ESMT M32L1632512A

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

FEATURES GENERAL DESCRIPTION

* JEDEC standard 3.3V power supply The M32L1632512A is 16, 777, 216 bits synchro
* LVTTL compatible with multiplexed address . : .

Dual bank / PUISERAS nous high data rate Dynamic RAM organized as 2 x
MRS cycle with address key programs 262, 144 words by 32 bits, fabricated with ESMT’s
- CAS Latency ( 2, 3) high performance CMOS technology. Synchronous
- Burst Length ( 1 ' 2,4, 8 & full page ) design allows precise cycle control with the use of
- Burst Type ( Seduéntial & Interleave)  System clock. I/O transactions are possible on every

« Allinputs are sampled at the positive goingclock cycle. Range of operating frequencies , progra

edge of the system clock mmable burst length, and programmable latencies
« Burst Read Single-bit Write operation allows the same device to be useful for a variety of
« DQM 0-3 for byte masking high bandwidth, high performance memory system
* Auto & self refresh applications. - o
« 32ms refresh period (2K cycle) Write per bit and 8 columns block write improves
* 100 pin QFP performance in graphic systems.
Graphic Features ORDERING INFORMATION
* SMRS cycle

- Load mask register
- Load color register
* Write Per Bit
* Block Write (8 Columns)

Part NO. Cycle | Clock Access  |trpL
time | Frequency| time@CL=3 (clk)
M32L1632512A-5Q 5ns 200MHz 4.5ns ]
M32L1632512A-5SQ 5ns 200MHZ 4.5ns y
M32L1632512A-6Q 6ns 166MHz 5.5ns ]
M32L1632512A-6SQ 6ns 166MHZ 5.5ns y
M32L1632512A-7Q ns 143MHz 6.0ns ]
M32L1632512A-7SQ 7ns 143MHZ 6.0ns y
M32L1632512A-8Q 8ns 125MHz 6.5ns ]
M32L1632512A-8SQ 8ns 125MHZ 6.5ns y
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FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTION
PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample all inputs
_ Chip Sel Disables or enable device operation by masking or enabling al
Cs Ip Select inputs except CLK, CKE and DQMi
Masks system clock to freeze operation from the next clock cygle.
CKE Clock Enable CKE should be enabled at least one clotdstprior to new
command.
Disable input buffers for power down in standby.
AO ~ A9 Address Row / column addresses are multiplexed on the same pins.
Row address : RAO~RA9, column address : CAO~CA7
A10(BA) Bank Select Address Selects bank to be activat_ed dur.ing row address latch time..
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 ith
RAS low.
Enables row access & precharge.
Latches column address on the positive going edge of the CLH
CAS Column Address Strobe With
CAS low.
Enables column access.
WE Write Enable Enables write operation and Row precharge.
: Makes data output Hi-AsHzafter the clock and masks the outpyt.
DQMi 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 $et.
Vbb/Vss Power Supply/ Ground
Vob/VssQ Data Output Power/Ground

ABSOLUTE MAXIMUM RATINGS

(Voltage referenced tos9

Parameter Symbol Value Unit
Voltage on any pin relative tos¢ VN, Vout -1.0~46 \%
Voltage on \bD supply relative to ¥s VoD, VDDQ -1.0~46 \%
Storage temperature sTe -55 ~ +150 [
Power dissipation o 1 w
Short circuit current ds 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.

Elite Semiconductor Memory Technology Inc.

Publication Date : Jun. 2001

Revision : 1.6

3/54



ESMT M32L1632512A
DC OPERATING CONDITIONS
Recommended operating conditions (Voltage referencedds UV)

Parameter Symbol Min Typ Max Unit Note
Supply voltage %D, VbDQ 3.0 3.3 3.6 \
Input high voltage VA 2.0 3.0 \bp+0.3 \%
Input low voltage \"8 -0.3 0 0.8 \% Note 1
Output high voltage W 2.4 - - \% loH = -2mA
Output low voltage BL - - 0.4 \% loL = 2mA
Input leakage current il -5 - 5 HA Note 2
Output leakage current ol -5 - 5 HA Note 3
Output Loading Condition See Fig1

Note: 1. ViL(min) = -1.5V AC (pulse width< 5ns)

2. Any input OV < Vin < Vop + 0.3V, all other pins are not under test = OV.
4. Dout is disabled, OV< Vour < Vobb.

CAPACITANCE (Voo/Vbopg = 3.3V, Ta = 25°C, f = 1MHz)

Parameter Symbol Min Max Unit
Input capacitance (A0 ~ A10) g - 4 pF
Input capacn_ance o Cing i 4 pF
(CLK, CKE,CS ,RAS,CAS ,WE , DSF& DQMO0-3)
Data input/output capacitance (DQO ~ DQ31) ou€ - 5 pF
DECOUPLING CAPACITANCE GUIDE LINE
Recommended decoupling capacitance added to power line at board.

Parameter Symbol Value Unit

Decoupling Capacitance betweend\& V'ss Cbc1 0.1+0.01 uF
Decoupling Capacitance betweendd & Vssq Cbc2 0.1+0.01 uF

*Note: 1. Voo and \bbg pins are separated each other.
All'V oo pins are connected in chip. Alb¥q pins are connected in chip.

2. Vssand \ksqpins are separated each other.

All'V sspins are connected in chip. Alls§qpins are connected in chip.
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ESMT M32L1632512A

DC CHARACTERISTICS
Recommended operating condition unless otherwise noted 0Tto 70C ViHmin) /ViLmax) =2.0V/0.8V

Parameter Symbol Test Condition CAS Version Unit | Note
Latency |.5/55| -6/6S -7/7$ -8/85
Burst Length = 1
Operating Current 9 3 230 210) 195 170 mA 1
(One Bank Active) lect |tre> tre(miny, tee tec(min)
loL = 0 MA 2 230 | 210| 195/ 170
Precharge Standby Curre n{CCP CKE< Viumax, tcc = 15ns 2 2 2 2 mA
in power-down mode
P lccPS|CKE < Vitmax, CLKS Vitman, toc= o | 2 | 2 | 2 | 2
lccN |CKEZ ViH(min), cs = ViHmin), tcc = 15ns 35 35 35 35
Precharge Standby Current Input signals are changed one time during mA
in non power-down mode 30ns
lccNS CKE= ViH(min), CLK £ ViL(max), fcc= = 15 15 15 15
input signals are stable
Active Standby Current | 1cc® |CKE< Vimax), tcc = 15ns 3 | 3| 3 3 A
in power-down mode
lccaPS |CKE < ViLmin), CLK < Vitmax), tcc = oo 3| 3|3 3
Active Standby Current IccaN |CKE 2= ViH(min), cSs > ViHmin), fcc = 15ns 60 60 60 60
in non power-down mode Input signals are changed one time during mA
(One Bank Active) 30ns
IccaNS |CKE = ViH(min), CLK < ViLmax), fcc = 20 20 20 20
input signals are stable
loL = 0 mA, Page Burst 3 230! 210! 195 170
OperatmgdCurrent lcca |All Banks Activatediccp = tcep mA | 1,2
(Burst Mode) (i) > | 230| 210| 195 170
Refresh Current _ 3 1901 170) 160} 150
Iccs trc= trRe(min) mA | 3
2 190 | 170| 160 150
Self Refresh Current cts CKE<0.2V 2 2 2 2 mA
Operating Current lccr tcc>tcominy,lou= 0 mA tewcmin) | 220 | 200| 190, 180 mA 4
(One Bank Block Write)

*Note : 1. Measured with outputs open.
2. Assumes minimum column address update dycl@min).
3. Refresh period is 32ms.
4. Assumes minimum column address update dyai€min).
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ESMT M32L1632512A

AC OPERATING TEST CONDITIONS (Voo =3.3V £ 0.3V, Ta=0to 70C)

Parameter Value
AC Input levels \WH/ViL = 2.4V/0.4V
Input timing measurement reference level 1.4v
Input rise and fall-time (See note3) tr/tE= 1ns/1ns
Output timing measurement reference level 1.4v
Output load condition See Fig. 2
3.3V Vger = 1.4V
1200 () 50()

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

Output o——0———0 - - - - - - - Output 70 =50
® VoL (DC) =0.4V , loL = 2 mA Q
30pF 30pF
870()

(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit

AC CHARACTERISTICS
(AC operating conditions unless otherwise noted)

-5/5S -6/6S -717S -8/8S )
Parameter Symbol Unit Note
Min [Max |Min Max Min Max Min Max
CLK cycle time| CAS latency =3, 51000810007 |1000_8|1000| s 1
CAS latency =2 7.5 8 10 12
CLK tovalid |CAS latency =3 - 4.5 - 5.5 - 6 - 6.5
tsac ns 1,2
output delay | CAS latency =2 - 5 - 6 - 7 - 8
Output data | CAS latency =3 to 2 2 2 2 ns 2
hold time CAS latency =2 : 2 2 2 2 ns
CLK high pulse width tcH 2 2 2.5 3 ns 3
CLK low pulse width teL 2 2 2.5 3 ns 3
Input setup time tss 2 2 2 2.5 ns 3
Input hold time tsH 1 1 1 1 ns 3
CLK to output in Low-Z tsiz 1 1 1 1 ns 2
CLK to output | CAS latency =3 - 5 - 5.5 - 6 - 6.5
. 4 1sHz ns
In Hi-Z CAS latency =2 - 5 - 6 - 7 - 8
* All AC parameters are measured from half to half.
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*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 rising and falling time (tr & tf) = 1ns.
If tr & tf is longer 1ns, transient time compensation should be considered.
i.e., [(tr + tf)/2 - 1] ns should be added to the parameter.

OPERATING AC PARAMETER
(AC operating conditions unless otherwise noted)

Parameter Symbol Version Unit | Note
5 | 55| 6| -65] -7| -73 -4 -8B

Row active to row active delay tRRD(min) 10 12 14 16 1
RAS to CAS delay trcD(min) 15 18 20 20 ns 1
Row precharge time trRP(min) 15 18 21 24 ns 1

i ns 1
Row active time tRAS(min) 40 40 42 48

tRAS(max) 100 us
Row cycle time trc(min) 55 60 63 72 ns 1
Last data in to new col. address delay teoL(min) 1 CLK 2
Last data in to row precharge troLmin) | 1 2 1 2|1 1| 2| 1| 2|CLK 2
Block write data-in to PRE command delgy tgp| (min) 10 12 14 16 ns
Block write da.ta—m to Active (REF) fBAL(min) o5 30 35 40 ns
command period (Auto precharge)
Last data to burst stop tBDL(min) 1 CLK 2
Col. Address to col. Address delay tcep(min 1 CLK 3
Block write cycle time tewc(min) 2 2 2 2 CLK 4
CAS latency = 3 2
Number of valid Output data Y CLK S
CAS latency =2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required witlr
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 except block write cycle.

4. This parameter means minimu@ASto CAS delay at block write cycle only.
5. In case of row precharge interrupt, auto precharge and read burst stop.
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FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

M32L1632512A-5Q ( *:-5SQ)

(Unit : number of clock)

Frequency CAS tre tras tre trro | trep | tcep | teoo troL | * troL
Latency | 55ns 40ns 15ns 10ns 15ng 5ns 5ng 5ns 10ps
200 MHz(5.0ns) 3 11 8 3 2 3 1 1 1 2
166 MHz(6.0ns) 3 10 7 3 2 3 1 1 1 2
143 MHZ(7.0ns ) 3 8 6 3 2 3 1 1 1 2
125 MHZ(8.0ns ) 2 7 5 2 2 2 1 1 1 2
M32L1632512A-6Q ( *: -6SQ) (Unit : number of clock)
Frequency CAS tre tras tre trro | trcp | tcep | teoo troL | * troL
Latency | 60ns 40ns 18ns 12ns 18ns 6nS 6ns 6ns 12ps
166 MHz(6.0ns) 3 10 7 3 2 3 1 1 1 2
143 MHZ(7.0ns ) 3 6 3 2 3 1 1 1 2
125 MHZ(8.0ns ) 2 8 5 3 2 3 1 1 1 2
100 MHZ(10.0ns ) 2 6 4 2 2 2 1 1 1 2
M32L1632512A-7Q (*:-7SQ) (Unit : number of clock)
Frequency CAS tre tras tre trro | Trep | tecep | teoL tror | * troL
Latency 63ns 42ns 21ns 1l4ns 20ng ns mns ms 14ps
143 MHZ(7.0ns ) 3 9 6 3 2 3 1 1 1 2
125 MHZ(8.0ns ) 3 8 6 3 2 3 1 1 1 2
100 MHZ(10.0ns) 2 7 5 3 2 2 1 1 1 2
83 MHZ(12.0ns) 2 6 4 2 2 2 1 1 1 2
M32L1632512A-8Q ( *: -8SQ) (Unit : number of clock)
Frequency CAS tre tras tre trro | trco | tcep | teou tror | * troL
Latency | 72ns 48ns 24ns 16ns 20ns 8ns 8ns 8ns 16ps
125 MHZ(8.0ns ) 3 9 6 3 2 3 1 1 1 2
100 MHZ(10.0ns ) 3 8 5 3 2 2 1 1 1 2
83 MHZ(12.0ns) 2 6 4 2 2 2 1 1 1 2
75 MHZ(13.4ns ) 2 6 4 2 2 2 1 1 1 2
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SIMPLIFIED TRUTH TABLE
COMMAND CKEN-1| CKEN cs| RAS| cAS| we | DSF|{DQM A10| A9 A8~AO0 | Note
. Mode Register set L 1,2
Register H X |L| L L L X OP CODE
Special Mode Register S¢ H 1,2,7
Auto Refresh H Ll L H L X X 3
Refresh . Entry L 3
Se
Refresh Exit L H L|H H H X X X 3
X X X 3
i Write Per Bit Disable L 4,5
Bank Active H | x |L|L |H|H X | V | Row Address
& Row Addr. | write Per Bit Enable H 4,59
Read & Column| Auto Precharge Disable L Column 4
H X |L|H L H L X \%
Address Auto Precharge Enable H| Address | 4 6
Write & Column| Auto Precharge Disable L | Column |4,5
H X |L|H L L L X \%
Address Auto Precharge Enable H | Address 4564
Block Write & Auto Precharge Disable L Column | 4,5
H X |L|H L L H X \
Column Address auto Precharge Enable H | Address |4569
Burst Stop H X | Ll H H L L X X 7
Bank Selection V |L
Precharge H X L L H L L X X
Both Banks X |H
L H H H
Clock Suspend or Entry H L X X
Active Power Down HI X | X | X X
Exit L H | X]| X X X X X
L H H H
Entry H L X X
H| X X X
Precharge Power Down Mode X
_ LV \% \Y \ X
Exit L H a1 x X < X
DQM H X \% X 8
L H H H
No Operation Command H X X X X
H| X X X

Note : 1.0P Code : Operand Code
AO~A10 : Program keys. (@ MRS)
A5, A6 : LMR & LCR select. (@ SMRS)
Color register exists only one per DQi which both banks share.

So does Mask Register.

(V = Valid, X = Don’t Care

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.

. H = Logic High, L = Logic Low)
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3.Auto refresh functions as same as CBR refresh of DRAM.
The automatical precharge without Row precharge of command is meant by “Auto”.
Auto/self refresh can be issued only at both banks precharge state.
4.A10 : 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 A9 is “High” at Row precharge, Al0 is ignored and both banks are selected.
5.1t 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 precharge, new read/(block) write command cannot be issu
Another bank read/(block) write command can be issuée after the end of burst.

7.Burst stop command is valid for all burst length.
8.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)

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 3Z

DQ’s.

SGRAM vs SDRAM

SDRAM Function MRS Bank Active Write
DSF L H L H L H
Bank Acti Bank Acti
SGRAM MRS SMRS arlNithc ve arlNithc Ve Normal Block
Function Write per bit | Write per bit Write Write
Disable Enable
If DSF is low. SGRAM functionality is identical to SDRAM functionality.
SGRAM can be uesed as an unified memory by the appropriate DSF control
- SGRAM = Graphic Memory + Main Memory.
MODE REGISTER FIELD TABLE TO PROGRAM MODES
Register Programmed with MRS
Address A10 A9 A8 A7 A6 A5 Ad A3 A2 | A1 | AO
Function RFU W.B.L ™ CAS Latency BT Burst Length
(Notel) (Note2)
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ESMT M32L1632512A

Test Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 | Latency | A3 Type A2 | A1 | AO | BT=0 | BT=1
0 0 | Mode Register Set 0 0 0| Reseryed |0 Sequegntial | O 0 0 n Rederved
0 1 Vendor 0 0 1 - 1| Interleave O 0 1 2 Reseryed
1 0 Use 0 1 0 2 0 1 0 4 4
1 1 Only 0 1 1 3 0 1 1 8 8
Write Burst Length 1 0 0| Reservgd 1 d 0 Reserved Resgrved
A9 Length 1 0 1 | Reserved 1 0 1 Reseryed Resefved
0 Burst 1 1 0 | Reservegd 1 1 0 Reserved Resefved
1 Single Bit 1 1 1 | Reserved 1 1 1 256(Full) Reserjed
(Note 3)
Special Mode Register Programmed with SMRS
Address | A10 | A9 | A8 | A7 | A6 | A5 A4 A3 A2 Al i
Function X LC LM X
Load Color Load Mask
A6 Function A5 Function
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 pin are NOF
condition at the inputs.

2. Maintain stable power, stable clock and NOP input condition for a minimum @200

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 A9 is 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. If LC and LM both high (1), data of mask and color register will be unknown.
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ESMT M32L1632512A

BURST SEQUENCE (BURST LENGTH = 4)

Initial Address Sequential Interleave
Al 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
A2 Al AO
0 0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7 g
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 6 5 4
1 0 0 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
1 0 1 5 6 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 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 q
PIXEL to DQ MAPPING (at BLOCK WRITE)
Column address 3 Byte 2 Byte 1 Byte 0 Byte
A2 Al AO I/031~ 1/024 1/023~1/016 /015~ 1/08 I/07~ 1/00
0 0 0 DQ24 DQ16 DQ8 DQO
0 0 1 DQ25 DQ17 DQ9 DQ1
0 1 0 DQ26 DQ18 DQ10 DQ2
0 1 1 DQ27 DQ19 DQ11 DQ3
1 0 0 DQ28 DQ20 DQ12 DQ4
1 0 1 DQ29 DQ21 DQ13 DQ5
1 1 0 DQ30 DQ22 DQ14 DQ6
1 1 1 DQ31 DQ23 DQ15 DQ7
Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
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ESMT M32L1632512A

DEVICE OPERATIONS

CLOCK (CLK) ADDRESS INPUTS (A0~A9)

The clock input is used as the reference for all The 18 address bits are required to decode the
SGRAM  operations. All  operations are 262,144 word locations are multiplexed into 10
synchronized to the positive going edge of the address input pins (AO~A9). The 10 bit row
clock. The clock transitions must be monotonic address is latched along witRAS and A10
between M. and M. During operation with CKE  qyring bank activate command. The 8 bit
high all inputs are assumed to be in valid state (low
or high) for the duration of setup and hold time
around positive edge of the clock for proper
functionality and Icc specifications.

column address is latched along withAS,
WE and A10 during read or write command.

NOP and DEVICE DESELECT

CLOCK ENABLE(CKE) When RAS, CAS and WE are high, The
The clock enable (CKE) gates the clock onto SGRAM performs no operation (NOP). NOP
SGRAM. If CKE goes low synchronously with does not initiate any new operation, but is
clock (set-up and hold time same as other inputs), needed to complete operations which require
the internal clock suspended from the next clock more than single clock cycle like bank activate,
cycle and the state of output and burst address isburst read, auto refresh, etc. The device deselect

frozen as long as the CKE remains low. All other js also a NOP and is entered by assertE@

inputs are ignored from the next clock cycle after high CS high disables the command decoder
CKE goes low. When both banks are in the idle '

state and CKE goes low synchronously with clock, so that RAS’ CAS_’ WE, DSF and all the
the SGRAM enters the power down mode from the 2ddress inputs are ignored.
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 POWER-UP
synchronous as the internal clock is suspended.The following sequence is recommended for
When CKE goes high at leasts$+1CLOCK” POWER UP
before the high going edge of the clock, then the 1.Power must be applied to either CKE and
SGRAM becomes active from the same clock edge DQM inputs to pull them high and other pins
accepting all the input commands. are NOP condition at the inputs before or
along with \bo (and \bbg) supply.
The clock signal must also be asserted at the
BANK SELECT (A10) same time.
2.After Vopo reaches the desired voltage, a
minimum pause of 200 microseconds is

This SGRAM is organized as two independent

banks of 262, 144 words x 32 bits memory arrays. . o : i~

The A10 inputs are latched at the time of assertion required with inputs in NOP condition.
3.Both banks must be precharged now.

of RAS and CAS to select the bank to be used 4 perform a minimum of 2 Auto refresh cycles
for the operation. When A10 is asserted low, bank g stapilize the internal circuitry.

A is selected. When A10 is latched high, bank B is 5.Perform a MODE REGISTER SET cycle to
selected. The banks select Al10 is latched at bank program the CAS latency, burst length and
activate, read, write, mode register set and

precharge operations.
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ESMT M32L1632512A

DEVICE OPERATIONS (Continued)

burst type as the default value of mode register is BANK ACTIVATE

Z?dtehflned. d of lock e f th q The bank activate command is used to select a
the end of oné clock cycle from Ih€ mode \on4om row in an idle bank. By asserting low

register set cycle, the device is ready for operation. — — )

When the above sequence is used for Power-up, al°? RAS and CS with desired row and bank

the outputs will be in high impedance state. The addresses, a row access is initiated. The read or

high impedance of outputs is not guaranteed in anyWrté operation can occur after a time delay of
other power-up sequence. trep (min) from the time of bank activatiotirco

cf.) Sequence of 4 & 5 may be changed. (min)is the internal timing parameter of SGRAM,
therefore it is dependent on operating clock
frequency. The minimum number of clock
MODE REGISTER SET (MRS) cycles required between bank activate and read
or write command should be calculated by
dividing trcp (min) with cycle time of the clock
and then rounding of the result to the next
higher integer. The SGRAM has two internal
banks in the same chip and shares part of the

The mode register stores the data for controlling the
various operating modes of SGRAM. It programs
the CAS latency, burst type, addressing, burst
length, test mode and various vendor specific
options to make SGRAM useful for variety of . T .

different applications. The default value of the !nternal _cwcuﬁry to repluc_e chip area, therefore
mode register is not defined, therefore the mode !t res’grlcts the actlvatlc_)n of both banl_<s
register must be written after power up to operate immediately. Also the noise generated during

the SGRAM. The mode register is written by sens_ing of each. bank of SGRAM is_ high
requiring some time for power supplies to

asserting low onCS, RAS, CAS, WE and  acover before another bank can be sensed
DSF (The SGRAM should be in active mode With \qjiapy, trro min) specifies the minimum time

CKE already high prior to writing the mode o jred hetween activating different bank. The
register). The state of address pins AO~A9 and A10 number of clock cycles required between
in the same cycle a€S, RAS, CAS, WE and  different bank activation must be calculated
DSF going low is the data written in the mode sjmilar totrcospecification. The minimum time
register. One clock cycles is required to complete required for the bank to be active to initiate
the write in the mode register. The mode register sensing and restoring the complete row of
contents can be changed using the same Comman@iynamic cells is determined Higas (miny Every
and clock cycle requirements during operation as SGRAM bank activate command must satisfy
long as both banks are in the idle state. The modetRAS i specification before a precharge
register is divided into various fields depending .;mmand to that active bank can be asserted
on functionality. The burst length field uses The maximum time any bank can be in the.

AO~A2, burst type uses A3, CAS latency (read . . .
latency from column address) A4~A6, A7~A8 and active state is determined ttyAs_(max). The
number of cycles for bothrasminy and tras

A10 are uses for vendor specific options or test o
mode use. And the write burst length is (MaX) can be calculated similar tdrco
programmed using A9. A7~A8 and A10 must be SPecification.

set to low for normal SGRAM operation. Refer to
the table for specific codes for various burst length,

addressing modes an@AS latencies.

BURST READ

The burst read command is used to access burst
of data on consecutive clock cycles from an

Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
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DEVICE OPERATIONS (Continued)

active row in an active bank. The burst read The write burst can also be terminated by using
command is issued by asserting low @ and DQM for blocking data and precharging the

CAS with WE being high on the positive edge of bank ‘troL” after the last data input to be written
the clock. The bank must be active for at |dasb into the active row. See DQM OPERATION

min) before the burst read command is issued. Thealso'

first output appears INCAS latency number of
clock cycles after the issue of burst read command. DQM OPERATION
The burst length, burst sequence and latency from _ )
the burst read command is determined by the modeThe DQM is used mask input and output
register which is already programmed. The burst operations. It works similar toOE during
read can be initiated on any column address of theoperation and inhibits writing during write
active row. The address wraps around if the initial operation. The read latency is two cycles from
address does not start from a boundary such thatDQM and zero cycle for write, which means
number of outputs from each I/O are equal to the DQM masking occurs two cycles later in read
burst length programmed in the mode register. The cycle and occurs in the same cycle during write
output goes into high-impedance at the end of burst,cycle. DQM operation is synchronous with the
unless a new burst read was initiated to keep theclock. The DQM signal is important during
data output gapless. The burst read can beburst interrupts of write with read or precharge
terminated by issuing another burst read or burstin the SGRAM. Due to asynchronous nature of
write in the same bank or the other active bank or athe internal write, the DQM operation is critical
precharge command to the same bank. The burstto avoid unwanted or incomplete writes when
stop command is valid for all burst length. the complete burst write is required. DQM s
also used for device selection and bus control in
a memory system. DQMO controls DQO to
BURST WRITE DQ7, DQM1 controls DQ8 to DQ15, DQM2
, e controls DQ16 to DQ23, DQM3 controls DQ24
The burst write command is similar to burst read to DQ31. DOM masks the DQ's by a byte

command, and is used to write data into the regardless that the corresponding DQ’s are in a
SGRAM on consecutive clock cycles in adjacent 9 . pe g Lt
state of WPB masking or Pixel masking. Please

addresses dependlng. on burst_length and burstrefer to DQM timing diagram also.
sequence. By asserting low o8S, CAS and

WE with valid column address, a write burst is

initiated. The data inputs are provided for the initial PRECHARGE
address in the same clock cycle as the burst write
command. The input buffer is deselected at the end _ e
of the burst length, even though the internal writing PY asserting low onCS, RAS, WE and A9
may not have been completed yet. The writing can With valid A10 of the bank to be precharged.
not complete to burst length. The burst write can be The precharge command can be asserted
terminated by issuing a burst read and DQM for anytime aftertras (min) is satisfy from the bank
blocking data inputs or burst write in the same or activate command in the desired banks™is

the other active bank. defined as the minimum time required to

precharge a bank.

The precharge is performed on an active bank

Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
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DEVICE OPERATIONS (Continued)

The minimum number of clock cycles required to AUTO REFRESH
complete row precharge is calculated by dividing The storage cells of SGRAM need to be

“tre” with clock cycle time and rounding up to the  ereshed every 32ms to maintain data. An auto
next higher integer. Care should be taken to make ofash cycle accomplishes refresh of a single
sure that burst write is completed or DQM is used o\ of storage cells. The internal counter

to inhibit writing before precharge command IS j,crements automatically on every auto refresh
asserted. The maximum time any bank can be . je tg refresh all the rows. An auto refresh
active is specified byras (max). Therefore, each o . —
. command is issued by asserting low @$,
bank has to be precharged withias (max) from _ ) —
¢ RAS and CAS with high on CKE andWE.

the bank activate command. At the end o
precharge, the bank enters the idle state and is ready "€ auto refresh command can only be asserted
ith both banks being in idle state and the

to be activated again. o X o
Entry to Power Down, Auto refresh, Self refresh device is notin power down mode (CKE is high
and Mode register Set etc. is possible only when N the prévious cycle). The time required to
both banks are in idle state. complete the auto refresh operation is specified
by trc (min). The minimum number of clock
cycles required can be calculated by drivirg
AUTO PRECHARGE with clock cycle time and them rounding up to
. the next higher integer. The auto refresh
The precharge operation can also be performed bycommand must be followed by NOP's until the

using auto precharge. The SGRAM interally g refresh operation is completed. Both banks
generates the timing to satighas (min) and tre" for will be in the idle state at the end of auto refresh
the programmed burst length ar@AS latency. operation. The auto refresh is the preferred
The auto precharge command is issued at the sameefresh mode when the SGRAM is being used
time as burst read or burst write by asserting high for normal data transactions. The auto refresh
on A9. If burst read or burst write command is cycle can be performed once in 15.6us or the
issued with low on A9, the bank is left active until a burst of 2048 auto refresh cycles in 32ms.

new command is asserted. Once auto precharge

command is given, no new command are possible

to that particular bank until the bank achieves idle SELF REFRESH

state.

The self refresh is another refresh mode
available in the SGRAM. The self refresh is the
referred refresh mode for data retention and
BOTH BANKS PRECHARGE |F())W power operation of SGRAM. In self refresh
Both banks can be precharged at the same time bynode, the SGRAM disables the internal clock
using Precharge all command. Asserting low on and all the input buffers except CKE. The
CS, RAS and WE with high on A9 after all refresh addressing and timing is internally
banks have satisfieftas (min) requirement, performs ~ generated to reduce power consumption.
precharge on both banks. At the endtwef after The self refresh mode is enteredjoma_”banks
performing precharge all, all banks are in idle state. idle state by asserting low oi€S, RAS,
CAS and CKE with high onWE . Once the
self refresh mode is entered, only CKE state

Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
Revision : 1.6 16/54



ESMT M32L1632512A

DEVICE OPERATIONS (Continued)

being low matters, all the other inputs including the condition that DQ’s are idle. As in write
clock are ignored to remain in the refresh. operation, SMRS accepts the data needed
The self refresh is exited by restarting the external through DQ pins. Therefore it should be
clock and then asserting high on CKE. This must be attended not to induce bus contention. The more
followed by NOP’s for a minimum time ofrc detailed materials can be obtained by referring
before the SGRAM reaches idle state to begin corresponding timing diagram.

normal operation. If the system uses burst auto

refresh during normal operation, it is recommended

to use burst 2048 auto refresh cycles immediately WRITE PER BIT

after exiting self refresh. Write per bit(i.e. I/0O mask mode) for SGRAM
is a function that selectively masks bits of data
being written to the devices. The mask is stored
DEFINE SPECIAL FUNCTION(DSF) in an internal register and applied to each bit of
The DSF controls the graphic applications of data written when enable. Bank active command
SGRAM. If DSF is tied to low, SGRAM functions with DSF=High enable write per bit for the
as 256K x 32 x 2 Bank SDRAM. SGRAM can be associated bank. The mask used for write per bit
used as an unified memory by the appropriate DSFoperations is stored in the mask register
command. All the graphic function mode can be accessed by SWCBR (Special Mode Register
entered only by setting DSF high when issuing Set Command). When a mask bit=0, the
commands which otherwise would be normal associated data bit is unaltered when a write
SDRAM commands. command is executed and the write per bit has

SDRAM functions such aiRAS Active, Write and ~ Pe€en enable for the bank being written. No

WCEBR change to SGRAM functions such BAS adphhonal tlmlng cond|t|ons. erte per Dbit

Acti ih WPB. Block Wit d SWCBR writes can be either masking is the same for
ctive Wi ; BIoCK VVTIe ~an . write per bit and non-WPB write.

respectively, see the sessions below for the graphic

functions that DSF controls.
BLOCK WRITE

SPECIAL MODE REGISTER SET(SMRS) Block write is a feature allowing the
simultaneous writing of consecutive 8 columns

of data within a RAM device during a single
access cycle. During block write the data to be
written comes from the internal “color” register

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 at
“WRITE PER BIT” and “BLOCK WRITE” . .

: S and DQ I/O pins are used for independent
session. When A5 and DSF goes high in the same.,,n “selection. The block of column to be

cycle as CS, RAS, CAS and WE going low,  \yritten is aligned on 8 column boundaries and is
load color register is filled with color data for defined by the column address with the 3 LSB's

associated DQ'’s through the DQ pins. If both AS jgnored. Write command with DSF=1 enable
and A6 are high at SMRS, data of mask and color plock write for the associated bank. The block

cycle is required to complete the write in the mask width is 8 column where column ="n" bits for
register_ and the color register at LMR and LCR by “n” part. The color register is the same width
respectively. The next color of LMR and LCR, a 35 the data port of the chip. It is width via a

new commands can be issued. SMRS, compareds\WCBR where data present on the DQ pins is
with MRS, can be issued at the active state under
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DEVICE OPERATIONS (Continued)

Timing Diagram to lllustrate tswc

to be coupled into the internal color register. The _

color register provides the data masked by the DQ 1. 2CLK Cycle Block Write

column select, WPB mask (if enable), and DQM

byte mask. Column data masking (Pixel masking) is

provided on an individual column basis for each |

byte of data. The column mask is driven on the DQ crock A A
pins during a block write command. The DQ
column mask function is segmented on a per bit :
basis (i.e. DQ [0:7] provided the column mask for s w
data bits [0:7], DQ [8:15] provided the column mask ‘ 1

for data bits [8:15], DQO masks column [0O] for data cAS % ‘
bits[0:7], DQ9 masks column [1] for data bits[8:15], ;
etc). Block writes are always non-burst independent CAs )
of the burst length that has been programmed into to :
the mode register. If write per bit was enabled by the wWE [
bank active command with DSF=1, then write per

bit masking of the color register data is enabled. psF 7]
If write per bit was disabled by a bank active 2 CLK BW
command with DSF=0, the write per bit masking of

the color register data is disabled. DQM masking

provides independent data byte masking during

normal write operations, except that the control is

extended to the consecutive 8 columns of the block

write.

CKE
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SUMMARY OF 2M Byte SGRAM BASIC FEATURES AND BENEFITS

fate

Ly

Features 256K x 32 x 2 SGRAM Benefits

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

Interface Synchronous High speed vertical and horizontal drawing.
High operation frequency allows performance gain for SCROL
FILL, and BitBLT.
Pseudo-infinite row length by on-chip interleaving operation.

Bank 2ea ; L
Hidden row activation precharge.

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

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

Burst length (Read)

1, 2, 4, 8 Full Page

Programmable burst of 1, 2, 4, 8 and full page transfer per co
address.

umn

Burst length (Write)

1, 2, 4, 8 Full Page

Programmable burst of 1, 2, 4, 8 and full page transfer per co
address.

are.

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 Column Maximum 32 byte data transfer (e.g. for 8bpp : 32 pixels) with

plane and byte masking functions.
Color Register lea. A and B bank share.
Mask Register 1 ea. Write-per-bit capability (bit plane masking). A and B bank s}

DQMO0~3 Byte masking (pixel masking for 8bpp system) for data-out/in

Mask function Write per bit Each bit of the mask register directly controls a corresponding

plane.

bit

Pixel Mask at Block Write

Byte masking (pixel masking for 8bpp system) for color DQI.

BASIC FEATURE AND FUNCTION DESCRIPTION

1.CLOCK Suspend

CLK

CMD

1) Clock Suspended During Write (BL=4)

CKE

Internal
CLK

DQ(CL2)

batcLs) § m///,

Not ertten

2) Clock Suspended During Read (BL=4)

*Note : CKE to CLK disable/enable=1 clock

Elite Semiconductor Memory Technology Inc.
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2. DQM Operation

=4)

(BL

2)Read Mask

=4)

(BL

1)Write Mask

Masked by
D3

I
DO

DQ(CL2)

DQ(CL3)

DQM to Data-out Mask=2

0 CLK

DQM to Data-in Mask

(Full Page Read)

3)DQM with clcok suspended

““““““““““““““““““ %wm
L@T ““““ W\mm

Note2

Q2
Q1

CLK

CKE
DQM

DQ(CL2)
DQ(CL3)

0-3).

Each DQMi masks 8 DQ's. (1 Byte, 1 Pixel for 8bpp).
2. DQM masks data out Hi-Z after 2 clocks which should masked by CKE “L".

*Note : 1. There are 4 DQMi (i

Publication Date : Jun. 2001
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3.CAS Interrupt (1)

*Notel

1)Read interrupted by Read (BL=4)

| | | | | | |
l I I I | ! l | !
o (RofRro) ©b b
I I | I I I I I I
| | | | | | | !
ADD | A | | | | | | ;
I e e
I I
DQ(CL2) | i " {QA0 Y QBO)Y QB1Y{ QB2) QB3 )— ;
| | | i i | i i | !
| | | | L I I I L :
DQ(CL3) | ! ! ! QA0 QB0 QB1XQB2XQB3)—
A
! I I I I I I
teco | ‘
Note 2
2)Write interrupted by(Block) Write (BL=2)

! | | |

oo - |

B N

i ‘tCCD *Note 2 ! tcco *Note 2

I I I

abp (A )(B ) |
i : : 3 i 1 1*Note:4

DQ DAO \DBO)X DB1)—! DCO)Pixely—

! l— | | — |

| teoL ! ! tcoL |

: '*Note 3 | | Note 3 |

I

i

| |
]

I

I

I

I

3)Write interrupted by Read

I
I
I
I
I
I
I
I
I
I
I
I
| |
I
baterz) —{oR0)
I I I
I I
I I
beceLs) ‘ ‘
I I I
I

(BL=2)

I
| |
| |
I I
| |
I I
I I
| |
| tcco *Note 2
I ' "
I I
I I
I I
I I
| |
I I
| |
I I
I I
| |
I I
I
I

| T
I I I
teoL

*Note 3

*Note : 1. By “Interrupt”, It is possible to stop burst read/write by external before the end of burst.
By “ CAS Interrupt”, to stop burst read/write b§AS access ; read, write and block write.

2tccp: CASto CAS delay.(=1CLK)

3tcoL : Last Data in to new column address delay.(=1CLK)
4.Pixel : Pixel mask.

5.tcc: Clock cycle time.

6.tswc : Block write minimum cycle time.
7.0ther Bank can be active or precharge.

Elite Semiconductor Memory Technology Inc.
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4. CAS Interrupt {I) : Read Interrupted by Write & DQM

(1) CL=2, BL=4
ii)cMD
DQM
DQ
iii)CMD
DQM
DQ
iv)CMD
DQM
DQ
(2) CL=3,
CLK
i)cMD
DQM
DQE
ii)CMD
DQM
DQ 7
iii)CMD i | |
A T A
pew |\ L [T g Lpb o
0 € £ T ——
R R S T T T
wewo LG L Gw L
oo
oq M o Y (o2 o3
R T S T
V)CMD i ;; ! ; 33 | | 3
| ! : ! : : Hi-z : ! : : i
e RS CCY CVCY G

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

I I I I
i i I “Note2 |
CMD | WR | | PRE) ! I
C(wR) o
: : : : *No:tel :
DQM | | ! | | !
| | | | | | !
I V2 I |
DQ (Do} D1 (D2 D57
I I |
I
I
I

! |
Masked by DOM

*Note : 1. To inhibit invalid write, DQM should be issued.

2. This precharge command and burst write command should be of the same bank, otherwise it is not precharge inte

but only another bank precharge of dual banks operation.

6. Precharge

1) Normal Write (BL = 4)

1
| | | | | !
CMD I I I I I 1
RO BN RCCR
I L L L : : : !
DQ ! po X p1 Y b2 X D3 ! :
et ot nte sndi B
I ] I I \tRDL\ I
Notel

CLK 1
I I I I I I | I !
| | | | | | | !
cMp | o rE)
| - o
| | | | | | *Note 2
I I I I I I I 1 :
DQ(CL2) 1 — Q0 [ Q1 f Q2 f Q3 )— !
| | | | | | | | [
I I I I | L L Il 2:
DQ(CL3 ! ‘ ! ! 0 2 3
(CL9) {0 j o1 [ ez [ 03 )

2) Block Write

I

CLK !
I I I I | | I

I I I I | I I

I I I | |

cwo o (Bw) | (PRE) | |
| | | | | | !

| ! ) | l | !

DQ ; ; Pixel ‘ ; ‘

| | S | |

7. Auto Precharge

1) Normal Write (BL = 4)

I
CLK !
I | : | | | :
| 1 | | | | |
CMD | WR | | | | |
NCTI
AR S B B N
DQ | DO X D1 X D2 X D3 ;
I T T T T :
[ | | | |
| | | !

*Note3
Auto Precharge starts

2) Block Write

cLK 1
i i | i i i |
| I | | I I I
I | I | I |
cMp L (Bw) L
| | ! | | | !
I L I I I
DQ  —{(Pixel)— ; ; ; :
I T. + I. L | >
! ! terL ! 'trp ! |
| |
! ‘ ‘ T " teaL ‘
*Note3

Auto Precharge starts
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3) Read (BL=4)

I I I I I I I
I I I I I I !
CMD\ I I I I I I
RCOREEEE N
I I I I I I I I
I I I L Il I I I
DQ(CL2) | i i Q0 X Q1 X Q2 X Q3 i
| | | | 3 :
DQ(CL3) | : ! ! Q0 X Q1 X Q2 X Q3
I I I I T T
| | | | | “Notéz

Auto Precharge starts

*Note : 1.trpL : Write data-in to PRE command deltspL : Block Write data-in to PRE command 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 issuelikafrem this point.
The new read/write command of other activated bank can be issued from this point.
At burst read/write with auto precharg€AS interrupt of the same bank is illegal.

4. For -5S/-6S/-7S/-8S, auto precharge after a normal write starts at clock(n+BL+1).

8. Burst Stop & Precharge Interrupted

1) Write interrupted by Precharge (BL=4)

I I | | | !

CMD | -WR i i PRE) | |
T o

pem | L
: I I I ' : ;

bQ  —{ po ) b1 ) D2 ) DE )

: I - S Note : !

! ! 1 “Troc ot f

3) Read interrupted by Precharge (BL=4)

CMD

DQ(CL2)

DQ(CL3)

2) Write Burst Stop (Full Page Only)

DQ(CL3) ? ? 3 3 c;o Qll 2

9. MRS & SMRS

1) Mode Register Set

2) Special Mode Register Set

SM‘R$<AC‘T SM‘R$<SM‘R$<A‘CT

CMD

| | | | |
L ) Wl | |
|

1CLK | 1CLK | 1CLK, 1CLK
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*Note: 1.troL: 1 CLK; Last data in to Row Precharge.

2.18DL : 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 respectively.
4. PRE : Both banks precharge, if necessary.

MRS can be issued only at all banks precharge state.

10. Clock Suspend Exit & Power Down Exit

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

| | | I ! I I I I | |

| | I I | ! I I I Il Il

CKE | 1 | Lo | ! CKE | 1 | eitss | |

A A T

Int | I I I I I I : Int | I I | | I |

nterna ! ! ! ! ! ! | nterna ! ! | | | |
*Note 1! ! *Note 2

CLK : ote I I ; 3 | CLK 3 093 : : | |

11. Auto Refresh & Self Refresh

*Note3
1) Auto Refresh

CMD

|
|
|
|
:
CKE }
|
|
|
|
|
|
|

) )
S A

oMb o S |
| | | T | | ! | | | I

| | | | | ! | | | | ! | |

I I I | | | I SS\ : L

e sl
o s
o s
S A

*Note : 1. Active power down : one or more 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 trc 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. (S)MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.

6. During self refresh mode, refresh interval and refresh operation are performed internally.
After self refresh entry, self refresh mode is kept while CKE is low.
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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 refresh mode, burst auto refresh (2K cycles) is recommended.

12. About Burst Type Control

Basic
Mode

Sequential Counting

At MRS A3="0". See the BURST SEQUENCE TABLE. (BL=4, 8)
BL=1, 2, 4, 8 and full page wrap around.

Interleave Counting

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

Pseudo-
MODE

Pseudo-

Document Sequential-or Example, (Assume Addresses except LSB 3 bits are all 0, BL=8)

Counting

At MRS A3="1". (See to interleave Counting Mode)

Staring Address LSB 3 bits A 0-2 should be “000” or “111”. @BL=8
- if LSB ="000" : Increment Counting.

- if LSB ="111" : Decrement Counting.

-- @ write, LSB ="000", Accessed Column in order 0-1-2-3-4-5-6-7
-- @ read, LSB ="111", Accessed Column in ordeB-5-4-3-2-1-0

At BL=4, same applications are possible. As above example, at interleave G
mode, by confining starting address to some value, Pseudo-Decrement (
Mode can be realize. See the BURST SEQUENCE TABLE carefully.

pountin
ountir

Pseudo-
Binary Counting

At MRS A3="0". (See to Sequential Counting Mode)
AO0-2 ="111". (See to Full Page Mode)

Using Full Page Mode and Burst Stop Command, Binary Counting Mode car]

realize.

-- @ Sequential Counting, Accessed Column in ore536-7-1-2-3 (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 is 0.

be

Random
MODE

Random column
Access

fccp=1CLK

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

At MRS A2, 1, 0 ="000".

1 At auto prechargdRras should not be violated.
At MRS A2, 1, 0 ="001".
2 At auto prechargdRras should not be violated.
4 At MRS A2, 1, 0 ="010".
At MRS A2, 1, 0 ="011".
At MRS A2, 1, 0 ="111".
Full Page Wrap around mode (Infinite burst length) should be stopped by burst stop.

RAS interrupt or CAS interrupt.

Elite Semiconductor Memory Technology Inc.
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At MRS A9 ="1"
Read Burst =1, 2, 4, 8, full page/write Burst =1

At auto precharge of writérAs should not be violated.

i BRSW
Special
MODE

8 Column Block Write. LSB AO-2 are ignored. Burst length =1
trAs should not be violated.
At auto prechargdRras should not be violated.

Block Write

Random

tepoL =1, Valid DQ after burst stop is 1, 2 for CL=2, 3 respectively.
MODE

Using burst stop command, random mode it is possible only at full page burs
length.

Burst Stop

—r

Before the end of burst, Row precharge command of the same bank stops re
burst with Row precharge.

trDL =1 with DQM, \alid DQ after burst stop is 1, 2 for CL = 2, 3 respectively
During read/write burst with auto precharg@AS interrupt can not be issued.

RAS interrupt
(Interrupted by

Interrupt Precharge)

MODE

ad/wri

read/write burst or block write.
During read/write burst with auto precharg€AS interrupt can not be issued.

CAS Interrupt

Before the end of burst, new read/write stops read/write burst and stafts ne

14. Mask Function

1) Normal Write
I/O masking : By Mask at Write Per Bit Mode, the selected bit planes keep the original data.

If bit plane 0, 3, 7, 9, 19, 22, 24 and 31 keep the original value.

i) STEP
| SMRS(LMR) : Load mask [31-0]="0111, 1110, 1011, 0111, 1111, 1101, 0111, 0110”
Il Row Active with DSF “H” : Write Per Bit Mode Enable
[l Perform Normal Write

i) ILLUSTRATION

I/O (=DQ) 31 24 23 16 15 8 7 q
External Data-in 11111111 11111111 00000000 00000900
DQMi DQM3=0 DQM2=0 DQM1=0 DQMO0=1
Mask Register 01111110 1011011 11111101 01110110
Before Write 000000O00O0 0000000(¢( 111111131 111111111
After Write 01111110 10110111 0000001)0 11111111
Note 1

2) Block Write
Pixel masking : By Pixel Data issued through DQ pin, the selected pixels keep the original data.
See PIXEL TO DQ MAPPING TABLE.
If Pixel 0, 4, 9, 13, 18, 22, 27 and 31 keep the original white color.

Assume 8bpp

i) STEP
| SMRS(LCR) : Load color (for 8bpp, through x32 DQ color0-3 are loaded into color registers)
Load (color3, color2, colorl, color0) = (Blue, Green, Yellow, Red)
="1100, 0011, 1110, 0001, 0000, 1111, 1010, 0011~
Il Row Active with DSF “L” : I/O Mask by Write Per Bit Mode Disable
[l Block write with DQ[31-0] = “0111, 0111, 1011, 1011, 1101, 1101, 1110, 1110"

* Note : 1. DQM byte masking.

Publication Date : Jun. 2001
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(Continued)
i) ILLUSTRATION
I/0 (=DQ) 31 24 23 16 15 8 7 @
DQMi DQM3=0 DQM2=0 DQM1=0 DQMO0=1
Color Register Color3=Blue Color2=Green Colorl=Yello Color0=Red
000 White DQ24=H White DQ16=H White DQ8=H White DQO=L
Before 001 White DQ25=H White DQ17=H White DQ9=L White DQ1=H
5\'/%‘;'(; 010 | White DQ26=H | White DQ18=L| White DQ10=H  White DQ2=H
& 011 White DQ27=L White DQ19=H White DQ11=H White DQ3=H
DQ 100 White DQ28=H White DQ20=H White DQ12=H White DQ4=L
((jP;’t(ae)' 101 | White DQ29=H | White DQ21=H| White DQ13=L]  White DQ5=H
110 White DQ30=H White DQ22=L White DQ14=H White DQ6=H
111 White DQ31=L White DQ23=H White DQ15=H White DQ7=H
000 Blue Green Yellow White
001 Blue Green White White
After 010 Blue White Yellow White
\?\Il?i(tzle( 011 White Green Yellow White
100 Blue Green Yellow White
101 Blue Green White White
110 Blue White Yellow White
111 White Green Yellow White
Note 1
Pixel and 1/0 masking : By Mask at Write Per Bit Mode, the selected bit planes keep the original data.
By Pixel Data issued 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", Blue = “1100, 0011”
i) STEP
| SMRS(LCR) : Load color (for 8bpp, through x 32 DQ color0-3 are loaded into color registers)
Load (color3, color2, colorl, color0, ) = (Blue, Green, Yellow, Red)
="1100, 0011, 1110, 0001, 0000, 1111, 1010, 0011"
Il SMRS(LMR) Load mask. Mask[31-0] ="1111.1111. 1101, 1101, 0100, 0010, 0111, 0110”
- Byte 3 : No I/O Masking ; Byte 2 : 1/0O Masking ; Byte 1 : I/O and Pixel Masking ; Byte 0 : DQM Byte Magking
Il Row Active with DSF “H” : I/O mask by Write Per Bit Mode Enable
IV Block Write with DQ [31-0] ="0111, 0111 .1111, 1111, 0101, 0101, 1110, 1110 "(Pixel Mask)

*Note : 1. At normal write, ONE column is selected among columns decorded by A2-0 (000-111).
At block write, instead of ignored address A2-0, DQO-31 control each pixel.

Publication Date : Jun. 2001
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i) ILLUSTRATION
I/0 (=DQ) 31 24 23 16 15 6 7 0
Color Register | 4 5 oB(IJUS 011| 11 f:)egno 01| o o\(()egolw 111] 10 1Roeg 011
DQMi DQM3=0 DQM2=0 DQM1=0 DQMO=1
Mask Register 11111111 11011101 01000010 01110110
. Yellow Yellow Green White
Before Write | 90001111 | 00001111 | 11100001| 00000000
After Write Blue Blue Red White
11000011 11000011 10100011 00000000
N i N ~N
I/0 (=DQ) 31 24 23 16 15 6 7 0
DQMi DQM3=0 DQM2=0 DQM1=0 DQMO=1
Color Register Color3=Blue Color2=Green Colorl=Yelloyw ColorO=Red
000 Yellow DQ24=H| Yellow DQ16=H Green DQ8=H White DQO=L
Before 001 Yellow DQ25=H| Yellow DQ17=H Green DQ9=L White DQ1=H
5\'/%‘;'(; 010 | Yellow DQ26=H| Yellow DQ18=H| Green DQ10=H  White DQ2=H
& 011 Yellow DQ27=L | Yellow DQ19=H Green DQ11=L| White DQ3=H
DQ 100 Yellow DQ28=H | Yellow DQ20=H Green DQ12=H White DQ4=L
((jP;’t(ae)' 101 | YellowDQ29=H| Yellow DQ21=H| GreenDQ13=l]  White DQ5=H
110 Yellow DQ30=H | Yellow DQ22=H Green DQ14=H White DQ6=H
111 Yellow DQ31=L | Yellow DQ23=H Green DQ15=L] White DQ7=H
000 Blue Blue Red White
001 Blue Blue Green White
After 010 Blue Blue Red White
Block 011 Yellow Blue Green White
Write
100 Blue Blue Red White
101 Blue Blue Green White
110 Blue Blue Red White
111 Yellow Blue Green White
Note 2 l l l iNote 1
PIXEL MASK I/0 MASK PIXEL & 1/0 MASK BYTE MASK

*Note : 1. DQM byte masking.

2. At normal write, ONE column is selected among columns decorded by A2-0(000-111)
At block write, instead of ignored address A2-0, DQO0-31 control each pixel.

Elite Semiconductor Memory Technology Inc.
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FUNCTION TRUTH TABLE (TABLE 1)

Current | < |05zl === BA
State CS | RAS |CAS |WE | DSF (A10) 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 RA Row Active ; Latch Row Address ; Non-10 Mask
IDLE L L H H H BA RA Row Active ; Latch Row Address ; 10 Mask
L L H L L X PA Auto Refresh or Self Refresh 4
L L H L H BA X NOP
L L L H L X X Auto Refresh or Self Refresh 5
L L L H H BA X ILLEGAL
L L L L L OP Code Mode Register Access b
L L L L H OP Code Special Mode Register Access 6
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 H L BA CA, AP | Begin Read ; Latch CA ; Determine AP
L H L H H X X ILLEGAL
Row L H L L L BA CA, AP | Begin Write ; Latch CA ; Determine AP
Active L H L L H BA CA, AP | Begin Write ; Latch CA ; Determine AP
L L H H X BA RA ILLEGAL 2
L L H L L BA RA 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 Ene® Row Active)
L H H H X X X NOP (Continue Burst to Eneé® Row Active)
L H H L L X X Term burst-> Row active
L H H L H X X ILLEGAL
L H L H L BA CA, AP | Term burst, Begin Read ; Latch CA ; Determine|AP |3
Read L H L H H X X ILLEGAL
L H L L L BA CA, AP | Term burst, Begin Write ; Latch CA ; Determine AP 3
L H L L H BA CA, AP | Term burst, Begin 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 Ene® Row Active)
L H H H X X X NOP (Continue Burst to Eneé® 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 CA, AP | Term burst, Begin Read ; Latch CA ; Determine|AP |3
L H L H H X X ILLEGAL
L H L L L BA CA, AP | Term burst, Begin Write ; Latch CA ; Determine AP | 3
L H L L H BA CA, AP | Term burst, Begin Write ; Latch CA ; Determine AP | 3
Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001

Revision : 1.6 30/54



ESMT M32L1632512A

FUNCTION TRUTH TABLE (TABLE 1, Continued)

Current | = |55z | =< |loz BA
State CS | RAS |CAS |WE | DSF (A10) ADDR ACTION Note
L L H H X BA RA ILLEGAL 2
Write L L H L L BA RA Term Burst : Precharge timing for Writes
L L H H H X X ILLEGAL
L L L X | X X X ILLEGAL
H| X X X X X X NOP(Continue Burst to Ené> Precharge)
L H H H X X X NOP(Continue Burst to Ened Precharge)
Read with | L H H L X X X ILLEGAL
Auto L H L H X BA CA, AP | ILLEGAL 2
Precharge| L H L L X BA CA, AP| ILLEGAL 2
L L H X | X BA RA, PA | ILLEGAL
L L L X | X X X ILLEGAL 2
H| X X X X X X NOP(Continue Burst to Ené> Precharge)
L H H H X X X NOP(Continue Burst to Ened Precharge)
Write with | L H H L X X X ILLEGAL
Auto L H L H X BA CA, AP | ILLEGAL 2
Precharge| L H L L X BA CA, AP| ILLEGAL 2
L L H X | X BA RA, PA | ILLEGAL
L L L X | X X X ILLEGAL 2
H| X X | X | X X X NOP-> Idle aftertre
L | H H | H| X X X NOP-> Idle aftertre
L|H H L X X X ILLEGAL
Precharging L H L X X BA CA, AP| ILLEGAL 2
L L H H X BA RA ILLEGAL 2
L] L H L | X BA PA NOP- Idle aftertre 2
L L L X | X X X ILLEGAL 4
Hi X | X | X | X X X NOP-> Row Active aftettswc
L | H H | H | X X X NOP-> Row Active afteitswc
Block L H H L X X X ILLEGAL
Write L| H L X | X BA CA, AP | ILLEGAL 2
Recovering| L L H H X BA RA ILLEGAL 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
Hi X | X | X | X X X NOP-> Row Active aftettreo
L | H H | H | X X X NOP- Row Active afteftreo
Row L| H H L X X X ILLEGAL
Activating | L | H L X | X BA CA, AP | 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-> Idle aftertrc
L | H H | X | X X X NOP-> Idle aftertrc
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
ABBREVIATIONS :
RA = Row Address (A0O~A9) BA = Bank Address (A10) PA = Precharge All (A9)
NOP = No Operation Command CA = Column Address (A0~A7) AP = Auto Precharge (A9)
Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
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FUNCTION TRUTH TABLE (TABLE 1, Continued)

*Note : 1. All entries assume the CKE was active (High) during the preceding clock cycle 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 the

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 PA).

5. lllegal if any bank is not idle.

6. Legal only if all banks are in idle or row active state.

FUNCTION TRUTH TABLE for CKE (TABLE2)

Cg;f,ﬁgt (Cn*flE) C*;E CS | RAS|CAS | WE |DSF| ADDR ACTION Note
H X X | X X [ X [X X INVALID
L H | H | X | X | X |X X Exit Self Refresh> ABI aftertre 7
Self L H | L|H|]H]H|X X Exit Self Refresh> ABI aftertrc 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 H | X X Exit Power Down>ABI 8
Precharge L H L H H L] X X ILLEGAL
Power L H L| H L] X| X X ILLEGAL
Down L H L L X | X | X X ILLEGAL
L L X | X X | X | X X NOP (Maintain Low Power 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
All H L L |H H L |X X ILLEGAL
Banks H L L| H L| X | X X ILLEGAL
Idle H L L L H | X | X X ILLEGAL
H L L L L H | X X Enter Self Refresh 9
H L L L L L | X X ILLEGAL
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
other than H L X X X ] X| X X Begin Clock Suspend next cycle 10
Listed L H X | X X | X | X X Exit Clock Suspend next cycle 1(
Above L L X | X X | X | X X Maintain Clock Suspend

ABBREVIATIONS : ABI = All Banks Idle

*Note :

high transition to issue a new command.
8.CKE low to high transition is asynchronous as if restart internal clock.

A minimum setup time tss+ one clock “ must be satisfy 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.

7.After CKE’s low to high transition to exit self refresh mode. And a tintecefn) has to be elapse after CKE’s low to

Elite Semiconductor Memory Technology Inc.
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Power On Sequence & Auto Refresh
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m :Don't Care

Enable or Disable)

Row Active
(Write Per Bit

Mode Register Set
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Auto Refresh

Precharge
(All Banks)
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=1

3, Burst Length

Single Bit Read-Write-Read Cycle (Same Page) @CAS Latency

CLOCK

A9

Write

Row Active

or
Block Write

(Write per Bit

Enable or Disable)

Row Active
(Write Per Bit

Precharge

Enable or Disable)

m :Don't Care
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* Note : 1. All input can be don’t care whe@S 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. Enable and disable auto precharge function are controlled by A9 in read/write command.

A9 A10 Operation

0 0 Disable auto precharge, leave bank A active at end of bprst.
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 byrst.

4. A9 and A10 control bank precharge when precharge command is asserted.

A9 A10 Precharge
0 0 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.

Al10 DSF Operation
0 L Bank A row active, disable write per bit function for bank|A.
H Bank A row active, enable write per bit function for bank]A.
1 L Bank B row active, disable write per bit function for bank]|B.
H Bank B row active, enable write per bit function for bank|B.

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

DSF Operation Minimum cycle time
L Normal write tceo
H Block write tewc

Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001

Revision : 1.6 35/54
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Read & Write Cycle at Same Bank @ Burst Length
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2. Row precharge can interrupt burst on any cycle.[CAS Length - 1] valid output data available after Row. enters presthaalig.ouigout will be

Hi-Z after {sHz from the clock.

3. Access time from Row addredsc * trep+CAS latency - 1) sac

4. Output will be Hi-Z after the end of burst. (1, 2, 4 & 8)

At Full page bit burst, burst is wrap-around.
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Page Read & Write Cycle Same Bank @ Burst Length
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m :Don't Care
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Precharge
(A-Bank)

Write

(A-Bank)

(A-Bank)

Write

(A-Bank)

(A-Bank)

Row Active
(A-Bank)
Input data after Row precharge cycle will be masked internally.

contention.
2. Row precharge will interrupt writing. Last data inputroL before Row precharge, will be written.

: 1.To write data before burst read ends, DQM should be asserted three cycle prior to write command to avoic
3. DQM should mask invalid input data on precharge command cycle when asserting precharge before end of t

Elite Semiconductor Memory Technology Inc.
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A9

DQM

Pixel Pixel
Mask Mask

DQ

Block Write with
Auto Precharge

Row Active
(B-Bank)

Masked
Block Write
(A-Bank)

T

Row Active with
Write-per-Bit

38/54

w :Don't Care
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(B-Bank)

Block Write
(B-Bank)

H : Non Mask)

Masked
Block Write with
Auto Precharge

(A-Bank)

L : Mask, DQi

2.1swc: Block Write Cycle time

(A-Bank)

Enable
Other Bank can be active or precharge.

3. At Block Write, second cycle should be in NOP.
4. At Block Write. CAO-2 are ignored.

Elite Semiconductor Memory Technology Inc.
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SMRS and Block/Normal Write @ Burst Length = 4

1 0 ! 1 ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! 8 ;9 110 111 112 113 114 15 16 17 18 19

CLOCK

|
HIGH
CKE |

= m m EEVanUs

mn__Ere gy

—%/ \ V% // \ 3/%?/

[
otel

A0-2 ? %RAaW %RBaW : %(CBaW

A3,4,7.8 ; %RAaV %CAaW%RBaW : %(CBaW

A5 %\ /<RAa/ V/ﬂ(cm%%%a/ \ | /%CBaW

A6 j \<RAa\ /%CAaW%RBa\ / i W%C?av‘

A9 3 %RAaXy/ % /%RBaW :/ ; \W:

A9/%\% A%%\//jf/i

\%
A\ ET\ A r
V2

w T O e

wi;:wﬁ;;:%sisv:

DQ @(CI W% Y V W %( I XCI W%D%aOXDBjeuXDBjaZXDE%aSW /:/ /:/ /):// //:// /)}/

Load Color | Load Mask Row Active|l Load Color
Register Register with wpB* Register
Enable
Row Active Masked (B-Bank) Masked Write
with WPB* Block Write with Auto
Enable (A-Bank) ) Precharge
(A-Bank) Load Mask Register  (B-Bank) WPB* : Write-Per-Bit

m :Don't Care

*Note : 1. At the next clock of special mode register set command, new command is possible.
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Page Read Cycle at Different Bank @ Bu
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*Note : 1.CS can be don’t care wheRAS, CAS and WE are high at the clock high going edge.

2. Tointerrupt a burst read by row precharge, both the read and the precharge banks must be the same.
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Page Write Cycle at Different Bank @ Burst Length =4
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(A-Bank) m :Don't Care
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Read & Write Cycle at Different Bank @ Burst Length =4
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*Note : 1.tcoL should be met to complete write.
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Read & Write Cycle with Auto Precharge @ Burst Length =4
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- If Read(Write) command without auto precharge is issued at B-Bank before A Bank auto precharge starts, A Bank

auto precharge will start at the next cycle of B Bank read command input point.
- any command can not be issued at A Bank ddringfter A Bank auto precharge starts.

*Note : 1. When Read(Write) command with auto precharge is issued at A-Bank after A and B Bank activation.

Elite Semiconductor Memory Technology Inc.
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Read & Write Cycle with Auto Prechargelll @ Burst Length =4
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:Don't Care

*Note : 1. Any command to A Bank is not allowed in this period.

treis determined from at auto precharge start point.
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m :Don't Care

(A-Bank)
*Note : 1. At full page mode, burst is warp-around at the end of burst. So auto precharge is impossible.

Precharge

Publication Date : Jun. 2001

Revision : 1.6

2. About the valid DQ’s after burst stop, it is same as the cafAS interrupt.

Burst Stop

(A-Bank)

Row Active
But at burst write, Burst stop anRAS interrupt should be compared carefully.

Refer the timing diagram of “Full page write burst stop cycle”.

Both cases are illustrated above timing diagram. See the label 1, 2 on them.
3. Burst stop is valid at full page mode.

Elite Semiconductor Memory Technology Inc.
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Write Interrupted by Precharge Command & Write Burst Stop Cycle (@ Full Page Only)
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m :Don't Care
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1CLK).
1CLK).

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.

DQM at write interrupted by precharge command is needed to drsuraf 1CLK.
4. Burst stop is valid only at full page burst length.

It is defined by AC parameter tfoL (

It is defined by AC parameter tdpL (
3. Data-in at the cycle interrupted by precharge cannot be written into the corresponding memory cell.

2. Data-in at the cycle of burst stop command cannot be written into the corresponding memory cell.

*Note : 1. At full page mode, burst is warp-around at the end of burst. So auto precharge is impossible.

Elite Semiconductor Memory Technology Inc.
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Burst Read Single bit Write Cycle @ Burst Length
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Auto Precharge

Read with
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m :Don't Care

At the BRSW Mode, the burst length at write is fixed to “1” regardless of programed burst length.
2. When BRSW write command with auto precharge is executed, keep it in miiehthsttould not be violated.

*Note : 1. BRSW mode is enabled by setting A9 “High” at MRS (Mode Register Set).

Auto precharge is executed at the burst-end cycle, so in the case of BRSW write command.

The next cycle is also starts the precharge.
3. WPB function is also possible at BRSW mode.
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Clock suspension & DQM operation cycle @ CAS Latency = 2, Burst Length =4
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m :Don't Care

*Note : 1. DQM needed to prevent bus contention.
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Active/Precharge Power Down Mode @ CAS Latency
2
Z

:
\\\\\\\\\\\\\\\\\\\\\\\\\\\ D

Read

|
I
I
I
Il
i
I
I
I
[
|
I
I
|
|
I
|
I
I
I
|
I
Il
I
I
I
|
I
I
I
I
I
I
Active
Power-down
Exit

2, Burst Length =4
.Y
-
e
A 77277,
% :
\ N
Ny
27
| |

(o))
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -
%) W\ 2
%] O O >
© T NE
\\\\\\ LIS D I N\ R IR N\ I BN \\\ I =
SN S 222
N N N -
o~ I U I ol ____ I ol ___ | ______ I I N\ I s o
o x = <
o =
o TN 8 8N g 25 3
R e A [ A AN\ A\ T NN [t AN\ A NN Ui \\\\ A A e @ T = x
; £53
- 9
~ O
O

!
I
[l
I
I
L
I
I
I
I
I
I
I
I
I
|
I
)
T
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
L
T
I
I
I
I
I
I
I
I
f
I
I
I
I
I
|
I
|
I
I
I

Precharge

Power-down

Entry

C
ADDR
A10

A9
WE
DSF
DQM

50/54

Publication Date : Jun. 2001

Revision : 1.6

2. CKE should be set high at lease “1CLKs# prior to Row active command.

3. Cannot violate minimum refresh specification. (32ms)

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

Elite Semiconductor Memory Technology Inc.
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Self Refresh Entry & Exit Cycle
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1.CS, RAS & CAS with CKE should be low at the same clock cycle.

if the system uses burst refresh.

2. After 1 clock cycle, all the inputs including the system clock can be don'’t care except for CKE.
5.CS starts from high.

3. The device remains in self refresh mode as long as CKE stays “Low”.
cf.) Once the device enters self refresh mode minifwusiis required before exit from self refresh.

7.2K cycle of burst auto refresh is required before self refresh entry and after self refresh exit

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

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

*Note : TO ENTER SELF REFRESH MODE
TO EXIT SELF REFRESH MODE
Elite Semiconductor Memory Technology Inc.
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Mode Register Set Cycle

\\\\\\\\\\\\\\\\

New Command

Auto Refresh

Command

w :Don't Care

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

1.CS, RAS, CAS & WE activation and DSF of low at the same clock cycle with addressikesetvinternal mode

MODE REGISTER SET CYCLE

*Note :

register.
2. Minimum 1 clock cycles should be met before nBAS activation.

3. Please refer to Mode Register Set table.

Publication Date : Jun. 2001

Revision : 1.6

Elite Semiconductor Memory Technology Inc.

52/54



ESMT M32L1632512A

PACKING  DIMENSIONS
100-LEAD  QFP(14 x 20 mm)

SEE DETAIL "A"

Symbol Dimension in mm Dimension in inch
Min | Norm | Max | Min |Norm |Max
A _ | 3400 | ___ |0.134
Al 025 _ | (0010 __ | ____
A2 2650 | 2970( 0.104] __ | 0.117
b 0.220| _ | 0.380( 0.0087 ___ | 0.015
C 0.110] __ | 0.230 | 0.0049 0.009

D 23.000] 23.200 23.400 0.906 0.913 0.9p1
D1 |[19.900, 20.000 20.100 0.783 0.787 0.7p1
E 17.000{ 17.200 17.400 0.669 0.677 0.6B5
E1 |13.900[ 14.000 14.100 0.547 0.5%1 0.5p5
L 0.650 [ 0.800] 0.950| 0.02¢ 0.03p 0.037

L1 1.600 REF 0.063 REF
e 0.650 REF 0.026 REF
] 0° 7° 0° 7°
y _ | 10080 | ___ | 0.003
Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or by|any
means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the time of
publication. ESMT assumes no responsibility for any error in this document, jand

reserves the right to change the products or specification in this document without
notice.

The information contained herein is presented only as a guide or examples for the
application of our products. No responsibility is assumed by ESMT for any
infringement of patents, copyrights, or other intellectual property rights of third
parties which may result from its use. No license, either express , implied or
otherwise, is granted under any patents, copyrights or other intellectual property
rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure.| To

minimize risks associated with customer's application, adequate design| and
operating safeguards against injury, damage, or loss from such failure, should be
provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as, but not
limited to, life support devices or system, where failure or abnormal operation may
directly affect human lives or cause physical injury or property damage. If products
described here are to be used for such kinds of application, purchaser must |do its
own quality assurance testing appropriate to such applications.

Elite Semiconductor Memory Technology Inc. Publication Date : Jun. 2001
Revision : 1.6 54/54



