)
Interleave Counting BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting

Every cycle Read/Write Command with random column address can realize Random
Column Access.
That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

Random Random column Access
MODE tcco =1 CLK

13. About Burst Length Control

1 At MRS Az,1,0 = "000".
At auto precharge, tras should not be violated.
2 At MRS A2,1,0 ="001".
Basic At auto precharge, tRas should not be violated.
MODE 4 At MRS A2,10="010".
8 At MRS A2,1,0="011".
Full Page At MRS A2,1,0="111".
9 At the end of the burst length, burst will be stop automatically.
Special At MRS Ag="1".
N'I)ODE BRSW Read burst =1, 2, 4, 8, full page write Burst =1
At auto precharge of write, tras should not be violated.
Random Burst St tepL= 1, Valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively
MODE urst Stop Using burst stop command, any burst length control is possible.
Before the end of burst, Row precharge command of the same bank stops read/write
RAS Interrupt burst with Row precharge.
Interrupt (Interrupted by Precharge) troL= 1 with DQM, valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively.
MODE During read/write burst with auto precharge, RAS interrupt can not be issued.
Before the end of burst, new read/write stops read/write burst and starts new
CAS Interrupt read/write burst.

During read/write burst with auto precharge, CAS interrupt can not be issued.
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FUNCTION TRUTH TABLE (TABLE 1)

L s gy

ELECTRONICS

c;‘t'::' T5 | RAS | TAS | WE BA ADDR ACTION Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
IDLE L H L X BA CA, A10/AP | ILLEGAL 2
L L H H BA RA Row (& Bank) Active ; Latch RA
L L H L BA A10/AP NOP 4
L L L H X X Auto Refresh or Self Refresh 5
L L L L OP code OP code | Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP | Begin Read ; latch CA ; determine AP
Active L H L L BA CA, A10/AP | Begin Write ; fatch CA ; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Write L H L H BA CA, A10/AP | Term burst, New read, Determine AP 3
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
. L H H H X X NOP (Continue Burst to End --> Precharge)
Readwin I« H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
. ] L H H H X X NOP (Continue Burst to End --> Precharge)
e win |0 H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after trp
L H H H X X NOP --> |dle after trP
Pre_- L H H L X X ILLEGAL 2
charging L H L X BA cA | ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP --> |dle after treL 4
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FUNCTION TRUTH TABLE (TABLE 1)
c;gfe'" S | RAS | CAS | WE BA ADDR ACTION Note
L L L X X X ILLEGAL
H X X X X X NOP --> Row Active after trco
L H H H X X NOP —> Row Active after trcD
Row L H H L X X ILLEGAL 2
Activating | | H Lt | x BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A1o/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP —> Idle after trRrc
L H H X X X NOP —> Idle after trrc
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP —> Idle after 2 clocks
Mode L H H H X X NOP —-> Idle after 2 clocks
Register L H H L X X ILLEGAL
Accessing ™ H L X X X ILLEGAL
L L X X X X ILLEGAL
Abbreviations : RA = Row Address BA = Bank Address
NOP = No Operation Command CA = Column Address AP = Auto Precharge
*Note : 1. All entries assume the CKE was active (High) during the precharge clcok and the current clock cycle.
2. lllegal to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the
state of that bank.
3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
4. NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A10/AP).
S. lllegal if any bank is not idle.
128
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DEVICE OPERATIONS - I CMOS SDRAM

FUNCTION TRUTH TABLE (TABLE 2)

-
Curent (Cn'ﬁFS G | Ts | mAS | RS | WE | ADDR ACTION Note
H X X X X X X INVALID
L H H X X X X Exit Self Refresh —> Idle after trrc (ABI) 6
Self L H L H H H X Exit Self Refresh > Idle after trrc (AB) 6
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
Al L H H X X X X Exit Power Down --> ABI
Banks L H L H H H X Exit Power Down --> ABI 7
Precharge L H L H H L X ILLEGAL 7
';‘:"‘:fr" L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down 8
H L L H H L X ILLEGAL 8
5 aAr:Iks H L L H L X X ILLEGAL
Idle H L L L H H RA Row (& Bank) Active
H L L L H H X NOP
H L L L L L X Enter Self Refresh 8
H L L L L L OP Code | Mode Register Access
L L X X X X X NOP
Any State | _H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clock Suspend next cycle 9
Listed L H X X X X X Exit Clock Suspend next cycle 9
above L L X X X X X Maintain Clook Suspend

Abbreviations : ABI = All Banks ldle, RA = Row Address

*Note : 6. CKE low to high transition is asynchronous.
7. CKE low to high transition is asynchronous if restarts internal clock.
A minimum setup time 1CLK + tss must be satisfied before any command other than exit.
8. Power down and self refresh can be entered only from the both banks idle state.
9. Must be a legal command.
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TIMING DIAGRAM - i CMOS SDRAM

Single Bit Read-Write-Read Cycle(Same Page) @CAS Latency=3, Burst Length=1

9 M0 41 #2413 44 15 16 17 48 19
1 i/ ] [/ |/

CLOCK

!
I

| |
) 1 1
| 1 | |
| | |
T T

| |

i |

e

I I ! |
l

i ’/////////

ADDR
BA

A10/AP

DQ

Dam

TII+IT‘+1T

Row Active

Precharge

V77 - Don" tCare

PSinsuneg -
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TIMING DIAGRAM - i CMOS SDRAM

*Note : 1. All inputs expect CKE & DQM can be don” t care when TS is high at the CLK high going edge.
2. Bank active & read/write are controlled by BA.

3. Enable and disable auto precharge function are controlled by A10/AP in read/write command.

Disable auto precharge, leave bank A active at end of burst.

Disable auto precharge, leave bank B active at end of burst.
Enable auto precharge, precharge bank A at end of burst.
Enable auto precharge, precharge bank B at end of burst.

“|lo|=~|O

4. A10/AP and BA control bank precharge when precharge command is asserted.

0 ] Bank A

0 1 Bank B
1 X Both Banks
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TIMING DIAGRAM - 1l

CMOS SDRAM

Power Up Sequence

CLOCK

CKE

CAS

ADDR

BA

A1/AP

DQ

DaM

0 41 12 13 .4 .5 16 7 18 .9 0 A1 42 A3 94 a5 16 97 a8 49
1 1 1
1 1]

I 1
1 |
I I

1
!
I
i
!
)

| !
l 1 |
|
I l !
ngh level is necessary 1
I I
| |
I ]

\
| | | 1 | 1 | | | |
1 | 1 | 1 | | | I 1 | |
| | | I I | ! 1 | | | |
| I | I | [ I 1 ! I | !
1 I | I | | | I I I | |
t | t | I I | I } 1 | |

1
| ] | 1 | | 1 1 | I 1 |
| | | | I ! I 1 !
1 I | | | | ! I |
I I I 1 l
|

///// //// /// ///////

/’//// ' ,///////,,/// ///////,,.//,,’//////

e, "’

//////////////////////////////////////// /////////////////////////// /////////// ' // '

f////////// ;

I
t I I I I I 1 1 I
I

ngh

N

| | |
! | I I | I |
I | | | | | |
| ! 1 |

t | I I | | i
| I | ! | | I
I 1 I

| |
| 1 | | 1 I [} 1 I
I 1 | | | | i 1 |
| I 1 1 1 1 I |
| t 1 1 | I I I 1
| ] | | i I 1 i |

I | I [ | I |
I I I I I 1 |
I

|
1
|
|
|
|
!

\_ - = - -

2 O /////////// ol |
ScisEEEannsean s L_+ u
(I::Tg:ar:-s:) Auto Refresh Auto Refresh Mode Register Set |

e

2?7, : Dontcare
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TIMING DIAGRAM - i CMOS SDRAM

Read & Write Cycle at Same Bank @Burst Length=4

CcL=2 !

DQ

CL=3

baMm

i ! l l I I l l l | I I

T
1 [
1 1 1
o N S R T D
—1 1 1 1 1 1
bt 020} at  Qa2){Qa3 f——————{ Db mm@ T
1 ’ tRAC— + | | 1 ! | 1 i i ' 1 | —»ItRDL | |
i | | *Note 3 ! —»—1¢-tSAC I —>—1¢-tSHZ *Noted 1 1 i 1 ! i 1 l 1
1 1 ] 1 1 | 1 | | | | 1 | 1 l ] | | | I |
I 1 ) 1 ] | l | | 1 1 l 1 | 1 | 1 1 1 ! |
| | ' 1 1 1 o tOH | 1 I 1 1 | ] 1 1 1 | 1
1 1 1 1 1 1 I 1 1 1 | 1
| a0){qat { a2 a3 }——————(0b0) bt ) Db2 ) DB }——————
| i ] —tRAC—— T | | ' I | 1 le——>ItRDL ! |
| 1 ! | *Noed 1 1 1 1 [ ! [
1 1 | I | 1 ! | 1 1 1 1
1 i 1 ) | ! 1 ! | 1
1 1 1 ) 1 1 |

1 | 1
—r—¢tSAC | I ——ftSHZ *Note 4

1 i ]

1

1

]

I

|

W

|
|
7 T [
1 i 1 1 f ' | 1 1 T | | i f ! T
Row Active Read Precharge Row Active Wite Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)

V77 : Don'tcare

*Note : 1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data
is available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clcok.

3. Access time from Row active command. tcc *(tRco + CAS latency - 1) + tsac

4. Ouput will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst)

Pansuncg e
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TIMING DIAGRAM - i ' CMOS SDRAM

Page Read & Write Cycle at Same Bank @Burst Length=4

0 11 12 3 14 5 6 7 8 9 A0 A1 {2 A3 14 45 16 47 148 19 |
! 1, ! [/ 1y I/ |/ 1 [/ 4 k I ! [/ !

///////////@//// //////// /////////// ////c-m

I I
| I 1
| | 1 ' 1 1 1
I
AWAP | | " wy )
i T 1 ] T 1 T T 1 T 1 T ] T 1< T 1
1 | | i ] 1 I I 1 l I I f I I I |
: : : 1 I | | i 1 I I ItRDLl | |
I [} 3 I i ! ] 1 ] |
1 ] 1 ] | 1 I |
Ole bt CD“ HW
DQ T |
] 1 3 1 1 ] I l ]
R e -D :
I ]
e . o
] 1 t 1 ! I
] 1 ] 1 I 1 ]
I | t i
t 1 I Il
WE B ) A
|I I ] I
1
T

WE R EI*”*“:E: AUERERERYEE
r oot oo
owdote R e e e e

V7)) : Dontcare

*Note : 1. To write data before burst read ends, DQM should be asserted three cycle prior to write
command to avoid bus contention.
2. Row precharge will interrupt writing. Last data input, troL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.

PSimsungg °
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TIMING DIAGRAM - I CMOS SDRAM

Page Read Cycle at Different Bank @Burst Length=4

ADDR  (7)(RAa)( ) cha)

2\ Z A A
I | 1 | | 1 I I | I 1 1 | [ I | I
| 1 I 1 I 1 i

W W

1

I

}

!

|

1
7

] 1

1

1

I

|

1

CL=2 X

DQ | 1

CL=3 !

. \

von D
]

I

Row Active Row Active Read Read Read Read Precharge
(A-Bank) (B-Bank) (B-Bank) (A-Bank) (B-Bank)  (A-Bank) (A-Bank)

Read
(A-Bank)

V) : Don't care

"*Note: 1.CS can be don't cared when RAS, CAS and WE are high at the clock high going dege.
2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.
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TIMING DIAGRAM - I CMOS SDRAM

Page Write Cycle at Different Bank @Burst Length=4

10 11 12 13 14 15 16 7 18 19 M0 A1 42 A3 4 45 16 47 18 9 |
) / I, I [/ ! | I, ! [/ ), | [/ l

CLOCK

CKE

RAS

|
| | | t | | | | | | 1 | [*Note 2 {
| I I [ | I i | | | t I 1 | | | [ |
1
1

CAS
ADDR
BA
A10/AP

DQ

e 1

R ////////////////////

| i t | l | | | I

f ! ! ! f

Row Active Row Active Write Write Precharge
(A-Bank) (B-Bank) (B-Bank) (A-Bank) (Both Banks)
Write Write
(A-Bank) (B-Bank)

777] : Don'tcare

*Note : 1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.
2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the same.
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TIMING DIAGRAM - I CMOS SDRAM

Read & Write Cycle at Different Bank @Burst Length=4

Aso/AP

CL=2
DQ

CL=3

0 1 12 13 14 5 6 7 8 9 10 M1 42 A3 44 15 16 17 18 19

I/ [/ i I/ [/ [ [/

|
i
|
|
1
1
1
|
T
I

|
i
!
I |
I i

f f f ! f

Row Active Read Precharge Write Read
(A-Bank) (A-Bank) (A-Bank) (B-Bank) (A-Bank)
Row Active Row Active
(B-Bank) . (A-Bank)

V77) : Don'tcare

*Note: 1.tcoL should be met to complete write.
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TIMING DIAGRAM - I CMOS SDRAM

Read & Write Cycle with Auto Precharge @Burst Length=4 |

40 11 12 A3 44 45 16 7 48 19 |

o 11 12 i3 | 6 17 s |
N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
] 1 I I !

| i I b I ' 1 1 I 1 3 I i 1 1 1
i i I : I ! ! 1 1 TP NI ] ] 1 1 i ! ! ! 1
CKE ! ] ] ] ] ] ] 1 1 sk ] I 1 ] ] i ] i ]
1 I I I I i | i I i I | ' i I i I I I | i
1 i I I I | ' 1 1 I | I I | I I I ! I I I
I 1 I t t t t + 1 t t t t t
CS | I 1 | 1 1 t i | | | | | [N T A 1l | | | 1
| 1 I T i i | I ' 1 ! 1 I i
i | 1 | | ! 1 | ]
17 I Y \%
7.\ ! ZA ' ! Z
1 1 1 1 | 1 I ¥ 1
i ] I 1

3 an a9 W 2

I | | 1 1 I i t 1 1

//// ////

- %@ .

BA :

l

|
i I
CL=2 ¢+ +
1 I
| ) ! )
DQ 1
| ' I | I I ) I | 1
1 ! 1 | | i i I i
CL=3 | ] ] \ | ) @ Qa2 @ ] | mmm b3 —, | |
| I | |

! I X I
I | 1 | I i 1 i | 1 1 i | | I

WE '::

DQME.IIHEZEEW
R t | | | RTd'th AtPTh | | WritTith ll\utPT’h |
e e
gy

777) :Dontcare

*Note : 1. tcoL should be controlied to meet minimum tras before internal precharge start.
(In the case of Burst Length=1 & 2 and BRSW mode)
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TIMING DIAGRAM - i CMOS SDRAM

Clock Suspension & DQM Operation Cycle @CAS Latency=2, Burst Length=4

10 41 12 13 14 5 6 7 8 9 10 41 12 a3 14 15 16 17 .18 19

| I 1 ! i 1 1 1 1 1 I
| | 1 1 ]

CKE

BA

A10/AP

e e TR ey M////m///////// ;

DQ
Dommﬁ."!;“}“:: :l
T.’T'*"T'\Klrl'r‘

V77 :Don'tcare

*Note : 1. DQM is needed to prevent bus contention.
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TIMING DIAGRAM - Ii CMOS SDRAM

Read Interrupted by Precharge Command & Read Burst Stop Cycle @Burst Length=Full page

0 41 12 3 (4 5 6 7 8 9 A0 A1 92 13 14 15 16 17 a8 19
! [/ | Y ! [/

1 1 I 1
1 1 1 3 I 1

| |
|

! I
| |
t I
1 |

| I t

| !

I I I §

t I I !

! | 1 |
|

| 1 1

| |
! !
! !
I |

M

I | | I i | ) I | | ! | |
1 1 | ! | | } i | 1 1 | | I t 1

| t 1 1 i | 1 | I | 1 | i 1 | 1

1 I
I I

| 1

1 I I I i

1 | | 1 !

{onbo){anor @2 aavs){arse) anos)
! j 1 | I

Row Active Read Burst Stop Read Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

V77 :Don'tcare

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. About the valid DQs after burst stop, it is same as the case of RAS interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS interrupt should be compared carefully.
Refer the timing diagram of "Full page write burst stop cycle".
3. Burst stop is valid at every burst length.
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TIMING DIAGRAM - Il CMOS SDRAM

Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Burst Length=Full page

10 11 .12 13 14 5 6 7 8 9 40 A1 42 {13 34 #5 16 17 18 A9

|

[}

I i 1 ! | I I 1 1 ] 1 [} 1 [} 1 1 I I 1 [} 1

! 1 ! 1 I I I I | [} 1 1 1 1 1 1 I 1 1 I I

1 1 ) | I I 1 ] | I 1 1 I 1 i i I 1 1 [} ]
——— ! 1 . } Il Il 1 4 HIGH Il 1 A i 1 1
CKE 1 1 1 | 1 | | | t |'I‘|3'| 1 1 | ] 1 ] 1 1 |
1 1 I [} | 1 | 1 ] 1 I ] 1 I 1 i 1 I | t I

1 1 [} ! I 1 | 1 1 1 I I I I 1 I | ] I | 1

1 I 1 I | 1 I 1 1 I 1 I 1 I I 1 1 I ! t 1
I_\ﬁ:—/l f | 1 | 1 1 1 | [} I ] ] 1 I ! ] |
A A T e A e
1 I I I 1 ! 1 t I t I 1 1 | I 1 1 1

t I } i ] 1 I ! 1 I | i 1 1 I i 1 ! 1

1 | | 1 | | [ 1 1 1 ! 1 | 1 1 | | 1 1

BA

|
), |
l

At0/AP W' // ' / / ///

: '——»tRDL
| *Note 2!
|

|
(
oQ |
!
i

I
|
|
|
I
t

1
| 1 1

o om
-t -t 1

Row Active Write Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

V77 :Don'tcare

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding
memory cell. It is defined by AC parameter of {RDL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.
3. Burst stop is valid at every burst length.
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TIMING DIAGRAM - i CMOS SDRAM

Burst Read Single bit Write Cycle @Burst Length=2

70 11 12 3 14 .5 46 7 .8 9 10 A1 42 a3 94 45 16 47 48 19
[/ [/ 1

1 [/ [/ i I ! 4 !
1 I 1 ] ] 1 1 1 i 1
“Note 1 1 1 1 HIGH i 1

1
I t 1 1 I

STy eyoyey 0 0 oy oy oy

1
1
1
|

1
|
t
]
|
!
1
1 | i |
i
t
|
|
1

Yy .

[ | 1 {

oo NI, |

I 1 ] I 1 i
] | ]
- 1
) ! , a2 u A L
i | 1 1 [} ] ] 1 1 1 | t ] ] 1
1 | 1 i [} [} | | t 1 1 1 [} ] I 1 ] I
[} I ] | /“_\ I 1 ] 1 [} /—*‘\ 1 [} 1 D.—;_:'
CL=2 DAa0 QAbO X QADb1 DBcO QAdO
T e 0 s s s T s -
DQ [ t 1 | ! 1 1 1 1 1 ' 1 1 1 ' 1 1 |
1 ] i 1 1 ] 1 ] 1 1 I 1 1 1 1 ] 1 1 1
‘ R e f L{':X::\ R o U l{:}‘_l,
: DAa0)— : +—QAb){ QA Tt e QAd0) QAd1)
1 [} ] 1 1 ] I 1
1 i ] ] t H
| 1 ] - | . t 1
: N A !
: 1 ] 1 I :
i 1
)
[}

Row Active Row Active Row Active Read Precharge
(A-Bank) (B-Bank) (A-Bank) (A-Bank) (A-Bank)
Write Write with
(A-Bank) Read with Auto Precharge
Auto Precharge (B-Bank)

(A-Bank)

777 Don' t Care

*Note : 1. BRSW modes is enabled by setting Ao "High" at MRS (Mode Register Set).
Atthe BRSW Mode, the burst length at write is fixed to "1" regarediess of programmed burst length.
2. When BRSW write command with auto precharge is executed, keep it in mind that tras should not be violated.
Auto precharge is executed at the burst-end cycle, so in the case of BRSW write command,
the next cycle starts the precharge.
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TIMING DIAGRAM - I CMOS SDRAM

Active/Precharge Power Down Mode @CAS Latency=2, Burst Length=4

10 11 12 13 4 5 6 7 8 9 10 ;11 i12 13 14 15 16 17 @8 19 |

| 1 1 I I I 1 "Notezl i Hl [} | I | 1 j ] 1 1 1

[ 1 e~ | 1 1 [ ! 1 ¢ 1 | [ 1 | [ ] 1 l 1

| 1 [tSS ! [ [ ! ' e ! tsg [PE 1 ] | i | | ! |

N 1 I ! 1 | ) } } 1 1 I Il

CKE | 1 N?ﬁ“ | : | ! I tSIS | | ! | 1 | | | I | | |
| 1 + t t t | g ! 1 [ 1 1 ' | | ! [

| | : Ntea | | | | | | | | ! | 1 | 1 1 | |

' 1 1 | ] I

| 1 1 1 1 | 1 !

s //// 7 ’//// / A
! S T

[

RAS /////

—W/ f//// // /////////

o W// 5”55

AvAP W/ //////m/////////////////////// i ///////

! I, ] 1
I I I tSHZ | 1
e | :
I 1 | 1
1

DQIII
WW/};

W/ //

T 1 I 1 T 1 I I | T
Precharge Row Active Read Precharge
Power-down
Entry
Precharge Active Active
Power-down  Power-down Power-down
Exit Entry Exit

V7)) Don’ t Care

*Note: 1. Both banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tss prior to Row active command.
3. Can not violate minimum refresh specification. (64ms)

ELECTRONICS




TIMING DIAGRAM - I CMOS SDRAM

Self Refresh Entry & Exit Cycle

'0 i4.5.6.’.8.91o11121314.1516«71s19.

cLock / , A A AC A AYACATATY)

I I 1
I Nteﬂ

I [ 1
] I 1
t I I
I 1

| | f

l | '

| [ I

|

1 | !
1 I

r |

N 1 | ) 1 |
v I ! ) 1 'Hle3
CKE t 1 1 1 1
- PR t t + I t
| ssl | | | | |

I | 1
1 | 1

I | I 1 I t 1 I

| | 1

| | | 1 | | I |
i | | 1 I

I I I I | | 1 I

I

§
|
|

s //// ///// ///// R S
S / /// // //// ” 7///////////////////

I l I I I

ADDR ////////////////////////////////// ///////////////////////////////////////////////////////////////

AwlAP ///////////////////////////////////// /

1 ] 1 1 ] 1 I I 1 I
HitZ — T ,’ Fee ) —HZ = .’ ff. — I l .
I I | I I I I I I I

WE //// ,,///// /// = ///// //////////

I
Dolf
1

TTI

Self Refresh Entry Self Refresh Exit Auto Refresh

777) :Don'tcare

*Note: TO ENTER SELF REFRESH MODE
1. CS, RAS & CAS with CKE should be low at the same clcok cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.

3. The device remains in self refresh mode as long as CKE stays "Low".
cf.) Once the device enters self refresh mode, minimum tras is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4. System colck restart and be stable before returning CKE high.

5. CS starts from high.

6. Minimum trrc is required after CKE going high to complete self refresh exit.

7. 4K cycle of burst auto refresh is required before self refresh entry and after self refresh exit if the system uses burst refresh.
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TIMING DIAGRAM - i CMOS SDRAM

Mode Register Set _Cycle Auto Refresh Cycle

0 41 12 13 14 5 .6 W0 1 2 '3 '4 's ‘s '7 's ‘e '10 '
:%:vwsssfesiss

: I 1*Note 21 ] : : l ] 1 1 ltRFc.:_n‘l ] 1 ] :
mi;: / /////// ////////
= A R e //////////////////////////// =
///////@//////ﬁﬂ///////// Eiiiiiiﬂiiiii
S S W Fi e L
//////////f/////////// :" Wﬁ%
bam /////////////////////////////////////////// /// / // /

R T - T T

: Don't care

* Both banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

MODE REGISTER SET CYCLE

*Note: 1.CS, RAS, CAS, & WE activation at the same clock cycle with address key will set internal mode register.
2. Minimum 2 clock cycles should be met before new RAS activation.
3. Please refer to Mode Register Set table.

> g
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KM44S16030A

CMOS SDRAM

4M x 4Bit x 4 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply

LVTTL compatible with multiplexed address
Four banks operation

MRS cycle with address key programs

-. CAS Latency (2 & 3)

-. Burst Length (1, 2, 4, 8 & full page)

-. Burst Type (Sequential & Interleave)

All inputs are sampled at the positive going edge of the system
colck

Burst Read Single-bit Write operation

DQM for masking

Auto & self refresh

64ms refresh period (4K cycle)

.

-

.

-

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The KM44S16030A is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 4 x 4,194,304 words by 4 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycle control with the
use of system clock I/O transactions are possible on every clcok
cycle. Range of operating frequencies, programmable burst
length and programmabile latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

ORDERING INFORMATION

Part NO. - MAX Freq. | Interface | Package|
KM44S16030AT-G/F8 125MHz 54
KM44S16030AT-G/F10 | 100MHz | LYTTL | Tsop()
KM44S16030AT-G/F 12 83MHz

S [ LWE
- [¢]
I Data Input Register I' g
3 [-— LDbam
Bank Select L i
4M x 4
g 5 2 - 2 o
3 2 2 4M x 4 3 g
> s é o @ & L paQi
z o2 8 4Mx 4 z 2
CLK — & S 3 a 3 &
g F - [} 4Mx 4 =
ADD — @ — T
& I ] —
& -——>‘ Column Decoder ‘
= - -
a0 @]
5 3 -
D Latency & Burst Length
g f
LCKE i Programming Register l

LRAS LCBR LWE TLCAS

[ I

LWCBR LbQMm

Timing Register

11

CLK CKE CT_S

RAS CAS

11

WE bam

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM44S16030A

CMOS SDRAM

PIN CONFIGURATION (TOP VIEW)

VoD
N.C
Voba
N.C
DQO
Vssa
N.C
N.C
VooQ
N.C
DQ1
Vssa
N.C
VoD
N.C
WE
CAS
RAS
CS
BAO
BA1
A10/AP
A0
A1
A2
A3
VDD

q1° 54 P Vss

q2 530 N.C

g3 52 h Vssa

g4 510 N.C

g5 50 p DQ3

g6 491 Vopa

g7 48p NC

gs 47h NC

ge 46 Vssa

d 10 450 N.C

d 11 44p DQ2

g12 431 Voba

g13 428 N.C

q14 41p Vss

d15 40P N.C/RFU

016 39p DQM

g17 38 p CLK

g18 37h CKE

g19 36f N.C

g20 350 A1

d 21 34 A9

g22 33p A8

ga3 320 A7

024 310 A6

g gg 23 o ﬁi 54PIN TSOP (I1)

g7 28 Vss (400mil x 875mil)
(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

PN _NAM . _INPUTFUNCTION

CLK System Clock Active on the positive going edge to sample all inputs.

== . Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.
Ao~ An Address Row address : RA0 ~ RA11, column address : CAp ~ CA9
- Selects bank to be activated during row address latch time.

BAo ~ BA1 Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

o= y Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

Dam Data InputOutput Mask Blocks data input when DQM active. ‘

DQo ~3 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VDD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

Voba/Nssa | Data Output Power/Ground ilrsnorLa::ic:y power supply and ground for the output buffers to provide improved noise

No Connection/ R . .
N.C/RFU Reserved for Future Use This pin is recommended to be left No Connection on the device.
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KM44S16030A

CMOS SDRAM

ABSOLUTE MAXIMUM RATINGS

, - Symbol  Value Unit
Voltage on any pin relatlve to Vss VIN, VouTt -1.0~46 \
Voltage on VDD supply relative to Vss Vpb, Vbba -1.0~46 Y
Storage temperature TsTG -55 ~ +150 c
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.

Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA= 010 70C)

: ’ _ S msageees: - T — e
Supply voltage Voo, Voba 3.0
Input logic high votiage VIH 2.0 3.0 Vpp+0.3 ) 1
Input logic low voltage ViL -0.3 0 0.8 \% 2
Output logic high voltage VoH 2.4 - - \ IoH =-2mA
Output fogic low voltage VoL - - 0.4 \% loL =2mA
Input leakage current i -5 - 5 uA 3
Output leakage current loL -5 - 5 uA 4

Note : 1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.

2. Vit(min) = -1.5V AC for pulse width < 10ns acceptable.
3. Any input OV < ViN =< VDD + 0.3V, all other pins are not under test = QV.
4. Dout is disabled, OV < Vout < VpD.

CAPACITANCE (Voo =33V, Ta=25TC,f= 1MHz)

- . Parameter __ Sym| bol oW Max - Unit
Input capacntance (Ao ~ A11, BAo ~ BA1) CiNt 2 4 pF
I(%?.ﬁ,ccaﬁzfltgg,cgﬁ, TAS, WE & DaM) Cinz 2 4 pF
Data input/output capacitance (DQo ~ DQ3) Cout 2 5 pF

5 unig
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KM44S516030A CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70C)

. ) Burst Length =1
Operating Current lcct fRe > tRe(min) 125 | 110 | 95 | mAa | 1
(One Bank Active) loL =0 mA
Precharge Standby Current | lcc2P CKE =Vit(max), tcc = 15ns 2 mA
in power-down mode Icc2PS | CKE & CLK<ViL(max), toc = o 2
CKE = ViH(min), CS = ViH(min), tcc = 15ns
1662N | |put signals are changed one ime during 30 %
Precharge Standby Current nput signals are changed one time during 30ns A
in non power-down mode CKE 2 ViH(min), CLK < ViL(max), tcc =
lccaNS . 20
Input 5|gnal_s are stable
Active Standby Current lccaP CKE <Vi(max), tcc = 15ns 8 mA
in power-down mode IccsPS | CKE & CLK< ViL(max), tcc = o0 8
lccaN CKE = ViH(min), CS = Vir(min), tcc = 15ns 45 A
Active Standby Current Input signals are changed one time during 30ns :
in non power-down mode -
(One Bank Active) lccaNS CKE = VIH(min), CLK=<ViL{max), tcc = 30 mA
Input signals are stable
o ina G . :SJL = OBmAt 3 175 140 120
perating Curren age Burs
(Burst Mode) lcca 2 Banks activated mA 1
tced = 2CLKs 2 120 110 95
Refresh Current lecs tRC = tRC(min) 210 mA 2
3 mA 3
Self Refresh Current lccs CKE=0.2V
500 uA 4

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM44S16030AT-G**
4. KM44S16030AT-F**

< "
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KM44S16030A

CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD = 3.3V+0.3V, TA=0t0 70C)

_ Parameter unit
Input levels (Vih/Vil) v
Input timing measurement reference level 1.4 \
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 \Y
Output load condition See Fig. 2
o 3.3V o Vit=1.4V
= 1200Q < 500
Outout O N VoH(DC) = 2.4V, loH = -2mA Output o
utput VoL (DC) = 0.4V, loL = 2mA utpu
8700 = S0pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER
(AC operating conditions unless otherwise noted)
S oo Unit | Note
Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP(min) 20 24 26 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
X @Operation tRC(min) 70 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1.5
Last data in to new col. address delay tcDL (min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tcCD(min) 1 CLK 3
Number of valid CAS latency=3 2 4
tput data e
outp! CAS latency=2 1
Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRrc after self refresh exit.
157
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KM44S16030A

CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

. CAS latency=3 8 10 12
CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 12 13 15
i CAS latency=3 6 7
CLtK tf‘;’alhd il tsac ns 1,2
output delay CAS latency=2 8 7
CAS latency=3 3 3 3
Etﬁpqt data % ton ns 2
old time CAS latency=2 3 3 3
CLK high pulse width tcH 3 3.5 4 ns 3
CLK low pulse width teL 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 8
.CL'_}? t; output Cyi tshz ns
in - CAS latency=2 8
Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & ff is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
158
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KM44S16030A CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM445S16030AT-8 (Unit : number of clock)
125MHz k8’.0n‘s)m I 9 6 3 2 3 1 1 1
100MHz (10.0ns) 3 7 5 2 2 2 1 1 1
83MHz (12.0ns) 2 6 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 5 4 2 2 2 1 1 1

{Unit : number of clock)

KM44S16030AT-10

. teoL | oL
100MHz (10.0ns) 3 8 5 3 2 3 1 1 1
83MHz (12.0ns) 3 7 5 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 1 1

KM44S16030AT-12

(Unit : number of clock)

LS sung

ELECTRONICS

83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1
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KM44S16030A CMOS SDRAM

SIMPLIFIED TRUTH TABLE
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
Refresh Exit L I S L B L R X 2
H X X X 3
Bank Active & Row Addr. H X L L H H X Vv Row Address
Read & Auto Precharge Disable H X L H L H X y L E;‘:unm 4
ress
Column Address Auto Precharge Enable H (Ao~A9) | 45
Write & Auto Precharge Disable H X L H L L x v L Column 4
Column Address Auto Precharge Enable H (Ao~A9) | 45
Burst Stop H X L H H L X X 6
Bank Selection \ L
Precharge H X L L H L X X
All Banks X
Ent H L H X X X X
Clock Suspend or ntry
Active Power Down L M v v X
Exit L H | X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L \ ' \
bDQM H X " X 7
. H X X X
No Operation Command H X X X
H H H
(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)
Note : 1. OP Code : Operand Code
Ao ~ A11 & BAo ~ BA1 : Program keys. (@MRS)
2. MRS can be issued only at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at all banks precharge state.
4. BAo ~ BA1 : Bank select addresses.
If both BAo and BA1 are "Low" at read, write, row active and precharge, bank A is selected.
If both BAo is "Low" and BA1 is "High" at read, write, row active and precharge, bank B is selected.
If both BAo is "High" and BA1 is "Low” at read, write, row active and precharge, bank C is selected.
if both BAo and BA1 are "High" at read, write, row active and precharge, bank D is selected.
If A10/AP is "High" at row precharge, BAo and BA1 is ignored and all banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trp after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK and masks the data-in atthe very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)
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KM48S8030A

CMOS SDRAM

2M x 8Bit x 4 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Four banks operation
MRS cycle with address key programs
-. CAS Latency (2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation
DQM for masking
Auto & self refresh

.

.

.

.

.

GENERAL DESCRIPTION

The KM48S8030A is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 4 x 2,097,152 words by 8 bits,
fabricated with SAMSUNG's high performance CMOS technol-
ogy. Synchronous design allows precise cycte control with the
use of system clock I/O transactions are possible on every cicok
cycle. Range of operating frequencies, programmable burst
length and programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance mem-
ory system applications.

ORDERING INFORMATION

« 64ms refresh period (4K cycle) . PartNO. | MAXFreq. | Interface | Package
KM48S8030AT-G/F8 125MHz 54
KM48S8030AT-G/F10 100MHz | LVTTL | TsOP(I)
KM48S8030AT-G/F12 83MHz )
FUNCTIONAL BLOCK DIAGRAM
S [ LWE
‘ Data Input Register |< g
5 1 LDaM
Bank Select L
8
29 N e— 2Mx8 3 g
@ = J o e 5 > DQi
Py o2 8 2Mx 8 > w
oLk —f & £ a § 3 )
@ oy ) 2Mx 8
ADD —| @ I ]\ o T
S,
@ - - -'l Column Decoder I
a0 0
5 3 >
@ ‘—( Latency & Burst Length
=
e i
LCKE | Programming Register ]
LWCBR LDQM

LRAS LCBR  LWE TLCAS
I I !

Timing Register

| ]

1 1

1
CLK CKE Cs

RAS CAS

1 1

WE DaM
* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM48S8030A

PIN CONFIGURATION (TOP VIEW)

Vob
DQo
Voba
N.C
DQ1
Vssa
N.C
DQ2
Voba
N.C
DQ3
Vssa
N.C

N.C

VDD

CMOS SDRAM
d1° 540 Vss
g2 530 DQ7
g3 52 [ Vssa
g4 510 N.C
g5 500 DQ6
g6 49 A Vpba
q7 48P N.C
s 47 DQ5
09 46 A Vssa
g10 45p N.C
g 11 440 DQ4
g 12 43 Vbba
013 42A NC
d14 41p Vss
g15 40 A N.C/RFU
016 39p DQM
17 38 CLK
018 370 CKE
d19 360 N.C
20 350 A1
o 21 340 A9
022 330 A8
g23 320 A7
g 24 310 A6
= 08 A 54PIN TSOP (Il)
do27 280 Vss (400mil x 875mil)
(0.8 mm PIN PITCH)

N DESCRIPTION

o . NAwE . FUNCTION

CLK System Clock Active on the positive going edge to sample all inputs.

== : Disables or enables device operation by masking or enabling all inputs except

S Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.

CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.

- Row / column addresses are multiplexed on the same pins.
Ao~ At Address Row address : RAo ~ RA11, column address : CAo ~ CAs
- Selects bank to be activated during row address latch time.

BAo ~ BA1 Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

w— ’ Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.

pam Data Input/Output Mask Blocks data input when DQM active.

DQo ~ 7 Data Input/Output Data inputs/outputs are muitiplexed on the same pins.

VDD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VODQNVssa | Data Output Power/Ground ;smor:‘a:igy power supply and ground for the output buffers to provide improved noise

N.C/RFU No Connection/ This pin is recommended to be left No Connection on the device.

Reserved for Future Use
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KM48S8030A CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS

Parameter Symbo e
Voltage on any pin relative to Vss Vin, Vout -1.0~486 V
Voltage on VDD supply relative to Vss Vob, Voba -1.0~46 \
Storage temperature TsTG -55 ~ +150 T
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA = 0 to 70C)

Supply voltage Vbb, Voba 3.0 36 \%
Input logic high votlage VIH 2.0 30 Vpp+0.3 \' 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 24 - - Vv IoH = -2mA
Output logic low voltage VoL - - 0.4 Vv loL =2mA
Input leakage current liL -5 - 5 uA 3
Qutput leakage current loL -5 - 5 uA 4
Note : 1. ViH(max) = 4.6V AC for puise width < 10ns acceptable.
2. Vi(min) = -1.5V AC for puise width < 10ns acceptable.
3. Any input OV = ViN < Vop + 0.3V, all other pins are not under test = 0V.
4. Dout is disabled, 0V< Vout < VbD.
CAPACITANCE (vop=33V, Ta=25T, f=1MHz)
Input capacitance (Ao ~ A11, BAo ~ BA1) CIN1 2 4 pF
;gﬁ,cgﬁaec,ng_g,c;ﬁ, TAS, WE & DQM) Cinz 2 4 PF
Data input/output capacitance (DQo ~ DQ7) Cout 2 5 pF

<P "
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KM48S8030A CMOS SDRAM
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA = 0to 70C)

Operating Current Burst Length =1
. lcct trRCc=tRe(min) - 130 115 95 mA 1
(One Bank Active) oL =0 mA
Precharge Standby Current | Icc2P CKE = Vi(max), tcc = 15ns A
in power-down mode lcc2PS | CKE & CLK<ViL(max), toc = o
lccaN CKE = ViH(min), TS = ViH(min), tcc = 15ns 30
Precharge Standby Current Input signals are changed one time during 30ns oA
in non power-down mode lccaNs | CKE=ViH(min), CLK< ViL(max), tcc = 20
Input signals are stable
Active Standby Current lccaP CKE SVIL(maX), tcc = 15ns 8 mA
in power-down mode lccaPS | CKE & CLK< ViL{max), tec = 8
lecaN CKE = ViH(min), TS = ViH(min), tcc = 15ns 45 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode - -
(One Bank Active) lccaNS CKE = VIH(min), CLK=VIiL{max), tcc = 30 mA
Input signals are stable
Oerating Current ';F%m/\t 3 185 | 150 | 125
perating Curren age Burs .
(Burst Mode) locs 2 Banks activated mA |1
teeb = 2CLKs 2 125 | 115 | 100
Refresh Current Iccs tRc ZtRc(min) 210 mA ) 2
3 mA
Self Refresh Current lccs CKE=<0.2V 500 2
uA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM48S8030AT-G**
4. KM4BSBO30AT-F**
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KM48S8030A CMOS SDRAM
AC OPERATING TEST CONDITIONS (vDD =3.3V£0.3V, TA=0t0 70C)

Input levels (Vih/Vil) 241704 \
Input timing measurement reference level 1.4 \
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 \'
Output load condition See Fig. 2
1 3.3V I Vtt=1.4Vv
= 12009 < 50Q
______ . VoH (DC) = 2.4V, loH = -2mA Outout
Output VoL (DC) = 0.4V, loL = 2mA utpu
8700 = 50pF 50pF
74
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP(min) 20 24 26 ns 1

o tRAS(min) 48 50 60 ns 1
Row active time

tRAS(max) 100 us
. @Operation tRC(min) 70 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5

Last data in to new col. address delay tCDL(min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address detay tceD(min) 1 CLK 3
Number of valid CAS latency=3 2 ea 4
output data CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRFcC after self refresh exit.

Simsungg "
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KM48S8030A

CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

. CAS latency=3 12
CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 12 13 15
i CAS latency=3 8
CLK to valid Yy tsac ns 1,2
output delay CAS latency=2
CAS latency=3 3 3 3
'?l::jp :t data Y toH ns 2
oldtime CAS latency=2 3 3 3
CLK high pulse width tcH 3 3.5 4 ns 3
CLK low pulse width tcL 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsL.z 1 1 1 ns 2
CAS latency=3 6 8
.CLS t; output A tsHzZ ns
In Hi- CAS latency=2 8
Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
166
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KM48S8030A CMOS SDRAM
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM48S8030AT-8 (Unit : number of clock)

6ns | 20n

Frequency

L

125MHz (8.0n>s)
100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
66MHz (15.0ns)

Al |-

1
1
1
1
1

[NERSEESERES]
NN |

-
-

KM48S8030AT-10 (Unit : number of clock)
o | e | doms | B0
100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
66MHz (15.0ns)

(

60MHz (16.7ns)

NININWw|lW
Ao |0 N
[N N e

KM48S8030AT-12 (Unit : number of clock)
| 26ns

i tRC 5
_ 9ons

 Frequency |

83MHz (12.0ns) 3
75MHz (13.0ns) 3
B66MHz (15.0ns) 2
2
2

60MHz (16.7ns)
50MHz (20.0ns)

INEENHECAENR RN -

Ao |o|N
NINININ
NIN|IN(N
Al a
aAalalala
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KM48S8030A CMOS SDRAM

SIMPLIFIED TRUTH TABLE
Register Mode Register Set X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Ent L 3
Refresh Self d
L H H H 3
Refresh Exit L H X X
H X X X 3
Bank Active & Row Addr. H X L L H H X \Y Row Address
Read & Auto Precharge Disable H X L H L H X v L Column 4
Column Address 2 Precharge Enable H (Ao-Ag) | 4.5
Write & Auto Precharge Disable H X L H L L X v L E:;umn 4
ress
Column Address s o Precharge Enable H Bo-hn) | 4,5
Burst Stop H X L H H L X X 6
Bank Selection \Y) L
Precharge H X L L H L X X
All Banks X
Ent, H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L Vv \ "
DQM H X \ X 7
. X X X
No Operation Command H X X X
H H H
(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)
Note : 1. OP Code : Operand Code
Ao ~ A11 & BAo ~ BA1 : Program keys. (@MRS)
2. MRS can be issued only at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto”.
Auto/self refresh can be issued only at all banks precharge state.
4. BAo ~ BA1 : Bank select addresses.
If both BAo and BA1 are "Low" at read, write, row active and precharge, bank A is selected.
If both BAo is "Low" and BA1 is "High" at read, write, row active and precharge, bank B is selected.
If both BAo is "High" and BA1 is "Low" at read, write, row active and precharge, bank C is selected.
If both BAo and BA1 are "High" at read, write, row active and precharge, bank D is selected.
If A10/AP is "High" at row precharge, BAo and BA1 is ignored and all banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRP after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK and masks the data-in at the very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)
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KM416S4030A

CMOS SDRAM

1M x 16Bit x 4 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Four banks operation
MRS cycle with address key programs
-. CAS Latency (2 & 3)
-. Burst Length (1, 2, 4, 8 & fuli page)
-. Burst Type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation

-

.

.

GENERAL DESCRIPTION

The KM416S4030A is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 4 x 1,048,576 words by 16
bits, fabricated with SAMSUNG's high performance CMOS
technology. Synchronous design allows precise cycle control
with the use of system clock I/O transactions are possible on
every clcok cycle. Range of operating frequencies, programma-
ble burst length and programmable latencies allow the same
device to be useful for a variety of high bandwidth, high perfor-
mance memory system applications.

- DQM for masking ORDERING INFORMATION
« Auto & self refresh R .‘
+ 64ms refresh period (4K cycle) Part NO. 1 MAX Freq: | Interface | Package
KM416S4030AT-G/F8 125MHz 54
KM416S4030AT-G/F10 | 100MHz | LVTTL | Tsop()
KM416S4030AT-G/F 12 83MHz
FUNCTIONAL BLOCK DIAGRAM
S —— LWE
| Data Input Register f—— g
g [ LDbam
Bank Select
g » 1M x 16 o o
> 0 a © =%
2 g H 1M x 16 3 g
o = ot 3 5 L, pai
2 g 3 Mx 16 p D
ClKk— & 23 S S 5
% 7 2 1M x 16 =
@ 2
ADD — ¥ — L
i 1T r
g . - L—-{ Column Decoder J
a O (@]
& 3 =
w ‘—{ Latency & Burst Length
S f
LCKE r Programming Register I
LRf\S LCFR Ljve TLCAS LWCBR LDQM
Timing Register I J
CLK CKE [ RAS CAS WE LupDam

* Samsung Electronics reserves the right to
change products or specification without
notice.
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KM416S4030A CMOS SDRAM
PIN CONFIGURATION (TOP VIEW)
)
vop g1 540 Vss
DQC g2 53 p DQ15
Voba O3 52 A Vssa
DQ1 o4 51 p DQ14
DQ2 g5 50 g DQ13
Vssa 06 49 b Voba
DQ3 g7 48 g DQ12
DQ4 08 47 b DQ11
Voba o 9 46 p Vssa
DQ5 010 45p bQ10
DQ6 411 44 DQ9Y
Vssa 012 43 P Vopa
DQ7 013 42 P DQ8
Voo g 14 410 Vss
LDQM g 15 40 N.C/RFU
WE 16 39 p uDQM
CAS Q17 38p CLK
RAS 18 37p CKE
CS 19 3P NC
BAO O0 20 35p A1
BA1 O 21 34p A9
A10/AP 0022 33p A8
A0 O 23 32h A7
A1 024 31p A6
e das 308 Aa 54PIN TSOP (Ii)
Voo o 27 o8 E Vss (400mil x 875mil)
(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

BN |  NA o . INPUTFUNCTION
CLK System Clock Active on the positive going edge to sample all inputs.
== ; Disables or enables device operation by masking or enabling all inputs except
cs Chip Select CLK, CKE and L(U)DQM
Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
- Row / column addresses are multiplexed on the same pins.
Ao~ Att Address Row address : RAo ~ RA11, column address : CAo ~ CA7
- Selects bank to be activated during row address latch time.
BAo ~BA1 Bank Select Address Selects bank for read/write during column address latch time.
RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.
CAs Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.
- . Enables write operation and row precharge.
WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.
LU)bam Data Input/Output Mask Blocks data input when L(U)DQM active.
DQo ~15 Data Input/Output Data inputs/outputs are multiplexed on the same pins.
Voo/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.
VobaNVssa | Data Output Power/Ground :;c::i:ilc:y power supply and ground for the output buffers to provide improved noise
N.C/RFU No Connection/ This pin is recommended to be left No Connection on the device.
Reserved for Future Use

<P
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KM416S4030A CMOS SDRAM
ABSOLUTE MAXIMUM RATINGS

arame o , W Unit
Voltage on any pin relative to Vss VIN, VouT -1.0~46 Vv
Voltage on VDD supply relative to Vss Vop, Vbba -1.0~4.6 \"
Storage temperature TsTG -55 ~+150 c
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=0t0 70TC)

Supply voltage Vop, Voba 3.0 33 36 \
Input logic high votlage VIH 2.0 3.0 Vop+0.3 \" 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 2.4 - - \) foH = -2mA
Output logic low voltage VoL - - 04 \ loL =2mA
Input leakage current I8 -5 - 5 uA 3
Output leakage current loL -5 - 5 UA 4
Note : 1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL(min) = -1.5V AC for pulse width < 10ns acceptable.
3. Anyinput 0V < VIN < Vpp + 0.3V, all other pins are not under test = V.
4. Dout is disabled, 0V=< VouT < VDD.
CAPACITANCE (vop=3.3V, Ta=25C, f= 1MHz)
Input capacitance (Ao ~ A11, BAo ~ BA1) CiNt 2 4 pF
Input capacitance
(CLK, CKE, CS, RAS, CAS, WE & L(U)DQM) Cinz 2 4 pF
Data input/output capacitance (DQo ~ DQ15) Cout 2 5 pF

Piimsuncy "
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KM416S4030A

CMOS SDRAM

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA = 0to 70°C)

Burst Length =1

Operating Current > .
(One Bank Active) [{ele3] fzf;tochn(:ln) 140 125 105 mA 1
Precharge Standby Current | lcc2P CKE=ViL(max), tcc = 15ns 2 mA
in power-down mode Icc2PS | CKE & CLK< Vi(max), tec = o0
lccaN CKE =ViH(min), CS=ViH(min), tcc = 15ns 30
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK< ViL(max), tcc =
lccaNS . 20
Input signals are stable
Active Standby Current lccaP CKE =ViL(max), tcc = 15ns 8 mA
in power-down mode IccaPS | CKE & CLK<ViL(max), tcc = o 8
locaN CKE = ViH(min), TS = VIH(min), tcc = 15ns 50 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode KE = Vimin), CLR= Vit Y
(One Bank Active) C H(MIn), iL(max), tcc =
lccaNS Input signals are stable 3% mA
Oerating Current g>L=OBmAt 3 200 | 165 | 135
perating Curren age Burs
(Burst Mode) locs 2 Banks activated mA 1
tcep = 2CLKs 2 140 130 115
Refresh Current lccs tRC ZtrRc(min) 210 mA 2
3 mA 3
Self Refresh Current Icce CKE=0.2v
500 uA 4
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM416S4030AT-G**
4. KM416S4030AT-F**
172
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KM416S4030A CMOS SDRAM
AC OPERATING TEST CONDITIONS (vDD = 3.3y 0.3V, TA=01t0 70C)

Input levels (Vih/Vil)
Input timing measurement reference level 1.4 \Y
Input rise and fall time tr/tf=1/71 ns
Output timing measurement reference level 1.4 \
Output load condition See Fig. 2

3.3V Vit=1.4V

<
<

12002 508
Outout o4 . VoH (DC) = 2.4V, IoH =-2mA Outout
utpu VoL (DC) = 0.4V, loL = 2mA pu
50pF
V////4
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Parameter | Note
Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 24 26 ns 1
Row precharge time tRP(min) 20 24 26 ns 1
o tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
Operation tRC(mil 70 80 90 ns 1
Row cycle time @ (i
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tCCh(min) 1 CLK 3
Number of valid CAS latency=3 2
tput data ea 4
outp CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRFc after self refresh exit.
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KM416S4030A

CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CAS latency=3 8 10 12

CLK cydle time bl tec 1000 1000 1000 | s 1
CAS latency=2 12 13 15

CLK to valid CAS latency=3 tsAc ns 1,2

output delay CAS latency=2 !

Output data CAS latency=3 3 3

hold time toH ns 2
CAS latency=2 3 3 3

CLK high pulse width tcH 3 35 4 ns 3

CLK low pulse width tcL 3 3.5 4 ns 3

Input setup time tss 2 25 3 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to output in Low-Z tsiz 1 1 1 ns 2
CAS latency=3 8

.CL:; t; output el tsHz ns

In Hi- CAS latency=2 8

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & ff is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
174
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KM416S4030A

CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM416S4030AT-8

(Unit : number of clock)

.

20

125MHz (8.0ns)

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

o|lolo|~N|of

NIN|IN|IN|W|

NIN[N([N

Aalajala
Aalalala

(Unit ; number of clock)

KM416S4030AT-10

. Frequency | o

80ns

ﬁ 10ns -

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

60MHz (16.7ns)

|| | N | o

INEENRENEENERRY

N[(NINN

N[NNI W

Al ol
-

(Unit : number of clock)

KM416S4030AT-12

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

B60MHz (16.7ns)

Atlalafaf

50MHz (20.0ns)

NIN[N|[WwiweE

NN WE

alalala
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KM416S4030A CMOS SDRAM

SIMPLIFIED TRUTH TABLE
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Enti L 3
Refresh Self Y
L H H H 3
Refresh Exit L H X X
X X X 3
Bank Active & Row Addr. H X L L H H X v Row Address
Read & Auto Precharge Disable H X L H L H X y L Column 4
Column Address Auto Precharge Enable H (Ao~A7) 4,5
Write & Auto Precharge Disable H X L H L L X v L Column 4
Column Address Auto Precharge Enable H (Ao~A7) 4,5
Burst Stop H X L H H L X X 6
Bank Selection v
Precharge H X L L H L X X
All Banks X H
Ent H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L \ \ \"
bam H X \ X 7
H X X X
No Operation Command H X X X
L H H H
(V=Valid, X=Don' t Care, H=Logic High, L=Logic Low)
Note : 1. OP Code : Operand Code
Ao ~ A11 & BAo ~ BA1 : Program keys. (@MRS)
2. MRS can be issued onfy at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at all banks precharge state.
4. BAo ~ BA1: Bank select addresses.
If both BAo and BA1 are "Low” at read, write, row active and precharge, bank A is selected.
If both BAo is "Low" and BA1is "High" at read, write, row active and precharge, bank B is selected.
If both BAo is "High" and BA1 is "Low" at read, write, row active and precharge, bank C is selected.
If both BAo and BA1 are "High" at read, write, row active and precharge, bank D is selected.
If A10/AP is "High" at row precharge, BAo and BA1 is ignored and all banks are selected.
5. During burst read or write with auto precharge, new readAwrite command can not be issued.
Anaother bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trP after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK and masks the data-in at the very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

Pansunc "
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DEVICE OPERATIONS - Il CMOS SDRAM

MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with MRS

CAS Latency Burst Length

Reserved 0 Sequential

0 o] Mode Register Set 0 0 0 0 0 o] 1 1

0 1 Reserved 0 0 1 | Reserved 1 Interleave 0] 0 1 2 2

1 0 Reserved 0 1 0 2 0 1 0 4 4

1 1 Reserved 0 1 1 3 0 1 1 8 8
it 1 0 0 | Reserved 1 0 | 0 |Reserved |Reserved
Ag Length 1 0 1 | Reserved 1 0 | 1 [Reserved |Reserved
0 Burst 1 1 0 | Reserved 1 1 0 |Reserved |Reserved
1 Single Bit 1 1 1 | Reserved 1| 1| 1 |Full Page |Reserved
Full Page Length : x4 (1024), x8 (512), x16 (256)

POWER UP SEQUENCE

1. Apply power and start clock, Attempt to maintain CKE="H", DQM="H" and the other pins are NOP condition at the inputs.
2. Maintain stable power, stable clock and NOP input condition for a minimum of 200us.

3. Issue precharge commands for all banks of the devices.

4. Issue 2 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode register.

cf.) Sequence of 4 & 5 is regardless of the order.

The device is now ready for normal operation.

Note : 1. If Agis high during MRS cycle, "Burst Read Single Bit Write" function will be enabled.
2. RFU (Reserved for future use) should stay "0" during MRS cycle.

Piimsuncg "
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CMOS SDRAM

DEVICE OPERATIONS - il

BURST SEQUENCE (BURST LENGTH = 4)

=8)

BURST SEQUENCE (BURST LENGTH

180
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DEVICE OPERATIONS - lli

CMOS SDRAM

DEVICE OPERATIONS

CLOCK (CLK)

The clock input is used as the reference for all SDRAM opera-
tions. All operations are synchronized to the positive going edge
of the clock. The clock transitions must be monotonic between
ViL and ViH. During operation with CKE high ali inputs are
assumed to be in valid state (low or high) for the duration of set-
up and hold time around positive edge of the clock for proper
functionality and lcc specifications.

CLOCK ENABLE (CKE)

The clock enable(CKE) gates the clock onto SDRAM. If CKE
goes low synchronously with clock (set-up and hold time same
as other inputs), the internal clock is suspended from the next
clock cycle and the state of output and burst address is frozen
as long as the CKE remains low. All other inputs are ignored
from the next clock cycle after CKE goes low. When all banks
are in the idle state and CKE goes low synchronously with clock,
the SDRAM enters the power down mode from the next clock
cycle. The SDRAM remains in the power down mode ignoring
the other inputs as long as CKE remains low. The power down
exit is synchronous as the internal clock is suspended. When
CKE goes high at least "1CLK + tss" before the high going edge
of the clock, then the SDRAM becomes active from the same
clock edge accepting all the input commands.

BANK ADDRESSES (BAO ~ BA1)
:Incasex 4

This SDRAM is organized as four independent banks of
4,194,304 words x 4 bits memory arrays. The BAo ~ BA1 inputs
are latched at the time of assertion of RAS and CAS to select
the bank to be used for the operation. The bank addresses BAo
~ BA1 are latched at bank active, read, write, mode register set
and precharge operations.

:Incasex 8

This SDRAM is organized as four independent banks of
2,097,152 words x 8 bits memory arrays. The BAo ~ BA1 inputs
are latched at the time of assertion of RAS and TAS to select
the bank to be used for the operation. The bank addresses BAo
~ BA1 are latched at bank active, read, write, mode register set
and precharge operations.

:In case x 16

This SDRAM is organized as four independent banks of
1,048,576 words x 16 bits memory arrays. The BAo ~ BA1 inputs
are latched at the time of assertion of RAS and CAS to select
the bank to be used for the operation. The bank addresses BAo
~ BA1 are latched at bank active, read, write, mode register set
and precharge operations.

ADDRESS INPUTS (A0 ~ A11)

:Incasex 4

The 22 address bits are required to decode the 4,194,304 word
locations are multiplexed into 12 address input pins (Ao ~ A11).
The 12 bit row addresses are latched along with RAS and BAo ~
BA1 during bank activate command. The 10 bit column
addresses are latched along with CAS, WE and BAo ~ BA1 dur-
ing read or write command.

:Incasex 8

The 21 address bits are required to decode the 2,097,152 word
locations are multiplexed into 12 address input pins (Ao ~ A11).
The 12 bit row addresses are latched along with RAS and BAo ~
BA1 during bank activate command. The 9 bit column addresses
are latched along with CAS, WE and BAo ~ BA1 during read or
write command.

:In casex 16

The 20 address bits are required to decode the 1,048,576 word
locations are multiplexed into 12 address input pins (Ao ~ A11).
The 12 bit row addresses are latched along with RAS and BAo ~
BA1 during bank activate command. The 8 bit column addresses
are latched along with CAS, WE and BAo ~ BA1 during read or
write command.

NOP and DEVICE DESELECT

When RAS, CAS and WE are high, the SDRAM performs no
operation (NOP). NOP does not initiate any new operation, but
is needed to complete operations which require more than sin-
gle clock cycle like bank activate, burst read, auto refresh, etc.
The device deselect is also a NOP and is entered by asserting
TS high. CS high disables the command decoder so that RAS,
CAS, WE and all the address inputs are ignored.

POWER-UP

1. Apply power and start clock, Attempt to maintain CKE= "H",
DQM= "H" and the other pins are NOP condition at the
inputs.

2. Maintain stable power, stable clock and NOP input condition
for a minimum of 200us.

3. Issue precharge commands for both banks of the devices.

Issue 2 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode
register.
cf.) Sequence of 4 & 5 is regardless of the order.

>

The device is now ready for normal operation.

I
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DEVICE OPERATIONS - lll

CMOS SDRAM

DEVICE OPERATIONS (Continued)

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the various
operating modes of SDRAM. It programs the CAS latency, burst
type, burst length, test mode and various vendor specific options
to make SDRAM useful for variety of different applications. The
default value of the mode register is not defined, therefore the
mode register must be written after power up to operate the
SDRAM. The mode register is written by asserting low on CS,
RAS, CTAS and WE (The SDRAM should be in active mode with
CKE already high prior to writing the mode register). The state of
address pins Ao ~ A11 and BAo ~ BA1 in the same cycle as TS,
RAS, CAS and WE going low is the data written in the mode
register. Two clock cycles is required to complete the write in the
mode register. The mode register contents can be changed
using the same command and clock cycle requirements during
operation as long as all banks are in the idle state. The mode
register is divided into various fields depending on functionality.
The burst length field uses Ao ~ A2, burst type uses A3, CAS
latency (read latency from column address) use A4 ~ As, vendor
specific options or test mode use A7 ~ As, A10/AP ~ A11 and BAo
~ BA1. The write burst length is programmed using Ae. A7 ~ As,
A10/AP ~ A11 and BAo ~ BA1 must be set to low for normal
SDRAM operation. Refer to the table for specific codes for vari-
ous burstlength, burst type and CAS latencies.

BANK ACTIVATE

The bank activate command is used to select a random row in
an idle bank. By asserting low on RAS and TS with desired row
and bank address, a row access is initiated. The read or write
operation can occur after a time delay of tRcp(min) from the time
of bank activation. tRcD is an internal. timing parameter of
SDRAM, therefore it is dependent on operating clock frequency.
The minimum number of clock cycles required between bank
activate and read or write command should be calculated by
dividing tRep(min) with cycle time of the clock and then rounding
off the result to the next higher integer. The SDRAM has four
internal banks in the same chip and shares part of the internal
circuitry to reduce chip area, therefore it restricts the activation
of four banks simultaneously. Also the noise generated during
sensing of each bank of SDRAM is high requiring some time for
power supplies to recover before another bank can be sensed
reliably. tRRD(min) specifies the minimum time required between
activating different bank. The number of clock cycles required
between different bank activation must be calculated similar to
trReD specification. The minimum time required for the bank to be

active to initiate sensing and restoring the complete row of
dynamic cells is determined by tRAs(min). Every SDRAM bank
activate command must satisfy tRAs(min) specification before a
precharge command to that active bank can be asserted. The
maximum time any bank can be in the active state is determined
by trRAs(max). The number of cycles for both tRAs(min) and
trRAs(max) can be calculated similar to tRcD specification.

BURST READ

The burst read command is used to access burst of data on con-
secutive clock cycles from an active row in an active bank. The
burst read command is issued by asserting low on CS and RAS
with WE being high on the positive edge of the clock. The bank
must be active for at least tRcp(min) before the burst read com-
mand is issued. The first output appears in CAS latency number
of clock cycles after the issue of burst read command. The burst
length, burst sequence and latency from the burst read com-
mand is determined by the made register which is already pro-
grammed. The burst read can be initiated on any column
address of the active row. The address wraps around if the initial
address does not start from a boundary such that number of out-
puts from each I/O are equal to the burst length programmed in
the mode register. The output goes into high-impedance at the
end of the burst, unless a new burst read was initiated to keep
the data output gapless. The burst read can be terminated by
issuing another burst read or burst write in the same bank or the
other active bank or a precharge command to the same bank.
The burst stop command is valid at every page burst length.

BURST WRITE

The burst write command is similar to burst read command and
is used to write data into the SDRAM on consecutive clock
cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on CS, TAS and WE with valid
column address, a write burst is initiated. The data inputs are
provided for the initial address in the same clock cycle as the
burst write command. The input buffer is deselected at the end
of the burst length, even though the internal writing can be com-
pleted yet. The writing can be completed by issuing a burst read
and DQM for blocking data inputs or burst write in the same or
another active bank. The burst stop command is valid at every
burst length. The write burst can also be terminated by using
DQM for blocking data and procreating the bank trRoL after the
last data input to be written into the active row. See DQM
OPERATION also.
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DEVICE OPERATIONS - lll

CMOS SDRAM

DEVICE OPERATIONS (Continued)

DQM OPERATION

The DQM is used to mask input and output operations. It works
similar to OE during read operation and inhibits writing during
write operation. The read latency is two cycles from DQM and
zero cycle for write, which means DQM masking occurs two
cycles later in read cycle and occurs in the same cycle during
write cycle. DQM operation is synchronous with the clock. The
DQM signal is important during burst interrupts of write with read
or precharge in the SDRAM. Due to asynchronous nature of the
internal write, the DQM operation is critical to avoid unwanted or
incomplete writes when the complete burst write is not required.
Please refer to DQM timing diagram also.

PRECHARGE

The precharge operation is performed on an active bank by
asserting low on CS, RAS, WE and A10/AP with valid BAo ~ BA1
of the bank to be procharged. The precharge command can be
asserted anytime after tRas(min) is satisfied from the bank active
command in the desired bank. trRp is defined as the minimum
number of clock cycles required to complete row precharge is
calculated by dividing trRP with clock cycle time and rounding up
to the next higher integer. Care should be taken to make sure
that burst write is completed or DQM is used to inhibit writing
before precharge command is asserted. The maximum time any
bank can be active is specified by tRAs(max). Therefore, each
bank activate command. At the end of precharge, the bank
enters the idle state and is ready to be activated again. Entry to
Power down, Auto refresh, Self refresh and Mode register set
etc. is possible only when all banks are in idle state.

AUTO PRECHARGE

The precharge operation can also be performed by using auto
precharge. The SDRAM internally generates the timing to satisfy
tRAs(min) and "trRP" for the programmed burst length and CAS
latency. The auto precharge command is issued at the same
time as burst read or burst write by asserting high on A10/AP. If
burst read or burst write by asserting high on A10/AP, the bank is
left active until a new command is asserted. Once auto
precahrge command is given, ho new commands are possible to
that particular bank until the bank achieves idle state.

BOTH BANKS PRECHARGE

Both banks can be precharged at the same time by using Pre-
charge all command. Asserting low on CS, RAS, and WE with
high on A10/AP after all banks have satisfied tRAs(min) require-
ment, performs precharge on all banks. At the end of trP after
performing precharge all, all banks are in idle state.

AUTO REFRESH

The storage cells of SDRAM need to be refreshed every 64ms
to maintain data. An auto refresh cycle accomplishes refresh of
a single row of storage cells. The internal counter increments
automatically on every auto refresh cycle to refresh all the rows.
An auto refresh command is issued by asserting low on TS,
RAS and TAS with high on CKE and WE. The auto refresh com-
mand can only be asserted with both banks being in idle state
and the device is not in power down mode (CKE is high in the
previous cycle). The time required to complete the auto refresh
operation is specified by tRFc(min). The minimum number of
clock cycles required can be calculated by driving tRFC with
clock cycle time and them rounding up to the next higher integer.
The auto refresh command must be followed by NOP's until the
auto refresh operation is completed. All banks will be in the idle
state at the end of auto refresh operation. The auto refresh is the
preferred refresh mode when the SDRAM is being used for nor-
mal data transactions. The auto refresh cycle can be performed
once in 15.6us or a burst of 4096 auto refresh cycles once in
64ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode for data
retention and low power operation of SDRAM. In self refresh
mode, the SDRAM disables the internal clock and all the input
buffers except CKE. The refresh addressing and timing is inter-
nally generated to reduce power consumption.

The self refresh mode is entered from all banks idle state by
asserting low on CS, RAS, CAS and CKE with high on WE.
Once the self refresh mode is entered, only CKE state being low
matters, all the other inputs including clock are ignored to remain
in the self refresh.

The self refresh is exited by restarting the external clock and
then asserting high on CKE. This must be followed by NOP's for
a minimum time of tRFc before the SDRAM reaches idle state to
begin normal operation. If the system uses burst auto refresh
during normal operation, it is recommended to use burst 4096
auto refresh cycles immediately after exiting self refresh.

PSinsuneg
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DEVICE OPERATIONS - Il , CMOS SDRAM

BASIC FEATURE AND FUNCTION DESCRIPTIONS

1. CLOCK Suspend

1) Clock Suspended During Write (BL=4 2) Clock Suspended During Read (BL=4)
CLK ]
oo @ @ @ i@
CKE — — ' T
X X L_{~ Masked by CKE ; ‘ X
Internal . : . -

CKE
DQ(CL2)
DQ(CL3)
Not Written Suspended Dout
2. DQM Operation
1) Write Mask (BL=4) 2) Read Mask (BL=4)

e iaininininE mnnnmmmmt
wo (w1 1o @

DaM :I\ , o X ;
: . “~u MaskedbyDaM . . .
saci OO

pacts mm///// s YY)
DQM to Data-in Mask = 0 DQM to Data-out Mask =2

3) DQM with Clock Suspended (Full Page Read) Note 2
CLK

oo GO @ @D @
oe TLT L [T LT
paMm TR ::;[—‘ﬂ% !

DQ(CL2) ——.—( .Qol )—H'i( Q2 . ) Bz o) Hi'z: %

DQ(CL3) ———— M2y Y ) Hiz (a2, as ((as Y a7 )

*Note : 1. CKE to CLK disable/enable = 1CLK.
2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE " L"
3. DQM masks both data-in and data-out.

ELECTRONICS



DEVICE OPERATIONS - lll CMOS SDRAM

3. CAS Interrupt (I)

Note 1
1) Read interrupted by Read (BL=4)

S pininingizininigint

o | ()R G
ey e

ADD : :
baca mmmma '
s MM@@@'

1 1CCD
‘Note2 '

2) Write interrupted by Write (BL=2) 3) Write interrupted by Read (BL=2)
ow [LIULILIL gigigigigigips
RN NN

Note 2

oo - | (0@
DaQ . paet2) —{DAo }————{aBo m
: :\lco?:E. ' DQ(CLy) —{(DAo)— @

——p
DL -
Note 3

*Note : 1. By " Interrupt", It is meant to stop burst read/write by external command before the end of burst.
By "CAS Interrupt”, to stop burst read/write by CAS access ; read and write.
2. tcop : CAS to CAS delay. (=1CLK)
3. teow : Last data in to new column address delay. (=1CLK)

PSiims unog
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DEVICE OPERATIONS - lli

CMOS SDRAM

4. CAS Interrupt (ll) : Read Interrupted by Write & DQM

(a) CL=2, BL=4

iv) CMD

Dam 1 . ‘
bQ @DJ:Z, 0o (oo X oe)-
(b) CL=3, BL=4. ' ‘ | S

CLK

oo+ (m))

DaM

powo 1 (m)  (wm)
DQM’—l

[a]e]

iiiy CMD

iv) CMD

[sle] ]

B Y oooo:

*Note : 1. To prevent bus contention, there should be at least one gap between data in and data out.

L s uieg
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DEVICE OPERATIONS - lli - CMOS SDRAM

5. Write Interrupted by Precharge & DQM

CMD

DQ

)
'
'
'
'
'
'
f
.
'
'

oM !

Masked by DQM

*Note : 1. To prevent bus contention, DQM should be issued which makes at least one gap between data in and data out.
2. To inhibit invalid write, DQM should be issued.
3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge
interrupt but only another bank precharge of four banks operation.

6. Precharge

1) Normal Write (BL=4) 2) Normal Read (BL=4)

e [ L)L LI L L ranininininininine
o (ve) o () a0 @)D
Y CYEY EY S pacty) (a0 X a1 { @ N a5y

o ey paELs) (a0 )@ Y ar o Y

7. Auto Precharge

1) Normal Write (BL=4) 2) Normal Read (BL=4)

' ' ' ' } T B '
' INcle 3
Auto Precharge Starts

*Note : 1. troL : Last data in to row precharge delay
2. Number of valid output data after row precharge : 1, 2 for CAS Latency = 2, 3 respectively.
3. The row active command of the precharge bank can be issued after trp from this point.
The new read/write command of other activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.

187
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DEVICE OPERATIONS - llI CMOS SDRAM

8. Burst Stop & Interrupted by Precharge

1) Normal Write (BL=4) 2) Write Burst Stop (BL=8)
e [ LI LTI LI L
N () S
S

pa (0o X or X 02 X 03 ¥BHES)

R . :
tRDL  Note 1 tBDL  Note 2

3) Read Interrupted by Precharge (BL=4) 4) Read Burst Stop (BL=4)
CLK CLK | LT
oo () | Eed 0
DQ(CL2) DQ(CL2)
DQ(CL3) paety) {00 Y a1 F

9. MRS

1) Mode Register Set
CLK :

v Note 4 '
cMp ! © 1 (MRs

*Note : 1. troL: 1 CLK
2.tBoL: 1 CLK; Last data in to burst stop delay.
Read or write burst stop command is valid at every burst length.
3. Number of valid output data after row precharge or burst stop : 1, 2 for CAS latency= 2, 3 respectiviely.
4. PRE : All banks precharge if necessary.
MRS can be issued only at all banks precharge state.

Puinsuncg e
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DEVICE OPERATIONS - llI CMOS SDRAM

10. Clock Suspend Exit & Power Down Exit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down)
CLK | cLK { I
c Lo — L s '
KE | ] ) + |tss , ! CKE ) . \ | 88 \ !

mtemal o . . ] ntermal w2, 1
CLK . X X X X , : CLK : ; , , : X .
ow 7 .. [™) cMD //////////////////

11. Auto Refresh & Self Refresh

1) Auto Refresh & Self Refresh Note 3

CLK " I
oo ! @)+
CKE +

‘
v
.
.
'

§

L wRP

2) Self Refresh Note8

cLK : W

cMD :
CKE . . . . .
v o) + tRFC « . :

*Note : 1. Active power down : one or more banks active state.

2. Precharge power down : all banks precharge state.

3. The auto refresh is the same as CBR refresh of conventional DRAM.
No precharge commands are required after auto refresh command.
During trFc from auto refresh command, any other command can not be accepted.

4. Before executing auto/self refresh command, all banks must be idle state.

5. MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.

6. During self refreh mode, refresh interval and refresh operation are perfomed internally.
After self refresh entry, self refresh mode is kept while CKE is low.
During self refresh mode, all inputs expect CKE will be don't cared, and outputs will be in Hi-Z state.
For the time interval of tRrc from self refresh exit command, any other command can not be accepted.
Before/After self refresh mode, burst auto refresh cycle (4096 cycles) is recommended.
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DEVICE OPERATIONS - llI CMOS SDRAM

12. About Burst Type Control

. . At MRS A3 = "0". See the BURST SEQUENCE TABLE. (BL=4, 8)
Basic Sequential Counting BL=1,2. 4, 8 and full page.

MODE : At MRS A3 ="1". See the BURST SEQUENCE TABLE. (BL=4, 8)
Interleave Counting BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting

Every cycle Read/Write Command with random column address can realize Random
Column Access.

That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

Random Random column Access
MODE tcep =1 CLK

13. About Burst Length Control

1 At MRS A21,0 = "000".

At auto precharge, tRas should not be violated.
2 At MRS A2,1,0 ="001".

Basic At auto precharge, tras should not be violated.
MODE 4 At MRS A2,1,0 ="010".
8 At MRS A21,0 ="011".

At MRS A21,0="111".

Full Page At the end of the burst length, burst will be stop automatically.

Special AtMRS Ag="1",
MODE BRSW Read burst =1, 2, 4, 8, full page write Burst =1

At auto precharge of write, tras should not be violated.
Random Burst Stop teoL= 1, Valid DQ after burst stop is 1, 2 for CAS latency 2,_3 respectively
MODE Using burst stop command, any burst length control is possible.

Before the end of burst, Row precharge command of the same bank stops read/write

RAS Interrupt burst with Row precharge.

interrupt (Interrupted by Precharge) troL= 1 with DQM, valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively.
MODE During read/write burst with auto precharge, RAS interrupt can not be issued.

Before the end of burst, new read/write stops read/write burst and starts new
AS Interrupt read/write burst.
. During read/write burst with auto precharge, CAS interrupt can not be issued.

J» ‘9°
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DEVICE OPERATIONS - il CMOS SDRAM

FUNCTION TRUTH TABLE (TABLE 1)

Cuent | TS | RAS | TAS | WE BA ADDR ACTION Note
H X X X X X NOP
L. H H H X X NOP
L H H L X X ILLEGAL 2
IDLE L H L X BA CA, A10/AP | ILLEGAL 2
L L H H BA RA Row (& Bank) Active ; Latch RA
L L H L BA A10/AP NOP 4
L L L H X X Auto Refresh or Self Refresh 5
L L L L OP code OP code | Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP | Begin Read ; latch CA ; determine AP
Active L H L L BA CA, A10/AP | Begin Wite ; latch CA ; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst —> Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End —-> Row Active)
L H H L X X Term burst —> Row active
VWit L H L H BA CA, A10/AP | Term burst, New read, Determine AP 3
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
. L H H H X X NOP (Continue Burst to End --> Precharge)
Readwih | 1 H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End —> Precharge)
Wr,i:n?“h L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after trp
L H H H X X NOP --> Idle after trP
Pfej L H H L X X ILLEGAL 2
charging L H L X BA cA | ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP --> Idle after trRPL 4
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DEVICE OPERATIONS - IlI CMOS SDRAM
FUNCTION TRUTH TABLE (TABLE 1)
c:;:n TS | RAS | TAS | WE BA ADDR ACTION Note
L L L X X X ILLEGAL
H X X X X X NOP —> Row Active after trcD
L H H H X X NOP —> Row Active after trco
Row L H H L X X ILLEGAL 2
Activating | | H L X BA cA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after trrc
L H H X X X NOP --> |dle after trFc
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X {LLEGAL
H X X X X X NOP —> idle after 2 clocks
Mode L H H H X X NOP --> |dle after 2 clocks
Register L H H L X X ILLEGAL
Accessing | H L X X X ILLEGAL
L L X X X X ILLEGAL
Abbreviations : RA = Row Address BA = Bank Address
NOP = No Operation Command CA = Column Address AP = Auto Precharge
*Note : 1. All entries assume the CKE was active (High) during the precharge cicok and the current clock cycle.
2. llegal to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the
state of that bank.
3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
4. NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A10/AP).
&. lllegat if any bank is not idle.
192
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DEVICE OPERATIONS - il CMOS SDRAM
FUNCTION TRUTH TABLE (TABLE 2)
ngfe’" (?,Kf) c':E o5 | RAS | TAS | WE ADDR ACTION Note
H X X X X X X INVALID
L H H X X X X Exit Self Refresh --> Idle after trrc (ABI) 6
Self L H L H H H X Exit Self Refresh —> Idle after trrc (ABI) 6
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Mélntain Self Refresh)
H X X X X X X INVALID
Al L H H X X X X Exit Power Down —> ABI
Banks L H L H H H X Exit Power Down --> ABI 7
Precharge L H L H H L X ILLEGAL 7
PD‘;‘:I";: L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down 8
H L L H H L X ILLEGAL 8
Ba"r:'ks H L L H L X X ILLEGAL
\die H L L L H H RA Row (& Bank) Active
H L L L H H X NOP
H L L L L L X Enter Self Refresh 8
H L L L L L OP Code | Mode Register Access
L L X X X X X NOP
Any State H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clock Suspend next cycle 9
Listed L H X X X X X Exit Clock Suspend next cycle 9
above L L X X X X X Maintain Clook Suspend
Abbreviations : ABI = All Banks Idle, RA = Row Address
*Note : 6. CKE low to high transition is asynchronous.
7. CKE low to high transition is asynchronous if restarts internal clock.
A minimum setup time 1CLK + tss must be satisfied before any command other than exit.
8. Power down and self refresh can be entered only from the all banks idle state.
9. Must be a legal command.
193
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TIMING DIAGRAM - Il CMOS SDRAM

Single Bit Read-Write-Read Cycle(Same Page) @CAS Latency=3, Burst Length=1

. . . . ICH_,
0 1 2 13 ae
] ) i

CLOCK

RAS

ADDR -

BAo~BA1

A1/AP

DQ

DamM

i

S T

Row Active Read Wirite Read I Row Active

Precharge

V7)) :Dontcare
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TIMING DIAGRAM - 1lI CMOS SDRAM

*Note : 1. All input expect CKE & DQM can be don't care when CS is high at the CLK high going edge.
2. Bank active & read/write are controlled by BAO~BA1.

0 ] Bank A
o] 1 Bank B
1 0 Bank C
1 1 Bank D

3. Enable and disable auto precharge function are controtled by A10/AP in read/write command

Disable auto precharge, leave bank A active at end of burst.

Disable auto precharge, leave bank B active at end of burst.

Disable auto precharge, leave bank C active at end of burst.

Disable auto precharge, leave bank D active at end of burst.

Enable auto precharge, precharge bank A at end of burst.

Enable auto precharge, precharge bank B at end of burst.

Enable auto precharge, precharge bank C at end of burst.

ala|lo|lOo|=|alolo
ajolmfolalol-a]o

Enable auto precharge, precharge bank D at end of burst.

4. A10/AP and BAO~BA1 control bank precharge when precharge command is asserted.

0 0 0 Bank A
0 [¢] 0 Bank B
0 1 1 Bank C
0 1 1 Bank D
1 X X All Banks
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TIMING DIAGRAM - lI CMOS SDRAM

Power Up Sequence

10 11 12 13 4 5 8 7 8 9 40 M1 92 43 14 95 16 37 18 A9

1
] 1 1

o T T e o B o B
cswz;us;;ﬁ;muaswfzwz;z;
%%////////%//// : “ // ///

o /////// ///////////////// ////// ////// /////////////////

l 1 |
I l l I I I I l I I I I I I l | I I I I I

ADDR //////////////////////////////////////////////////////////////// ////// RAa

BAs /// //// ////// // | ///

BAs /////////////////////////////////////// ///////////////////////////////////////////////,/ '

PrlAP /’////// /// //// ///////////////////////////////

l | |

| | | | | | | | | ! | | | | | | 1 l
ngh -Z 1 1 | 1 | | i 1 | l 1 ' 1 | | 1 1

DQ + + —+— + + —— +——t— + + t —t——t——+——+ +——+
1 4 1 1 ] t 1 1 j I t 1 1 1 I I I I
1 | ! n ! | | [ 1 | | 1 [ | 1
| 1 | | | | 1 | | 1

wE /'////////////// //////////////

— é:

I
l
|
|
t
|

I I
1 | ! 1
DQM | ngh level is necessaly I ‘I T Ii I ' 1 1 1 1
[} I 1 1 I [} 1 I 1 ] 1 I i I | ]
1 I 1 1 AlT 1 1 ! 1 1 I [ ! 1 f 1 | [
Precharge Auto Refresh Auto Refresh Mode Register Set
(All Banks)
Row Active
(A-Bank)

V7 : Don'tcare
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TIMING DIAGRAM - il CMOS SDRAM

Read & Write Cycle at Same Bank @Burst Length=4

ClL=2

DQ

CL=3

10 11 12 13 4 5 .6 7 9 A0 A1 12 43 14 15 6 917 18 49 |
: 1 1 1
1 1 !

1
|
|
|

1 1 1 [ 1 ] [
1 | ] ! | | | | | 1
1 |

| 1 1 ] I ! 1l

Z
|
| l 1 ! 1 i 1 1 1 | 1 1 1 ! i 1 1
' i 1 1 l i th [ 1 1 1
: 'l ! 'I : Qa0 A Qa1 X Qa2 X Qa3 y—! : : 'I
| #——+——tRAC—+——+2 | ! ! [ 1 1 1 ' | 1 1 &——»tRDL ! !
1 1 1 *Note3 1 —>+—7«tSAC 1 1 »+—tSHZ *Noted | t | ! 0 ! 1 1 1
l | 1 | ' ) ! i l [ | 1 | 1 1 [ [ | ! 1 1
l 1 [ 1 ' I [ | ! 1 1 ! 1 | ) [ i 1 | [
) | ! | ! | 1 E tOH i i 1 ! i ] i i | | !
L 1 ! i 1 1 ! | | 1 1 I !
i i ] ] [ ) ) Qa0 m@@ | | ] -.. ] 1 1
[ * T T T [ ! 1 [ 1 e—4RDL ! |
I 1 i ] S *Note 1 1 t i ] I 1
1 ! 1 I f 1 1 1 [ ' [ 1 |
| 1 | 1 | 1 ! 1 l 1 |
I | | ] ] 1 ] 1 !
- 1
¢ I

1
Z 1 A
| 1 I | | ] 1 | t I | I 1 1 1 | i
I
I
1

- EEEEEE | [EEEEE

1 I ' 1 i | | 1 i i I
Row Active Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)

% : Don't care

*Note : 1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data -
is available after Row precharge. Last valid output will be Hi-Z(tsHz) after the clcok.

3. Access time from Row active command. tcc *(trcp + CAS latency - 1) + tsac

4. Ouput will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst)
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TIMING DIAGRAM - lii CMOS SDRAM

Page Read & Write Cycle at Same Bank @Burst Length=4

0 1 2 .3 .4 5 16 7 8 9 {40 1 12 A3 14 45 16 47 18 19
Y [/ |/

A1/AP

1
ClL=2 —
DQ

2 mmm@n///////

!
f
i
cL=3 !
I
!
|

Row Active Read Read Write Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)

V) : Don't care

*Note : 1. To write data before burst read ends, DQM should be asserted three cycle prior to write
command to avoid bus contention.
2. Row precharge will interrupt writing. Last data input, troL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle wili be masked internally.

Phimsuneg '
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TIMING DIAGRAM - i CMOS SDRAM

Page Read Cycle at Different Bank @Burst Length=4

14 5 16 7 8 9 A0 M 42 13 14 i15 1'6 7 18 19

i I : ;

| |

!
[ | I
| | |
| |
1

CKE | : 1 B
@////

BAo

BA1

| |
t [
| |

I
I 1 1
! I
| I
| |
| |

AaP ////// | //

|
I

cL=2 r
|
DQ !
CL=3

| 1

i
i
I
|

| |
l

DaMm ////////

I ' 1 ¥ 1 1 ' |
f I f I t [ t f l f
Row Active Read Read Read Read Precharge

LS |

.

(A-Bank) (A-Bank) (B-Bank) (C-Bank) (D-Bank) (D-Bank)
Row Active Row Acive Row Active Precharge
(B-Bank) (C-Bank) (D-Bank) (C-Bank)
Precharge Precharge
(A-Bank) (B-Bank)

777 : Don'tcare

*Note : 1. CS can be don't cared when RAS, CAS and WE are high at the clock high going dege.
2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.
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TIMING DIAGRAM - Il CMOS SDRAM

Page Write Cycle at Different Bank @Burst Length=4

I 1 1 1

1 1 3 | ] I t | t

1 1 I ! | | 1 ] 1 1 i
h I

CKE

RAS

i | i | | | | | I | |
1 | ) 1 I | I

oo B e e e B R N e

! | | | I
i I !

1
|

I i | i

BAo
BA1
A10/AP
DQ
WE
DQM
i | i 1 | I ] [ 1 1
| | I | I ] 1 ] 1
Row Active Write Write Row Active Write Precharge
(A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (All Banks)
Row Active Row Active Write
(B-Bank) (C-Bank) (C-Bank)

V7)) :Dontcare

*Note : 1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.
2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the same.
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TIMING DIAGRAM - liI - CMOS SDRAM

Read & Write Cycle at Different Bank @Burst Length=4

CLOCK

CKE

1 12 3 4 5 ;6 7 8 19 40 1 12 43 34 45 16 17
/ ! [/ ! [/
|
1
|
I
1

1
CL=2 r
DQ

CL=3 }

A

DQM

T T A

Row Active Read Precharge Write Read

(A-Bank) (A-Bank) (A-Bank) (D-Bank) (B-Bank)
Row Active Precharge
(D-Bank) (B-Bank)

V7)) :Dontcare

*Note : 1. tcoL should be met to complete write.
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TIMING DIAGRAM-- lI CMOS SDRAM

Read & Write Cycle with Auto Precharge @Burst Length=4

0 13 14 5 16 7 18 9 A0 M1 42 A3 14 15 16 47 48 19

e O AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWE
1 i I

1 I

1, !

I 1
| HIGH
T D|G| 1

| T

1

f I

I

1

[/
|
| 1
CKE o [
| 1 i
| 1 1
j

[/ )
t 1 1 | | |
{ ! ! 1

! I 1 ! | |
1 I | [ | I
1 1 1 f | |
! | 1 I | 1
|

A/AP //////////// (Ro) | /////////////////////////////////////////////////////////////// ' ’/////////////////////////////////////////

cL=2 |
DQ

CL=3 i
I

| I | I 1 I
Row Active Read with Auto Precharge Write with Auto Precharge
(A-Bank) Auto Precharge Start Point Auto Precharge Start Point
(A-Bank) (A-Bank) (D-Bank) (D-Bank)
Row Active
(D-Bank)

V) :Don't care

*Note : 1. tcoL should be controlled to meet minimum tras before internal precharge start.
(In the case of Burst Length=1 & 2 and BRSW mode)

<~ 2°5
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TIMING DIAGRAM - Il CMOS SDRAM

Clock Suspension & DQM Operation Cycle @CAS Latency=2, Burst Length=4

0 1 12 13 14 5 8 7 8 9 40 1 42 13 44 45 6 17 8 19 |

N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWE
| I 1 I ! I 1 I 1 1 I 1 I 1 | I I
| | 1 | 1 1 | | I

CKE

CAS

ADDR

BAo

BA1

A1/AP A ,‘
] ' I i ] ' I | | ]

| I
I
I

N ) 5 S ) ) () Ry o s
:::::.st::.st::.::::

DQ

I
1 I
I !
v 7777

i AL L\ e
ITAIT TIII* g\i/;‘f‘l*l

Suspension Read DQM DaM

Write
Clock

Suspension

V) :Don'tcare

*Note : 1. DQM is needed to prevent bus contention.

Piimsuncg 2°6
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TIMING DIAGRAM - 1lI CMOS SDRAM

Read Interrupted by Precharge Command & Read Burst Stop Cycle @Burst Length=Full page

10 11 12 13 14 5 6 7 8 9 A0 M1 12 13 14 15 6 17 48 9
} ), ! 1 ! 1

[/ 1 ! [/ [/ 1, 1j |
I 1 1

CKE

ADDR

!
I 1 1
I I 1 I 1 ] I |
_ [ | 1 1 ]
CL=2 | | | ) | ) a a i
I I i I ! ] | ] 1 | | ] | '
DQ I I | | I ! I I | 1 I | ! | I ! | | ! |
] I | I I ! | I 1 1 | 2 ! ! I ! | | 12
I | | I | i I | 1 I
CL=3 T T {0 (cnvo) b1 asz) anba) aand) abs)—
I 1 I i I | | I | I I ] 1 1 I ] 1 I t |
| 1 | i | | I I | ] I 1 1 i I 1 1 I I I
! | ! I I | ! ! I !
WE

L A T

Row Active Read Burst Stop Read Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

V7] :Don'tcare

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. About the valid DQs after burst stop, it is same as the case of RAS interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS interrupt should be compared carefully.
Refer the timing diagram of "Full page write burst stop cycle".
3. Burst stop is valid at every burst length.

Phimsunog 7
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TIMING DIAGRAM - il CMOS SDRAM

Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Burst Length=Full page

0 41 12 3 14 5 16 7 8 9 A0 1 A2 13 14 45 6 47 48 19
]

CKE

CAS
ADDR
BAo
BA1
A1o/AP

DQ

pam

* 1 1 ? ! 1 | ] * ' f ! ) 1 1 1 T
Row Active Write Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

: Don't care

*Note : 1. At full page mode, burst is end at the end of burst. So auto precharge is possible.
2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding
memory cell. It is defined by AC parameter of troL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
DQM should mask invalid input data on precharge command cycle when asserting precharge
before end of burst. Input data after Row precharge cycle will be masked internally.
3. Burst stop is valid at every burst length.
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TIMING DIAGRAM - l1I CMOS SDRAM

Burst Read Single bit Write Cycle @Burst Length=2

I 1 1
N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVE

CKE

ADDR
BAo
BA1

A10/AP

_ i 1 ] :—/—""‘—‘\ ] I ) 1 /—-‘—\ [ 1 1 m:—__:_
CL=2 +——+——r———{DAa0)————— <QAbD><‘QAb1> +——+——+—{DBe)———+—— acdo)acd) :
1 ]
\ 1
1
VAN

1 1 I 1 I
ba Lo oy
[ t | I 1 | | 1 [ I ! | I t | ! ! !
O3 i —{ora0) — oo —{oeet) 4 ——
A A e e
m ] | : 1 1 \ : P 1 \ :
1
|

3
I | i

EmmEa

oon  EEEEEES |

|
|
t
L
!
|
|
!
1
|
!
|
|
|
[
'

Row Active Row Active Row Active Read Precharge
(A-Bank) (B-Bank) (C-Bank) (C-Bank) (C-Bank)
Write Write with
(A-Bank) Read with Auto Precharge
Auto Precharge (B-Bank)
(A-Bank)

V) :Dontcare

*Note : 1. BRSW modes is enabled by setting Ag "High" at MRS (Mode Register Set).
At the BRSW Mode, the burst length at write is fixed to "1 " regardless of programmed burst length.
2. When BRSW write command with auto precharge is executed, keep it in mind that tras shouid not be violated.
Auto precharge is executed at the burst-end cycle, so in the case of BRSW write command,
the next cycle starts the precharge.

<P 2°9
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TIMING DIAGRAM - il CMOS SDRAM

Active/Precharge Power Down Mode @CAS Latency=2, Burst Length=4

10 11 12 43 4 5 .6 7 8 9 A0 A1 12 13 14 15 16 17 18 19

i 1 1 ) 1 [ | eNote 2 X I 1 | | 1 ) ] | 1 1
| | [ I | 1 I I 1 I i | | ] i ] 1 1 1
! 1 |tsS ! | 1 | [ e ! ts§ e ! | | ! 1 ! ! | !
CKE | [ 'N?m : : : ' | tS.S : : | ! 1 | 1 | | 1 [ 1
1 | + t | | ) 1 [ 1 ! ! | 1 1 t [
' i L e, ’ : A i I Lo
| | | | 1 ] 1 1 |
—_— //
cs : | : ////// / \_I_/ | I In I :
Voo : . : I
| 1 1 1
RAS

mW/ f//// ////%/ //////////////////////////////////
W/ m/// ////////
on ///////,,,//////4///,,,%//////////////////////////////

AP W /mf///////////// Yy

, ' i
DQ;:siﬂ;:;;igﬂiesi

W W/ﬂ // ’////// ” T | g

Domm
N T T"T

:Don’ t Care

*Note : 1. Both banks should be in idie state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tss prior to Row active command.
3. Can not violate minimum refresh specification. (64ms)
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TIMING DIAGRAM - il CMOS SDRAM

Self Refresh Entry & Exit Cycle

ioi1[23.45.ei 819 10,1112.13i4§151'6:17i18(19i

cLock | //////////////////////// AFAVAVAVAVAVAVS

*Note 4 ! ! !
Noko 2 | tRFCMin —+——»
|
|
|
|

| 1 t N
, fi_Nme
I
I
I

|
i “Nof t 1 ' I t ! I I
l | | 1 1 |
CKE : 1 : : : ﬂ'Note 3 :
| _’{SSI‘_ I t | I |

a / / //

[ I I I | I I l I 1 | I | | 1
I 1 I 1

o ////////////////////

|
I | 1 1 I
|
| I I | |

U I | I
I I | i | t |
| t

|
|
1
1
|
1
|
|

ELEJZ

s / // / //// // / ////////,,,,/////////////

I I I I I

///////////////////////////////////// ///////////
/// //// i

Aro/AP /// / / ” ... .. // / //

L L O e | I
DQ}:IH;'-ZIIIﬂllllHi—z:.ﬁi.l'
|
|

WE // ’/////// ﬂ 5 ’///// //

E e .

Self Refresh Entry Self Refresh Exit Auto Refresh

V77) :Dontcare

*Note: TO ENTER SELF REFRESH MODE
1. CS, RAS & TAS with CKE should be low at the same clcok cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.
3. The device remains in self refresh mode as long as CKE stays "Low".
cf.) Once the device enters self refresh mode, minimum trAs is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4. System colck restart and be.stable before returning CKE high.

5. CS starts from high.

6. Minimum trrc is required after CKE going high to complete self refresh exit. :

7. 4K cycle of burst auto refresh is required before self refresh entry and after self refresh exit if the system uses burst refresh.

Phimsuncy o
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TIMING DIAGRAM - llI CMOS SDRAM

|
!

pQ !
| .
| '

/////////////////////// // ///// W{‘%

Mode Register Set Cycle Auto Refresh Cycle
10 11 12 13 14 5 6 o 1 2 '3 'a 's s ‘7 '8 '9 10 '
N AVAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAUAVE
I e R I T B R
= P iéwééiéiiéuﬁ
: : I*Note 21 [} : I : l 1 RFCI._‘U‘ I ] ] :
RAS : ; EED i WJ%
Aooa"" iiiiiiiﬂiiii
Ziiwziii IZZE=-~zEIEw'IEII

Dam //////////// ////// /////////// ///// ////////////////

V] :Don'tcare

" * All banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

MODE REGISTER SET CYCLE

*Note: 1.CTS, RAS, CAS, & WE activation at the same clock cycle with address key will set internal mode register.
2. Minimum 2 clock cycles should be met before new RAS activation.
3. Please refer to Mode Register Set table.
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KM43252020B

Target
CMOS SDRAM

1M x 32Bit x 2 Banks Synchronous DRAM

FEATURES

JEDEC standard 3.3V power supply
LVTTL compatible with multiplexed address
Dual banks operation
MRS cycle with address key programs
-. CAS Latency (2 & 3)
-. Burst Length (1, 2, 4, 8 & full page)
-. Burst Type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system
colck
Burst Read Single-bit Write operation
DQM for masking
Auto & self refresh
64ms refresh period (4K cycle)

.

-

-

.

-

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The KM432S2020B is 67,108,864 bits synchronous high data
rate Dynamic RAM organized as 2 x 1,048,576 words by 32
bits, fabricated with SAMSUNG’ s high performance CMOS
technology. Synchronous design allows precise cycle control
with the use of system clock. I/O transactions are possible on
every clcok cycle. Range of operating frequencies, programma-
ble burst length and programmable latencies allow the same
device to be useful for a variety of high bandwidth, high perfor-
mance memory system applications.

ORDERING INFORMATION

© - patNO. | MAXFreq. | interface| Package
KM432S2020BT-G/F8 125MHz 86
KM432S2020BT-G/F10 | - 100MHz | LVTTL | TsoP (1)

KM43282020BT-G/F12 83MHz

S [ LWE
] Data Input Register |'—_—— g
g T Lbam
Bank Select
P
% 2 é’ M x 32 4 §
p=
@ 3 o g 5 ls pai
x o 2 g
CLK — % g @ a8 1Mx 32 % g
& [0} =
ADD ——| é" T T — I
@ ]
o - - —-‘ Column Decoder |
a O O
: -
o '—1 Latency & Burst Length
B T
LCKE I Programming Register
LRAS  LCBR LVTVE TLCAS LWCBR LDFM
Timing Register 1 ‘|
CLK CKE [ RAS CAS WE DQMO~3

* Samsung Electronics reserves the right to
change products or specification without
notice.

s v
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KM43252020B

Target
CMOS SDRAM

PIN CONFIGURATION (TOP VIEW)

Voo
DQO
Voba
DQ1
DQ2
Vssa
DQ3
DQ4
Voba
DQ5
DQ6
Vssa
DQ7
N.C
Vop
DQMO
WE
CAS
RAS
Ccs

=
=
O
O
O
[»

OoOonooonoponoopoopooopooooponopono@noooomnn

[«

CENOGOH_WN =

[ U [N % N U N N [ U 0 I U Ny 0 [ I [ 6 [y [y S 6 [ 6 A N S IS [ AN [ N 0 [ N O N (N U Ny 6 N N N N N By g W |

Vss
DQ15
Vssa
DQ14
DQ13
Voba
DQ12
DQ11
Vssa
DQ10

86PIN TSOP (Il)
(400mil x 875mil)
(0.5 mm PIN PITCH)

L= ungg
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Target
KM43252020B CMOS SDRAM

PIN FUNCTION DESCRIPTION

PN | NAME - L INPUT FUNCTION
CLK System Clock Actlve on the posmve going edge to sample all inputs.
s Chip Select Disables or enables device operation by masking or enabling all inputs except

CLK, CKE and DQMn.

Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down mode.

Row / column addresses are multiplexed on the same pins.

Ao~ At Address Row address : RAo ~ RA11, column address : CAo ~ CA7

Selects bank to be activated during row address latch time.

t
BA Bank Select Address Selects bank for read/write during column address latch time.
RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS fow.
Enables row access & precharge.
CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.
WE Write Enable Enables write operation and row precharge.

Latches data in starting from CAS, WE active.

Makes data output Hi-Z, tsHz after the colck and masks the output.

Damo ~ 3 Data Input/Output Mask Blocks data input when DQMn active.

DQo ~ 31 Data Input/Output Data inputs/outputs are muitiplexed on the same pins.

Vob/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

VobalVssa | Data Output Power/Ground Isolated power supply and ground for the output buffers to provide improved noise

immunity.
MCH Must Connect High This pin is to be connected to logic "High" all the time after power on.
ABSOLUTE MAXIMUM RATINGS
S Parameter | symbol | value | unit
Voltage on any pin relative to Vss VIN, VouT -1.0~46 \
Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~46 \Y
Storage temperature TsTG -55 ~+150 T
Power dissipation Po 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

CAPAClTANCE (VDD =3.3V, TA=25C f-1MHz)

h Parameter e » Min ; Max S Unit
Input capacitance . CINt 25 5
(Ao ~ A11, BA, CKE, TS, RAS, CAS, WE & DQMO - 3) ' 0 pF
Input capacitance (CLK) CiN2 2.5 4.0 pF
Data input/output capacitance (DQo - DQ31) Cout 4.0 6.5 pF

ELECTRONICS




Target
KM432S2020B CMOS SDRAM

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=010 70C)

Supply voltage 3.0 3.3 3.6 \%

Input logic high votlage VIH 20 3.0 Vob+0.3 \ 1
Input logic low voltage ViL -0.3 0 0.8 Vv 2
Output logic high voltage VoH 24 - - \ loH =-2mA
Output logic low voltage VoL - - 04 \" loL =2mA
Input leakage current [T -5 - 5 uA 3
Output leakage current loL -5 - 5 uA 4

Note : 1. ViH(max) = 4.6V AC for pulse width = 10ns acceptable.
2. ViL(min) = -1.5V AC for pulse width = 10ns acceptable.
3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = 0V.
4. Dout is disabled, OV < VouTt < VpD.

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70C)

" Burst Length =1
Operating Current lect fRC = tre(min) 10 | 90 | 80 | mA | 1
(One Bank Active) loL =0 mA
Precharge Standby Current | lcc2P CKE =ViL(max), tcc = 15ns mA
in power-down mode lcc2PS | CKE & CLK<ViL{max), tcc = 2
lccaN CKE = ViH(min), CS= ViH(min), tcc = 15ns 5
Prechai’ge Standby Current Input signals are changed one time during 30ns A
in non power-down mode CKE 2 ViH(min), CLK< ViL{max), tcc = ©
Icc2NS . 10
Input signals are stable
Active Standby Current lcc3P CKE =ViL(max), tcc = 15ns 8 mA
in power-down mode lccsPS | CKE & CLK< ViL(max), toc = % 8
lcoaN CKE =ViK(min), CS = ViH(min), tcc = 15ns 30 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode -
(One Bank Active) 1ceaNS CKE = ViH(min), CLK<ViL(max), tcc = ®© 15 mA
Input signals are stable
Operating C ‘ :;DL=OBmAt 3 220 180 150
perating Curren age Burs
(Burst Mode) loc 2 Banks activated mA | 1
teeb = 2CLKs 2 155 145 125
Refresh Current Iccs tRc=tRe(min) 150 mA 2
3 mA
Self Refresh Current lcce CKE=0.2V
450 uA 4

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM43252020BT-G**
4. KM432S2020BT-F**

ELECTRONICS




Target

KM432S2020B CMOS SDRAM
AC OPERATING TEST CONDITIONS (vDD =3.3v+0.3V, TA=0t0 70C)
Pa . . = uUnit
Input levels (Vih/Vil) 24/04 \%
Input timing measurement reference level 1.4 Y
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 Vv
Output load condition See Fig. 2
3.3v ]ﬁ vtt=1.4V
< 12000 < 500
o Y S . VoH (DC) = 2.4V, IoH = -2mA Outout ¢
utput VoL (DC) = 0.4V, loL = 2mA pu
8700 = S0pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 ns 1
RAS to CAS delay tRCD(min) 20 20 26 ns 1
Row precharge time tRP (min) 20 20 26 ns 1
o tRAS (min) 48 48 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation {RC(min) 70 70 86 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 86 ns 1,5
Last data in to new col. address delay tCDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Cal. address to col. address delay tccD(min) 1 CLK 3
Number of valid CAS latency=3 2
tput data ea 4
outp CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRrc after self refresh exit.
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Target

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)
. CAS latency=3

CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 10 12 13

CLK to valid CAS latency=3 tsAG 6 6 7 12

ns ,

output delay CAS latency=2 6 7 8

Output data CAS latency=3 3 3 3

hold time toH ns 2
CAS latency=2 3 3 3

Output data hold time with no load toHN 1.8 2 2 ns 4

CLK high pulse width {CH 3 3 35 ns 3

CLK low pulse width tcL 3 3 35 ns 3

Input setup time tss 2 2 3 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to outputin Low-Z tsLz 1 1 1 ns 2

CLK to output CAS latency=3 6 6 7

in Hi-Z tsHz ns

I Fi- CAS latency=2 8 7 8

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & ff is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
4. This parameter is guaranteed by design not by test.
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Target :

KM432S52020B CMOS SDRAM |

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM43252020BT-8

(Unit : number of clock)

| tatency |

‘t’.‘CD G

2ns | 8ns

125MHz (8.0ns)

100MHz (10.0ns)

83MHz (12.0ns)

75MHz (13.0ns)

86MHz (15.0ns)

NININWw|W

NINININ

Aalalala]a

KM43252020BT-10

ber of clock)

100MHz (10.0ns)

-
-

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

60MHz (16.7ns)

NNV w|wl]

3
2
2
2
2

NI IN NN

-
Aalalala

KM43252020BT-12

(Unit : number of clock)

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

60MHz (16.7ns)

50MHz (20.0ns)

Wilibibd|llo g

NN IN(N

Alalalala i

s v
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Target

SIMPLIFIED TRUTH TABLE
Register Mode Register Set OP CODE 1,2
Auto Refresh 3
L L L H X X
Entry 3
Refresh Self
Refresh Exit L H H H X X 3
H X X 3
Bank Active & Row Addr. L L H H X \% Row Address
Read & Auto Precharge Disable L Column 4
Column Address L1 H ] L H XV I
Auto Precharge Enable H (ho~A7) | 4,5
Write & Auto Precharge Disable L Column 4
Column Address L H | L [L} X |V in
Auto Precharge Enable H (Ao~A7) 4,5
Burst Stop L H H L X X 6
Bank Selection Y]
Precharge L L H L X X
Both Banks X
Ent H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit X X X X X
H X X X
Entry X
L H H H
Precharge Power Down Mode X
) H X X X
Exit X
L \" \ \
Dam X \ X 7
. H X X X
No Operation Command X X
L H H H

Note : 1. OP Code : Operand Code

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Ao ~ A11, BA : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.
4. BA : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BA is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command for another bank can be issued.
New row active of the associated bank can be issued at trp after the end of burst.
6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

Prinsunog o
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Target

KM432S2030B CMOS SDRAM

512K x 32Bit x 4 Banks Synchronous DRAM

FEATURES GENERAL DESCRIPTION

« JEDEC standard 3.3V power supply The KM432S2030B is 67,108,864 bits synchronous high data

« LVTTL compatible with multiplexed address rate Dynamic RAM organized as 4 x 524,288 words by 32 bits,

« Four banks operation fabricated with SAMSUNG' s high performance CMOS tech-

« MRS cycle with address key programs nology. Synchronous design allows precise cycle control with
-. CAS Latency (2 & 3) the use of system clock. I/O transactions are possible on every
-. Burst Length (1, 2, 4, 8 & full page) cleok cycle. Range of operating frequencies, programmable
-- Burst Type (Sequential & Interleave) burst length and programmable latencies allow the same device

- All inputs are sampled at the positive going edge of the system to be useful for a variety of high bandwidth, high performance
colek memory system applications.

« Burst Read Single-bit Write operation

DQM for masking ORDERING INFORMATION
Auto & self refresh — E— S
64ms refresh period (4K cycle) - Py v AX Fi

. parN | MAX Fre iterface | Package
KM43252030BT-G/F8 125MHz 86

KM43252030BT-G/F10 | 100MHz | LVTTL {TSOP (II)
KM43282030BT-G/F12 83MHz

FUNCTIONAL BLOCK DIAGRAM

3 i+ LWE
I Data Input Register J**—*‘ g
g —1— LDQM
Bank Select —
g . o 512K x32 o o)
3¢ 2 512K x32 z g L, pai
z o2 2 512K x32 z g
ok — & £ 3 g 5 g
@ Y = 512K x32
ADD —f 7 — 1
§ 1T
a
g . ——-1 Column Decoder J
e O
5 % >
o '——{ Latency & Burst Length
g f
LCKE [ Programming Register |
LRAS LCTBR LWE TLCAS LWCBR LDQM
Timing Register l J

r1 1 1 1 1

CLK CKE CS RAS CAS WE DQMO~3

* Samsung Electronics reserves the right to
change products or specification without
natice.
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Target
KM432S2030B CMOS SDRAM

PIN CONFIGURATION (TOP VIEW)

voo g1 ° 86 Vss
DQO g2 85p DQ15
Voba O 3 84 Vssa
DQ1 g4 83p DQ14
DQ2 g5 82 DQ13
Vssa g 6 81[@ Voba
DQ3 g7 8op DQ12
DQ4 g8 798 DQM
Voba H 9 78 P Vssa
DQ5 g 10 77 g bDQ10
DQ6 g 11 76 1 DQ9Y
Vssa 4 12 758 Voba
DQ7 913 74p DQ8
N.C 014 73A N.C
Vob O 15 720 Vss
DQMO 016 71 P DAaM1
WE d17 70 MCH
CAS 418 69p N.C
RAS g 19 680 CLK
TS d2o 67 CKE
N.C 021 66 A9
BAO O 22 650 A8
BA1 Q 23 64p A7
A10/AP O 24 63 AB
A0 025 62p A5
A1 026 61p Ad
A2 027 60p A3
DQM2 ] 28 590 DQM3
Vop O 29 58 A Vss
N.C 030 578 N.C
DQ16 d 31 56 @ DQ31
Vssa 0 32 550 Vpba
DQ17 ¢33 540 DQ30
DQ18 d 34 53 DQ29
Vooa O 35 52 Vssa
DQ19 O 36 51 [ DQ28
DQ20 g 37 50p DQ27
Vssa O 38 49 [ Voba
DQ21 039 48 DQ26
DQ22 o 40 47 @ DQ25
Vopa O 41 46 P Vssa
DQ23 042 450 DQ24
Voo 043 440 Vss 86PIN TSOP (1)
(400mil x 875mil)

(0.5 mm PIN PITCH)
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Target
KM43252030B CMOS SDRAM

PIN FUNCTION DESCRIPTION

PN | NAME _ INPUT FUNCTION
CLK System C/ock Actlve on the posmve going edge to sample all inputs.
s Chip Select Disables or enables device operation by masking or enabling all inputs except

CLK, CKE and DQMn.

Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down mode.

Row / column addresses are multiplexed on the same pins.

Ao~ AOIAP | Address Row address : RAo ~ RA10, column address : CAo ~ CA7

Selects bank to be activated during row address latch time.

BAo~BA1 Bank Select Address Selects bank for read/write during column address latch time.

Latches row addresses on the positive going edge of the CLK with RAS low.

RAS Row Address Strobe
Enables row access & precharge.

TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

WE Write Enable Enables write operation and row precharge.

Latches data in starting from CAS, WE active.

Makes data output Hi-Z, tsHz after the colck and masks the output.

L Data Input/Output Mask Blocks data input when DQMn active.

DQo ~ 31 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VDD/VSS Power Supply/Ground Power and ground for the input buffers and the core logic.

VbbalVssa | Data Output Power/Ground Isolated power supply and ground for the output buffers to provide improved noise

immunity.
MCH Must Connect High This pin is to be connected to logic "High" all the time after power on.
ABSOLUTE MAXIMUM RATINGS
. Paameter . | symbl | e ] Unit

Voltage on any pin relative to Vss VIN, Vout -1.0~46 '
Voltage on VoD supply relative to Vss Vop, Voba -1.0~46 \%
Storage temperature TsTe » -55 ~ +150 c

Power dissipation Pp 1 w

Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

CAPACITANCE (VDD 3.3V, TA=25C, f= 1MHz)

L Parameter Min. | . Unit
Input capacitance _ .
(Ao ~ A10/AP, BAo ~ BA1, CKE, TS, RAS, CAS, WE & DQMO ~ 3) Cimt 25 50 pF
Input capacitance (CLK) CiNz 2.5 4.0 pF
Data input/output capacitance (DQo - DQ31) Cout 4.0 6.5 pF

Piamsuncg "
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KM432S52030B

Target
CMOS SDRAM

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, Ta= 010 70C)

Supply voltage Vop, Voba Y

Input logic high votlage ViH 2.0 3.0 Vop+0.3 Y 1
Input logic low voltage ViL -0.3 0 0.8 \ 2
Output logic high voltage VoH 24 - - Y 10H = -2mA
Output logic low voltage VoL - - 0.4 \ loL =2mA
Input leakage current e -5 - 5 UA 3
Output leakage current lou -5 - UA 4

Note : 1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL{min) = -1.5V AC for pulse width < 10ns acceptable.
3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = OV.
4. Dout is disabled, 0V= VouT < VoD.

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA = 0to 70C)

. Burst Length =1
Operating Current lect fRe > tRe(min) 110 | 90 | 80 | mA | 1
(One Bank Active) loL =0 mA
Precharge Standby Current | lcc2P CKE=Vi(max), tcc = 15ns mA
in power-down mode lcc2PS | CKE & CLK<ViL(max), tcc = %
lecaN CKE 2 ViH(min), CS = ViH(min), tcc = 15ns o5
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode locaNs | CKE=ViH(min), CLK< Vit(max), toc = % 10
Input signals are stable
Active Standby Current lccaP CKE =ViL(max), tcc = 15ns mA
in power-down. mode lccaPS | CKE & CLK<Vi{max), toc = o
) CKE = ViH(min), TS = ViH(min), tcc = 15ns
Active Standby Current lccaN Input signals are changed one time during 30ns 30 mA
in non power-down mode
(One Bank Active) CKE 2 ViH(min), CLK<WiL(max), tcc =
lccaNs Input signals are stable 1 mA
) loL =0 mA 3 220 180 150
Operating Current lcca Page Burst mA 1
(Burst Mode) 2 Banks activated
tcep = 2CLKs 2 185 145 125
Refresh Current lccs tre =tRc(min) 160 mA
3 mA
Self Refresh Current lccs CKE=0.2V
450 uA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. KM432S2030BT-G**
4. KM43252030BT-F**

L imsuieg
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Target

KM43252030B CMOS SDRAM

AC OPERATING TEST CONDITIONS (vDD = 3.3V+0.3V, TA=0t0 70TC)

_ Pamamete Value

Input levels (Vih/Vil) \'
Input timing measurement reference level 14 \
Input rise and fall time tr/itf=1/1 ns
Output timing measurement reference level 1.4 \)
Qutput load condition See Fig. 2

j 3.3V Ivn:mv

< 12009 509

Output >4 N xOH (DC)_= 2.4V, |OH_= -2mA Output
oL(DC) = 0.4V, loL =2mA
50pF

(Fig. 1) DC Output Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

(Fig. 2) AC Output Load Circuit

. Paameter | Symbol | i
Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 20 20 26 ns 1
Row precharge time tRP(min) 20 20 26 ns 1
tRAS(min) 48 48 60 ns 1
Row active time
tRAS(max) 100 us
) @Operation tRC(min) 70 70 86 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 86 ns 1,5
Last data in to new col. address delay tCDL (min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceD(min) 1 CLK 3
Number of valid CAS latency=3 2 ca 4
output data CAS latency=2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRFC after self refresh exit.

ELECTRONICS




Target
KM43252030B CMOS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

. CAS latency=3 8 10 12
CLK cycle time tcc 1000 1000 1000 ns 1
CAS latency=2 10 12 13
i CAS latency=3 6 6 7
utput deay s i
P Y CAS latency=2 6 7 8
Output data CAS latency=3 toH 3 3 3 )
) ns
hold time CAS latency=2 3 3 3
Output data hold time with no load toHN 1.8 2 2 ns 4
CLK high pulse width tcH 3 3 35 ns 3
CLK low pulse width teL 3 3 35 | ns 3
Input setup time tss 2 2 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 6 7
.CLFT t; output Y tsHz ns
n Ak~ CAS latency=2 6 7 8

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
Iftr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
4. This parameter is guaranteed by desigh not by test.

Phamsuneg 0

ELECTRONICS



KM43252030B

Target

CMOS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM43252030BT-8

(Unit : number of clock)

Frequency

RAS |

 tRCD

| teo | teoL

dqns.

8ns 8ns

125MHz (8.0ns)

100MHz (10.0ns)

1
1

83MHz (12.0ns)

1

75MHz (13.0ns)

1

66MHz (15.0ns)

A (O

NIN[NN

aAlalalalalf

1

(Unit : number of clock)

KM43252030BT-10

48ns

T :10'_15* .

100MHz (10.0ns)

1 1

83MHz (12.0ns)

75MHz (13.0ns)

66MHz (15.0ns)

60MHz (16.7ns)

alo oo

[ N

NININ|N

1 1
1 1
1 1
1 1

(Unit : number of clock)

KM43252030BT-12

. tras

e

CteoL | tROL

 26ns :

12ns | t2ns |

83MHz (12.0ns)

1

75MHz (13.0ns)

1

66MHz (15.0ns)

1

60MHz (16.7ns)

aAalalala

50MHz (20.0ns)

wWinsIMlO

NIN (NN

N[NNI

-
-
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Target

SIMPLIFIED TRUTH TABLE
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Seif
Refresh - L H H H 3
€ Exit L H X X
X X X 3
Bank Active & Row Addr. H X L L H H X \ Row Address
Read & Auto Precharge Disable L Column 4
Column Address 2 H X L H L H | X v Address
Auto Precharge Enable H (Ac~A7) 4,5
Write & Auto Precharge Disable L Column 4
Column Address H X L H L L X v T
Auto Precharge Enable H Ao~A)) | 4,5
Burst Stop H X L H H L X X 6
Bank Selection \
Precharge H X L L H L X X
All Banks X
Ent H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L Y \Y \'
DaM H X Vv X 7
) H X X X
No Operation Command H X X X
L H H H
(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)
Note : 1. OP Code : Operand Code
Ao ~ A10/AP & BAo ~ BA1 : Program keys. (@MRS)
2. MRS can be issued only at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at all banks precharge state.
4, BAo ~ BA1 : Bank select addresses.
If both BAo and BA1 are "Low" at read, write, row active and precharge, bank A is selected.
If both BAg is "Low" and BA1 is "High" at read, write, row active and precharge, bank B is selected.
If both BAo is "High" and BA1 is "Low" at read, write, row active and precharge, bank C is selected.
If both BAo and BA1 are "High" at read, write, row active and precharge, bank D is selected.
If A10/AP is "High" at row precharge, BAo and BA1 is ignored and all banks are selected.
5. During burst read or write with auto precharge, new read/write command for another bank can be issued.
New row active of the associated bank can be issued at trRp after the end of burst. !
6. Burst stop command is valid at every burst length.
" 7. DQM sampled at positive going edge of a CLK and masks the data-in at the very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

ELECTRONICS
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PACKAGE DIMENSION CMOS SDRAM
PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (lI)

44-TSOP2-400F e
Unit : Millimeters
0~8°
<
#44 #23 ~
HARAARHAHARAABAHAAAAHANHA 8
(=]
e 2[8
|4 g 53
ela al® g2
2 ~|o c|2
Fle o
O
BHHHHHHHEHHHHHEHHEHEH I 3 —
#1 #22 042530088 ~
0125 5.005 ]
ows 3y | B8
18.81
0741 AX
18.41+0.10 120 1.00%0.10
0.725%00m 004X G039 00m
0.10 ] !
lf'o.om MAX w010
(o,aos) 0.30 05 0.80 %MIN
| 0.032 0.012770%4 0.0315 [ 2202
50-TSOP2-400F Unit : Millimeters
08
025
gowoF Il
#50 #26 _
RHAHAAAHAHHHARAAAAAARAAAAANA s
&l 8 E §
g 18
e & 3
~|8 2o sle
i o
@) Tie
EEEEEEEEEEEEEEEEEE R L] -
#1 #25 0125085 ~
X R
0.005 550 || glg
21.35
o.8a1AX
20.95+0.10 1.20 1.00+0.10
08255 00m 5.047MAX  5.039% 0w
,
BN XLV | .
0.004 +0.10 0.05
0.875 0.30 .05 0.80 apoMIN
("—0'034) 0.012700% 0.0315) L=
T T T
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PACKAGE DIMENSION

CMOS SDRAM

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll)

54-TSOP2-400F

Unit : Millimeters

= 0~8"
0.25
mTYP
#54 #28 _
HAEHAHEAHARAARAARHAABRAHAHAHABRR
5|8 o8
ok el 32
2|3 g3 Sla
== S
O o
HESHHHHHHANE00EHEP00BERREE |
a w27 0125958 o
voosee | 88
2262, ~
0.891 AX
22.22*0.10 0.21+0¢ 1.00%0. 1.20
0.875%0.04 rlﬂs_i:._?:n 0.0Ti':'o:A p.047AX
[El S o] IO
- X 0.80 0.058
Lo || e || oo oo™

86-TSOP2-400F

Unit : Millimeters

#86 #44
ARAAAARARARAAARRARAAARARAARARAAARAAAARARARS F
Q
HE KIS
ole o ?|?
b 39 ||| %
O -|o
RLL LR R R EEEEEEEE R EE L —y ]
# #43 012550 | o
soosse | B8
Saarmax
i Coattes Cimi  ogMAX
T I '
Boof"o%mx 061 050 ' oos
(5024 0203349 0.0197] a.01gMN
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KMM366S104BTN NEW JEDEC SDRAM MODULE

KMM366S104BTN SDRAM DIMM
1Mx64 SDRAM DIMM based on 1Mx16, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION FEATURE

The Samsung KMM366S104BTN is a 1M bit x 64 Synchronous « Performance range
Dynamic RAM high density memory module. The Samsung Max Freq. (Speed)
KMM366S104BTN consists of four CMOS 1M x 16 bit Synchro- KMM366S104BTN-G8 125MHz (8ns)
nous DRAMs in TSOP-Il 400mil package and a 1K or 2K KMM366S104BTN-GO 100MHz (10ns)
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub- KMM3665104BTN-G2 83MHz (12ns)

strate. Two 0.1uF decoupling capacitors are mounted on the
printed circuit board in parellel for each SDRAM. The
KMM366S104BTN is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle control with the use of
system clock. 1/0 transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for a variety of high bandwidth,
high performance memary system applications.

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V+0.3V power supply

WCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & Interleave)

All inputs are sampied at the positive going edge of the
system clock

Serial Presence Detect with EEPROM

PCB : Height(1,000mil), single sided component

-

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES .

Pin Front |Pin Front | Pin Front [Pin Back [Pin Back | Pin Back Pin Name . | Function . e
1 Vss |29 DQM1 |57 DQ18|85 Vss [113 DQM5|141 DQ50 A0~ ATO/AP_| Address Input (multiplexed)
2 DQO |30 TS0 |58 DQ19|86 DQ32|114 *TS1 |142 DQS51 BAO Select Bank

3 DQt1 |3 DU |59 Voo |87 DQ33[115 RAS |143 Vop DQO ~DQ63 | Data Input / Output

4 DQ2 |32 Vss |60 DQ20|88 DQ34|[116 Vss |144 DQ52 CLKO Clock Input

5 DQ3 |33 A0 |61 NC |89 DQ35[117 A1 |145 NC CKED Clock Enabla Inout

6 VoD (34 A2 |62 *VRer |90 Vop |118 A3 [146 *VREF =0 pu

7 DQ4 |35 A4 |63 *CKE1|91 DQ36(|119 A5 |147 NC Cso, €82 Chip Select Input

8 DQ5 (3 A6 |64 Vss |92 DQ37|120 A7 [148 Vss RAS Row Address Storbe

9 DQ6 |37 A8 |65 DQ21|93 DQ38!121 A9 |149 DQ53 S Column Address Strobe
10 DQ7 | 38 A10/AP| 66 DQ22| 94 DQ39|122 BAO |150 DQ54 — -

11 DQ8 |39 *BA1 |67 DQ23 {95 DQ40 {123 *A11 [151 DQ55 WE Write Enable

12 Vss |40 Vobp |68 Vss |96 Vss (124 Vobp {152 Vss DQMO ~7 bDaM

13 DQ9 |41 Vop |69 DQ24| 97 DQ41|125 *CLK1|153 DQ56 Voo Power Supply (3.3V)

14 DQ10| 42 CLKO | 70 DQ25| 98 DQ42|126 *A12 |154 DQ57 Vs Ground

15 DQ11|43 Vss |71 DQ26|99 DQ43 {127 Vss |155 DQ58

16 DQ12]| 44 DU |72 DQ27|100 DQ44 {128 CKEO |156 DQ59 "VREF Power Supply for Reference
177 DQ13|45 CS2 |73 Voo |101 DQ45|129 *CS3 (157 Vop *SDA Serial Data I/0

18 Vbp | 46 DQM2 |74 DQ28|102 Vob [130 DQMS6|158 DQ6O - :

19 DQ14 |47 DQM3 |75 DQ29|103 DQ46 |131 DQM7|159 DQsH scL Serial Clock

20 DQ15|48 DU |76 DQ30{104 DQ47 [132 *A13 |160 DQ62 SA0 ~2 Address in EEPROM

21 *CBO |49 Vop |77 DQ31{105 *CB4 [133 Vop |161 DQ63 DU Don’ tuse

22 *CB1{50 NC |78 Vss {106 *CB5 [134 NC [162 Vss NC No Connection

23 Vss |51 NC |79 *CLK2|107 Vss |135 NC |[163 *CLK3

24 NC |52 *CB2 (80 NC {108 NC (136 *CB6 {164 NC * These pins are not used in this module.

25 NC |53 *CB3 |81 NC ]109 NC |137 *CB7 {165 *SAQ ** These pins should be NC in the system

26 Vobb |54 Vss |82 *SDA|110 Vbb [138 Vss |166 **SA1 which does not support SPD.

.27 WE |55 DQ16 |83 *SCL{111 CAS {139 DQ48 [167 **SA2

28 DQMO| 56 DQ17 |84 Vop [112 DQM4|140- DQ49 |168 VDD

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.

”
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KMM366S104BTN NEW JEDEC SDRAM MODULE
PIN CONFIGURATI

System Clock Active on the positive going edge to sample all inputs.

== . Disables or enables device operation by masking or enabling all inputs except
cs Chip Select CLK CKEandDQM . .

‘ Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.

Disable input buffers for power down in standby.
CKE should be enabled 1CLK+tss prior to valid command.

Row / column addresses are multiplexed on the same pins.

AD ~ A10/AP | Address Row address : RAO0 ~ RA10, column address : CAOQ ~ CA7

Selects bank to be activated during row address latch time.

BAO Bank Select Address Selects bank for read/write during column address latch time.

RAS 1 Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

E——é- Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

WE Write Enable Enables write operation and row precharge.

Latches data in starting from CAS, WE active.

Makes data output Hi-Z, tsHz after the colck and masks the output.

Damo ~7 ) Data Input/Output Mask Blocks data input when DQM active. (Byte masking)

DQO ~63 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VbD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

ELECTRONICS



KMM366S104BTN NEW JEDEC SDRAM MODULE
FUNCTIONAL BLOCK DIAGRAM
CSo
DAMO o———— T DQM4 ]
LbQM TS LbQaM CS
DQO = DQO DQ32 ~— DQO
DQ1 >— DQ1 DQ33 — DQ1
DQ2 — DQ2 uo DQ34— DQ2 =
DQ3 =— DQ3 DQ35 «—{ DQ3
DQ4 ~—| DQ4 DQ36 — DQ4
DQ5 — DQ5 DQ37 | DQ5
DQ6 — DQ6 DQ38 ~—| DQ6
DQ7 — DQ7 DQ39 o— DQ7
DQM1 o= UDQM DQM5 —— UDQM
DQ8 —| DQ8 40 o—
DQY — DQ9 8841 o] 883
DQ10 — DQ10 DQ42 —| DQ10
DQ11 ~— DQ11 DQ43 — DQ11
DQ12 «— DQ12 DQ44 —| DQ12
DQ13 «— DQ13 DQ45 — DQ13
DQ14 — DQ14 DQ46 — DQ14
DQ15 — DQ15 DQ47 — DQ15
C82 o
paM2 — | DQME —————
LDQM CS LbaM CS
DQ16 *—{ DQO o—1
DQ17 =— DQ1 nggo— 88(1)
DQ18 ~—{ DQ2 U1 DQS50 >~ DQ2 U3
DQ19 = DQ3 DQ51 — DQ3
DQ20 ~—| DQ4 DQ52 —| DQ4
DQ21 — DQ5 DQ53 =—| DQ5
DQ22 ~— DQ6 DQ54 —| DQPF
DQ23 — DQ7 DQ55 —| DQ7
DQ|\{|3 ubQm pam7 1 ubDaMm
-DQ24 — DQ8
DQ25 -—| DQY 8829;’: 888
DQ26 —| DQ10 DQ58 — DQ10
DQ27 -—| DQ11 DQ59 —— DQM
DQ28 «— DQ12 DQB0 o—| DQ12
DQ29 —{ DQ13 DQ61 —| DQ13
DQ30 — DQ14 DQ62 — DQ14
DQ31 o—| DQ15 DQB3 «— DQ15

A0 ~ An, BAQ o——————— SDRAM U0 ~ U3
RAS o———» SDRAM U0 ~ U3
CAS o——— P SDRAM U0 ~ U3
WE o——————p SDRAM U0~ U3
CKEQ o————» SDRAM U0 ~ U3 )

10Q

Dan o———AAN-—-Every DQpin of SDRAM

b
Ll

l l Two 0.1uF Capacitors

T 1’ per each SDRAM

v

' To all SDRAMs

108
CLK1/2/3 "’;w/v\l

—_ 10pF

L

D5 iusunedl
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KMM366S104BTN | NEW JEDEC SDRAM MODULE

ABSOLUTE MAXIMUM RATINGS

letage on any pin relative to Vss VIN, VOUT ) -1.0 .;4.6H \
Voltage on VDD supply relative to Vss Vop, Vobe -1.0~46 \
Storage temperature TsTG -55 ~ +150 c
Power dissipation PD 4 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=010 70C)

Supblyv voltage T . Vob 3.0 33 36 \

Input high votiage VIH 20 3.0 Vop+0.3 Vv 1
Input low voltage ViL -0.3 0 0.8 \ 2
Output high voltage VoH 24 - - v loH = -2mA
Output low voltage VoL - - 0.4 \ loL =2mA
Input leakage current [N -20 - 20 UuA 3
Output leakage current loL -5 - 5 uA 4

Note : 1. VIH (max) = 4.6V AC for pulse width <10ns acceptable.
2. VIiL {min) = -1.5V AC for pulse width <10ns acceptable.
3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = 0V
4. Dout is disabled, OV< VouT < Vob

CAPACITANCE (Ta=25%, f=1MHz) '

Input capacitance (Ao ~ A10/AP, BAO) ! CiN1 - 35 pF
Input capacitance (RAS, CAS, WE) . CIN2 - 35 pF
Input capacitance (CKEQ) CIN3 - 35 pF
Input capacitance (CLKO) CINg - 40 pF
Input capacitance (CS0, CS2) CiNs - 25 pF
Input capacitance (DQMO ~ DQM?7) CiNe - 20 pF
Data input/output capacitance (DQ0 ~ DQ63) Cout - 20 pF

s g ' T
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KMM366S104BTN

NEW JEDEC SDRAM MODULE

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA= 010 70T)

Unit | Note
: Burst Length =1
Operating Current )
(One Bank Active) leet tRC=tRC(min) 460 440 400 mA 1
loL=0mA
Precharge Standby Current | IcC2P CKE < Vi(max), tec = 15ns 2 A
in power-down mode Icc2PS | CKE & CLK<ViL(max), tcc = © 2
-~ CKE = VIH(min), TS = VIH(min), tcc = 15ns 80
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK<ViL(max), tec = %
lccaNS . 20
Input signals are stable
Active Standby Current lccaP CKE<Vi(max), tcc = 15ns 12 mA
in power-down mode lccaPS | CKE & CLK<ViL(max), tec = 8
) lcesN CKE = ViH(min), TS =ViH(min), tcc = 15ns 140 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode -
(One Bank Active) lccsNS CKE = VIH(min), CLK<ViL(max), tcc = © 80 mA
input signals are stable
3 540 440 380
@ Same Row 2 380 360 320 mA 1
Operating Current lcca :Sal-;e %m’:‘t 1 260 240 220
Burst Mode
( ) teop = 2CLKs 3 800 | 720 | 640
@ Different Row 2 620 560 480 mA 1
1 480 440 380
Refresh Current lces tRC = tRC(min) 280 mA 2
Self Refresh Current lcce CKE=0.2V 2 mA
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
245
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KMM366S104BTN ‘ NEW JEDEC SDRAM MODULE

AC OPERATING TEST CONDITIONS (vDD =3.3V£0.3V, TaA=0t0 70C)

Input levels (Vih/Vil) 24/04 \'
Input timing measurement reference level 1‘4‘ v
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 \
Output load condition See Fig. 2

3.3v o Vit=1.4V

500

VoH (DC) = 2.4V, IoH = -2mA

Output o————¢——¢ """~ " VoL(DC) =04V, loL=2mA  OUtPUt©
8700 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay {RRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
o tRAS(min) 48 '50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop t8DL(min) 1 CLK 2
Col. address to col. address delay tceD(min) 1 CLK 3
CAS latency=3 2
Number of valid
output data CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. Anew command may be given trrc after self refresh exit.

Pamsuncg o
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KMM366S104BTN NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted) -
Refer to the individual componenet, not the whole module.

Paraimeter - " L R e e
= Min. f Max | Min | Max | Min Max Fin e
CAS Iat‘éncy=5” ' 8 » 10 » 12
CLK cycle time CAS latency=2 tcc 12 1000 13 1000 . 15 1000 ns 1
CAS Iatenqy=1 24 _ 26 30
CAS latency=3 ' 6 7 8
S&';:f C‘,’:Ig‘; CAS latency=2 | tsaAG 7 8 9 ns 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3
t?;ip”t data hold CAS latency=2 | toH 3 3 3 ns 2
CAS latency=1 5 5 5
| CLK high pulse width I tcH 3 35 4 ns 3
CLK low pulse width tcL 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time ) tsH 1 1 1 ns 3
CLK to outputin Low-Z tsL.z 1 1 1 ns 2
CAS latency=3 6 7. 8
g“_’;_t; output CAS latency=2 tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + #)/2-1]ns should be added to the parameter.
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KMM366S104BTN NEW JEDEC SDRAM MODULE
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE |

KMM366S104BTN-G8

{Unit : number of clock)

125MHz (8.0ns)
100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
66MHz (15.0ns)

Alafalalf

NIN|IN|(Ww|Ww
hAib|bd|lo|lO
NINININ| W
N[NNIV wlw
D@lalafala
Aalafalala

3

KMM366S104BTN-GO (Unit : number of clock)

100MHz (10.0ns)

3 8 5 3 2 3 1 1
83MHz (12.0ns) 3 7 5 3 2 3 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 1 1
KMM366S104BTN-G2 (Unit : number of clock)
83MHz (12.0ns) 3 8 5 3 2 3 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1
B60MHz (16.7ns) 2 6 4 2 2 2 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1

Pansuncg “
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NEW JEDEC SDRAM MODULE

SIMPLIFIED TRUTH TABLE
Register Mode Register Set L L L L OP CODE
Auto Refresh
L L L H X
Entry
Refresh
Self Ll H | H|H
Refresh Exit X
X
Bank Active & Row Addr. L L H H Row Address
Auto Precharge Disable L Column 4
Read & g L H L H Address
Column Address | Auto Precharge Enable H Bo-p)) | 4,5
i Auto Precharge Disable L Col 4
Write & 9 L | H L L A;dt:(rens:
Column Address | ato Precharge Enable H (Fo~A7) | 4.5
Burst Stop L{H|H]|L X 6
Bank Selection
Precharge L H L X
Both Banks H
- H X X X
Clock Suspend or ntry
Active Power Down L M M M X
Exit X X X X
Ent H X X X
ntry
L H H H
Precharge Power Down Mode X
. H X X X
Exit
L \ \ v
DQMm X X 7
H X X X
No Operation Command - X
L H H H

Note : 1.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto”.

N o

OP Code : Operand Code

Ao ~ A10/AP, BA0 : Program keys. (@MRS)
MRS can be issued only at both banks precharge state.

A new command can be issued after 2 clock cycle of MRS.

Auto/self refresh can be issued only at both banks precharge state.

BAo : Bank select address.

(V=Valid, X=Don' t Care, H=Logic High, L=Logic Low)

If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BAo is ignored and both banks are selected.

Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trRp after the end of burst.

Burst stop command is valid at every burst length.

. During burst read or write with auto precharge, new read/write command can not be issued.

DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

ELECTRONICS
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KMM366S104BTN NEW JEDEC SDRAM MODULE

PACKAGE DIMENSIONS

Units : Inches (millimeters)

5.250

(133.350) 0054 | R 0.079
0.118 5.014 (1.372) . (R 2.000)
(3.000) (127.350) | 0.1570.004
(4.000%0.100)
ola -~ P
I 2 g ' 3|8
-8 3|8 I | [ IS
Py [IIIIIHwmﬂmﬂﬂmﬂ]ﬂ]ﬂ]ﬂ@lHlllIIH{IHIHIIIIIIIHlIIIHIII]IIHIllIIH Y =
1 A ™NE  TRe g
118DIA T .004 S|s
(3.000DIA £ .100) 0.250 0.250 8|8
(6.350) (6.350) peib)
0.350 1.450 2150 N e
(8.890) 450 (36.830) (54.61)
(11.430) 4550
(115.57)
0.120Max
£ 0
£ (3.048Max)
(=]
o
I
(=]
7 0.050:£0.0039
— —_—
(1.270%0.10)
S
« o.g:g 0.250 S|5 0.039+.002
. (6.350) . (6350) ‘8_ g *] (1.000%.050)
[ Sla
0.123%.005 ' 0.123% 005 0.010Max
D I] |:| (3.125+.125) D ' D D (3.125£.125) < (0.250 Max)
|,_0.079%.004 J | ooreo0s e 0050
(2.000£.100) | (2000%.100) (1.270)
Detail A Detail B Detail C

Tolerances : =.005(.13) unless otherwise specified

The used device is 1Mx16 SDRAM, TSOP
SDRAM Part No. : KM416S1020BT
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KMM366S203BTN NEW JEDEC SDRAM MODULE

KMM366S203BTN SDRAM DIMM
2Mx64 SDRAM DIMM based on 2Mx8, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION FEATURE

The Samsung KMM366S203BTN is a 2M bit x 64 Synchronous « Performance range
Dynamic RAM high density memory module. The Samsung Max Freq. (Speed)
KMM366S203BTN consists of eight CMOS 2M x 8 bit Synchro- KMM366S203BTN-G8 125MHz (8ns)
nous DRAMSs in TSOP-Il 400mil package and a 1K or 2K KMM366S203BTN-GO 100MHz (10ns)
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub- KMM3665203BTN-G2 83MHz (12ns)

strate. Two 0.1uF decoupling capacitors are mounted on the
printed circuit board in parellel for each SDRAM. The
KMM366S203BTN is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle control with the use of
system clock. /O transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for a variety of high bandwidth,
high performance memory system applications.

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V*0.3V power supply

WCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & Interleave)

All inputs are sampled at the positive going edge of the
system clock

Serial Presence Detect with EEPROM

PCB : Height(1,000mil), double sided component

.

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES

Pin Front |Pin Front | Pin Front |Pin Back |Pin Back | Pin Back | Pin Name ‘Function .
A0 ~ A10/AP | Address Input (multiplexed)

1 Vss | 29 DQM1|57 DQ18| 85 Vss |113 DQM5|141 DQ50

2 Dao |30 TS0 |58 DQ19|86 DQ32|114 *TS1 (142 DQ51 BAO Select Bank

3 DQ1 |31 DU |59 Voo |87 DQ33({115 RAS (143 Vop DQO ~DQ63 | Data Input / Output

4 DQ2 |32 Vss |60 DQ20| 88 DQ34|116 Vss |[144 DQ52 CLKO ~ CLK1 | Clock Input

5 DQ3 |33 A0 |61 NC |89 DQ35[117 A1 [145 NC CKEO Clook Enable Input

6 Vop | 34 A2 62 *VRer | 90 Vop {118 A3 |146 *VREF — P

7 DQ4 |35 A4 |63 *CKE1|91 DQ36|119 A5 [147 NC €S0, Cs2 Chip Select Input

8 DQ5 |36 A6 |64 Vss |92 DQ37|{120 A7 |148 Vss RAS Row Address Storbe

9 DQ6 {37 A8 |65 DQ21|93 DQ38 (121 A9 {149 DQ53 TAS Column Address Strobe

10 DQ7 | 38 A10/AP| 66 DQ22| 94 DQ39 |122 BAO |150 DQ54 —— ,

11 DQ8 |39 *BA1 |67 DQ23|95 DQ40 (123 *A11 {151 DQS5 WE Wiite Enable

12 Vss |40 Vop (68 Vss |96 Vss (124 Vob |152 Vss DQMO ~7 DaM

13 DQY9 {41 Vop | 69 DQ24 | 97 DQ41}125 CLK1|153 DQ56 VbD Power Supply (3.3V)

14 DQ10| 42 CLKO |70 DQ25| 98 DQ42 {126 *A12 |154 DQ57 Voo Ground

15 DQ11|43 Vss |71 DQ26|99 DQ43|127 Vss |155 DQ58

16 DQ12| 44 DU |72 DQ27 100 DQ44 |128 CKEO |156 DQ59 *VREF Power Supply for Reference

17 DQ13|45 TS2 |73 Vop [101 DQ45|129 *CS3 |157 Vop “*SDA Serial Data I/O

18 Vbbb | 46 DQM2 |74 DQ28 (102 Vop |130 DQM6|158 DQBO - -

19 DQ14| 47 DQM3 |75 DQ29 [103 DQ46 [131 DAM7|159 DQs1 SCL Serial Clock

20 DQ15| 48 DU |76 DQ30[104 DQ47 [132 *A13 |160 DQ62 MSA0~2 Address in EEPROM

21 *CBO |49 Vbp |77 DQ31[105 *CB4 {133 Vop |161 DQ63 DU Don’ tuse

22 *CB1{50 NC |78 Vss 106 *CB5 [134 NC |[162 Vss NG No Connection

23 Vss |51 NC |79 *CLK2|107 Vss |135 NC [163 *CLK3

24 NC |52 *CB2 (80 NC |108 NC |136 *CB6 |164 NC * These pins are not used in this module.

25 NC |53 *CB3 [81 NC [109 NC [137 *CB7 | 165 **SA0 +* These pins should be NC in the system

26 Vobp |54 Vss |82 *SDA|110 Vop |138 Vss |166 **SA1 which does not support SPD.

27 WE |55 DQ16 | 83 *SCL (111 CTAS |139 DQ48 [ 167 **SA2

28 DQMO| 56 DQ17 | 84 Vbp [112 DQM4|140 DQ49 |168 Vop

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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KMM366S203BTN

NEW JEDEC SDRAM MODULE

PIN CONFIGURATION DESCRIPTION

Pi pt

CLK System Clock Active on the positive going edge to sample all inputs.

— . Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.

. CKE should be enabled at least one cycle prior to new command.

CKE Clock Enable Disable input buffers for power down in standby.
CKE should be enabled 1CLK+tss prior to valid command.
Row / column addresses are multiplexed on the same pins.

A0 ~ A10/AP | Address Row address : RAO ~ RA10, column address : CAQ ~ CA8

g Selects bank to be activated during row address latch time.

BAO Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

_— . Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.

- Makes data output Hi-Z, tsHz after the colck and masks the output.

Dame ~7 Data Input/Output Mask Blocks data input when DQM active. (Byte masking)

DQO ~ 63 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VoD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

s g
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KMM366S203BTN NEW JEDEC SDRAM MODULE
FUNCTIONAL BLOCK DIAGRAM
TS0 o
DaMoo—— | DQM4 o——
paM T8 pQM CS
DQO o—| DQO DQ32 —| DQO
DQ1 —| DQ1 DQ33 0| DQ1
DQ2 — DQ2 uo . DQ34 o—| DQ2 U4
DQ3 o—{ DQ3 DQ35 o—| DQ3
DQ4 | DQ4 DQ36 ~—| DQ4
DQ5 —| DQ5 DQ37 >— DQ5
DQ6 — DQ6 : DQ38>—{ DQB
DQ7 —| DQ7 ‘ DQ39 o DQ7
pamMt o—— | DQM5 o———
DaM TS ~ DQM T3
DQ8 ~— DQO DQ40 >—| DQO
DQ9Y —| DQ1 DQ41 >—| DQ1
DQ10o— DA2 Ut DQ42.— DQ2  us
DQ11— DQ3 DQ43 — DQ3
DQ12o— DQ4 DQ44 o— DQ4
DQ13o— DQ5 DQ45 o— DQ5
DQ14o—| DQ6 DQ46 — DQ6
DQ15-— DQ7 DQ47 o—| DQ7
CS2 o
paM2 o—— |
pam TS
DQ16 —| DQO
DQ17 o— DQ1 -
DQ18o— DQ2 U2
DQ19>— DQ3
DQ20 | DQ4
DQ21— DQ5
DQ22 o—| DQ6
DQ23 o—| DQ7
DQM3 o——\
paMm TS
DQ24 - DQO
DQ25 —| DQ1
DQ26—{ DQ2 U3
DQ27— DQ3 -
DQ28 —— DQ4
DQ29 o—| DQ5
DQ30 | DQ6
DQ31 o— DQ7

A0 ~ An, BAQ o— P SDRAM U0 ~ U7
RAS o—— P SDRAM U0 ~ U7
CASo———» SDRAM U0 ~ U7

WE o———————» SDRAM U0 ~ U7 10 o o2
CKEQ o P ~ VWA
SDRAM U0 ~ U7 O_[ {uws
CLKO/M
1090 V\/\/{ u4/U6
DQn o——AA/——p Every DQpin of SDRAM 10Q us/i7
10Q
VDD o f _[ CLK2/3 o—/\WWV/ j
Two 0.1uF Capacitors
T T per each SDRAM To all SDRAMs —— 10pF
Vss © >

PSimsuncg | 2*53
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KMM366S203BTN NEW JEDEC SDRAM MODULE
ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss » \‘/I‘N, Vout -1 ‘0‘ ~ 4.6‘ \Y
Voltage on VDD supply relative to Vss VoD, VDoba -1.0~46 v
Storage temperature TsTG -55 ~ +150 (o]
Power dissipation Pp 8 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA= 0t0 70°C)

’Suppyly. voltage VbD ] ’ 36 \Y

Input high votlage VIH 2.0 3.0 Vbp+0.3 \ 1
Input low voltage ViL -0.3 0 0.8 \Y 2
Output high voltage VoH 2.4 - - \Y loH = -2mA
Output low voltage VoL - - 0.4 Y loL = 2mA
Input leakage current i -40 - 40 uA 3
Output leakage current loL -5 - 5 UA 4

Note : 1. ViH (max) = 4.6V AC for pulse width < 10ns acceptable.
2. VIL (min) = -1.5V AC for pulse width <10ns acceptable.
3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = 0V
4. Dout is disabled, 0V < Vout < Vbb

CAPACITANCE (Ta=25T, f= 1MHz)

Input capacitance (Ao ~ A10/AP, BAQ) CiNt oo 55 pF
Input capacitance (RAS, CAS, WE) Cinz - ) 55 pF
Input capacitance (CKEQ) CiN3 - 55 pF
Input capacitance (CLKO ~ CLK1) CiNg - 40 pF
Input capacitance (CS0, CS2) CINS - 35 pF
Input capacitance (DQMO ~ DQM?7) CiNe - 20 pF
Data input/output capacitance (DQO ~ DQ63) Cout - 20 pF

ELECTRONICS



KMM366S203BTN NEW JEDEC SDRAM MODULE
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70C)

; Burst Length =1
Operating Current .
(One Bank Active) lcct tRC = tRe(min) 840 800 | 720 mA 1
foL=0mA
Precharge Standby Current | Icc2P CKE =ViL(max), tcc = 15ns mA
in power-down mode lcc2PS | CKE & CLK < ViL(max), tcc =
CKE = ViH(min), TS = ViH(min), tcc = 15ns
lccaN | ignal h ime duri 160
Precharge Standby Current nput signals are changed one time during 30ns mA
in non power-down mode CKE = ViH(min), CLK<ViL(max), toc = ®
lccaNS . 40
Input signals are stable
Active Standby Current IccaP CKE <ViL{max), tcc = 15ns 24 A
in power-down mode lccaPS | CKE & CLK<ViL(max), tcc = 16
- iccaN CKE = VIH(min), TS = VIH(min), tcc = 15ns 280 mA
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode -
(One Bank Active) lceaNS CKE = VIH(min), CLK=VIL(maX), tcc = ®© 160 mA
Input signals are stable
3 1,000 | 800 720
@ Same Row 2 720 640 600 mA 1
Operating Current oL =0 mA 1 480 440 400
(Burst Mode) locs Page Burst
tcep = 2CLKs 3 1,440 | 1,280 | 1,120
@ Different Row 2 1,160 | 1,040 | 880 mA 1
1 920 840 720
Refresh Current lccs tRC = tRC(min) 560 mA 2
Self Refresh Current lccs CKE=0.2V 4 mA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
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KMM366S203BTN NEW JEDEC SDRAM MODULE
AC OPERATING TEST CONDITIONS (vDD=3.3v*0.3V, TA=0t0 70C)

Input levels (Vib/Vil) 24704 v
Input timing measurement reference level 1.4 v
Input rise and fall time tr/itf=1/1 ns
Output timing measurement reference level 1.4 Vv
Output load condition See Fig. 2

3.3V o Wit=1.4V

500

VOoH (DC) =2.4V, loH = -2mA

Output O————¢————+¢ -~~~ -~ ” VoL(DC) =04V, loL =2mA  Output©
8702 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop BDL(min) 1 CLK 2
Col. address to col. address delay tccD(min) 1 CLK 3
CAS latency=3 2
ber of valid
L"L‘,‘t';‘ut ;a‘;a"a" CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRrc after self refresh exit.
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KMM366S203BTN

NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

‘Refer to the individual componenet, not the whole module.

iig “0

CAS latency=3 8 10 12

CLK cycle time CAS latency=2 tcc 12 1000 13 1000 15 1000 ns 1
CAS latency=1 24 26 30
CAS latency=3 6 7

CLK to valid

output delay CAS latency=2 tsac 7 8 9 ns 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3

t?m”tep”t data hold CAS latency=2 | toH 3 3 3 ns 2
CAS latency=1 5 5 5

CLK high pulse width tcH 3 35 4 ns 3

CLK low pulse width tcL 3 35 4 ns 3

Input setup time tss 2 25 3 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to outputin Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 7 8

CLK to output .

in Hi-z CAS latency=2 tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
257
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KMM366S203BTN NEW JEDEC SDRAM MODULE

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE
KMM366S203BTN-G8 - (Unit : number of clock)

125MHz (8.0ns) 3 6 3 2 3 B} 1 1
100MHz (10.0ns) 3 8 5 2 2 3 1 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1

KMM366S203BTN-GO (Unit : number of clock)

- R

100MHz (10.0ns)

3 ‘ 8 3 2 3 1
83MHz (12.0ns) 3 7 5 3 2 3 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 1 1
KMM366S203BTN-G2 (Unit : number of clock)
83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 [ 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

Phimsuncg =
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KMM366S203BTN NEW JEDEC SDRAM MODULE

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
Refresh . L H H H 3
eires Exit L H X X
H X 3
Bank Active & Row Addr. H X L L H H X \ Row Address
Auto Precharge Disable L Column 4
Eelad . dd 2 H X L H L H X % Address
olumn Address | ayto Precharge Enable H (Ro~As) | 4,5
i Auto Precharge Disable L Column 4
Wiite & 2 H X || H | |L| x|v Address
Column Address | Auto Precharge Enable H Bop) | 45
Burst Stop H X L H H L X X 6
Bank Selection Vv
Precharge H X L L H L X X
Both Banks X
Enti H L H X X X X
Clock Suspend or nry
Active Power Down L v v hd X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
: . H X X X
Exit L H X
Ll v |V T v
DaM H X Y X 7
H X X X
No Operation Cqmmand H X X X
' L H H H

(V=Valid, X=Don' t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code

Ao ~ A10/AP, BAo : Program keys. (@MRS)

2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state. .

4. BAo : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BAa is ignored and both banks are selected.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at tRp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

L% 1 vngg
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KMM366S203BTN

NEW JEDEC SDRAM MODULE

PACKAGE DIMENSIONS

Units : Inches (millimeters)

5.250°
(133.350) 0.054 R0.079
0.118 5.014 (1.372) . (R 2.000)
(3.000) (127.350) | 0.157£0.004
(4.000%0.100)
= ™
8% 28 . o8
-l =8 _I~
€ om I ! ! I
Ole=
QT N IO T IR O A A T ~
i A B c £l
118DIA.004 =
{3.000DIA E .100) 0.250 0.250 33
(6.350) (6.350) S|@
0.350 1.450 2.150 N e
(8.890) 450 (36.830) (54.61)
(11.430) 4550
(115.57)
0.170Max
£l (4.318Max)
=5
g8
oL

0.250
M (6.350)

0.123*.005
(3.125%,125)
¥

03
(
Detail A

o (Tl
|

0.079+.004

2.000+.100)

0.250

(3.125%.125)

| 0.079+.004
(2.000%.100)

Detail B

Tolerances :*.005(.13) unless otherwise specified

The used device is 2Mx8 SDRAM, TSOP

SDRAM Part No

. KM48S2020BT

W

0.050£0.0039
| l‘___—
(1.270+0.10)

0.039+.002
(1.000%.050)

0.010Max

[

1 (0.250 Max)

0.100 Min
7 | @s40Min

]

0.050

.

Detail

(1.270)
(o3

= msung
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KMM366S204BTN NEW JEDEC SDRAM MODULE

KMM366S204BTN SDRAM DIMM
2Mx64 SDRAM DIMM based on 1Mx16, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION FEATURE

The Samsung KMM366S204BTN is a 2M bit x 64 Synchronous « Performance range
Dynamic RAM high density memory module. The Samsung . Max Freq. (Speed)
KMM366S204BTN consists of eight CMOS 1M x 16 bit Synchro- KMM366S204BTN-G8 125MHz (8ns)
nous DRAMSs in TSOP-Il 400mil package and a 1K or 2K KMM3665204BTN-GO 100MHz (10ns)
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub- KMM366S204BTN-G2 83MHz (12ns)

strate. Two 0.1uF decoupling capacitors are mounted on the
printed circuit board in parellel for each SDRAM. The
KMM366S204BTN is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle control with the use of
system clock. 1/0 transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for a variety of high bandwidth,
high performance memory system applications.

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V+0.3V power supply

WCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & interleave)

All inputs are sampled at the positive going edge of the
system clock

Serial Presence Detect with EEFROM

PCB : Height(1,000mil), double sided component

-

.

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES
Pin Front |Pin Front [Pin Front |Pin Back | Pin Back | Pin Back Pin Na

me  |Function
A0 ~ A10/AP | Address Input (multiplexed)

1 Vss |29 Dam1|57 DQ1s| 85 Vss [113 DQM5{141 DQ50

2 DQo |30 TS0 |58 DQ19| 86 DQ32|114 TS1 [142 DQ51 BAO Select Bank

3 DQ1 |31 DU |59 Vop |87 DQ33|115 RAS [143 Vop DQO ~DQ63 | Data Input/ Output
4 DQ2 |32 Vss |60 DQ20| 88 DQ34 (116 Vss |144 DQ52 CLKO ~ CLK1 | Clock Input

5 DQ3 |33 A0 |61 NC |89 DQ35|117 A1 |145 NC

6 Vob |34 A2 |62 *VRer|90 VDD {118 A3 |146 *VREeF CKEG ~ CKE1 | Clock Enable Input
7 DQ4 |35 A4 |63 CKE1|91 DQ36|119 A5 [147 NC CS0~CSs3 Chip Select Input
8 DQ5|3 A6 |64 Vss |92 DQ37|120 A7 |148 vVss RAS Row Address Storbe
9 Da6 |37 A8 |65 DQ21|93 DQ38 (121 A9 |149 DQ53 —=

10 DQ7 | 38 A10/AP| 66 DQ22| 94 DQ39|122 BAO |150 DQ54 CAS Column Address Strobe
11 DQ8 |39 *BA1 |67 DQ23|95 DQ40[123 *A11 |151 DQ55 WE Write Enable

12 Vss |40 Vop |68 Vss |96 Vss |124 Vop |152 Vss DQMO ~ 7 DQM

13 DQ9 |41 Voo |69 DQ24|97 DQ4a1|125 CLK1 [153 DQ56 Voo Power Supply (3.3V)
14 DQ10|{ 42 CLKO [ 70 DQ25|98 DQ42 (126 *A12 |154 DQS7

15 DQ11|43 Vss |71 DQ26|99 DQ43|127 Vss |155 DQS58 Vss Ground

16 DQ12|44 DU |72 DQ27|100 DQ44|128 CKEO [156 DQS59 *VREF Power Supply for Reference
17 DQ13{45 ©T32 {73 Voo [101 DQ45 128 TS3 [157 Voo “SDA Serial Data /O

18 Vop | 46 DQM2 |74 DQ28 (102 Vop |130 DQM6|[158 DQ6O p :

19 DQ14| 47 DQM3 |75 DQ29 [103 DQ46 |131 DAM7|159 DQs1 ScL Serial Clock

20 DQ15|48 DU |76 DQ30|104 DQ47 132 *A13 |160 DQ62 "SA0~2 Address in EEPROM
21 *CBO |49 Vbp |77 DQ31[105 *CB4 (133 Voo |161 DQ63 DU Don’ tuse

22 *CB1[50 NC |78 Vss (106 *CB5 |134 NC (162 Vss NG No Connection

23 Vss |51 NC |79 *CLK2|107 Vss |135 NC [163 *CLK3

24 NC |52 *CB2 |80 NC 108 NC [136 *CB6 |164 NC * These pins are not used in this module.
25 NC |53 *CB3 |81 NC (109 NC |137 *CB7 |165 **SAO ** These pins should be NC in the system
26 Vob |54 Vss | 82 *SDA{110 VoD |138 Vss (166 **SAt which does not support SPD.

27 WE |55 DQ16 | 83 **SCL|{111 CTAS [139 DQ48 |167 **SA2
28 DQMO| 56 DQ17 | 84 Vop [112 DQM4|140 DQ49 |168 Vop

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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KMM366S204BTN NEW JEDEC SDRAM MODULE
PIN CONFIGURATION DESCRIPTION

System Clock Active on the positive going edge to sample all inputs.

. Disables or enables device operation by masking or enabling all inputs except
= Chip Select CLK, CKE and DQM

Masks system colck to freeze operation from the next clock cycle.
CKE should be enabled at least one cycle prior to new command.

CKE Clock Enable Disable input buffers for power down in standby.

CKE should be enabled 1CLK+tss prior to valid command.
- Row / column addresses are multiplexed on the same pins.

AD ~ AT0/AP | Address Row address : RAO ~ RA10, column address : CAQ ~ CA7
Selects bank to be activated during row address latch time.

BAD Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

TAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.
Enables write operation and row precharge.

WE write {Enab/e Latches data in starting from CAS, WE active.

Makes data output Hi-Z, tsHz after the colck and masks the output.

Damo ~7 Data Input/Output Mask Blocks data input when DQM active. (Byte masking)

DQO ~63 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VoDp/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

ELECTRONICS



KMM366S204BTN NEW JEDEC SDRAM MODULE
FUNCTIONAL BLOCK DIAGRAM

C31 o
€S0 o — 1 1
DaMo t , ; Dama - Y — |
LbQMm CS LbQm CS LbQm TS LbQMm TS
DQO *— DQO — DQO DQ32 ~— DQO — DQo
DQ1 — DQ1 — DQ1 DQ33 ~— DQ1 — DQ1
DQ2 = DQ2 vo 1 bQ2 U4 DQ34 — DQ2 w2 [— Daz U6
DQ3 = DQ3 — DQ3 DQ35 >— DQ3 — DQ3
DQ4 > DQ4 —— DQ4 DQ36 ~— DQ4 — DQ4
DQ5 — DQ5 — DQ5 DQ37 =— DQ5 — DQ5
DQ6 —— DQ6 -— DQ6 DQ38 =~ DQ6 — DQ6
DQ7 — DQ7 — DQ7 DQ39 —| DQ7 — DQ7
DQM1 © UDQM — ubQM DQM5 = UDQM — UDQM
DQ8 — DQ8 — DQs8 DQ40 —| DQ8 — DQs8
DQ9 — DQY — DQY DQ41 —| DQ9 — DQ9
DQ10 — DQ10 —— DQ10 DQ42 —| DQ10 — DQ10
DQ11 — DQ11 -— DQ11 DQ43 «—| DQ11 1 DQ11
DQ12 «— DQ12 — DQ12 DQ44 — DQ12 — DQ12
DQ13 —{ DQ13 — DQ13 DQ45 —— DQ13 —— DQ13
DQ14 -— DQ14 — DQ14 DQ46 | DQ14 — DQ14
DQ15 — DQ15 — DQ15 DQ47 — DQ15 —— DQ15
CTS3 o
82 T N
DQM2 o » 4[ DQM6 o— 1 I |
LbaMm C§ LbaM CS Lbam C§ LbaM TS
DQ16 DQO — DQo DQ48 = DQO — DQO
DQ17 DQ1 — DQ1 DQ49 «— DQ1 — DQ1
DQ18 *— DQ2 1 — pa2 us _ DQ50 *— DQ2 us [—] bz u7
DQ19 = DQ3 j DQ3 DQ51 >—{ DQ3 — DQ3
DQ20 — DQ4 DQ4 DQ52 — DQ4 — DQ4
DQ21>— DQ5 — DQs DQ53 —— DQ5 — DQ5
DQ22 ~—{ DQ6 — DQ6 DQ54 — DQ6 — DQ6
DQ23 = DQ7 — DQ7 DQ55 — DQ7 — DQ7
DQM3 —— UDQM — UDQM DQM7 >—— UDQM F— uDQMm
DQ24 — DQ8 - DQ8 DQ56 — DQ8 — DQs8
DQ25 «— DQ9 — DQg DQ57 — DQ9 — DQ9
DQ26 — DQ10 — DQ10 DQ58 «— DQ10 — DQ10
DQ27 «— DQ11 — Dat DQ59 — DQ11 — DQM1
DQ28 o—| DQ12 I DQ12 DQB0 o—|{ DQ12 1 DQ12
DQ29 —- DQ13 — DQ13 DQ61 o—{ DQ13 — DQ13
DQ30 o—| DQ14 — DQ14 DQ62 ~—| DQ14 — DQ14
DQ31 - DQ15 L DQ15 DQB3 | DQ15 — DQ15

A0 ~ An, BAO >—» SDRAM U0 ~ U7

RAS oc———» SDRAM U0 ~ U7 Voo
TAS o——» SDRAM U0 ~ U7 j f
S S 1oka e
WE o——» SDRAM U0 ~ U7 3 100 uo4

CKEO o———p SDRAM U0 ~U3 CKE1 O—I—P SDRAM U4 ~ U7 W U1/US
CLKO0/M

u2/Ué
109 VW4
DQn o—— AN/ ——> Every DQpin of SDRAM 108 u37
’ 102
o—
VDD © > CLK2/3 \/\/\/j
l _T_ Two 0.1uF Capacitors 10pF

per each SDRAM To all SDRAMs
Vss O——I—I—————b

Jaar -
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KMM366S204BTN NEW JEDEC SDRAM MODULE
ABSOLUTE MAXIMUM RATINGS

Vi, Vour 10~46 v
Voltage on VDD supply relative to Vss VoD, Vbba -1.0~486 \
Storage temperature TsTG -55 ~ +150 c
Power dissipation Po 8 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0t0 70C)

E a
vSuppIy voltage VoD 30 3.3 3.6 \

Input high votlage VIH 2.0 3.0 Vop+0.3 \' 1
Input low voltage ViL -0.3 0 0.8 \ 2
Output high voltage VoH 24 - - \% IoH = -2mA
Output low voltage VoL - - 04 Vv loL =2mA
Input leakage current I -40 - 40 uA 3
Output leakage current loL -10 - 10 uA 4

Note : 1. ViH (max) = 4.6V AC for pulse width =10ns acceptable.
2. VIL (min} = -1.5V AC for pulse width =10ns acceptable.
3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = 0V
4. Dout is disabled, OV < VouT < VDD

CAPACITANCE (Ta=257, f=1MHz)

Input capacitance (Ao ~ A10/AP, BAQ)

Input capacitance (RAS, CAS, WE) Cinz
Input capacitance (CKEQ ~ CKE1) CINa
Input capacitance (CLKO ~ CLK1) CiNg
Input capacitance (CS0 ~ CS3) CiNs
Input capacitance (DQMO ~ DQM?7) CiNe
Data input/output capacitance (DQO ~ DQ63) Cout

i
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KMM366S204BTN

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70TC)

NEW JEDEC SDRAM MODULE

atency o o Mote
. Burst Length =1
Operating Current s
(One Bank Active) cet TZSZ:)RC(,TI“) 540 520 480 mA 1
=0m
Precharge Standby Current lcc2P CKE<Viymax), tcc = 15ns 4 mA
in power-down mode lcc2PS | CKE & CLK<ViL(max), tcc = 4
CKE = ViH(min), TS = ViH(min), tcc = 15ns
lcczN | ianal h d time during 30 160
Precharge Standby Current nput signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK<ViL{max), tcc =
lcc2aNS . 40
Input signals are stable
Active Standby Current lcc3P CKE=VIL(max), tcc = 15ns 24 A
in power-down mode lccaPS | CKE & CLK=ViL(max), tcc = 16
) CKE = ViH(min), TS = ViH(min), tcc = 15ns
Active Standby Current lecaN Input signals are changed one time during 30ns 280 mA
in non power-down mode -
(One Bank Active) lceaNS CKEZYIH(mln), CLK<ViL(max), tcc = 160 mA
Input signals are stable
3 620 520 460
@ Same Row 2 460 440 400 mA 1
Operating Current loca ::c’);;e %z‘r’:t 1 340 | 320 | 300
Burst Mode
( ) tooD = 2CLKs 3 880 | 800 | 720
@ Different Row 2 700 640 560 mA 1
1 560 520 460
Refresh Current lees tRC = tRC(min) 560 mA 2
Self Refresh Current lcce CKE=0.2V 4 mA
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
265

L ms uugg
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KMM366S204BTN NEW JEDEC SDRAM MODULE
AC OPERATING TEST CONDITIONS (vDD =3.3v+0.3V, TA=0t0 70C)

Input levels (Vih/Vil) 241704 \"
Input timing measurement reference level 1.4 \
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 1.4 \
Output load condition See Fig. 2

3.3v o Vit=1.4V

508

VoH (DC) = 2.4V, loH = -2mA

Output O———¢p-————9 -~~~ -~ > VoL (DC) = 0.4V, lo = 2mA Output ©
8708 50pF S0pF
(Fig. 1) DC Output Load Circuiit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time :
tRAS(max) 100 us
. @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL (min) 1 CLK 2
Last data in to burst stop t8DL(min) 1 CLK 2
Col. address to col. address delay tceD(miny 1 CLK 3
CAS latency=3 2
Number of valid
output data CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given tRrcC after self refresh exit.

Pimsuneg e
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KMM366S204BTN NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)
Refer to the individual componenet, not the whole module.

. Parameter

CAS latency=3

CLK cycle time CAS latency=2 tce 12 1000 13 1000 15 1000 ns 1
CAS latency=1 24 26 30
CAS latency=3 6 7 8
OC;';:;’ t;:!?/ CAS latency=2 | tsac 7 8 9 o | 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3
t?r::p”t datahold e h S atency=2 | ton 3 3 3 ns 2
CAS latency=1 5 5 5
CLK high pulse width tcH 3 3.5 4 ns 3
CLK low pulse width tcL 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to outputin Low-Z tsiz 1 1 1 ns 2
CAS latency=3 6 7 8
I?"':;tg output CAS latency=2 | tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
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KMM366S204BTN NEW JEDEC SDRAM MODULE
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KMM3665204BTN-G8 (Unit : number of clock)

125MHz (8.0ns)

100MHz (10.0ns)
83MHz (12.0ns)
75MHz (13.0ns)
86MHz (15.0ns)

NIN[INjW|W
N[(NINININ
NIN[INWw]|w
Aalalalala
afla|la|lala
- a

KMM366S204BTN-GO (Unit : number of clock)

100MHz (10.0ns)

83MHz (12.0ns)
75MHz (13.0ns)
66MHz (15.0ns)
60MHz (16.7ns)

NININ]Ww|w
QO | |N| o
wWwihinAh|ln|O
NININ|Ww]|w
NININ|ININ
Aalalalala
Aalalalal-
-

KMM366S204BTN-G2 (Unit : number of clock)

83MHz (12.0ns) 3
75MHz (13.0ns) 3
66MHz (15.0ns) 2
2
2

60MHz (16.7ns)
50MHz (20.0ns)

N NI ||
W ibs|dlOAO
NNV w]lw
NIN[NIN N
NININW]|W
alalalala
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KMM366S204BTN NEW JEDEC SDRAM MODULE
SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE
Auto Refresh H
H L L L H X X
Entry L
Refresh Self L m
H H
Refresh Exit L H X X
H X X X
Bank Active & Row Addr. H X L L H H X Vv Row Address
i Colu
Read & Auto Precharge Disable H X L H L H X v L s :drren; 4
Column Address | auto Precharge Enable H @~a7) | 45
i Auto Precharge Disable L Column 4
\(/:Vr:te & Add g H X L H L L X \ Address
olumn Address | Auto Precharge Enable H (Ro~A7) | 45
Burst Stop H X L H H L X X 6
Bank Selection \" L
Precharge H X L L H L X X
Both Banks X
Ent H L H X X | X X
Clock Suspend or niry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
H X X X
Exit L H X
L v \ \
baMm H X \Y X 7
H X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code
Ao ~ A10/AP, BAo : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.
4. BAo ;: Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BAo is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank readwrite command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trp after the end of burst.
Burst stop command is valid at every burst length.
DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

Phamsuncg e
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KMM366S204BTN NEW JEDEC SDRAM MODULE

PACKAGE DIMENSIONS

Units : Inches (millimeters)

5.250
(133.350) 0.054 R 0.079
5014 “aary T/ (R2000)
(127.350) | 0.157+0.004
(4.000%0.100)
g g8
- ~|™~
o
T M\ IIIHIHIIllLIIIHlIIIIIUJJ.LI%[ILLLLIJ_I'K]T[HII[II|H|THIIHIIIHIH!HH| ¢ ::'
i A \B c clE
A118DIAT.004 S(s
e 0.250 0.250 3|8
+ o
(3.000D1A £.100) ©950) 6550 s
0.350 1.450 2.150 =
(8.890) 450 (36.830) (54.61)
(11.430) 4550
(11557)
. 0.170Max
£ (4.318Max)
3
S
(=]
0.050 £0.0039
_.I._ 0.00
(1.270%0.10)
0250 0.250 (€ 0,089+ 002
6350 (6350) 8|8 ‘I (1000 050)
1 Sla
0.123+.005 ‘ 0.123% 005 0.010Max
D D D (3.125+.125) D D D (3.125%.125) [J_ (0.250 Max)
r ‘ A
0,079+ 004 J l | 0.079%.004 e 0050
(2.000%.100) (2.000F.100) (1.270)
Detail A Detail B Detail C

Tolerances : £.005(.13) unless otherwise specified

The used device is 1Mx16 SDRAM, TSOP
SDRAM Part No. : KM416S1020BT
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KMM366S400BTN

KMM366S400BTN SDRAM DIMM
4Mx64 SDRAM DIMM based on 4Mx4, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION FEATURE

The Samsung KMM366S400BTN is a 4M bit x 64 Synchronous Performance range
Dynamic RAM high density memory module. The Samsung

NEW JEDEC SDRAM MODULE

-

Max Freq. (Speed)

KMM366S400BTN consists of sixteen CMOS 4M x 4 bit Syn- KMM366S400BTN-G8 125MHz (8ns)
chranous DRAMSs in TSOP-Il 400mil package and a 1K or 2K KMM366S400BTN-GO 100MHz (10ns)
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub- KMM366S400BTN-G2 83MHz (12ns)

strate. Two 0.1uF decoupling capacitors are mounted on the
printed circuit board in parellel for each SDRAM. The
KMM366S400BTN is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle control with the use of
system clock. I/O transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for a variety of high bandwidth,
high performance memory system applications.

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V+0.3V power supply

WCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & Interleave)

All inputs are sampied at the positive going edge of the
system clock

Serial Presence Detect with EEPROM

PCB : Height(1,250mil), double sided component

.

-

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES
Pin Front |[Pin Front | Pin Front |Pin Back |Pin Back |Pin Back PinName  |Function

A0 ~ A10 d i
1 Vs |29 DQM1|57 DQ18|85 Vss [113 DQMS5|141 DQsO AMQIAF_{Address Tnpyt (multiplexed)
2 DQO |30 T3S0 |58 DQ19|86 DQ32|114 *TS1 |142 DQs1 BAO Select Bank
3 DQ1 |31 DU |59 voo |87 DQ33|115 RAS |143 Vo DQO ~DQB3 | Data Input / Output
4 DQ2 |3 Vss |60 DQ20|88 DQ34|116 Vss [144 DQ52 CLKO ~ CLK3 | Clock Input
5 DQ3 |33 A0 |61 NC |89 DQ35|117 A1 (145 NC
6 Vop |34 A2 |62 *VRer|90 Vob |118 A3 |146 *VRer CKEO ~ CKE1 | Clock Enable Input
7 DQ4 |35 A4 |63 CKE1|91 DQ36|119 A5 |147 NC Csp, €82 Chip Select Input
8 DQ5 | 36 AB 64 Vss | 92 DQ37 (120 A7 |148 Vss RAS Row Address Storbe
9 DQB |37 A8 |65 DQ21|93 DQas|121 A9 |[149 DQ53 —=

T
10 DQ7 |38 AM0/AP| 66 DQ22| 94 DQ39 [122 BAO [150 DQ54 CAS Column Address Strobe
11 DQ8 |39 *BA1 |67 DQ23(95 DQ40|123 *A11 [151 DQ55 WE Write Enable
12 Vss | 40 VoD | 68 Vss | 96 Vss [124 VpbDp {152 Vss DQMO ~7 DQam
13 DQ9 |41 Vbp |69 DQ24| 97 DQ41|125 CLK1 |153 DQ56 Voo Power Supply (3.3V)
14 DQ10| 42 CLKO | 70 DQ25| 98 DQ42 126 *A12 |154 DQ57 Ves Sround
15 DQ11|43 Vss |71 DQ26| 99 DQ43 127 Vss [155 DQ58 roun
16 DQ12|44 DU |72 DQ27 {100 DQ44 |128 CKEO |156 DQ59 *VREF Power Supply for Reference
17 DQ13| 45 TS2 |73 Voo |101 DQ45 (129 *C33 |157 Vo “SDA Sefial Data /0
18 Voo | 46 DQM2 |74 DQ28 (102 Voo |130 DQM6|158 DQSO p -
19 DQ14 |47 DQM3 |75 DQ29 103 DQ46 |131 DQM7 [159 DQsT “ScL Serlal Clock
20 DQ15|48 DU |76 DQ30|[104 DQ47 |132 *A13 |160 DQ62 SA0~2 Address in EEPROM
21 *CBO |49 Vob |77 DQ31[105 *CB4 [133 Voo (161 DQ63 DU Don’ tuse
22 *CB1 |50 NC |78 Vss {106 *CB5 |134 NC [162 Vss NC No Connection
23 Vss |51 NC |79 CLK2|107 Vss |135 NC [163 CLK3
24 NC |52 *CB2 |80 NC |108 NC 136 *CB6 |164 NC *  These pins are not used in this module.
25 NC |53 *CB3 | 81 NC }[109 NC [137 *CB7 [165 **SA0 ** These pins should be NC in the system
26 Vop | 54 Vss 82 **SDA|110 Vop |138 Vss [166 **SA1 which does not support SPD.
27 WE |55 DQ16 | 83 *SCL{111 CAS |139 DQ48 |167 **SA2
28 DQMO| 56 DQ17 | 84 Vob |112 DQM4|140 DQ49 |168 Voo

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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KMM366S400BTN NEW JEDEC SDRAM MODULE
PIN CONFIGURATION DESCRIPTION

CLK System Clock Active on the positive going edge to sample all inputs.

— . Disables or enables device operation by masking or enabling all inputs except
cs Chip Select CLK, CKE and DQM

Masks system colck to freeze operation from the next clock cycle.
CKE should be enabled at least one cycle prior to new command.

CKE Clock Enable Disable input buffers for power down in standby.

CKE should be enabled 1CLK+tss prior to valid command.

- Row / column addresses are multiplexed on the same pins.
AQ ~ AT0/AP | Address Row address : RAO ~ RA10, column address : CAO ~ CA9
Selects bank to be activated during row address latch time.
BAO Bank Select Address Selects bank for read/write during column address latch time.
—— Latches row addresses on the positive going edge of the CLK with RAS low.
RAS Row Address Strabe Enables row access & precharge.
—— Latches column addresses on the positive going edge of the CLK with CAS low.
CAS Column Address Strobe Enables column access.
= . Enables write operation and row precharge.
WE Write Enable Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the colck and masks the output.
DQMO~7 | Data Input/Output Mask Blocks data input when DQM active. (Byte masking)
DQO ~ 63 Data Input/Output Data inputs/outputs are multiplexed on the same pins.
VoD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

ELECTRONICS



FUNCTIONAL BLOCK DIAGRAM
CS0 o
DQMO o - ] DQM4 o — )
DQM CS pam C§ paMm TS DQM C8
DQO ~— DQO DQ4 o—| DQO DQ32 ~—| DQO ® bass— DQo
pa1— pa1 Y | pas— pat Y pa3z— pat Y8 | pa3v— pDa1r Y®
DQ2 | DQ2 DQ6 — DQ2 DQ34 o— DQ2 DQ38+— DQ2
DQ3+— DQ3 DQ7 ~— DQ3 DQ35 —| DQ3 DQ39 | DQ3
DQM1 o——p——+ L1 DQM5 o———— ]
pam TS pam CS DQM TS DQM TS
DQ8 ~— DQO DQ12 | DQO DQ40 —| DQO DQ44— DQO
DQ9Y *— DQ1 U2 | pQ13+— DQ1 us DQ41o— DQ1 U10 | DQ45o— DQ1 Ut
DQ10 — DQ2 DQ14 — DQ2 DQ42 o— DQ2 DQ46 — DQ2
DQ11— DQ3 DQ15— DQ3 DQ43 — DQ3 DQ47 — DQ3
CS2 o ? 1
DQM2 « T I | T DQMS o T 1 1
pQM C8 pQM TS paMm TS paMm TS
DQ16 —| DQO DQ20 —— DQO DQ48 ——| DQO DQ52-— DQO
pai7— pa1 Y4 | pa21e— D@1 Y pa4e—| pa1 Y2 | pass— pa1  Y1°
DQ18 | DQ2 DQ22 o— DQ2 DQ50 —| DQ2 DQ540—| DQ2
DQ19 | DQ3 DQ23 | DQ3 DQ51 o—| DQ3 DQ55 | DQ3
Dam3 ~— ] DaM7? — ,
pDQM TS pam CS paM CS DQM TS
DQ24 —| DQO DQ28 -— DQO DQ56 —| DQO DQ60 — DQO
DQ25 — DQ1 Us | pQ29>— DQ1 u7 DQ57— DQ1 Y14 | pae1— DQ1 V1S
DQ26 ~—| DQ2 DQ30 — DQ2 DQ58 —| DQ2 DQ62— DQ2
DQ27 ~—| DQ3 DQ31— DQ3 DQ59 — DQ3 DQ63— DQ3
AO ~ An, BAO c——® SDRAM U0 ~ U15
RAS o——— SDRAM U0 ~ U15 Voo
TAS o———FP SDRAM U0 ~ U15 J)
<10KR

WE o——» SDRAM UQ ~ U15

CKEQ 0—————p SDRAM U0 ~ U7

CKE1 C»—I——P SDRAM U8 ~U15

1 3@_{ UoUB/ML4/U12
U1/U9/U5/U13

108
Dan o—— A ——p Every DQpin of SDRAM CLKO//2/3 U2/U10/UB/U14
VoD I_ _T_ > 10Q U3/u11/u7/015
Two 0.1uF Capacitors
T —"- per each SDRAM To all SDRAMs
Vss © —p
273
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KMM366S400BTN NEW JEDEC SDRAM MODULE
ABSOLUTE MAXIMUM RATINGS

_ FPorameler _ Symbol . e
‘VoI‘t‘agé"rbm any pih relative to Vss T VIN vour | 1.0~ 46
Voltage on VDD supply relative to Vss VDD, VDba : -1.0~46
Storage temperature TsTe -55 ~ +150 T
Power dissipation Pp 16 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0t0 70C)

T Paametr Win Tote
“sljﬁpw v,o"a,ge, S 3‘(5 L : 36

Input high votlage ViH 2.0 Vpp+0.3 \ 1
Input low voltage ViL -0.3 0 0.8 \Y 2
Qutput high voltage VoH 24 - - A IoH = -2mA
OQutput low voltage VoL - - 0.4 \% loL = 2mA
Input leakage current liL -80 - 80 uA 3
Output leakage current loL -5 - 5 uA 4

Note : 1. VIH (max) = 4.6V AC for pulse width <10ns acceptable.
2. Vi (min) = -1.5V AC for pulse width <10ns acceptable.
3. Any input OV < VIN = VDD + 0.3V, all other pins are not under test = 0V
4. Dout is disabled, 0V < Vout < VoD

CAPACITANCE (Ta=25%C, f= 1MHz)

Input capacitance (Ao ~ A10/AP, BAO)
Input capacitance (RAS, CAS, WE)
Input capacitance (CKEO ~ CKE1)
Input capacitance (CLKO ~ CLK3)
Input capacitance (CS0, TS2)

Input capacitance (DQMO ~ DQM7)
Data input/output capacitance (DQ0 ~ DQ63) pF

ELECTRONICS



KMM366S400BTN NEW JEDEC SDRAM MODULE
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0t0 70C)

Operating Current Burst Length =1

(One Bank Active) lcct :gf%toR;(Zin) 1,600 | 1,520 | 1,360 | mA 1
Precharge Standby Current | /CC2P CKE <ViL(max), tcc = 15ns 8 mA
in power-down mode lcczPS | CKE & CLK<ViL(max), tcc = » 8

lco2N CKE = ViH(min), TS =ViH(min), tcc = 15ns 320
Precharge Standby Current Input signals are changed one time during 30ns A
in non power-down mode lccans | CKE= ViH(min), CLK=Vi(max), toc = 80

Input signals are stable
Active Standby Current lccaP CKE = ViL(max), tcc = 15ns 48 A
in power-down mode IccaPS | CKE & CLK< ViL(max), tcc = @ 32
p: i CS> i =
—_— CKE = ViH(min), CS=VIH(min), tcc = 15ns 560 mA

Active Standby Current

in non power-down mode -

(One Bank Active) lccaNS CKEZY|H(m|n), CLK=Viymax), tcc = 320 mA
Input signals are stable

Input signals are changed one time during 30ns

3 1,920 | 1,520 | 1,360
@ Same Row 2 1,440 | 1,280 | 1,200 | mA 1
Operating Current I oL =0 mA 1 960 880 800
(Burst Mode) A i i 3 | 2720 | 2,400 | 2,080
@ Different Row 2 2,240 | 2,000 | 1,680 | mA 1
1 1,760 | 1,600 | 1,360
Refresh Current lccs ' tRC = tRC(min) 1,120 mA 2
Self Refresh Current lccs CKE=0.2V 8 mA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.

Punmsunc e
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KMM366S400BTN NEW JEDEC SDRAM MODULE

AC OPERATING TEST CONDITIONS (vDD =3.3v£0.3V, TA=010 70C)

Input levels (Vih/Vil) 24/04 \
Input timing measurement reference level 1.4 v
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 v
Output load condition See Fig. 2

3.3V o Vit=1.4Vv

12000 502
tout O oo , VoH(DC) =24V, lon = -2mA outout o
Output VoL (DC) = 0.4V, loL = 2mA pu
8708 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Cirouit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
i @Operation RC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcoL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceD(min) 1 CLK 3
CAS latency=3 2
ber of valid
Z:Jt,:ut ;aotavalc CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRrc after self refresh exit.
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KMM366S400BTN NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)
Refer to the individual componenet, not the whole module.

CAS latency=3

CLK cycle time CAS latency=2 tcc 12 1000 13
CAS latency=1 24 26 30
CAS latency=3 6 7
(c);ll.l-t}[():f g:lgs CAS latency=2 tsac 7 8 9 ns 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3
tci’m”tep”t data hold CASlatency=2 | toH 3 3 3 ns 2
CAS latency=1 5 5 5
CLK high pulse width tcH 3 35 4 ns 3
CLK low pulse width tcL 3 3.5 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tstz 1 1 1 ns 2
CAS latency=3 6 7 8
ﬁlﬁ_t; output CAS latency=2 tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.

Prnusuncy | 2"

ELECTRONICS




KMM366S400BTN | NEW JEDEC SDRAM MODULE
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KMM366S400BTN-G8

(Unit : number of clock)

125MHz (8.0ns)

3 6 3 2 3 1 1 1

100MHz (10.0ns) 3 8 5 2 2 3 1 1 1

83MHz (12.0ns) 2 7 4 2 2 2 1 1 1

75MHz (13.0ns) 2 6 4 2 2 2 1 1 1

66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
m

ber of clock)

KMM366S400BTN-GO (Unit: nu

100MHz (10.0ns)

“3 8 5 3 2 3 1 1 1
83MHz (12.0ns) 3 7 5 3 2 3 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 5 3 2 2 2 1 1 1

KMM366S400BTN-G2 (Unit : number of clock)

83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

Pinsunsg 7
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KMM366S400BTN NEW JEDEC SDRAM MODULE

SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry 3
Refresh Self
L H H H 3
Refresh Exit L H X X
H X X 3
Bank Active & Row Addr. H X L L H H X Row Address
Auto Precharge Disable L Column 4
Read & 9 H X {t|iH|L|H]| X Address
Column Address | Auto Precharge Enable H (Ro~he) | 45
i Auto Precharge Disable L Column 4
Wiite & 9 H X | LjH|L]|]L]| x Address
Column Address | ayto Precharge Enable H (Ro~Re) | 4,5
Burst Stop H X L H H L X X 6
Bank Selection L
Precharge H X L L H L X X
Both Banks H
Enti H L H X X X X
Clock Suspend or niry
Active Power Down L v v M X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
) H X X X
Exit L H X
L v \" Y
pDam H X Y X 7
H X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don’ t Care, H=Logic High, L=Logic Low)

Note : 1. OP Code : Operand Code
Ao ~ A10/AP, BAo : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.
3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.
4. BAo : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BAo is ignored and both banks are selected.
5. During burst read or write with auto precharge, new readiwrite command can not be issued.
Anacther bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at {RP after the end of burst.
6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),

but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

o
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NEW JEDEC SDRAM MODULE

Detail A

Tolerances : +.005(.13) unless otherwise specified

The used device is 4Mx4 SDRAM, TSOP
SDRAM Part No. : KM44S4020BT

PACKAGE DIMENSIONS
Units : Inches (millimeters)
5.250
(133.350) 0.054
0118 5.014 (1372) °| R 0.079
(3.000) (127.350) . (R 2.000)
| 0.157%0.004
Y (4.000£0.100)
8% e
<z 28 ' 3|8
cle | N
[4 l o ‘,:
JITTTE NI OO ) O T AT ~
o | A e TRe <le
118DIA 004 , ==
m 0.250 0.250 =] g
(6.350) (6.350) 32
0.350 1.450 2.150 =
(8.890) 450 (36.830) (54.61)
(11.430) 4550 :
(115.57)
0.170Max
(4.318Max)
cla
8| ©
Sle
0.050%0.0039
(1.270%0.10)
0250 0.250 s|s 0.039+.002
p—oe X ;
“e3s0) T 63%0) 8|g *l [*"(1.000050)
I | Sla
i .‘\——|——J
0.123%.005 | 0.123+.005 0.010Max
D [Il D (3.125%.125) D : [IH:’ (3.125+.125) 4 (0.250 Max)
¢ | T
J 0.079% 004 .|_0079%.004 C ape 0050
le x = (1.270)
(2.000%.100) | (2.000%.100)
Detail B Detail C
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KMM366S403BT2

NEW JEDEC SDRAM MODULE

KMM3665403BT2 SDRAM DIMM

4Mx64 SDRAM DIMM based on 2Mx8, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION

The Samsung KMM366S403BT2 is a 4M bit x 64 Synchronous
Dynamic RAM high density memory module. The Samsung
KMM366S403BT2 consists of sixteen CMOS 2M x 8 bit Syn-
chronous DRAMs in TSOP-Il 400mil package and a 1K or 2K
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub-
strate. Two 0.1uF decoupling capacitors are mounted on the
printed circuit board in parellel for each SDRAM. The
KMM366S403BT2 is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle controf with the use of
system clock. I/O transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for-a variety of high bandwidth,
high performance memory system applications.

FEATURE

.

.

.

.

Performance range
Max Freq. (Speed)

KMM366S403BT2-G8 125MHz (8ns)
KMM366S403BT2-G0 100MHz (10ns)
KMM366S403BT2-G2 83MHz (12ns)

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V 0.3V power supply

WCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & interleave)

All inputs are sampled at the positive going edge of the
system clock

Serial Presence Detect with EEPROM

PCB : Height(1,150mil), double sided component

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES

Pin Front | Pin Front | Pin Front | Pin Back |Pin Back | Pin Back [ PinName . |Function .= . .. ..
1 Vss |20 DaM1 |57 DQ18|85 Vss |113 DQM5|141 DQ5O A0~ AU/AP_ | Address Input (multiplexed)
2 DQO |30 TS0 |58 DQ19 |86 DQ32|114 CTB1 {142 DQ51 BAQ Select Bank

3 DQ1!31 DU |59 Voo |87 DQ33|115 RAS [143 Vob DQO ~DQ63 | Data Input / Output

4 DQ2 (32 Vss |60 DQ20| 88 DQ34|116 Vss |144 DQ52 CLKO ~ CLK3 | Clock Input

5 DQ3 |33 A0 |61 NC |89 DQ35[117 A1 {145 NC

6 Vob |34 A2 |62 *VReF|90 VoD (118 A3 |146 *VRer CKEQ ~ CKE1 | Clock Enable Input

7 DQ4 |35 A4 |63 CKE1|91 DQ36|119 A5 |147 NC CS0~CS3 Chip Select Input

8 DQ5 (3 A6 |64 Vss |92 DQ37 [120 A7 {148 Vss RAS Row Address Storbe

9 DQ6 {37 A8 |85 DQ21|93 DQ38|121 A9 |149 DQ53 ==

10 DQ7 | 38 A10/AP| 66 DQ22{ 94 DQ39 (122 BAO |150 DQS54 CAS Column Address Strobe
11 DQ8 | 39 *BA1 |67 DQ23| 95 DQ40[123 *A11 |151 DQ55 WE Wiite Enable

12 Vss {40 Vopb |68 Vss | 96 Vss (124 Vbp 152 Vss DQMO ~7 DQM

13 DQ9 |41 Vob |69 DQ24| 97 DQ41|125 CLK1 [153 DQ56 Voo Power Supply (3.3V)

14 DQ10| 42 CLKO |70 DQ25| 98 DQ42|126 *A12 |154 DQ57 Vs Sround

15 DQ11|43 Vss |71 DQ26|99 DQ43|127 Vss |155 DQs8

16 DQt12}44 DU |72 DQ27 |100 DQ44 |128 CKEO|156 DQ59 *VREF Power Supply for Reference
17 DQ13|45 TS2 |73 Voo [101 DQ45|129 TS3 157 Voo “*SDA Serial Data 1/0

18 Vop | 46 DQM2 |74 DQ28 |102 Vop |130 DQM6|158 DQ6O - -

19 DQ14| 47 DaM3 |75 DQ29 [103 DQ4e |131 DQM7|158 DQs1 SCL Serial Clock

20 DQ15|48 DU |76 DQ30!104 DQ47 |132 *A13 [160 DQ62 "SA0~2 Address in EEPROM

21 *cBO |49 Voo |77 DQ31|105 *CB4 [133 Vop [161 DQ63 DU Don’ tuse

22 *CB1 |50 NC |78 Vss |106 *CB5 {134 NC |162 Vss NC No Connection

23 Vss |51 NC |79 CLK2 (107 Vss {135 NC (163 CLK3

24 NC |52 *CB2 |80 NC {108 NC |136 *CB6 {164 NC * These pins are not used in this module.

25 NC |53 *CB3 [ 81 NC (109 NC [137 *CB7 (165 **SA0 ** These pins should be NC in the system

26 Vopb | 54 Vss |82 *SDA|110 VoD [138 Vss |166 *SA1 which does not support SPD.

27 WE |55 DQ16 |83 **SCL|[111 TAS |139 DQ48 [167 *SA2

28 DQMO| 56 DQ17 | 84 Vop |112 DQM4|140 DQ49 |168 Vop

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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KMM366S403BT2

NEW JEDEC SDRAM MODULE

PIN CONFIGURATION DESCRIPTION

CLK System Clock Active on the positive going edge to sample all inputs.

P N Disables or enables device operation by masking or enabling all inputs except

cs Chip Select CLK, CKE and DQM
Masks system colck to freeze operation from the next clock cycle.
CKE should be enabled at least one cycle prior to new command.

CKE Clock Enable Disable input buffers for power down in standby.
CKE should be enabled 1CLK+tss prior to valid command.

- Row / column addresses are multiplexed on the same pins.

AO ~ A0/AP | Address Row address : RAO ~ RA10, column address : CAQ ~ CA8
Selects bank to be activated during row address latch time.

BAO Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

cAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

T . Enables write operation and row precharge.

WE Write Enable Latches data in starting from CAS, WE active.

- Makes data output Hi-Z, tsHz after the colck and masks the output.

DQM0~7 | Data Input/Output Mask Blocks data input when DQM active. (Byte masking)

DQO ~63 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

VbD/Vss Power Supply/Ground Power and ground for the input buffers and the core logic.

=gy
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KMM366S403BT2

NEW JEDEC SDRAM MODULE

FUNCTIONAL BLOCK DIAGRAM
CS1,
CS0 o T‘ |
DQMO o na T ] DQM4 o i 1.
paQMm CS paM CS DaM CS pDQM CS
DQO -— DQO DQO DQ32 ~—| DQO DQo
DQ1o— DQ1 DQ1 DQ33 — DQ1 DQ1
DQ2 — DQ2 uo DQ2 us DQ34 - DQ2 u4 DQ2 u12
DQ3 +—{ DQ3 DQ3 DQ35 | DQ3 DQ3
DQ4 — DQ4 DQ4 DQ36 ~— DQ4 DQ4
DQ5 o— DQ5 DQ5 DQ37 -— DQS5 DQ5
DQ6 o— DQ6 DQ6 DQ38 o— DQ6 DQ6
DQ7 —{ DQ7 DQ7 DQ39 — DQ7 DQ7
DMt o——p—— : DQMS o -] !
DQM CS paM TS DQM CS pDaM CS
DQ8 —| DQO DQo DQ40 o— DQO DQo
DQY DQ1 DQ1 DQ41 o—| DQ1 DQ1
DQ1o DQ2 U1 DQ2 U9 DQ42-— DQ2 U5 DQ2 u13
DQ11— DQ3 DQ3 DQ43 ~— DQ3 DQ3
DQ12 — DQ4 DQ4 DQ44 - DQ4 DQ4
DQ13 — DQ5 DQ5 DQ45 — DQ5 DQ5
DQ14 —{ DQ6 DQ6 DQ46 o— DQ6 DQ6
DQ15 DQ7 DQ7 DQ47 — DQ7 DQ7 B
Css3,
DQM2 +— ] DQM6 y ! 1
pam CS DQM CS DQM TS pam TS
DQ16 —| DQO DQO DQ48 -— DQO DQO
DQ17 — DQ1 DQ1 DQ49 | DQ1 —— DQ1
DQ18 — DQ2 u2 DQ2 u1o0 DQ50— DQ2 us DQ2 u14
DQ19 | DQ3 DQ3 DQ51>— DQ3 DQ3
DQ20 —| DQ4 DQ4 DQ52 | DQ4 DQ4
DQ21— DQ5 DQ5 DQ53 ] DQ5 DQ5
DQ22o—{ DQ6 DQ6 DQ54 -— DQ6 DQ6
DQ23 | DQ7 DQ7 DQ55 — DQ7 DQ7
DQM3 o—————1— | Dam7 o ! — 1
pDaM Cs DQM TS pam C§ DQM TS
DQ24 — DQO DQo DQ56 — DQO DQo
DQ25 —| DQ1 DQ1 DQ57 o DQ1 DQ1
DQ26 — DQ2 u3 DQ2 um DQ58 — DQ2 u7 DQ2 uis
DQ27 — DQ3 DQ3 DQ59 ~— DQ3 DQ3
DQ28 o—{ DQ4 DQ4 DQB0 - DQ4 DQ4
DQ29 —| DQ5 DQ5 DQ61 | DQ5 DQ5
DQ30 DQ6 DQ6 DQ62 DQ6 DQ6
DQ31 DQ7 DQ7 DQ863 DQ7 DQ7

AQ ~ An, BAD o—Pp
RAS o—»
CASo——»

WE o——»
CKEQ o———p

100

SDRAM U0 ~ U15
SDRAM U0 ~U15
SDRAM U0 ~ U15
SDRAM U0 ~ U15

SDRAM U0 ~U7 CKE1

VoD

!

< 10K

DaQn o——AAA——p Every DQpin of SDRAM

b

Vob

L
f _T_ Two 0.1uF Capacitors

per each SDRAM
Vss

To all SDRAMs

O—T—V SDRAM U8 ~U15

108 Uo/Us/U2/U10
U1U9/U3/U

v\{ U4/U12/U6/U14
10Q U5MU13/U7IUAS

CLKO0/1/2/3

s ungg
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KMM366S403BT2

NEW JEDEC SDRAM MODULE

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss ViN, VouTt -1.0~46 \
Voltage on VbD supply relative to Vss Vobp, Voba -1.0~46 Vv
Storage temperature TsTe -55 ~ +150 T
Power dissipation PD 16 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.

Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0t0 70C)

ar

’Supply voitaée B VDb 3.0 33 36 v

Input high votlage VIH 20 3.0 Vop+0.3 \% 1
Input low voltage ViL -0.3 0 0.8 \ 2
Output high voltage VoH 24 - - \ loH = -2mA
Output low voltage Vo - - 04 \ loL =2mA
Input leakage current [ -80 - 80 uA 3
Output leakage current loL -10 - 10 uA 4

Note : 1. ViH (max) = 4.6V AC for pulse width <10ns acceptable.
2. ViL (min) = -1.5V AC for pulse width <10ns acceptable.
3. Any input OV < VIN =< VDD + 0.3V, all other pins are not under test = 0V
4. Dout is disabled, OV< VouT < VbD

CAPACITANCE (Ta=25%C, f= 1MHz)

Input capacitance (Ao ~ A10/AP, BAO)
Input capacitance (RAS, TAS, WE)
Input capacitance (CKEOQ ~ CKE1)
Input capacitance (CLKO ~ CLK3)
Input capacitance (CS0 ~ TS3)

Input capacitance (DQMO0 ~ DQM?7)

Data input/output capacitance (DQO ~ DQ63)

CiN1

CIN2

CIN3

CiNg

CINS

CIN6
Cout

90
90
55
40
35
25
25

pF
pF
pF
pF
pF
pF

L= nsunig
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KMM366S403BT2 NEW JEDEC SDRAM MODULE
DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA =0 to 70C)

1 cas  Version
: Burst Length =1
Operating Current -
(One Bank Active) icct RC Z tRc(min) 1,000 | 960 | 880 mA 1
loL =0 mA
Precharge Standby Current | lcc2P CKE=ViL(max), tcc = 15ns A
in power-down mode Icc2PS | CKE & CLK<ViL(max), tcc = o
CKE 2 ViH(min), TS 2 ViH(min), tcc = 15ns
lcc2N tnout signal h d . . 320
Precharge Standby Current nput signals are changed one time during 30ns A
in non power-down mode CKE = ViH(min), CLK<ViL(max), tcc = ®
lccaNS R 80
Input signals are stable
Active Standby Current lcc3P CKE < ViL(max), tcc = 15ns 48 mA
in power-down mode lccsPS | CKE & CLK<ViL(max), tcc = 32
] CKE = ViH(min), CS= ViH(min), tcc = 15ns
Active Standby Current iecaN Input signals are changed one time during 30ns =60 mA
in non power-down mode -
(One Bank Active) lccaNS CKEzylH(mln), CLK<Vi(max), tcc = o 320 mA
Input signals are stable
3 1,160 | 960 880 |
@ Same Row 2 880 800 760 mA 1
Operating Current lcca :fal‘g: g;’:’:‘t 1 640 | 600 | 560
Burst Mode
( ) tech = 2CLKs 3 | 1,600 | 1,440 | 1,280
@ Different Row 2 1,320 | 1,200 | 1,040 | mA 1
1 1,080 | 1,000 | 880
Refresh Current lces tRC = tRC(min) 1,120 mA 2
Self Refresh Current lccs CKE<0.2V 8 mA

Note : 1. Measured with outputs open.
2. Refresh period is 64ms.

Peinsuneg *
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KMM366S403BT2 NEW JEDEC SDRAM MODULE

AC OPERATING TEST CONDITIONS (vDD =3.3v*0.3V, TA= 010 70C)

Input levels (VitvVil) 24/04 \"
Input iming measurement reference level 14 \'
Input rise and fall time tr/tt=1/1 ns
Output timing measurement reference level 14 Vv
Output load condition See Fig. 2

3.3v o WVit=1.4V

12002 508
OUtpUt O e . VoH (DC) =2.4V, IoH =-2mA Output ©
utpu VoL (DC) = 0.4V, loL = 2mA pu
4700 50pF 50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 16 20 24 ns 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time tRP(min) . 20 26 30 ns 1
o tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceb(min) 1 CLK 3
CAS latency=3 2
'::t':liega"t;"a"d CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRFc after self refresh exit.

ELECTRONICS




KMM366S403BT2

NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

Refer to the individual componenet, not the whole module.

famete

CAS latency=3

CLK cycle time CAS latency=2 tcc 12 1000 13 1000 15 1000 ns 1
CAS latency=1 24 26 30
CAS latency=3 7 8

CLK to valid -

output delay CAS latency=2 tsac 8 9 ns 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3

:i)mut:ut data hold CAS latency=2 toH 3 3 ns 2
CAS latency=1 5 5 5

CLK high pulse width tcH 3 35 4 ns 3

CLK low pulse width toL 3 35 4 ns 3

Input setup time tss 2 25 3 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 6 7 8

CLK to output —

in Hi-Z CAS latency=2 tsHz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
287
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KMM366S403BT2 NEW JEDEC SDRAM MODULE
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KMM366S403BT2-G8 (Unit : number of clock)
125MHz (8.0ns) 3 10 6 3 2 3 1 1 1
100MHz (10.0ns) 3 8 5 2 2 3 1 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1

KMM3665403BT2-G0 (Unit : number of clock)

| om0 |

100MH2 (10.0ns) 3 3 2 3 1 1 1
83MHz (12.0ns) 3 3 2 3 1 1 1
75MHz (13.0ns) 2 2 2 2 1 1 1
66MHz (15.0ns) 2 2 2 2 1 1 1
60MHz (16.7ns) 2 2 2 2 1 1 1
KMM366S403BT2-G2
83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
B66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

ELECTRONICS



KMM366S403BT2 NEW JEDEC SDRAM MODULE
SIMPLIFIED TRUTH TABLE

Register Mode Register Set H X OP CODE
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
Refresh i L H H H 3
Exit L H X X
H X X 3
Bank Active & Row Addr. H X L L H H X ) Row Address
Auto Precharge Disable L Column 4
23:“ . dd - H X L H L H X v Address
olumn Address [ ayto Precharge Enable H (Ao~Re) | 4 5
i Auto Precharge Disable L Column 4
Wiite & 9 H x [Lelw o] x|v Addross
Column Address | Auto Precharge Enable H (ho-Ae) | 4.5
Burst Stop H X L H H L X X 6
Bank Selection \Y)
Precharge H X L L H L X X
Both Banks X
Enti H L H X X X X
Clock Suspend or niry
Active Power Down E v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
H X X X
Exit L H X
L \ \Y \Y
DQM H X \" X 7
H X X X
No Operation Command H X X X
L H H H

(V=Valid, X=Don' t Care, H=Logic High, L=Logic L.ow)

Note : 1. OP Code : Operand Code
Ao ~ A10/AP, BAo : Program keys. (@MRS)
2. MRS can be issued only at both banks precharge state.
A new command can be issued after 2 clock cycle of MRS.
. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at both banks precharge state.
4. BAo : Bank select address.
If "Low" at read, write, row active and precharge, bank A is selected.
If "High" at read, write, row active and precharge, bank B is selected.
If A10/AP is "High" at row precharge, BAo is ignored and both banks are selected.
5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the assoiated bank can be issued at trRp after the end of burst.
Burst stop command is valid at every burst length.
DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

ELECTRONICS .
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KMM3665403BT2 NEW JEDEC SDRAM MODULE

PACKAGE DIMENSIONS

Units : Inches (millimeters)

5.250
(133350) - 0054 |
0.118 5.014 (1.372) R 0.079
(3.000) (127.350) . (R2.000)
! 0.157+0.004
= X (4.000£0.100)
B & =) —
“lo =~
-2 =8 ' S|@
e | =N
A i o ‘y:
Py NI N T T TITO] RIIIIHH]KHIIUU[IUIHIIHIII[II!IIIII!IHI ~
1 A e c g
118DIA £.004 S|S
(3.000DIA E.100) 0.250 0.250 8|8
(6.350) (6.350) S|
0.350 . 1.450 R 2.150 R =
(8.890) 450 (36.830) (54.61)
(11.430) 4550
(115.57)
0.170Max
(4.318Max)
clo
HE
g8
o2
”’ 0.050 +0.0039
(1.270%0.10)
0.250 0.250 £|E .
M 6.350 6.350 2|2 . 0039%.002
, 6350 . (8350) 8% {1.000.050)
2 ! ___'__ ola
0.123%.005 l 0.123%.005 0.010Max
D [I D (3.125%.125) D III D (3.125£.125) |: ¥ (0.250 Max)
: | £
0079 004 J | 0.079% 004 ‘ e 0050
(2.000£.100) | (2.000%.100) (1.270)
Detail A Detail B Detail C

Tolerances : £ .005(.13) unless otherwise specified

The used device is 2Mx8 SDRAM, TSOP
SDRAM Part No. : KM48S2020BT

@ELE‘I’RONICS

290



KMM366S403BTN NEW JEDEC SDRAM MODULE

KMM366S403BTN SDRAM DIMM
4Mx64 SDRAM DIMM based on 2Mx8, 4K Refresh, 3.3V Synchronous DRAMs with SPD

GENERAL DESCRIPTION FEATURE

The Samsung KMM366S403BTN is a 4M bit x 64 Synchronous « Performance range

Dynamic RAM high density memory module. The Samsung Max Freq. (Speed)
KMM366S403BTN consists of sixteen CMOS 2M x 8 bit Syn- KMM366S403BTN-G8 125MHz (8ns)
chronous DRAMs in TSOP-Il 400mil package and a 1K or 2K KMM366S403BTN-GO 100MHz (10ns)
EEPROM in 8-pin SOP package on a 168-pin glass-epoxy sub- KMM366S403BTN-G2 83MHz (12ns)

strate. A 0.1uF decoupling capacitor is mounted on the printed
circuit board in parellel for each SDRAM. The
KMM366S403BTN is a Dual In-line Memory Module and is
intended for mounting into 168-pin edge connector sockets.
Synchronous design allows precise cycle control with the use of
system clock. /O transactions are possible on every clock cycle.
Range of operating frequencies, programmable latencies allows
the same device to be useful for a variety of high bandwidth,
high performance memory system applications.

Burst Mode Operation

Auto & Self Refresh Capability (4096 cycles / 64ms)
LVTTL compatible inputs and outputs

Single 3.3V+0.3V power supply

WHCBR cycle with address key programs

Latency (Access from column address)

Burst Length (1, 2, 4, 8 & Full page)

Data Scramble (Sequential & Interleave)

All inputs are sampled at the positive going edge of the
system clock

Serial Presence Detect with EEPROM

PCB : Height(1,250mil), double sided component

.

.

.

.

PIN CONFIGURATIONS (Front Side / Back Side) PIN NAMES
Pin Front |[Pin Front |Pin Front |Pin Back |Pin Back |Pin Back PinName  |Function - -
A0 ~ A10/AP | Address Input (multiplexed)

1 Vss |20 DQM1 |57 DQ18| 85 Vss |113 DQM5|141 DQ50

2 DQO |30 €S0 |58 DQ19| 86 DQ32 114 TB1 |142 DQ51 BAO Select Bank

3 DQ1 {31 DU |59 Vop |87 DQ33(115 RAS |143 Voo DQO ~DQ63 | Data Input / Output
4 DQ2 {32 Vss |60 DQ20|88 DQ34|116 Vss |144 DQ52 CLKO ~ CLK3 | Clock Input

5 DQ3 |33 A0 |61 NC |89 DQ35|117 A1 |145 NC

6 VopD |34 A2 |62 *VREF|90 Vop [118 A3 |146 *VREF CKEQ ~ CKE1 | Clock Enable Input
7 DQ4 (35 A4 |63 CKE1|91 DQ36|119 A5 |147 NC CS0~Cs3 Chip Select Input
8 DQ5 |36 A6 |64 Vss |92 DQ37[120 A7 [148 Vss RAS Row Address Storbe
9 DQ (37 A8 |65 DQ21|93 DQ38|121 A9 |149 DQ53 ==

10 DQ7 | 38 A10/AP| 66 DQ22 | 94 DQ39 [122 BAO |150 DQ54 CAS Column Address Strobe
11 DQ8 |39 *BA1 |67 DQ23| 95 DQ40|123 *A11 [151 DQ55 WE Write Enable

12 Vss [ 40 Vopb |68 Vss |96 Vss |124 Vbbb (152 Vss DQMO ~ 7 DQM

13 DQ9 |41 Voo |69 DQ24| 97 DQ41 (125 CLK1 |[153 DQ56 Voo Power Supply (3.3V)
14 DQ10| 42 CLKO | 70 DQ25| 98 DQ42 |126 *A12 |154 DQ57 Ves Sround

15 DQ11|43 Vss |71 DQ26| 99 DQ43|127 Vss |155 DQ58

16 DQ12|44 DU |72 DQ27|100 DQ44|128 CKEO|156 DQ59 “"VREF Power Supply for Reference
17 DQ13|45 TS2 |73 Vop |101 DQ45 (128 TS3 |157 Vop *SDA Serial Data /O

18 Vop | 46 DQM2 | 74 DQ28|102 Voo |130 DQM6|158 DQ6O - .

19 DQ14| 47 DQM3 |75 DQ29 |103 DQ46 [131 DAM7|159 DQS1 ScL Serial Clock

20 DQ15|48 DU |76 DQ30|104 DQ47 (132 *A13 (160 DQ62 ""SA0 ~2 Address in EEPROM
21 *CBO |49 Voo |77 DQ31|105 *CB4 {133 Vop |161 DQ83 DU Don’ tuse

22 *CB1|50 NC |78 Vss [106 *CB5 134 NC |162 Vss NC No Connection

23 Vss |51 NC |79 CLK2[107 Vss |135 NC |163 CLK3

24 NC |52 *CB2 |80 NC |108 NC |[136 *CB6 |[164 NC * These pins are not used in this module.
25 NC |53 *CB3 | 81 NC |109 NC [137 *CB7 {165 **SAQ ** These pins should be NC in the system
26 Voo |54 Vss |82 **SDA|110 VoD 138 Vss |166 **SA1 which does not support SPD.

27 WE {55 DQ16 [ 83 *SCL|111 CAS {139 DQ48 |167 **SA2
28 DQMO| 56 DQ17 | 84 Vop |112 DQM4 {140 DQ49 | 168 VbD

SAMSUNG ELECTRONICS CO., Ltd. reserves the right to change products and specifications without notice.
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KMM366S403BTN

NEW JEDEC SDRAM MODULE

PIN CONFIGURATION DESCRIPTION

CLK System Clock

Active on the positive going edge to sample all inputs.

. . Disables or enables device operation by masking or enabling all inputs except
cs Chip Select CLK, CKE and DQM

Masks system colck to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior to new command.

Disable input buffers for power down in standby.
CKE should be enabled 1CLK+tss prior to valid command.

AQ ~ A10/AP | Address

Row / column addresses are multiplexed on the same pins.
Row address : RAQ ~ RA10, column address : CAO ~ CA8

Selects bank to be activated during row address latch time.

BAO Bank Select Address Selects bank for read/write during column address latch time.

RAS Row Address Strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

— Latches column addresses on the positive going edge of the CLK with CAS low.

CAS Column Address Strobe Enables column access.

WE Write Enable Enables write operation and row precharge.

Latches data in starting from CAS, WE active.

DQMO ~7 Data Input/Output Mask

Makes data output Hi-Z, tsHz after the colck and masks the output.
Blocks data input when DQM active. (Byte masking)

DQO ~ 63 Data Input/Output

Data inputs/outputs are multiplexed on the same pins.

VDD/Vss Power Supply/Ground

Power and ground for the input buffers and the core logic.

L= msutag
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KMM366S403BTN NEW JEDEC SDRAM MODULE
FUNCTIONAL BLOCK DIAGRAM
CS1o—
CS0 o— —y
DAMO — , DQM4 o———p——1 1
paM CS paM €S DQM CS DaM CS
DQo DQO DQO DQ32 — DQO DQO
DQ1 DQ1 DQ1 DQ33 — DQ1 DQ1
DQ2— DQ2  uo DQ2  us DQ34o— DQ2  u4 DQ2 U2
DQ3 o— DQ3 DQ3 DQ35 DQ3 DQ3
DQ4 — DQ4 DQ4 DQ36 DQ4 DQ4
DQ5 —{ DQ5 DQ5 DQ37 — DQ5 DQ5
DQ6 | DQ6 DQ6 DQ38 o— DQ6 DQ6
DQ7 DQ7 DQ7 DQ39 — DQ7 DQ7
DaM1 o——p——F , pamMs o——p—f——— |
J pam TS DQM TS pam TS pQMm TS
DQs DQO DQO DQ40 —| DQO DQO
DQY —{ DQ1 DQt DQ41 — DQ1 DQ1
DQ10 — DQ2 U1 DQ2 us DQ42 — DQ2 us DQ2 u1s
DQ11—{ DQ3 DQ3 DQ43 -— DQ3 DQ3
DQ12—{ DQ4 DQ4 DQ44 —{ DQ4 DQ4
DQ13 — DQ5 DQ5 DQ45 — DQ5 DQ5
DQ14 — DQ6 DQ6 DQ46 — DQ6 DQ6
DQ15 — DQ7 DQ7 DQ47 o— DQ7 DQ7
CS3 o
€32 o T I
DQM2 o T N DQMS6 o 1 1
paMm CS DQM CS paM TS DQM CS
DQ16 — DQO DQO DQ48 —| DQO DQO
DQ17 — DQ1 DQ1 DQ49 — DQ1 DQ1
DQ18o— DQ2 U2 DQ2 uto DQ50— DQ2  Us DQ2 u14
DQ19 ——| DQ3 DQ3 DQ51 — DQ3 DQ3
DQ20 — DQ4 DQ4 DQ52 - DQ4 DQ4
DQ21-— DQ5 DQ5 DQ53 — DQ5 DQ5
DQ22 -—| DQ6 DQ6 DQ54 — DQB DQ6
DQ23 o DQ7 DQ7 DQ55 — DQ7 DQ7
DQM3 oy . DAM7 g - |
pam TS pDQMm TS DQM TS paMm TS
DQ24 — DQO DQO DQ56 DQO DQO
DQ25 — DQ1 DQA1 DQ57 DQ1 DQ1
DQ26 — DQ2 u3 DQ2 u11 DQ58 — DQ2 u7 DQ2 u1s
DQ27 — DQ3 DQ3 DQ59 ~— DQ3 DQ3
DQ28 —{ DQ4 DQ4 DQ60 >—{ DQ4 DQ4
DQ29 -— DQ5 DQ5 DQ61—{ DQ5 DQ5
DQ30 — DQ6 DQ6 DQ62 —| DQB DQ6
DQ31o— DQ7 DQ7 DQ63 DQ7 DQ7
. A0 ~An, BAD >——— SDRAM U0 ~ U15
RAS o——» SDRAM U0 ~U15 Veo
TAS o——» SDRAM U0 ~ U15 j ] :
__ < 10KQ ‘
WE o——» SDRAM U0 ~ U15 < 10K .
CKEOQ o——p SDRAM U0 ~U7 CKE1 o—£—> SDRAM U8 ~U15
10Q Uo/UB/U2/U10
108 U1/U9/U3/U11
DQn o—— A\ AA——F Every DQpin of SORAM CLKO//213 U4/U12/U6/U14
VD i > 108 US/U13IU7MU15
A 0.1uF Capacitor
—I per each SDRAM To all SDRAMs
Vss ¢ —e >
293
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KMM366S403BTN

NEW JEDEC SDRAM MODULE

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss

VIN, VouT

Voltage on VDD supply relative to Vss Vop, Vbba -1.0~46

Storage temperature TsTG -55 ~ +150

Power dissipation PD 16

Short circuit current los 50 mA

Note : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.

Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss =0V, TA=0t0 707T)

_ Mn [ e [ Max | ni
Supply voltage 3.0 33 Bl 3.‘6. \Y v
Input high votlage VIH 2.0 3.0 Vbop+0.3 \ 1
Input low voltage ViL -0.3 0 0.8 \Y 2
Output high voltage VoH 24 - - \ loH = -2mA
Output low voltage VoL - - 04 \ loL =2mA
Input leakage current L -80 - 80 uA
Output leakage current loL -10 - 10 UuA
Note : 1. ViH (max) = 4.6V AC for pulse width <10ns acceptable.

2. ViL (min) = -1.5V AC for pulse width <10ns acceptable.

3. Any input OV =< VIN = VDD + 0.3V, all other pins are not under test = OV

4. Dout is disabled, OV< VouT < VDD

CAPACITANCE (Ta=25T, f=1MHz)

Input capacitance (Ao ~ A10/AP, BAQO) - k pF
Input capacitance (RAS, CAS, WE) - pF
Input capacitance (CKEO ~ CKE1) - pF
Input capacitance (CLKO ~ CLK3) - pF
Input capacitance (CS0 ~ C33) - pF
Input capacitance (DQMO ~ DQM7) - pF
Data input/output capacitance (DQO ~ DQ63) Cout - pF

s ugg
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KMM366S403BTN

NEW JEDEC SDRAM MODULE

DC CHARACTERISTICS

(Recommended operating condition unless otherwise noted, TA=0to 70TC)

Test Cunditlo ‘

Burst Length =1

Operating Current )
(One Bank Active) lcc1 tRc=tRc(min) 1,000 | 960 880 mA 1
loL=0mA
Precharge Standby Current | lcc2P CKE =ViL{max), tcc = 15ns 8 A
in power-down mode Icc2PS | CKE & CLK<ViL(max), tec = 8
CKE = ViH(min), TS = ViH(min), tcc = 15ns
lcc2N | ianal d ime duri 0 320
Precharge Standby Current nput signals are changed one time during 30ns A
in non power-down mode CKE = VIH(min), CLK < ViL(max), tcc = ®©
Icc2NS . 80
Input signals are stable
Active Standby Current lcc3P CKE <Vi(max), tcc = 15ns 48 mA
in power-down mode lccaPS | CKE & CLK<ViL{max), tcc = % 2
CKE = ViH(min), TS = ViH(min), tcc = 15ns
Active Standby Current fecaN Input signals are changed one time during 30ns 560 mA
in non power-down mode - -
(One Bank Active) 1ccaNs CKE%\/lH(mm), CLK=ViL{max), tcc = o 220 mA
Input signals are stable
3 1,160 960 880
@ Same Row 2 880 800 760 mA 1
Operating Current | loL =0 mA 1 640 | 600 | 560
(Burst Mode) ot | Page Burt 3 | 1,600 | 1,440 | 1280
tcep = 2CLKs : ' ' !
@ Different Row 2 1,320 | 1,200 | 1,040 mA 1
1 1,080 | 1,000 880
Refresh Current lccs tRC = tRC(min) 1,120 mA 2
Self Refresh Current lccs CKE=0.2V 8 mA
Note : 1. Measured with outputs open.
2. Refresh period is 64ms.
295
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KMM366S403BTN NEW JEDEC SDRAM MODULE

AC OPERATING TEST CONDITIONS (VDD = 3.3v*0.3V, TA=01t0 70T)

Input levels (Vih/Vil) 24/04 \
Input timing measurement reference level 14 \Y
Input rise and fall time tr/tf=1/1 ns
Output timing measurement reference level 14 \
Output ioad condition See Fig. 2

3.3v o Vit=1.4v

12002 508
______ . VoH(DC) =2.4V, loH = -2mA Output
Output VoL (DC) = 0.4V, loL = 2mA utpu
8700 50pF S50pF
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to row active delay tRRD(min) 1
RAS to CAS delay tRCD(min) 24 26 30 ns 1
Row precharge time RP(min) 20 26 30 ns 1
L tRAS(min) 48 50 60 ns 1
Row active time
tRAS(max) 100 us
. @Operation tRC(min) 80 80 90 ns 1
Row cycle time
@Auto refresh | tRFC(min) 80 80 90 ns 1,5
Last data in to new col. address delay tcDL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 1 CLK 2
Last data in to burst stop tBDL (min) 1 CLK 2
Col. address to col. address delay tcep(min) 1 CLK 3
CAS latency=3 2
Number of valid
o;’:ut o val CAS latency=2 1 ea 4
CAS latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trRrc after self refresh exit.
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KMM366S403BTN NEW JEDEC SDRAM MODULE

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)
Refer to the individual componenet, not the whole module.

CAS latency=3 8 10

CLK cycle time CAS latency=2 tcc 12 1000 13 1000 15 1000 ns 1
CAS latency=1 24 26 30
CAS latency=3 6 7
gh‘;:fg’;g: CAS latency=2 | tsac 7 8 9 ns 1,2
CAS latency=1 20 22 24
CAS latency=3 3 3 3
t?r:;p”t datahold 1= S latency=2 | tow 3 3 3 ns 2
CAS latency=1 5 5 5
CLK high pulse width tcH 3 35 4 ns 3
CLK low pulse width tcL 3 35 4 ns 3
Input setup time tss 2 25 3 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsL.z 1 1 1 ns 2
CAS latency=3 6 7 8
Ii",_'ﬁ‘; output CAS latency=2 | tshz 7 8 9 ns
CAS latency=1 15 15 15

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf)=1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
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KMM366S403BTN NEW JEDEC SDRAM MODULE
FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KMM366S403BTN-G8 ' (Unit : number of clock)
125MHz (8.0ns) 3 10 6 3 2 3 1 1 1
100MHz (10.0ns) 3 8 5 2 2 3 1 1 1
83MHz (12.0ns) 2 7 4 2 2 2 1 1 1
75MHz (13.0ns) 2 6 4 2 2 2 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1

KMM366S403BTN-GO (Unit : number of clock)

100MHz (10.0ns) 3 8 5 1

83MHz (12.0ns) 3 7 5 y p
75MHz (13.0ns) 2 6 4 1 1
66MHz (15.0ns) 2 6 4 1 1
60MHz (16.7ns) 2 5 3 1 1

KMM366S403BTN-G2

83MHz (12.0ns)

3 8 5 3 2 3 1 1 1
75MHz (13.0ns) 3 7 5 3 2 3 1 1 1
66MHz (15.0ns) 2 6 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 2 2 1 1 1

PSamsuncg e
1
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NEW JEDEC SDRAM MODULE

SIMPLIFIED TRUTH TABLE
Register Mode Register Set L L L L X OP CODE 1,2
Auto Refresh 3
— L L L H X X
. n 3
Refresh Self it
L H H H 3
Refresh Exit X X
H X X 3
Bank Active & Row Addr. L L H H X \ Row Address
Auto Precharge Disable L Column 4
Read 8 g LiH | L |H] x|V Address
olumn eSS | Auto Precharge Enable H (Ao~Pe) | 4,5
Write & Auto Precharge Disable L H L L X y L ::;l::lsr; 4
Column Address | Auto Precharge Enable H (Ro~hs) | 4,5
Burst Stop 