KM4132G512 CMOS SGRAM
256K x 32Bit x 2 Banks Synchronous Graphic RAM

FEATURES GENERAL DESCRIPTION
+ JEDEC standard 3.3V pawer supply The KM4132G512 is 16,777,216 bits synchronous high data
« LVTTL compatible with muitipiexed address rate Dynamic RAM organized as 2 x 262,144 words by 32 bits,
« Dual bank /Puise RAS fabricated with SAMSUNG's high performance CMOS technol-
» MRS cycle with address key programs ogy. Synchronous design allows precise cycle control with the
-. CAS Latency (2, 3) use of system clock. /O transactions are possible on every
-. Burst Length (1, 2, 4, 8 & full page) clock cycle. Range of operating frequencies, programmable
-. Burst Type (Sequential & Interleave) burst length, and programmable latencies allows the same
« All inputs are sampled at the positive going edge of the device to be useful for a variety of high bandwidth, high perfor-
system clock mance memory system applications.

» Burst Read Single-bit Write operation

Wite per bit and 8 columns block write improves performance in
» DQM 0-3 for byte masking

graphics systems.

» Auto & self refresh

- 32ms refresh period (2K cycle) ORDERING INFORMATION

= 100 Pin PQFP, TQFP (14 x 20 mm) PaftNO. req.| Interface |  Packi

KM41326512Q-7 100 PQFP

Graphics Features KM4132G512Q-8 125MHz | LvTTL | 100 PQFP

» SMRS cycle. KM41326512Q-10 100MHz 100 PQFP
-. Load mask register KM4132G512TQ-7 143MHz 100 TQFP
-. Load color register KM4132G512TQ-8 125MHz [ LvTTL | 100 TQFP

« Write Per Bit(Old Mask) KM4132G512TQ-10 100MHz 100 TQFP

« Block Write(8 Columns)

* KM4132G512Q : PQFP (Height = 3.0mmMAX)
KM4132G512TQ : TQFP (Height = 1.2mmMAX)
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KM4132G512

CMOS SGRAM

PIN CONFIGURATION (TOP VIEW)

PIN CONFIGURATION DESCRIPTION

*PQFP (Height = 3.0mmMAX)
TQFP (Height = 1.2mmMAX)

PIN 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 Sefect CLK, CKE and DQMi
Masks system clock to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one clock + 1S5 prior to new command. :
Disable input buffers for power down in standby. |
_ Row / Column addresses are multiplexed an the same pins.
Ao~ As Address Row address : RAg ~ RAg, Column address : CAo ~ CA7
Selects bank to be activated during row address {atch time.
A10(BA) Bank Select Address Selects bank for read/write during column address latch time.
o Latches row addresses on the positive going edge of the CLK with RAS fow.
RAS Row Address Strobe Enabiles row access & precharge.
=5 Latches column addresses on the positive going edge of the CLK with CAS low.
CAS Column Address Strobe Enables column aceess,
WE Write Enable Enables write operation and Row precharge.
. Makes data output Hi-Z, tsHz after the clock and masks the output.
Dami Data Input/Output Mask Blocks data input when DQM active.(Byte Masking)
DQi Data Input/Output Data inputs/outputs are multiplexed on the same pins.
DSF Define Special Function Enables write per bit, block write and special mode register set.
VDD/Vss Power Supply /Ground Power Supply : +3.3V10.3V/Ground
Vopa/Vssq | Data Output Power /Ground | Provide isolated Power/Ground to DQs for improved noise immunity.
MCH Must Connect High Must connect high.
N.C No Connection

=1 uigg
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KM4132G512 CMOS SGRAM
ABSOLUTE MAXIMUM RATINGS (voitage referenced to Vss)
Parameter Symbol Value Unit

Voitage on any pin relative to Vss VIN, VouT -1.0~ 4.6 \

Voltage on VDD supply relative to Vss Vop, Vbba -1.0~ 4.6 \'

Storage temperature Tst6 -65 ~ +180 °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 = OV)
Parametor Symbot Min Typ Max Unit Note
Supply voltage Vop, Vope 3.0 33 36 v
Input high voitage Vir 2.0 30 Vbo+0.3 v
Input low voltage ViL -0.3 0 0.8 3 Note 1
Output high voltage VOH 24 - - \ loH = -2mA
Qutput low voltage Vou - - 0.4 \ oL = 2mA
Input leakage current hiL -5 - 5 uA Note 2
Qutput leakage current lot -5 - 5 uA Note 3
Qutput Loading Condition see figure 1
Note : 1. ViL (min) = -1.5V AC(pulse width < 5ns).
2. Any input OV = ViN = VDO + 0.3V, all other pins are not under test = OV.
3. Dout is disabled, OV = VouT < VDD.
CAPACITANCE (voo/Vvooa = 3.3V, Ta = 25°C, f = 1MHz2)
Parameter Symbol Min Max Unit
Input capacitance (Ao ~ A1o) Ciny - pF
Input capacitance Cinz ) oF
(CLK,CKE, TS, RAS, TAS, WE,DSF & DQMO-3)
Data input/output capacitance (DGo ~ DQ31) Cout - pF
DECOUPLING CAPACITANCE GUIDE LINE
Recommended decoupling capacitance added to power line at board.
Parameter Symbol Value Unft
Decoupling Capacitance between VDo and Vss Coct 0.1 + 0.01 uF
Decoupling Capacitance between Voba and Vssa Coc2 0.1 +0.01 uF

Note : 1. VDD and VoDa pins are separated each other.
Ali VoD pins are connected in chip. All Voba pins are connected in chip.

2. Vss and Vssa pins are separated each other

All Vss ping are connected in chip. All VSsa pins are connected in chip.

DS nwsuugg
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KM4132G512 CMOS SGRAM

DC CHARACTERISTICS
(Recommended operating condition uniess otherwise noted, TA = 0 to 70°C ViHmin/Vit(max)=2.0V/0.8V)
Speed
Parameter - Symbol Test Condition CAS unit | Note
Latenay| 7 | 8 | -10

Operating Current Burst Length =1
(One Bank Active) lecs trRC 2 tRe{min), tce 2 tee{min), loL = 0 mA 210 180 170 mA 1
Precharge Standby Current | lcc2P CKE < ViL(max), tcc = 15ns A
in power-down mode lcc2PS | CKE < ViL(max), CLK < ViL(max), tec = =

lecaN CKE 2 Vin(min), T3 z ViH(min), tcc = 15ns 35
Precharge Standby Current tnput signals are changed one time during 30ns A
Innon power-down mode | ns | CKE 2 Vik(min), CLK < ViL(max), tec = 5

input signals are stable

Active Standby Current lcesP CKE < ViL(max), tcc = 15ns 3 A
in power-down mode lccaPS | CKE < ViL(max), CLK < ViL{max), tcc = o 3

lccaN CKE 2 ViH(min), TS = ViH(min), tcc = 15ns 50
Active Standby Current Input signals are changed one time during 30ns
in non power-down mode - mA
(One Bank Active) lccaNS CKE z VIH(min}, CLK < ViL{maXx)}, tcc = = 10

Input signals are stable

Qperating Current loca loL = 0 mA, Page Burst 3 280 { 250 | 210 mA ]
(Burst Mode) All bank Activated, tcco = tccb(min) 2 180 180 170
Refresh Current lces trRC 2 tRe(min) 120 120 110 mA 2
Self Refresh Current fece CKE <02V 2 mA
Operating Current . = }
(One Bank Block Write) lecr tce 2 tee(min), loL=0mA, tBwc(min) 220 190 150 mA

Note : 1. Measured with autputs open. Addresses are changed only one time during tec{min).

2. Refresh period is 32ms. Addresses are changed only one time during tcc(min).

Phnmsun o >
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KM4132G512 CMOS SGRAM
AC OPERATING TEST CONDITIONS (voo = 3.3v+0.3V, TA= 010 70°C)
Parameter Value
AC input levels Vin/Vit = 2.4V / 0.4V
Input timing measurement reference levet 1.4v
Input rise and fall time{See note 3) taftF=1ns/ 1ns
Output timing measurement reference fevel 1.4V
Output load condition See Fig. 2
¢ 3.3V T Vi = 1.4V
<
< 12000 % 500
| , VoH(DC) =24V lon=-2mA
Output © ! 1 VoL (DC) = 0.4V, loL = 2mA utput 1
870Q % —- 30pF | 1 30pF
- 4 | i |
v v A

(Fig. 1) DC Output Load Circuit

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

(Fig. 2) AG Output Load Circuit

.7 -8 -10
Parameter Symbol Unit Note
Min Max Min Max Min Max
. CAS Latency=3 7 8 10
CLK cycle time tce 1000 1000 1000 ns 1
CAS Latency=2 12 12 13
i CAS Latency=3 - - 6.5 -
S&Kxjto(;:llald Y 1SAC ns 1,2
P Y CAS Latency=2 - - 8 -
Output data hold time toH 25 25 25 ns 2
CLK high pulse width tcH 25 3.5 ns 3
CLK low pulse width oL 25 3 3.5 ns 3
Input setup time tss 2 25 25 ns 3
Input hold time tsH 1 1 i ns 3
CLK to output in Low-Z sz 1 1 1 ns 2
CAS latency=3 - - 6.5 - 7
QL; t;’ output Y tSHZ ns
in Ri- CAS latency=2 - 8 - 8 . 9

Note : 1. Parameters depend on programmed CAS latency.

* All AC parameters are measured from half to half.

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 (ir & th=1ns.

it tr & tf is longer than 1ns, transient time compensation should be considered,

i.e., [{tr + th/2-1]ns should be added to the parameter.

s u g
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KM4132G512 CMOS SGRAM

OPERATING AC PARAMETER
(AC operating conditions uniess otherwise noted)

Parameter Symbol Version Unit Note
-7 -8 -10
Row active to row active delay tRRD{min) 14 16 20 ns 1
RAS to TAS delay tRCD{min) 16 16 20 ns 1
Row precharge time tRP{min) 21 24 26 ns 1
Row active time 1RAS{min) 49 48 50 ns !
tRAS{max) 100 us
Row cycle time tRC(min) 70 72 78 ns 1
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
Block write data-in to PRE command tBPL(min) 1 CLK
Block write cycle time tBWG(min) 1 CLK 1,3
Number of valid output data CAS latency=3 2 CLK 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. This parameter means minimum TAS to TAS delay at block write cycie only.
4. In case of row precharge interrupt, auto precharge and read burst stop.
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SIMPLIFIED TRUTH TABLE
Register Mode Register Set 1,2
9 bk N B R 0P CODE
Special Mode Register Set H 1,27
Refresh Auto Refresh 3
L L L H L X
Entry 3
Self
Refresh Exit gl B LA LR Y X 2
H X X 3
Bank Active Wirite Per Bit Disable L L H H L v | Row Address 4,5
0!
& RowAddr.  [\xiite Per Bit Enable H 459
Read & Auto Precharge Disable L | Column 4
Column Address L H L H L \ Address
Auto Precharge Enable Hlao~An| 48
Write & Auto Precharge Disable L | Column 45
Column Address L H L L L \ Address
Auto Precharge Enable H (A0 ~ A7) 4569
Block Write & Auto Precharge Disable L | Column | 4,5
Column Addr. L H L L H V 1 Address
Auto Precharge Enable H | (a0 ~An [456.9
Burst Stop L H H L L X 7
Bank Selection V(L
Precharge L L H L L X
Both Banks X | H
Ent L H H H X
Clock Suspend of ntry
Active Power Down H X X X X
Exit X X X X X
L H H H
Entry X
H X X X
Precharge Power Down Mode X
) L v v v v
Exit
H X X X X
DQM X 8
L H H
No Operation Command x X X

Note : 1. OP Code : Operand Code

A ~ A1o : Program keys. {@MRS)
As, As: LMR or LCR select. (@SMRS)
Color register exists only one per DQi which both banks share.

So dose Mask Register.

Color or mask is loaded into chip through DQ pin.
2. MRS can be issued only at both banks precharge state.
SMRS can be issued only if DQ's are idle.

A new command can be issued at the next clock of MRS/SMRS.

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

<>
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KM4132G512 CMOS SGRAM
SIMPLIFIED TRUTH TABLE

3. Auto refresh functions 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 precharge state.
4. Ao : Bank select address.
If "Low" at read, (block) write, Row active and precharge, bank A is selected.
If “High* at read, {block) write, Row active and precharge, bank B is selected.
if As is "High" at Row precharge, A1o is ignored and both banks are selected.
. It is determined at Row active cycle.
whether Normal/Block write operates in write per bit mode or not.
For A bank write, at A bank Row active, for B bank write, at B bank Row active.
Terminology : Write per bit =I/O mask
(Block) Write with write per bit mode=Masked{Block) Write
6. During burst read or write with auto pracharge, new read/(block) write command cannat be issued.
Another bank read/(block) write command can be issued at {Rp after the end of burst.
7. Burst stop command is valid only at full page burst length.
8. DQM sampled at positive going edge of a CLK.
masks the data-in at the very CLK(Write DQOM latency is 0)
but makes Hi-Z state the data-out of 2 CLK cycles after.(Read DQM latency is 2)
9. Graphic features added to SDRAM's original features.
If DSF is tied to low, graphic functions are disabled and chip operates as a 16M SDRAM with 32 DQ's.

w

SGRAM vs SDRAM
Function MRS Bank Active Write
DSF L H L H L H
Bank Active Bank Active
SGRAM with with Normal Block
Function MRS SMRS Write per bit Write per bit Write Write
Disable Enable

SGRAM can be used as an unified memory by the appropriate DSF control
--> SGRAM=Graphic Memory + Main Memory

<P "
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KM4132G512 CMOS SGRAM
MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with MRS
Address | A1 A as | Ar A | A5 | A As Az | A | A
Function RAFU W.B.L ™ CAS Latency BT Burst Length
(Note 1) (Note 2)
Test Mode CAS Latency Burst Type Burst Length
As | A7 Type As | As | Aa Latency Aas Type A2 | A1 | Ao BT=0 BT=1
0 | 0 | ModeRegisterSet | 0 | 0 0 Reserved 0 Sequential 0|0 0 1 Reserved
0 1 Vendor 0 0 1 - 1 Interleave 0 0 1 2 Reserved
1] o gﬁ; o1} 2 ol1]o 4 4
1 1 0 1 1 3 0 1 1 8 8
Wirite Burst Length 1 0 0 Reserved 1 0 0 Reserved Reserved
Ag Length 1 0 1 Reserved 1 Q 1 Reserved Reserved
0 Burst 1 1 0 Reserved 1 1 0 Reserved Reserved
Single Bit 1 1 1 Reserved 1 1 1 256(Full) Reserved
(Note 3)
Special Mode Register Programmed with SMRS
Address | Aw | As | As | & as As M | oA | m | & | oA
Function X LC LM X
/ ™
Load Color Load Mask

As | Function | As | Function
0 Disable 0 Disable

1 Enable 1 Enable
(Note 4)

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 may be changed.

The device is now ready for normal operation.
Note : 1. RFU(Reserved for Future Use) should stay “0" during MRS cycle.
2. If Agis high during MRS cycle, "Burst Read Single Bit Write" function will be enabled.

3. The full column burst(256bit) is available only at Sequential mode of burst type.
4. it LC and LM both high(1), data of mask and color register wifl be unknown.

ELECTRONICS




KM4132G512 CMOS SGRAM
BURST SEQUENCE (BURST LENGTH = 4)

Initial address Sequential interleave

A1 Ao

0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0

BURST SEQUENCE (BURST LENGTH = 8)

Initial address Sequential interleave

Az | At | Ao
0 0 0 0 1 2 3 4 5 8 7 [ 1 2 3 4 5 8 7
o] 0 1 1 2 3 4 5 [] 7 4] 1 0 3 2 5 4 7 6
0 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 ] 5 4
1 0 0 4 5 [ 7 0 1 2 3 4 5 6 7 [} 1 2 3
1 0 1 5 8 7 0 1 2 3 4 5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0

PIXEL to DQ MAPPING(at BLOCK WRITE)

Column address 3 Byte 2 Byte 1 Byte 0 Byte

Az | A1 Ao /031 - 11024 1/Qz2s - I/O18 1/01s - 1/Os /07 - /0o
0 0 0 DQ24 DQis DQs DQo
0 0 1 DQ2s DQ17 DQs DQ1
0 1 0 DQas DQis DQ1o DQ2
0 1 1 DQar DQ1s DQ11 DQs3
1 [4] 0 DQas DQ2o DQ12 DQ4
1 0 1 DQ2o DQz21 DQua DQs
1 1 0 DQso DQ22 DG4 DQs
1 1 1 DQa1 DQ23 DQhs DQr

ELECTRONICS



KM4132G512

CMOS SGRAM

DEVICE OPERATIONS

CLOCK (CLK)

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

CLOCK ENABLE (CKE)

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

BANK SELECT (A10)

This SGRAM is organized as two independent banks of 262,144
words x 32 bits memory arrays. The Ao inputs is latched at the
time of assertion of FAS and TAS to select the bank to be used
for the operation. When At1o is asserted low, bank A is selected.
When Ato is asserted high, bank B is selected. The bank select
Ao is latched at bank activate, read, write mode register set and
precharge operations.

ADDRESS INPUT (Ao ~ A9)

The 18 address bits required to decode the 262,144 word loca-
tions are multiplexed into 10 address input pins(Ao~As). The 10
bit row address is latched along with RAS and A1o during bank
activate command. The 8 bit column address is latched along
with TAS, WE and Aio during read or write command.

NOP and DEVICE DESELECT

When FAS, TAS and WE are high, the SGRAM 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,
TAS, WE, DSF and ail the address inputs are ignored.

POWER-UP

The following sequence is recommended for POWER UP

1. Power must be applied to either CKE and DQM inputs to pull
them high and other pins are NOP condition at the inputs
before or along with VDD({and VDo) supply.

The clock signal must aiso be asserted at the same time.

2. After VoD reaches the desired voltage, a minimum pause of
200 microseconds is required with inputs in NOP condition.

3. Both banks must be precharged now.

4, Perform a minimum of 2 Auto refresh cycles to stabilize the
internal circuitry.

5. Perform a MODE REGISTER SET cycle to program the CAS
latericy, burst length and burst type as the default value of
mode register is undefined.

At the end of one clock cycle from the mode register set
cycle, the device is ready for operation.

When the above sequence is used for Power-up, all the out-
puts will be in high impedance state. The high impedance of
outputs is not guaranteed in any other power-up sequence.
cf.) Sequence of 4 & 5 may be changed.

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the various
operating modes of SGRAM. it programs the CAS latency,
addressing mode, burst length, test mode and various vendor
specific options to make SGRAM 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 SGRAM. The mode register is written by
asserting low on T3, HAS, TAS, WE and DSF (The SGRAM
should be in active mode with CKE aiready high prior to writing
the mode register). The state of address pins Ao ~ As and Ao in
the same cycle as TS, RAS, TAS, WE and DSF going low is the
data written in the mode register. One clock cycle is required to
complete the write in the mode register. The mode register con-
tents can be changed using the same command and clock cycle
requirements during operation as long as both banks are in the
idle state. The mode register is divided into various fields
depending on functionality. The burst length field uses Ao ~ Az,
burst type uses A3, addressing mode uses A4 ~ Ag, A7 ~ As and
A1o are used for vendor specific options or test mode. And the
write burst length is programmed using As. A7 ~ As and A1o must
be set to low for normal SGRAM operation. Refer to table for
specific codes for various burst length, addressing modes and
CAS latencies.

= suvyg
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KM4132G512

CMOS SGRAM

DEVICE OPERATIONS

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 addresses, a row access is initiated. The read or write
operation can occur after a time delay of tRcD(min) from the time
of bank activation. tRCD(min) is an internal timing parameter of
SGRAM, 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 tRcD{min) with cycle time of the clock and then rounding
off the result to the next higher integer. The SGRAM has two
internal banks on the same chip and shares part of the internal
circuitry to reduce chip area, therefore it restricts the activation
of both banks immediately. Also the noise generated during
sensing of each bank of SGRAM is high requiring some time for
power supplies to recover before the other bank can be sensed
reliably. tRAD(min) specifies the minimum time required between
activating different banks. The number of clock cycles required
between different bank activation must be calculated similar to
tRCD specification. The minimum time required for the bank to be
active to initiate sensing and restoring the complete row of
dynamic celis is determined by 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
RAS(max) can be cakculated 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 TS and TAS
with WE being high on the positive edge of the clack. The bank
must be active for at least tRco(min) before the burst read com-
mand is issued. The first output appears 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 addrass wraps around if the initial
address does not start from a boundary such that number of out-
puts from sach /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 only at full page burst length
where the output does not go into high impedance at the end of
burst and the burst is wrapped around..

BURST WRITE

The burst write command is similar to burst read command, and
is used to write data into the SGRAM on consecutive clock

cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on TS, 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 intemnal writing may not
have been completed yet. The writing can not complete to burst
length. The burst write can be terminated by issuing a burst
read and DQM for blocking data inputs or burst write in the same
or the other active bank. The burst stop command is valid only at
full page burst length where the writing continues at the end of
burst and the burst is wrapped around. The write burst can also
be terminated by using DQM for blocking data and precharging
the bank "troL" after the last data input to be written into the
active row. See DQM OPERATION also.

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 ¢ycles from DQM and
zero cycle for write, which means DQM masking occurs two
cycles later in the read cycle and occurs in the same cycle dur-
ing write cycle. DOM operation is synchronous with the clock,
therefore the masking occurs for a compiete cycle. The DQM
signal is important during burst interrupts of write with read or
precharge in the SGRAM. 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.
DQM is also used for device selection, byte selection and bus
control in a memory system. DQMO controls DQO to DQ7,
DQM1 controls DQ8 to DQ15, DAM2Z controls DQ16 to DQ23,
DQM3 controls DQ24 to DQ31. DQM masks the DQ's by a byte
regardiess that the corresponding DQ's are in a state of WPB
masking or Pixel masking. 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 As with valid A1o of the bank
to be precharged. The precharge command can be asserted
anytime after trRas(min) is satisfied from the bank activate com-
mand in the desired bank. "tRp" is defined as the minimum time
required to precharge a bank. The minimum number of clock
cycies required to complete row precharge is calculated by
dividing “tRP" 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 pre-
charge command is asserted. The maximum time any bank can
be active is specified by tRAS(max). Therefore, each bank has to
be precharged within tras(max) from the bank activate com-
mand. At the end of precharge, the bank enters the idle state
and is ready to be activated again.
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CMOS SGRAM

DEVICE OPERATIONS (Continued)

Entry to Power Down, Auto refresh, Self refresh and Mode reg-
ister Set etc. is possible only when both banks are in idle state.

AUTO PRECHARGE

The precharge operation can aiso be performed by using auto
precharge. The SGRAM internally generates the timing to satisfy
tras(min) and “tAP* for the programmed burst length and CAS
latency. The auto precharge command i$ issued at the same
time as burst read or burst write by asserting high on Ag. If burst
read or burst write command is issued with low on Ag, the bank
is left active until a new command is assertad. Once auto pre-
charge command is given, no new commands are possible to
that particular bank untit 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, FAS, and WE with
high on As after both banks have satisfied tRAs(min) require-
ment, performs precharge on both banks. At the end of tar after
performing precharge all, both banks are in idle state.

AUTO REFRESH

The storage cells of SGRAM need to be refreshed every 32ms
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,HAS
and TAS with high on CKE and WE. The auto refresh command
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 "trc(min)”. The minimum number of clock cycles
required can be calculated by driving “tRc" 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 aperation. The auto refresh is the
preferred refresh mode when the SGRAM is being used for nor-
mal data transactions. The auto refresh cycle can be performed
once in 15.6us or a burst of 2048 auto refresh cycles once in
32ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SGRAM. The self refresh is the preferred refresh mode for data
retention and low power operation of SGRAM. In self refresh
mode, the SGRAM disables the internal clock and all the input
buffers except CKE. The refresh addressing and timing are
imernally generated 1o reduce power consumption.

The self refrash mode is entered from all banks idle state by
asserting low on TS, FAS, TAS and CKE with high on WE.
Once the self refresh mode is entered, only CKE state being low
matters, afl the other inputs including the clock are ignored in
order to remain in the self refrash mode.

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 “Rc" before the SGRAM reaches idle
state to begin normal operation. If the system uses burst auto
refresh during normal operation, it is recommended o use burst
2048 auto refrash cycles immediately after exiting self refresh.

DEFINE SPECIAL FUNCTION(DSF)

The DSF controls the graphic applications of SGRAM. If DSF is

tied to low, SGRAM functions as 256K x 32 x2 Bank SDRAM.
SGRAM can be used as an unified memory by the appropriate
DSF command. All the graphic function modes can be entered
only by setting DSF high when issuing commands which other-
wise would be normal SDRAM commands. SDRAM functions
such as FAS Active, Write, and WCBR change to SGRAM func-
tions such as FAS Active with WPB, Block Write and SWCBR
respectively. See the section below for the graphic functions that
DSF controls.

SPECIAL MODE REGISTER SET(SMRS)

There are two kinds of special mode registers in SGRAM.One is
color register and the other is mask register. Those usage will be
explained in the *WRITE PER BIT" and "BLOCK WRITE" sec-
tions. When As and DSF goes high in the same cycle as TS,
RAS, TAS and WE going low, Load Mask Register(LMR) pro-
cess is executed and the mask registers are filled with the
masks for associated DQ's through DQ pins. And when As and
DSF goes high in the same cycle as TS, FAS, TAS and WE
going low, Load Color Register(LCR} process is executed and
the color register is filled with color data for associated DQ's
through the DQ pins. if both As and Ae are high at SMRS, data
of mask and color cycle are required to complete the write in the
mask register and the color register at LMR and LCR respec-
tively. A new command can be issued in the next clock of LMR
or LCR. SMRS, compared with MRS, can be issued at the active
state under the condition that DQ's are idle. As in write opera-
tion, SMRS accepts the data needed through DQ pins. There-
fore bus contention must be avoided. The more detailed
materials can be obtained by referring corresponding timing dia-
gram.
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KM4132G512 CMOS SGRAM
DEVICE OPERATIONS (Continued)

WRITE PER BIT Timing Diagram to illustrate tBWcC
Write per bit(i.e. /O mask mode) for SGRAM is a function that

selectively masks bits of data being written to the devices. The 0 1 2
mask is stored in an internal register and applied to each bit of ) ) .
data written when the mask is enabled. Bank active command _f_\___/_—\..__/
with DSF=High enables write per bit for associated bank. Bank CLOCK

active command with DSF=Low disables write per bit for the

b

| (1] ! !
associated bank. The mask used for write per bit operations is CKE : HIGH, [
stored in the mask register accessed by SWCBR(Special Mode =5 w
Register Set Command). When a mask bit=1, the associated s )
data bit is written when a write command is executed and write 7 T
per bit has been enabled for the bank being written. When a RAS 2 [ //,////// ! //////////
mask bit=0, the associated data bit is unaltered when a write ' e
command is executed and the write per bit has been enabled for CAS A /////%2 ! %%
the bank being written. No additional timing conditions are
required for write per bit operations. Write per bit writes can be WE

either single write, burst writes or block writes. DQM masking is

N . | i
the same for write per bit and non-WPB write. DSF //4/, : % W
BLOCK WRITE "1 CLKBW ‘

Block write is a feature allowing the simultaneous writing of
consecutive 8 columns of data within a RAM device during a sin-
gle access cycle. During block write the data to be written comes
from an internal "color” register and DQ VO pins are used for
independent column selection. The block of column to be written
is aligned on 8 column boundaries and is defined by the column
address with the 3 LSB's ignored. Wiite command with DSF=1
enables block write for the associated bank. A write command
with DSF=0 enables normal write for the associated bank. The
biack width is 8 column where column="n" bits for by "n" part.
The color register is the same width as the data port of the
chip.Itis written via a SWCBR where data present on the DQ pin
is to be coupled into the internal color register. The color register
provides the data masked by the DQ column select, WPB
mask{If enabled), and DQM byte mask. Column data mask-
ing(Pixel masking) is provided on an individual column basis for
each byte of data. The column mask is driven an the DQ pins
during a block write command. The DQ calumn mask function is
segmented on a per bit basis{i.e. DQ[0:7} provides the column
mask for data bits[0:7}, DQ[8:15] provides the column mask for
data bits[8:15], DQO masks column[0] for data bits[0:7], DQ9
masks column [1] for data bits [8:15), etc). Block writes are
always non-burst, independent of the burst length that has been
programmed into the mode register. Back to back block writes
are allowed provided that the specified block write cycle
time(tswc) is satisfied. If write per bit was enabled by the bank
active command with DSF=1, then write per bit masking of the
color register data is enabied.
if write per bit was disabled by a bank active command with
DSF=0, the write per bit masking of the color register data is dis-
abied. DQM masking provides independent data byte masking
during block write exactly the same as it does during normal
write operations, except that the control is extended to the con-
secutive 8 columns of the block write.
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CMOS SGRAM

SUMMARY OF 2M Byte SGRAM BASIC FEATURES AND BENEFITS

Better interaction between memory and system without wait-state of
asynchronous DRAM.

Interface Synchronous High speed vertical and horizontal drawing.
High operating frequency alfows performance gain for SCROLL, FILL,
and BitBLT.

Bank 2 ea Pseudo-infinite row length by on-chip interleaving operation.
Hidden row activation and precharge.

Page Depth / 1 Row 256 bit High speed vertical and horizontal drawing.

Total Page Depth 2048 bytes High speed vertical and horizontal drawing.

Programmable burst of 1, 2, ,4, 8 and full page transfer per column

Burst Length(Read) 1, 2, 4, 8 Full Page addresses.
1,2, 4, 8 Full Page Programmable burst of 1, 2, |4, 8 and full page transfer per column
Burst Length(Write) addresses.
BRSW Switch to burst length of 1 at write without MRS.
Burst Type Sequential & Interleave Compatible with Intel and Motorola CPU based system.
CAS Latency 2,3 Programmable CAS latency.
High speed FiLL, CLEAR, Text with color registers.
Block Write 8 Columns Maximum 32 byte data transfers(e.g. for 8bpp : 32 pixels) with plane and
byte masking functions.
Color Register 1ea, A and B bank share,
Mask Register 1ea Write-per-bit capability(bit plane masking). A and B banks share.
DQMo-3 Byte masking(pixel masking for 8bpp system) for data-outfin
Mask function Write per bit Each bit of the mask regieter directly controls a corresponding bit plane.

Pixel Mask at Block Write

Byte masking(pixel masking for 8bpp system) for color by DQi

s v

ELECTRONICS

206



KM4132G512

BASIC FEATURE AND FUNCTION DESCRIPTIONS
1. CLOCK Suspend

CMOS SGRAM

( . Not Written

Suspended Dout

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

- _ | |

o ininininint pigigipiginipininin
oo (wm) @D ' | @
CKE : g T - ; : . ; :

o o e e

ax LU ERERERE RN ;

: . . . . . . ' ! . . . . ' : ! |

oacta {00 Y o WK o Y05 ) A O — |

paews) (0o Y 0 Y o X 03 ) B g T € C 1

| |

Note : CKE to CLK disable/enable=1 clock

2. DQM Operation

1) Write Mask (Bl.=4)

DQM to' Data-it Mask = 0CLK

3) DQM with Clock Suspended (Fuli Page Read) Note2

2) Read Mask (BL.=4)

DQM to Data-out Mask. =20L

w T LU UL UL L
oMD X NN 2@ B : f A
oo T T
DaM @% ‘%%{/////// 1_( ‘ . :
A e (U T e S U RS
e T o TR S ) S Y 5 ) O
paELy @ - {as e {Tas) (e Y Car )

e LU LTI LT LT LU |
cMD o : R S
DOMI " R R R R R
Note 1 : © N Maskdd by DOM
DQ(CL2) I.._ 7 m . : / \ HirZ . N
; o " Qo) G (@8 )
pareL3) Y == —%2{ a1 ¥ a2 Y @}

*Note : 1. There are 4 DQMi(i=0~3).
Each DQMi masks 8 DQi’'s.(1 Byte, 1 Pixel for 8 bpp)

2. DAM makes data out HI-Z after 2 clocks which should masked by CKE " L™,

L= u g
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KM4132G512 CMOS SGRAM
3. CAS interrupt (1)

1) Read interrupted by Read (BL=4)%'
e [ LT LT LILT iULi L
ADD ﬂ : ‘ : :
oaciz m-m@ —
paecLy) @m@ QB3 }—
. “teeo

Note 2

2) Write interrupted by(Block) Write (BL=2) 3) Wirite interrupted by Read (BL=2)
oL FLFLE#LFU_LHI L LT W 1L VLV

b — B
tccn Note 2, tcep | Note 2, ' tcoo | Nate 2[

400 -. .. -G

o - EEREE) G ooen (@) (EE)
) “tenL ’ oo DQ(CL3) '.“‘“ﬁ*"—"~ @

Note 3 Note 3 P
“teol -
Nots 3

*Note : 1, By " interrupt *, It is possible to stop burst read/write by external command before the end of burst.
By "CAY interrupt* , to stop burst readiwrita by CAS access ; read, write and block write.
2. tcep ; TAS to CAS delay. (=1CLK)
3. teot. ; Last data in to new column address delay. (=1CLK)
4. Pixel :Pixel mask.
5. tawc : Block write minimum cycle time.
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KM4132G512 CMOS SGRAM
4. CAS Interrupt (ll) : Read interrupted by Write & DQM

(1) CL=2, BL=4

e [ LI LT LT LIL UL
DQM : 1”:*1 _

i) CMD ;
on T T .
o e e )

iij) CMD ; : Lo
ow [ L
Do e %2 (oo X o X0z X 05 )

iv) CMD ? : ‘ ‘ S

DaM N
JE———— —t ' U U S
e @ ()
(2) CL=3, BL=4

s einipigipinininipinint
owo G

iiy CMD ‘

DQM

R O D CICI
jify CMD J : ‘ ‘

DQM

o0 R
iv) CMD : o

DGM A A ; T
v) CMD ' : Lo

DoM R r—_ I A—i ; 1 :
o - , RCIACYENEY ES
*Note : 1. To prevent bus contention, there should be at least one gap betwsen data in and data out.

2. To prevent bus contention, DM should be issued which makes at least one gap between data in and data out.
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CMOS SGRAM

5. Write interrupted by Precharge & DQM

B wﬂﬂﬂﬂﬂl.

‘ ’NM

| Note 1
V 0 L' 1
. .

| DQ

*Note : 1. To inhiblt invalid write, DOM shoutd be issued.

2. This precharge command and burst write command shoulid be of the same barnk, otherwise it is not precharge
interrupt but only another bank precharge of dual banks operation.

6. Precharge
1) Normal Write (BL=4) 2) Block Write W
ow L7 LT UL L o [T *JL L
cMD S CMD
o (oo X XeXo)—— b0 {p) -
troL terL
Note t Note 1
3) Read (BL.=4)
e | L] L[] Lf RS
°M°g:‘ F0) | s |
| paceLa) mmmm L
e T EEE e |
7. Auto Precharge
( 1) Normal Write (BL=4) 2) Block Write j
o HL.,JUbfL CLK[JLJLWJUL_;
CMD CMD . oo
oa mmmm 028 {} S a———
3) Read (BL=4) Aute p,m“‘f;i,,, e f Nofe :RF Coo
Auto Pracharge Starts
oLk UU" L '*L [ LIT flT
CMD
oa (EEEE
R IR 5 2 (8 |
Note 3 ' 5
Auto Precharge Starts i
*Note :1. 1BrL ; Block write data-in to PRE cormmand 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/another bank is lllegal.
210
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CMOS SGRAM

8. Burst Stop & Precharge interrupt

r
|
|
1) Write interrupted by Pracharge (BL=4)

o (LTI

3) Read interrupted by Precharge (BL=4)

® @

pa(eLy %—+

oLk W JEREERE .

2) Write Burst Stop (Fuli Page Only) i
o | LI LT L LT
cMp | :

IR EYED C) -

4) Read Burst Stop (Full Page Oniy)

e [ L] L] LT LD LT
oo | 5

N v NIONS .

baela) it {0 (@)

'

DO(CL) ——._ﬁ—“

9. MRS & SMRS

1) Mode Register Set

GO RT-T

e [T
! ® +
@R (s

2) Special Mode Register Set
cm?ﬂf RERERE
CMD | GMRY m M m

‘1cu( 1CLK 16K 1CLK

*Note : 1. taow : 1 CLK, Last Data in to Row Precharge.
2.18oL : 1 CLK, Last Data in to Burst Stop Delay.

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 all bank precharge state.

s v
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KM4132G512 CMOS SGRAM
10. Clock Suspend Exit & Power Down Exit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (—Pred\arga Power Down) Exit
e UL U LTL ow P LILILILT U ”1
CKE 3_____“__;_ Foiss o CKE f:gf‘“
e -
owo ovo [ vor) rcT)——

11. Auto Refresh & Self Refresh

1) Auto RefreshNote 3

S U

Noté &

S N ) N ™ A
oe U NN

L s e A
2) Self Refresho'e &

+

o TLOLILTLC LU L UL
wo L@ G B
S S S

*Note : 1. Active power down : one or more bank active state.

2. Precharge power down : both bank 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 tRC from auto refresh command, any other command can not be accepted.

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

5. (S)MRS, Bank Active, Auto/Seif Refresh, Power Down Mode Entry.

6. During seif refresh mode, refresh intervai and refresh operation are perfomed intemnaily.
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.
During tRC from self refresh exit command, any other command can not be accepted.
Before/After self refrash mode, burst auto refresh cycle (2K cycles) is recommended.
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12. About Burst Type Control

Basic
MODE

Sequential Counting

At MRS Aa = "0*. Ses the BURST SEQUENCE TABLE. (B(.=4.8)
BL=1, 2, 4, 8 and full page wrap around.

Interleave Counting

At MRS Az = "1". See the BURST SEQUENCE TABLE. (BL=4,8)
BL=4, B. At BL=1, 2 interleave Counting = Sequential Counting

Pseudo-
MODE

Decrement Sequential
Counting

ALMARS As = "1".(See 1o Interteave Courting Mode)

Starting Address LSB 3 bits Aoz shouid be "000" or "111".@BL=8.

- if L§B="000" : increment Counting.

- if L8B="111" : Decrement Counting.

For Exampie, (Assume Add! except LSB 3 bits are all 0, BL=8)

- @ write, LSB="000", Accessed Column in order 0-1-2-3-4-5-6-7

- @ read, LSB="111", Accessed Column in order 7-6-5-4-3-2-1-0

At BL=4, same applications are possible. As above exampie, at iInterieave Counting mode,
by confining starting address 10 some values, Pseudo-Decrement Counting Mode can be
realized. See the BURST SEQUENCE TABLE carefully.

Pseudo-
Binary Counting

AtMRS As = "0".(See to Sequential Counting Mode)
Ao-2 = "111".{See to Full Page Mode)
Using Full Page Mode and Burst Stop Command, Binary Counting Mode can be realized.
-- @ Sequential Counting, Accessed Column in order 3-4-5-6-7-1-2-3(BL=8)
-- @ Pseudo-Binary Counting,
Accessed Column in order 3-4-5-6-7-8-9-10(Burst Stop command)
Note. The next column address of 256 ia 0.

Random
MODE

Random column Access
teep = 1 CLK

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.

13. About Burst Length Control

Basic
MODE

1

At MRS Az,1,0 = "000",
At auto precharge, tRas shouid not be violated.

AtMRS Az,y,0 = "001".
At auto precharge, tRas should not be violated.

At MRS A2.1,0 = "010".

At MRS Az ro = "011"

Fuli Page

At MRS Az10 = "111%
Wrap around mode{infinite burst length)should be stopped by burst stop,
HAS interrupt or CAS interrupt.

Special
MODE

BRSW

AtMRS Ae = "1,
Read burst =1, 2, 4, 8, full page/write Burst =1
At auto precharge of write, tras should not be viglated.

Block Write

8 Column Block Write. LSB A0-2 are ignored. Burst length=1.
tBwc should not be violated.
At auto precharge, tras should not be violated.

Random
MODE

Burst Stop

teou= 1, Valid DQ after burst stop is 1, 2 for CL=2, 3 respectively
Using burst stop command, it is possible only at full page burst length.

Interrupt
MODE

FRAS Interrupt
(Interrupted by Precharge)

Before the end of burst, Row precharge command of the same bank

stops read/write burst with Row precharge.

tRoL= 1 with DOM, valid DO after burst stop is 1, 2 for CL= 2, 3 respectively
During read/write burst with auto precharge, AT interrupt cannot be issued.

TAS Interrupt

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

s g
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KM4132G512 CMOS SGRAM

14. Mask Functions
[ !
‘ 1) Normal Write |
l/Omwkmq ByMaskatwmePaanMode msehmdbnplaneskeepmeonghaldm !
) STEP ) 1
@ SMRS(LMR) :Load masgk{31-0j="0111, 1110, 1011,1111, 0111, 1101, 0111, 0110° :
@ Row Active with DSF "H" ‘Write Per Bit Mode Enable I
@ Perform Normat Write. !
i) LLUSTRATION :
YOU=DQ) 31 24 23 16 15 8 7 [}
’ External Data-in 11111111 11111114 00000000 00000000 |
| DQMi DQM3=0 DQMz=0 DQM:=0 =1
| __Mask Registor 01111110 10111111 01111101 01110110 i
| Befora Write 00000000 00000000 1111ttt 11111111 ,
After Writa 01111110 10191111 10000010 11111111
Note 1 |
i
2) Block Write g
Pixel masking : By Pixel Data issued through DQ pin, the selectad pixels keep the original data. |
See PIXEL TO DQ MAPPING TABLE i
Assume 8bpp,
White = "0000,0000", Red="1010,0011", Green = "1110,0001", Yellow = "0000,1111", Blue = “1100,0011"
i) STEP
@ SMRS(LCR) :Load color(for Bbpp, through x32 DQ color0-3 are loaded into color registers)
Load(color3, color2, color1, color0) = (Blue, Green, Yellow, Rad) |
="1100,0011, 1110, 6001, 0000, 1111, 1010, 011" !
@ Row Active with DSF "L" : /O Mask by Write Per Bit Mode Disable
@ Block write with DQf31-0] = "0111, 0111, 1011, 1011, 1101, 1101, 1110, 1110"
i) ILLUSTRATION
| 1O(=DQ) 3 24 23 16 15 8 7 0
| DQM DQMs=0 DQia2=0 DQWM=0 DQMo=1
Color Register Color3=Blue Color2=Green Colort =Yellow Color0=Red
000 Wh 4=H Whi 16=H White =H White DQo=L
Before 001 White DQes=H White DQ7=H White DQo=L White DQ1:=H
m:‘ 010 | White DQeasH White DQ1e=L White DO10=H White DQz=H
& o White DQor=L. White DQ1e=H White DQ11=H White DQa=H
| pQ 100 White DQles=H White DQgo=H White DQh2=H White DQa=L
|
; (Pixel 101 Whitg DGas=H DQ21=H White DQ1a=L. White DQs=H
| data) 110 | White DGso=H White DQOz2=L. | White DQ1a=H ite DQe=H
111 White DQas=L | White DQs=H White DQ15=H White DQ7=H
000 Blue Green Yellow White
001 Blue Green White White
010 Blue White Yellow White
After .
Biock 011 White Green_ Yellow White
Write 100 _Biue Green Yellow White
101 Blug Green White White
110 Biue White Yeliow White !
111 White Green Yellow White ;
Note 2

*Note : 1. DQM byte masking.
2. At normal wrrite, ONE column Is selected among columns decorded by Az-0{000-111).
At block write, instead of ignored address Az-0, DQuo-31 control each pixel.

DS ungg -
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(Continued)
Pixel and O masking : By Mask at Write Per Bit Mode, the selected bit planes keep the original data.
By Pixel Data issuied through DQ pin, the selected pixels keep the original data.
See PIXEL TO DQ MAPPING TABLE.
Assume 8bpp,
White = “0000,0000", Red="1010,0011", Green ="1110,0001", Yellow ="0000,1111", Biue ="1100,0011"
i) STEP
@ SMRS(L.CR) : Load color(for 8bpp, through x 32 DQ color0-3 are loaded into color registers)
Load(color3, color2, color1, color0) = (Blue, Green, Yellow, Red)
= "1100,0011,1110,0001,0000,1111,1010,0011"
@ SMRS(LMR ): Load mask. Mask[31-0] ="1111,1111,1101,1101, 0100,0010,0111,0110"
--> Byte 3 : No |/O Masking ; Byte 2 : /O Masking ; Byte 1 : /0 and Pixel Masking ; Byte 0 : DQM Byte Masking
@ Row Active with DSF "H" : |/O Mask by Write Per Bit Mode Enable
@ Bilock Write with DQ31-0] = "0111,0111,1111,1111,0101,0101,1110,1110" (Pixel Mask)
i) ILLUSTRATION
3 O(=DQ} 31 24 23 16 15 8 7 o
. Blue Green Yellow Red
Color Register 11000011 11100001 00001111 10100011
DQMI DQMs=0 DQMe2=0 DQMi=0 DQMo=1
Mask Ragister 11111111 11011101 01000010 01110110
3 Yeltow Yeliow Green White
Before Write 00001111 00001111 11100001 00000000
N Blue Blue Red White
After Write 11000011 11000011 10100011 00000000
! f T
l 4 l Note 1
1O(=DQ) k| 24 23 16 15 8 7 0
DOMi DQMz=0 DQM2=0 DOM;=0 DQMo=1
| __Color Register Color3=Blue Color2=Green Color1=Yeliow Color0=Red
000 Yellow DQ2a=H Yeliow DQ1e=H Green DQe=H White DQo=L
Before 001 Yellow DQzs= Yeliow DQ1i7=H Green DQo=L White DQ1=H
\?V’:;e( 010 | Yeliow DQgzesH Yeliow DQra=H Green DQro=H White DQz=H
& 011 Yellow DQgr=L. Yaliow DQ1e=H Green DQ11=L White DQa=H
DO 100 Yeliow DQzs=H Yeliow DQeo=H Green DQ1a=H White DQa=L
{Pixel 101 Ysliow DQge=H Yeliow DQz1=H Green DQua=L White DQs=H
data) 110 | Yeliow DQuo=H Yeliow DQz2=H Green DQ1a=H White DQe=H
111 Yeliow DQa1=L Yeiiow DQ23=H Green DQis=L. White DQ7=H
000 Blue Biue Red _ White
001 Blue Biue Green _Whiite
After 010 Blue Blue Red White
Block 011 Yeliow Blue Green White
Write 100 Blue _Blue Red White
101 Blue Biue Green White
110 Blue Biue Red White
111 Yell Blue Green
Note 2 ! ! Eote 1
v 1 o v
PIXEL MASK /O MASK PIXEL & /O MASK BYTE MASK

“Note : 1. DOQM byte masking.

2. At normal write, ONE column is selected amaong columns decorded by A2-0(000-111).

At block write, instead of ignored address Az-0, DQo-31 control each pixel.

L= ungg

ELECTRONICS
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KM4132G512 CMOS SGRAM
Power On Sequence & Auto Refresh

0 1 2 13 14 5 .6 .7 8 9 .10 /11 ;12 13 .14 .15 .16 17 18 .19

CLOCK
f | f ; f I f f i ‘
| \ | 1 i 1 t ! i i
CKE ' High level is necessa ; ; : i ' : : !
| t i | i ! i ! H ' H i .
i v P t ‘ b i 3 i L i 4 1 i ' i
— T — r ) T | \ T\
C‘S i i ! 1 1 + H i \ ] ’ : [ -\0‘ : : ! ! i "
| i i i i i H | i ! i ! | t B ! 1
e e T T R
t i
RAS i
TAS
ADDR
Aro/BA
As/AP
WE
DSF
© i . | I i i H
: | i ! ! H | | i B i i
H ! ! i i ! I i i i 1 ] I i H i H
DOM | High level is necessary I "
| o - o SR S
i | b i i ! i | i H i
Wghz . . — . L
bQ T T —— — "
| i i i i ' | t i i i
4
1 ! ! f 1
Precharge Auto Refresh Auto Refresh Mode Register Set |
(All Banks) |
Row Active
{Write per Bit
Enable or Disable)

- : Don't care

ELECTRONICS



KM4132G512 CMOS SGRAM

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

tcH } ) ) } )
0 i1 2 3 ™45 (6 .7 8 .9 10 11 12 (13 14 (15 16 .17 18 19

CLOCK
. tec . tcg : " 3 |
. - L HIGH - . . . -
CKE ! e t H !H{-\s L ‘ L H i i l i i
i e ; (Y i i : i i :
' *Note i ! [t i teH P | ] !
\ , H \ i [ T T 1 ’ ! \ i { T ‘ B , T
cs : j i ] i &:" i ‘ H ’ i
i Pa— R ‘ . ' ' ————tpp >
: tRop Ctes] b
tSH .‘_,‘ ¢ i i : i H
RAS
TAS
ADDR
Ao
Ag
WE
DSF i ' i
DQM
i 13 i i I 1 1 ! |
qw—-—-.v;»—.tmc -—‘-A—J——-——A—-p I ! i |
‘ : ; tsac > | tsH : :
DQ - - ——4{ Ga } — —{ac —
" ‘ tsiz e | oeb—etss|
toH e |
; : > {SHz . :
' A A
t t HE i
Row Active Read Write Read | Row Active
{(Write per Bit of i (Write per Bit
Enable or Disable) Block Write Enable or
Precharge Disable)

- : Don't care

ELECTRONICS




KM4132G512

CMOS SGRAM

*Note : 1. All input can be don't care when CT'is high at the CLK high going edge.
2. Bank active & read/write are controlled by A10.

A10 Active & Read/Write
0 Bank A
1 Bank B

3. Enabie and disable auto precharge function are controlied by A9 in read/write command.

Ag A0 Opsration
0 [ Disabie auto precharge, leave bank A active at end of burst.
1 Disable auto precharge, leave bank B active at end of burst,
1 0 Enable auto precharge, precharge bank A at end of burst.
1 Enable auto precharge, precharge bank B at end of burst.

4, Ag and A10 control bank precharge when precharge cormmand is asserted.

A? | Ao Precharge
4] [¢] Bank A
0 1 Bank B
1 X Both Bank

5. Enable and disable Write-per Bit function are controlled by DSF in Row Active command.

Ato | DSF QOperation
0 L BamArowam,disabhwmaperbnmpcMnforbankA
H Bank A row active, snable write per bit function for bank A
1 L Bank B row active, disable write per bit function for bank 8
H Bank B row active, enable write par bit funiction for bank B

6. Block write/normal write is controlled by DSF.

DSF Operation Minimum cycle time
L Normal write tcco
Block write tBWC

ELECTRONICS
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KM4132G512 CMOS SGRAM
Read & Write Cycle at Same Bank @Burst Length=4

CLOCK

CKE

ADDR

Ao

DSF

N Gy O WY

> +toH ‘

' i ! | i i
(CESZ) : — Qa0 X Ca1 X Qa2 X Qa3 T pboX Dbt X Dbz X Dba) ‘
: -t ———trac - B _’_%‘ 1 Mf L ‘ +«—>taDL
*Note 3 | > tsac 14 {gHZ “Note d
: ‘ ! > foH ¢ ! ‘
DQ H i ! i '
(cL=3) —— ~\ Qa0 /\ Qa1 A Qa2 } Qa3 ‘ (Dpo)X Db1XDb2 X Db3) —
{ 1RAG —— ‘ L ‘ <« {ROL
‘ Moled 1 —eigAC >——fe-{gHZ *Note 4
p A ' I Lh
o L : f ! | |
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] valid output data available after Row
enters precharge. Last valid output will be Hi-Z after {SHZ from the cicok.
3. Access time from Row address. t CC *(IRCD + CAS latency - 1) + tSAC
4. Ouput will be Hi-Z after the end of burst. (1,2, 4, & 8)
At Full page bit burst, burst is wrap-around.

ELECTRONICS




KM4132G512 CMOS SGRAM
Page Read & Write Cycle at Same Bank @Burst Length=4

CLOCK

CKE

ADDR

Ao

DSF

Sy ———{qe0){qaravo){abr)}—(oco¥ oot X ouo}(oar i j »
H H i i i i 1 i

DQ
(CL=3)

an‘ ‘ -

—p = =~ |-

i t i t *
Row Active Read Read Write Write Precharge
{A-Bank) (A-Bank) (A-Bank) {A-Bank) {A-Bank) {A-Bank)

- : 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 cortertion.
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.

ELECTRONICS
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KM4132G512 CMOS SGRAM
Block Write cycie(with Auto Precharge)

0 1 ‘2 3 4 5 .6 .7 8 .9 10 ‘11 12 13 (14 15 .16 .17 .18 .19 |

CKE ! I i : 1 : ! : T
I '

RAS ! i !
! t
I I ¥ B 3 i i
I
TAS . L
H ' ¢ ! } 1 ! i ! } H 11 !
“Note 2
ADDR
Ato
As
WE
DSF
DQM
1 1 I 3 i i
DQ
A A A Q‘A A f
Row Active with Masked | Row Active | Block Write with
Write-per-Bit Block Write | (8-Bank) | Auto Precharge
Enable (A-Bank) i {B-Bank)
(A-Bank) Masked Block Write
Block Write with (B-Bank)
Auto Precharge
(A-Bank)

- : Don't care

*Note : 1. Column Mask(DQi=L : Mask, DGi=H :Non Mask)
2. At Block Write, CAo-2 are ignored.

Phiis unog *

ELECTRONICS



KM4132G512 CMOS SGRAM
SMRS and Block/Normal Write @ Burst Length=4

‘0 11 12 3 .4 .5 .6 .7 B .9 10 11 .12 13 .14 ;15 16 17 18 .19

T A AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVE

1 ] | f i : i i ' \ |

L L L i L i 1O L A H i
" o HGH

|
L

1 y t | ' f
i
l

TS
RAS
TAS
Aoz
Assre
As
As
As
Ao
WE
DSF
DQM
DQ Mas
i i N i ] N P H 3 i
Pt L
Load Color | Load Mask Row Active | Load Color
Register Register with WPB* | Register
Enable | \ ] .
Row Active Masked  (B-Bank) | Masked Write WPB* : Write-Per-Bit
with WPB* Block Write . with Auto
Enable (A-Bank) ~ L-oBdMaskRegister o e
(A-Bani) (B-Bank)

B : Dont care

*Note : 1. At the next clock of special mode set command, new command is possible.

PSnnsungg N
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KM4132G512 CMOS SGRAM
Page Read Cycle at Different Bank @Burst Length=4

CLOCK

CKE

DSF — W —————————————————————

DM

DQ
(CL=2)

DQ
(CL=3)

. . . 4 . . ‘ . N . . .
| 1 | ! o
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)

- : Don't care

*Note : 1, TT can be don't care when AT, CAS and WE are high at the dock high going edge.
2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.
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KM4132G512 CMOS SGRAM
Page Write Cycle at Different Bank @Burst Length=4

0 11 2 '3 .4 5 6 .7 .8 9 .10 11 12 13 .14 .15 .16 17 .18 .19

CLOCK
CKE
TS
i | + i
P 1 3 i } | i ! ' i i ' : ! )
¢ | 1 H i | i i ! i 4 i i i i i ' !
i | | ! H ! | ! i ] ] i | i i I ] 1
] i ¥ ] | 1 i
= I\ AR /U _ A A A
I I i i i ! | 1 i 3 3 I [ i 1 t ! i ] i i
i i i i | | i i i i 5 H i ] i I I i
i t i i t | ! H | ] 1 { i b i i i 1 b !
ADDR (raa ) key K cha X o) (cab) : '
v N ¥ 1
i 1 ] t t ] i I 1 1 ! | i i I !
! ! i ] I | i t t i i 3 ] 3
i i i
A1 i ! | i 1
I
! t : ] I ] ] 1
i ] I ! I [ i i
1 ¢ } i | i i | i i ! 4 i 1 i
3 I 1
As (RAa) ! [RBo !
I ' + ¥ I I ] + | ¢ I 1 I ]
§ i i i t | | i 1 4 i
I i I I t tCDL | } 3 H ] i \\ i
H | I
WE I 1 | | |
i i
} | i i | | i 1 | | { t t I | ! | i
DSF ! ! : !
i : ‘ i i i ] I i 1 t ‘ i i | i
i H i i i H B | i H
i i | t I i t i i i ! ' ] i 1 i
H i I H i i I B
DG
A A
tot Pt t | t
| Load Mask ¢ Row Active Write Masked Write Write with auto
| Register i (B-Bank) (B-Bank) with auto Precharge
i echari B-Bank)
Row Active with  Masked Wite R Bank) (8-Banky
Wirite-Per-Bit (A-Bank)
enable
(A-Bank)

- : Don't care
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KM4132G512 CMOS SGRAM
Read & Write Cycle at Different Bank @Burst Length=4

0 1 2 .3 .4 5 .6 7 .8 .8 .10 ;11 ;12 43 .14 .15 16 .17 18 19
CLOCK ] |

CKE !

ADDR

Ao

DSF

DOM

.
‘ ) i i | |
]
i

o Lo , \ ‘ - i ‘
sy — f asso) a1 X0AazKaras L (anco) anci) ancz)
‘ ; Lo : 1 ‘

i

B i 1) (). (.0 70 S ) (%) () (20 SR ) v

1

4 N . 4 ‘ 4 A I8
i ; | |
Row Active Head | Precharge Write Read
(A-Bank) (A-Bank) | (A-Bank) (B-Bank) | (A-Bank)
Row Active Row Active
({B-Bank) {A-Bank)

- :Don't care

*Note : 1.tCDL should be met to complete write.
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KM4132G512 CMOS SGRAM
Read & Write Cycle with Auto Precharge | @Burst Length=4

0 i1 12 '3 4 5 .6 .7 18 19 .10 .11 12 13 14 .15 (16 .17 18 .19 |
I O A AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVYAVAVE

CKE ! ! ‘ ‘ . ! : ’ t

ADDR

At

DSF

DQMiI

! H i | : i ‘ i ‘ i
&5 ' S 0 (0 00 e ) (20 () (0

: i i : i | ' ' ! ‘ : ;
&Y — = ) (v ) S ) %) ) () S

Row Active | Read with Auto Precharge Write with Auto Pracharge
(A-Bank) | Auto Precharge Start Point Auto Precharge Start Point
! (A-Bank) {A-Bank) (B-Bank) {B-Bank)
Row Active
{B-Bank)
- : Don't care

*Note : 1. tRCD should be controiled to meet minimum tRAS before internal precharge start.
(In the case of Burst Length=1 & 2, BRSW mode and Block write)

< :

ELECTRONICS
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KM4132G512 CMOS SGRAM

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

10 11 12 43 14 15 16 17 18 19 110 111 112 113 114 115 146 117 118 119
{ t t { ( ( { 1 ' { i (i 1 \ | ' { | \ (
1 L — i 1 1 1 L 1 i L 1. 1 1 1 1 [ i 1 .l i 1
CKE ! 1 t i 1 1 [ ' ] [ '“aG“ 1 [ [ 1 1 [ [ [ ] [
t 1 ] § ] ' 1 4 I 1 1 1 ] ! t I ] ! 1 t H
i I ! l | ! i ! i i 1 I ' | ! i i 1 ! 1 V
1 1 1 ' T T + + ' T T 1 + T T 1
TS r-\l_/_r_:—\_‘l_:_/-_:—\_:_/ 1 1 1 1N/t | \_lf i [} 1 \_l__/-—r—
1 [ | 1 ' 1 ) 1 1 i i | T ' ' 1 0 )
1 ' | 1 ' 1 ' 1 ' ) | ' ' V 1 | ) ) ! ; I
I ' t I
HAS 1 ' 1 1 1 1
' ' 1
1 i 1 1 1 1 ' i 1 | 1 ; ' ) 1 ! 1 ! ! I 1
1 ) 1 | | 3 1
i 1 ' 1 I 1 I
TAS ' 1 t '
1 t 1 1 ! t 1 1 | 1 | | ' 1 ' ' 1 1 1 i
L i | | i | | 1 | | } | | | | | | | | |
ADDR K Fa ) (Ao X ca MK <0 ) (Ra) (Ce)
[ ' [ [ ] s 1 1 [ 1 [ 1 1 ] [ i ]
' i i I | ; ' 1 ' | ! 1 i ! ! ' '
' 1 i i
Ao 1 ' I t ' 1 [
1 1 1 ] 7 1 1 T 1
1 ! i ' 1 1 i ! i 1 1 | i | 1 i 1 i i i )
| 1
o GO o . . ) '
1 1
1 ' 1 ! i 1 i ! ! ! 1 ! 1 ! ! ! i 1 1 i i
1 '
WE | 1 1 ' 1 ! '
1 1 i ' 1
! ! i ' 1 I ! ' 1 | ! 1 1 ! 1 1 ' 1 1 )
i 1 | 1 1 1 ! \ ) | ) 1 ) ) ! i i | 1 1
DSF 1 | ) | 1 ) |
h | 1 1 [ | ' [ 1 3 ] ' ] t ' [ 1 [ ) ) 1
t 1 i 1 1 i ! 1 [} { 1 i 1 t + 1 1 1 t H ]
| ' ' ' 1 ! 1 : } !
1 ! ' ! ' i ' i | X \ \ ! 1 ' 1 \ ) ' j !
bQ 1 ' i i l 1 1 1 | ! i 1 ! ) ' 1 i i ! i i
1 ! i i I ' i ! ' ! !
(Cleg) m—T—T— T 9a0) Ga1 X a0} a1 X abe X @03 )T D=0
1 ! 1 1 1 ' ' T T T | ' 1 ! ! ! T ]
1 1 ! 1 1 1 1 ' 1 ! 1 1 ! I t i ! ! ! i i
1 ) i | i ! ! ) ' 1 i i i
bQ T T—7—1—{ Seo)ar X awo X abr av2 }{ 66 }———T—1—
{CL=3) 1 1 1 | ' ' 1 T T T T T i 1 ' ' 1 ' i 7
Row Active Readwith  Read without Auto Precharge Row Active Write with
(A-Bank) AutoPre  precharge(B-Bank) (8-Bank) (A-Bank) Auto Precharge
charge Auto Precharge {A-Barik)
(A-Bank) Start Point
Fow Active {A-Bank) *Note 1

(B-Bank)

- : Don't care

*Note: 1. When Read(Write) command with auto precharge is issued at A-Bank after A and B Bank activation.
- if Read(Write) command without auto precharge is issued at B-Bank before A Bank auto precharge starts, A Bank
aute precharge will start at B Bank read command input point .
- any command can not be issued at A Bank during tRP after A Bank auto precharge starts,

-3

= 22
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CMOS SGRAM

KM4132G512

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

CLOCK

[ AU R
JEE ISR R
|.w..u.-|| ———

t

i

ADDR

WE
DSF

1
i
i
1
I
¢
|
1

Auto Precharge
(B-Bank)

Start Point

Read with
Auto Precharge
(B-Bank)

o

Start Point
(A-Bank)
Row Active
(B-Bank)

}
Auto Precharge

[P
™

Read with
Auto Precharge
{A-Bank)

. . Don't care

tRP is determined from at auto precharge start point

1. Any command to A-bank is not allowed in this period.

*Note :

228
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KM4132G512 CMOS SGRAM
Read Interrupted by Precharge Command & Read Burst Stop Cycle (@Full page Only)

0 i1 2 .3 4 5 .6 7 .8 .9 .10 ;11 '12 ;13 .14 .15 .16 .17 18 .19
i I j i ; Y i I/ I’ i i p

CLOCK

 ————————

ADDR

Ao

DSF

DQM

i *Note 2 1

, L . S ‘ .
S 7 0 (0 00 (00 S v (7w (o) (7)o

DQ
(CL=2)

: ' ! B 3 i 2 . i ] 2
T — O™ (%) ¥ 7% %) Co o e o o

i ' f ! B i i B i t

P t i f t
! i i H I
Row Active Read Burst Stop Read Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

@ : Don't care

*Note : 1. At full page mode, burst is wrap-around at the end of burst. So auto precharge is impossible.
2. About the valid DQY' ¢ after burst stop, it is same as the case of FAS Interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS interrupt shouid be compared carefully.
Refer the timing diagram of "Full page write burst stop cycle”.
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KM4132G512 CMOS SGRAM
Write Interrupted by Precharge Command & Write Burst Stop Cycle (@ Full page Only)

0 1 2 3 4 .5 .86 .7 .B .9 10 ;11 12 13 14 ;15 16 17 .18 19

CLOCK

CKE

ADDR

Ao ! !

DSF

oov NN s /T

DQ
s s s 4 4
i i i i
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 wrap-around at the end of burst. So auto pracharge is impossible.

2. Data-in at the cycle of burst stop command cannot be written into the corresponding memory cell.
It is defined by AC parameter of tBDL(=1CLK).

3. Data-in at the cycle of interrupted by precharge cannot be written into the corresponding memory celi.
It is defined by AC parameter of tRDL(=1CLK).
DQM at write interrupted by precharge command is nesded 10 ensure tRDL of 1CLK.
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.

4. Burst stop is valid only at full page burst length.

ELECTRONICS




KM4132G512 CMOS SGRAM
Burst Read Single bit Write Cycle @Burst Length=2, BRSW

CLOCK

ADDR

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)
m : Don't care

*Note : 1. BRSW mode is enabled by setting As "High” at MRS (Mode Register Set).
At the BRSW Mode, the burst length at write is fixed to "1" regardiess of programed burst length.
2. When BRSW write command with auto precharge is executed, keep it in mind that tRAS shoutd 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.
3. WPB function is also possible at BRSW mode.
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KM4132G512 CMOS SGRAM
Clock suspension & DQM operation cycle @CAS Latency=2, Burst Length=

0 1 2 3 ‘4 5 .6 .7 ‘8 .8 10 11 12 .13 ;14 15 ;16 .17 18 .19

CLOCK

ADDR

Aic

As

DSF

DQM

DQ

i
1

A A
i

o

- , R N
1 1 i
Row Active Read Clock Read ! Write f
Suspension Read DQM oM |

Write |

Clock

Suspension

:Don't care

*Note : 1. DQM needed to prevent bus contention.
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KM4132G512 CMOS SGRAM
Active/Precharge Power Down Mode @CAS Lantency=2, Burst Length=4

‘0 it 2 3 .4 5 6 7 '8 .9 .10 11 .12 .13 14 15 .16 .17 .18 19

CLOCK

CKE

ADDR

Ao ; : ; ‘

DSF | I

b0

P4 tot t
Precharge Precharge Read Precharge
Power-down Power-down :
Entry Exit | i
Row Active ; ;
Active Active
Power-down Power-down
Entry Exit - : Don't care

*Note : 1. Al banks shouid be in idle state prior 10 entering precharge power down mode.
2. CKE should be set high at least "1CLK + ts8" prior to Row active command.
3. Cannot violate minimum refresh specification. (32ms)
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KM4132G512 CMOS SGRAM
Self Refresh Entry & Exit Cycle

0 it 2 .3 .4 .5 6 .7 .8 .9 10 .11 12 .13 14 15 16 .17 18 .19

CLOCK

CKE

ADDR

At

DSF

DQ - —HiZ ————— —————Hi-Z— Pt —
r i 1
Self Refresh Entry Self Refresh Exit Auto Refresh

*Note : TO ENTER SELF REFRESH MODE

1. TS, FIAS & CAS with CKE should be low at the same clock cycle. 8 :bon'tcare
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 seif refresh mode, minimum tRAS is required before exit from self refresh.
TO EXIT SELF REFRESH MODE
4. System clock restart and be stable before returning CKE high.
5. TS starts from high.
6. Minimum tRC is required after CKE going high to complete self refresh exit.

7. 2K 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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KM4132G512 CMOS SGRAM

Mode Register Set Cycle Auto Refresh Cycle

CLOCK
CKE
o5}
RAS
TAS
ADDR
WE
DSF
DQM

1 i i +

i i i |

i ' f : ' i i |

DQ - Hi-Z ~ - : : “Hi-Z - —
! : i ' ! i
tot t t
MRS New Auto Refresh New Command
Command
- : Don't care
* Both banks precharge should be completed before Mode Register Set cycle and auto refresh cydle.
MODE REGISTER SET CYCLE
*Note : 1.TT, FIAS, CAS, & WE activation and DSF of low at the same clock cycle with address key will set internal
mode register.

2. Minimum 1 dock cycles should be met before new RAS activation.
3. Please refer to Mode Register Set table.
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KM4132G512

CMOS SGRAM

FUNCTION TRUTH TABLE(TABLE 1)

L s g

ELECTRONICS

Current BA

State TS | RAS | TAS | WE | DSF (A1) ADDR ACTION NOTE
H X X X X X X NOP
L H H H X X X NOP
L H H L X X X ILLEGAL 2
L H L X X BA CA ILLEGAL 2
L L H H L BA RAA Row Active ; Latch Row Address ; Non-{O Mask

IDLE L L H H H BA RA Row Active ; Latch Row Address ; 10 Mask
L L H L L BA PA NOP 4
L L H L H X X ILLEGAL
L L L H L X X Auto Refresh or Seif Refresh 5
L L L H H X X ILLEGAL
L L L L L OP Code Mode Register Access 5
L L L L H OP Code Special Mode Register Access 6
H X X b.d X X X NOP
L H H H X X X NOP
L H H L X X X ILLEGAL 2
L H L H L BA | CAAP | Begin Read ; Latch CA ; Determine AP
L H L H H X X ILLEGAL

Row L H L L L BA | CAAP | Begin Write ;Latch CA ; Determine AP

Active L H L L H BA_ | CAAP | Biock Write ;Latch CA ; Determine AP
L L H H X BA RA WLEGAL 2
L L H L L BA PA Precharge
L L H L H X X ILLEGAL
L L L H X X X ILLEGAL
L L L L L X X ILLEGAL
L L L L H OP Code Special Mode Register Access 6
H X X X X X X NOP(Continue Burst to End —> Row Active)
L H H H X X X NOP(Continue Burst to End --> Row Active)
L H H L L X X Term burst --> Row active
L H H L H X X HIEGAL
L H L H L BA CAAP | Term burst ; Begin Read ; Latch CA ; Determine AP 3

Read L H L H H X X ILLEGAL
L H L L L BA CAAP | Term burst ; Begin Write ; Latch CA ; Determine AP 3
L H L L H BA CAAP | Term burst ; Block Write ; Latch CA ; Determine AP 3
L L H H X BA RA ILLEGAL 2
L L H L L BA PA Term Burst ; Precharge timing for Reads 3
L L H L H X X ILLEGAL
L L L X X X X ILLEGAL
H X X X X X X NOP(Continue Burst to End --> Row Active)
L H H H X X X NOP(Continue Burst to End --> Row Active)
L H H L L X X Term burst --> Row active

Write L H H L H X X ILLEGAL
L H L H L BA CAAP_| Term burst ; Begin Read ; Latch CA ; Determine AP 3
L H L H H X X ILLEGAL
L H L L L BA | CAAP | Yerm burst ; Begin Write ; Latch CA ; Determine AP 3
L H L L H BA CAAP | Term burst ; Block Write ; Latch CA ; Determine AP 3
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KM4132G512 CMOS SGRAM
FUNCTION TRUTH TABLE(TABLE 1, Continued)
Cuerent BA
Stato TS5 |HAS | TAS | WE | DSF ) ADDR ACTION NOTE
L L H H X BA RA | WLEGAL 2
Write L L H L L BA PA Term Burst : Precharge timing for Writes 3
L L H L H X X IWLLEGAL
L L L X X X X ILLEGAL
H X X X X X X__ | NOP(Continue Burst o End --> Precharge)
L H H H X X X NOP(Continue Burst to End --> Precharge)
Read with L H H L X X X ILLEGAL _
Auto L H L H X BA | CAAP | ILLEGAL 2
Pracharge e Lw |l ol o[ x| Balcaar|uieca 2
L L H X X BA | RAPA | ILEGAL
L L L X X X X ILLEGAL 2
M X X X X X X NOP(Continue Burst to End --> Precharge)
L H H H X X X NQP(Continue Burst to End --> Precharge)
Write with L H H L X X X ILLEGAL
Auto L H L H X BA | CAAP | HLEGAL
Precharge L H L L X | Ba | caAP | iLLEGAL
L L H X X BA | RAPA | LLEGAL
L L L X X X X ILLEGAL 2
H X X X X X X NOP --» idia after tap
L H H H X X X NOP --» idia aftar tRp
L H H t X X X ILLEGAL
Precharging L H L X X BA | CAAP | ILLEGAL 2
L L H H X BA RA__| ILLEGAL 2
L L H L X BA PA - 2
L L L X X X X ILLEGAL 4
H X X X X X X .
L H H H X X X .
Block L H H L X X X ILLEGAL
Write L H L X X | BA | casp | LEGAL 2
Recovering L L H H x | B8A | RA | uwiEGAL 2
L L H L X BA PA Term Block Write : Precharge timing for Block Write 2
L L L X X X X ILLEGAL 2
H X X X X X X NOP --> Row Adtive after tRCD
L H H H X X X NOP - Row Active afier {RCDH
Row L H H L X X X ILLEGAL
Activating L H L X X BA | CAAP | ILLEGAL 2
L L H H X BA RA_ | ILLEGAL 2
L L H L X BA PA | ILLEGAL 2
L L L X X X X ILLEGAL 2
H X X X X X X NOP --> idia after tRC
L H H X X X X NOP --> idle after tRC
Refreshing L H L X X X X ILLEGAL
L L H X X X X ILLEGAL
L L L X X X X ILLEGAL
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KM4132G512 CMOS SGRAM
FUNCTION TRUTH TABLE (TABLE 1, Continued)

ABBREVIATIONS
RA = Row Address(Ao~As) BA = Bank Address{A10) PA = Precharge Ali(As)
NOP = No Operation Command CA = Column Address(Ao~A7} AP = Auto Precharge(Ag)

*Note : 1. All entries assume that CKE was active(High) during the preceding clock cycle and the current clock cycle.
2. flegal 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 tum around, and/or write recovery requirements.
4. NOP fo bank breeharging or in idie state. May precharge bank indicated by BA(and PA).
5. lliegal if any banks is not idle.
6. Legal only if all banks are in idle or row active state.

FUNCTION TRUTH TABLE for CKE(TABLE 2)

Current.. | CKE | CKE | g% | RS | €A% | WE | osF | ADOR ACTION NOTE
State n-1 n
H X X X X X X X INVALID
L H H X X X X X j > 7
Seif L H L H H H X X Exit Self Refresh > ABI after trc 7
Refresh L H L H H L X X ILLEGAL
L H L H L X X X ILLEGAL
L H L L X X X X ILLEGAL
L L X X X X X X NOP(Maintain Self Refresh)
H X X X X X X X INVALID
Both L H H X X X X X Exit Power Down > ABI 8
Bank L H L H H [al X X Exit Power Down —> ABI 8
Precharge L H L H H L X X ILLEGAL
;‘l‘ﬁr L H L H L X X X ILLEGAL
L H L L X X X X ILLEGAL
L L X X X X X X NOP(Maintain Power Down Mode)
H H X X X X X X Refer to Table 1
H L H X X X X X Enter Power Down 9
H L L H H H X X Enter Power Down 9
H L L H H L X X ILLEGAL
B I T P T N x| uwiecal
Idle H L L L H H L RA Row (& Bank) Active
H L L L L H L X Enter Self Refresh 9
H L L L L L L QP Code Mode Register Access
H L L L L L H OP Code | Special Mode Register Access
L L X X X X X X NOP
Any State H H X X X X X X Refer to Operations in Table 1
02h§! than H L X X X X X X Begin Clock Suspend next cycle ia
:';:2 L H X X X X X X Exit Clock Suspend next cydle 10
L L X X X X X X Maintain clock Suspend

ABBREVIATIONS : ABI = All Banks kdle
*Note : 7 After CKE’s low ta high transition to exist self refresh mode. And a time of tRc(min) has to be elapse after CKE's low to high
transition to issue a new command.
8. CKE low to high transition is asynchronous as if restarts internal clock.
A minimum setup time "tss + one clock” must be satisfied before any command other than exit.
9. Power-down and self refresh can be entered only from the all banks idle state.
10. Must be a legal command.
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KM4132G512 CMOS SGRAM
PACKAGE DIMENSIONS (TQFP)

Dimensions in Millimeters
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* All Package Dimensions of PQFP & TQFP are same except Height.
- PQFP (Height = 3.0mmMAX)
- TQFP (Height = 1.2mmMAX)
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