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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

General Description

AS81F120842C is organized as 4-bank x 8,388,608-word x 8-bit Synchronous DRAM with LVTTL interface and
AS81F561642C is organized as 4-bank x 4,194,304-word x 16-bit. All inputs and outputs are referenced to the rising edge
of CLK. AS81F120842C/561642C and AS81F120842C/561642C achieve very high speed data rates up to 166MHz, and
are suitable for main memories or graphic memories in computer systems.

Features

Single 3.3V +0.3V power supply
Maximum clock frequency:
-60: 166MHz<3-3-3>/-70: 143MHz<3-3-3>/-75: 133MHz<3-3-3>
Operating temperature:
- Commercial: 0to 70°C
- Industrial: -40 to 85°C
Fully synchronous operation referenced to clock rising edge
4-bank operation controlled by BAO, BA1 (Bank Address)
CAS latency- 2/3 (programmable)
Burst length- 1/2/4/8/FP (programmable)
Burst type- Sequential and interleave burst (programmable)
Byte Control- DQM (AS81F120842C/561642C), LDQM and UDQM (AS81F120842C/561642C)
Random column access
Auto precharge / All bank precharge controlled by A10
Support concurrent auto-precharge
Auto and self refresh
8192 refresh cycles /64ms
LVTTL Interface
Package:
- 400-mil, 54-pin Thin Small Outline (TSOP II) with 0.8mm lead pitch
- 54-ball FBGA (8mm x 8 mm)

ASMIC Electronics reserves the right to change products or specification without notice.
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256M Single

AS81F120842C
AS81F561642C
Data Rate Synchronous DRAM

Pin Configuration (Top View)

X8

X16

PIN CONFIGURATION

(TOP VIEW)

VDD VDD | 1 54 [ Vss Vss
DQO DQO DQ15 DQ7
VDbDQ VDDQ VssQ VssQ
NC DQ1 DQ14 NC
DQ1 DQ2 DQ13 DQ6
VssQ Vssq VbDQ VbDQ
NC DQ3 = DQ12 NC
DQ2 DQ4 DQ11 DQ5
VDDQ VbDQ VssQ VssQ
NC DQ5 DQ10 NC
DQ3 DQ6 — = DQ9 DQ4
VssQ VssQ VDDQ VDDQ
NC DQ7 DQ8 NC
VbD VbD Vss Vss
NC LDQM = NC NC
WE MWE UDQM DQM
ICAS ICAS CLK CLK
IRAS IRAS CKE CKE
ICS ICS = Al12 A12
BAO BAO All All
BA1 BAl A9 A9
AL10(AP) A10(AP) A8 A8
AO A0 = A7 A7
Al Al AB AB
A2 A2 A5 A5
A3 A3 A4 Ad
VbD VDD = Vss Vss

CLK : Master Clock DQM : Output Disable / Write Mask (x8)

CKE : Clock Enable U,L DQM : Output Disable / Write Mask (x16)

/CS : Chip Select A0-12 : Address Input

IRAS - Row Address Strobe BAO,1 : Bank Address

/CAS : Column Address Strobe Vbp : Power Supply

/WE : Write Enable VbpQ : Power Supply for Output

DQO-7 : Data 1/0O (x8) Vss : Ground

DQO0-15 : Data I/O (x16) VssQ : Ground for Output
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AS81F120842C
AS81F561642C

256M Single Data Rate Synchronous DRAM

Pin Configuration of BGA (Top View)

PIN CONFIGURATION

(TOP VIEW)
x16 x8
1 2 3 4 5 6 7 8 9 1 2 3 4 5 7 8 9
(4 (4
A O O O O A o O O O O O
VSS DQ15  VSSQ VDDQ DQO VDD VSS DQ7  VSSQ VDDQ DQO VDD
sl O O O O O O B o O O o O O
DQl14 DQ13  VDDQ VSSQ DQ2 DQ1 NC DQ6 VDDQ VSSQ DQ1 NC
cl O O O O O ¢ o O O O O O
DQ12 DQ11  VSSQ VDDQ DQ4 DQ3 NC DQ5 VSSQ VDDQ DQ2 NC
ol O O O O O O o o O O O O O
DQ10 DQ9 VDDQ VSSQ DQ6 DQS NC DQ4 VDDQ VSSQ DQ3 NC
el O O O O O E o O O O O O
DQ8 NC VSS VDD LDQM DQ7 NC NC VSS VDD NC NC
Fl O O O O O F O O O O O O
ubDQM CLK CKE ICAS IRAS WE DQM CLK CKE ICAS IRAS IWE
G O O O O e o O o O O
Al12 All A9 BAO BAl ICS Al12 A1l A9 BAO BA1 Ics
Hl O O O o O O H o O O O O O
A8 A7 A6 A0 Al Al0 A8 A7 A6 A0 Al Al10
J O O O ’ O O O
Vss A5 A4 A3 A2 VDD VSss A5 A4 A3 A2 VDD
CLK : Master Clock DQM : Output Disable / Write Mask (x8)
CKE : Clock Enable U,L DQM : Output Disable / Write Mask (x16)
/CS : Chip Select A0-12 : Address Input
IRAS - Row Address Strobe BAO,1 : Bank Address
/CAS : Column Address Strobe Vbp : Power Supply
/WE : Write Enable VbbpQ : Power Supply for Output
DQO-7 : Data 1/0 (x8) Vss : Ground
DQO0-15 : Data I/O (x16) VssQ : Ground for Output
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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

Block Diagram

D00-7
™

Memory Array
B192x1024x8
Ciall Array

Bank #0

1

IO Buffer

Memory Array Memory Array

Memory Array

B192x1024x8 2192x 1024x8 B192x1024x8
Cell Array Cell Array Call Array
EBank #] Bank #2 Bank #3

Pode
Register
Contral Circuitry I
A
Address Buffer |<=——T1T—" Control Signal Buffer
| Clock Buffer |
" )J\ .'I\ .
A2 BLALL CLE CKE ICS /RAS JCAS WH DM

Note: This figure shows the AS81F120842C/561642C
The AS81F120842C/561642C configuration is 8192x512x16 of cell array and DQO-15
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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

Pin Descriptions

SYMBOL TYPE DESCRIPTION
Clock: CLK is driven by the system clock. All SDRAM input signals are sampled on the positive edge of CLK.
CLK Input . . .
CLK also increments the internal burst counter and controls the output registers.
Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal. Deactivating the clock provides
PRECHARGE POWER-DOWN and SELF REFRESH operation (all banks idle), ACTIVE POWER-DOWN
CKE Inout (row active in any bank), or CLOCK SUSPEND operation (burst / access in progress). CKE is synchronous
p except after the device enters self refresh mode, where CKE becomes asynchronous until after exiting the
same mode. The input buffers, including CLK, are disabled during self refresh mode, providing low standby
power. CKE may be tied HIGH.
Chip Select: /CS enables (registered LOW) and disables (registered HIGH) the command decoder. All
ICS Input commands are masked when /CS is registered HIGH. /CS provides for external bank selection on systems
with multiple banks. /CS is considered part of the command code.
/CA%’V/ERAS’ Input Command Inputs: /CAS, /RAS, and /WE (along with /CS) define the command being entered.
Input / Output Mask: DQM is sampled HIGH and is an input mask signal for write accesses and an output
DQM, disable signal for read accesses. Input data is masked during a WRITE cycle. The output buffers are placed
LDQM, Input in a High-Z state (two-clock latency) when during a READ cycle. DQM corresponds to DQO-DQ7
uUbDQM, (AS81F120842C/561642C). LDQM corresponds to DQ0-DQ7, UDQM corresponds to DQ8-DQ15
(AS81F120842C/561642C).
BAO. BAL Inout Bank Address Input(s): BAO and BA1 define to which bank the ACTIVE, READ, WRITE or PRECHARGE
' P command is being applied.
AO0-12 specify the Row / Column Address in conjunction with BAO,1. The Row Address is specified by A0-12.
AO-A12 Inout The Column Address is specified by A0-9(x8) and A0-8(x16). A10 is also used to indicate precharge option.
P When A10 is high at aread / write command, an auto precharge is performed. When A10 is high at a
precharge command, all banks are precharged.
DQO-DQ15 110 Data Input / Output: Data bus.
NC - Internally Not Connected: These could be left unconnected, but it is recommended they be connected or Vss.
VDDQ Supply Data Output Power: Provide isolated power to output buffers for improved noise immunity.
VssQ Supply Data Output Ground: Provide isolated ground to output buffers for improved noise immunity.
Vbbp Supply Power for the input buffers and core logic.
Vss Supply Ground for the input buffers and core logic.
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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vss VIN,VouT -1.0~4.6 \%
Voltage on Vbb supply relative to Vss VoD, VDDQ -1.0~4.6 \Y
Power dissipation Pp 1.0 w
Short circuit current los 50 mA
Notes:
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 Operatl ng Conditions (Recommended operating conditions, voltage referenced to VSS = 0V)
Parameter Symbol Min Typ Max Unit Note
Supol | VbD 3.0 3.3 3.6 \%
upply voltage
VDbDQ 3.0 3.3 3.6 \%
Input logic high voltage VH 2.0 VDD Vop + 0.3 \% 1
Input logic low voltage ViL -0.3 0 0.8 \Y 2
Output logic high voltage VoH 2.4 - - \Y loH =-0.1mA
Output logic low voltage VoL - - 0.4 \% loL =0.1mA
Input leakage current I -10 - 10 UuA 3
Output leakage current loL -10 - 10 uA 3
Note:
1. ViH(max) = 4.6V AC for pulse width < 10ns acceptable.
2. ViL(min) =-1.5V AC for pulse width < 10ns acceptable.
3. Any input OV £ VIN £ Vpp + 0.3V, all other pins are not under test = OV.
4. Dout is disabled , OV < VouT < VDD.
Cap acltance (voo = Vooo = 3.3V, Ta= 25°C, f = IMHz, pin under test biased at 1.4V.)
Parameter Symbol Min Max Unit Note
Clock CcLk 2 35 pF
ICAS,/RAS,/WE,/CS,CKE, U/L DQM CIN 2 35 pF
Address CADD 2 35 pF
DQO~DQ15 Cout 35 5.5 pF
Temperature Limits
Parameter Symbol Min Max. Unit. Note
Storage temperature TsTG -55 150 <
Operating ambient temperature (commercial) TA 0 70 c
Operating ambient temperature (industrial) TA -40 85 c
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AS81F120842C
AS81F561642C

256M Single Data Rate Synchronous DRAM

DC Characteristics (Recommended operating conditions unless otherwise noted)

" Version .
Parameter Symbol Test Condition 60 70 5 Unit Note
. Burst length = 2
Operating Current _ .
(One Bank Active) Icc fgc:—otlrancimm) 80 75 70 1
lccap CKE = ViL(max), tcc = 10ns 10
Precharge Standby
Currentin _
power-down mode lccops tCKE & CLK = Vi(max), 5
CC =
CKE = VIH(min),
CS = VIH(min), tcc = 10ns
Iccan ) 30
Input signals are changed one
Precharge Standby time during 20ns
Current
non power-down mode .
CKE = ViH(min),
lccans CLK = ViL(max), tcc = = 25 mA
Input signals are stable
. lccap CKE = ViL(max), tcc = 10ns 30
Active Standby Current
power-down mode B
(One Bank Active) lccaps tCKE & CLK = Vil(max), 25
CC =
CKE = VIH(min),
CS = ViH(min), tcc = 10ns
Iccan B 50
. Input signals are changed one
Active Standby Current time during 20ns
non power-down mode
(One Bank Active) )
CKE = VIH(min),
lccans CLK = ViL(max), tcc = = 35
Input signals are stable
lo=0mA
Operating Current Page burst
(Burst Mode) leca 4Banks Activated 100 90 85 !
tccp = 2CLKs
Refresh Current Iccs tARFC = tARFC(min) 115 100 95 2
Self Refresh Current Icce CKE =0.2Vv 5 5 5
Notes:
1. Measured with outputs open.
2. Refresh period is 64ms.
3. Unless otherwise noted, input swing level is CMOS(VH /VIL=VDDQ/VssQ).
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AS81F120842C
AS81F561642C

256M Single Data Rate Synchronous DRAM

AC Operating Test Conditions (voo = vooo = 3.3v+0.3v)

Parameter Value Unit
AC input levels (VIH/VIL) 24/04 \Y
Input timing measurement reference level 14 \Y
Input rise and fall time tr/tf = 1/1 Ns
Output timing measurement reference level 14 \Y
Output load condition See Figure 2

- 3AV

Qutput T L ————— *

8700 = I

(Fig. 1) DC output load circuit

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

Cutput

» Vit=1.4V

500

Z0 =500

1.,
Il

(Fig. 2) AC output load circuit
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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

Oper atin g AC Parameter (ac operating conditions unless otherwise noted)

Version
Parameter Symbol Unit Note
-60 -70 -75

Row active to row active delay tRRD(min) 12 14 15 ns 1
RAS to CAS delay tRCD(min) 18 20 20 ns 1
Row precharge time tRP(min) 18 20 20 ns 1

tRAS(min) 42 45 45 ns 1
Row active time

tRAS(max) 100 100 100 us
Row cycle time tRC(min) 60 63 65 ns 1
Last data in to row precharge tRDL(min) 2 2 2 CLK 2
Last data in to Active delay tDAL(min) 5 5 5 CLK
Last data in to new col. address delay tCDL(min) 1 1 1 CLK 2
Last data in to burst stop tBDL(min) 1 1 1 CLK 2
Mode register set cycle time tMRD(min) 2 2 2 CLK
Refresh interval time tREF(max) 64 64 64 ms
Auto refresh cycle time tARFC(min) 60 70 75 ns

Notes:

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.
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AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

AC Characteristics (AC operating conditions unless otherwise noted)

-60 -70 -75 _
Parameter Symbol - - - Unit Note
Min Max Min Max Min Max
CAS latency=3 tCC (3) 6 7 7.5
CLK cycle time ns 1
CAS latency=2 tCC (2) 10 10 10
CAS latency=3 tSAC (3) 5.4 5.4 5.4
CLK to valid output delay ns 1,2
CAS latency=2 tSAC (2) 5.4 5.4 6
CAS latency=3 tOH (3) 25 2.5 2.5
Output data hold time ns 2
CAS latency=2 tOH (2) 25 2.5 2.5
CLK high pulse width tCH 2.5 2.5 2.5 ns 3
CLK low pulse width tCL 2.5 2.5 2.5 ns 3
Input setup time tSl 15 15 15 ns 3
Input hold time tHI 1 1 1 ns 3
Transition time of CLK tT 0.3 15 0.3 15 0.3 15 ns
CLK to output in Low-Z tSLZ 1 1 1
CAS latency=3 5.4 5.4 5.4
CLK to output in Hi-Z tSHZ ns
CAS latency=2 5.4 5.4 6

Notes:
1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf) = 1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
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256M Single Data Rate Synchronous DRAM

AS81F120842C
AS81F561642C

Truth Table
Command Truth Table
Alo/ Al2-11,
COMMAND Symbol CKEn-1 CKEn ICS IRAS [CAS /WE BA1 BAO iy A9 ~ AO
Device deselect DSL H X H X X X X X X X
No operation NOP H X L H H H X X X X
Burst stop BST H X L H H L X X X X
Read RD H X L H L H \Y \Y L \Y
Read with auto precharge RDA H X L H L H Vv Vv H Vv
Write WR H X L H L L \ \ L \
Write with auto precharge WRA H X L H L L V V H V
Bank activate ACT H X L L H H Vv Vv \Y Vv
Precharge select bank PRE H X L L H L Vv \Y L X
Precharge all banks PALL H X L L H X X H X
Mode register set MRS H X L L L L L L OP code
(V=Valid, X=Don "t Care, H=Logic High, L=Logic
llow)
CKE Truth Table
Current state Function Symbol | CKEn-1 | CKEn | /CS /IRAS ICAS /WE | /Address
_— Enter Clock suspend or H L L Vv vV vV vV
Activating Active power down H L H X X X X
Clock suspend or Maintain Clock suspend or
Active power down Active power down L L X X X X X
Clock suspend or Exit Clock suspend or
Active power down Active power down L H X X X X X
All banks idle Auto refresh command REF H H L L L H X
All banks idle Enter Self refresh SREF H L L L L H X
. H L L H H H X
All banks idle Enter Precharge power down m T m X X X M
. L H L H H H X
Self refresh Exit Self refresh T m m X X X <
Precharge  power . L H L H H H X
down Exit Prechage power down T 0 0 X X < <
Precharge  power | Maintain Precharge power L L X X X X X
down down
(V=Valid, X=Don " t Care, H=Logic High, L=Logic Low)
Revision 1.2 Page 11 /42 Jan., 2017



AS81F120842C
AS81F561642C
256M Single Data Rate Synchronous DRAM

Function Truth Table

Current state /ICS /IRAS [/CAS /WE /Address Command Action Notes
Idle H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA ILLEGAL 2
L H L L BA,CA/A1I0  WRMWRA ILLEGAL 2
L L H H BA,RA ACT Bank active
L L H L BA,A10 PRE/PALL NOP 4
L L L H X REF Auto refresh 5
L L L L ocC MRS Mode register set 5
Row active H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA Begin read, determine AP
L H L L BA,CA/A10  WRMWRA Begin write, determine AP
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Precharge / Precharge all banks
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Read H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Terminate burst
L H L H BA,CA,A10 RD/RDA Terminate burst, begin read, determine AP 3
L H L L BA,CA/A1I0  WRMWRA Terminate burst, begin write, determine AP 3
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Terminate burst, precharge
L L L H X REF ILLEGAL
L L L L OoC MRS ILLEGAL
Write H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Terminate burst
L H L H BA,CA,A10 RD/RDA Terminate burst, begin read, determine AP 3
L H L L BA,CA,A10 WRMWRA Terminate burst, begin write, determine AP 3
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Terminate burst, precharge
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Read with auto H X X X X DESL Continue burst to end
precharge L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA Support concurrent auto-precharge 2
L H L L BA,CA/A1I0 WRMWRA Support concurrent auto-precharge 2
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Write with auto  H X X X X DESL Continue burst to end
precharge L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA Support concurrent auto-precharge 2
L H L L BA,CA,A10  WRMWRA Support concurrent auto-precharge 2
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
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AS81F120842C
AS81F561642C
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Current state /ICS /IRAS |/CAS /WE /Address Command Action Notes
Precharging H X X X X DESL NOP, idle after tRP
L H H H X NOP NOP, idle after tRP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA ILLEGAL 2
L H L L BA,CA,A10  WRMWRA ILLEGAL 2
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Nop, idle after tRP 4
L L L H X REF ILLEGAL
L L L L 0oC MRS ILLEGAL
Row activating H X X X X DESL NOP, row active after tRCD
L H H H X NOP NOP, row active after tRCD
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA ILLEGAL 2
L H L L BA,CA,A10 WRMWRA ILLEGAL 2
L L H H BA,RA ACT ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Write H X X X X DESL NOP
recovering L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA Begin read, determine AP
L H L L BA,CA,A10 WRMWRA Begin write, determine AP
L L H H BA,RA ACT ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OoC MRS ILLEGAL
Refreshing H X X X X DESL NOP, idle after tARFC
L H H H X NOP NOP, idle after tARFC
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA ILLEGAL
L H L L BA,CA,A10 WRMWRA ILLEGAL
L L H H BA,RA ACT ILLEGAL
L L H L BA,A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OoC MRS ILLEGAL
Mode register H X X X X DESL NOP, idle after tMRD
accessing L H H H X NOP NOP, idle after tMRD
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA ILLEGAL
L H L L BA,CA,A10 WRMWRA ILLEGAL
L L H H BA,RA ACT ILLEGAL
L L H L BA A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Notes:

1. All entries assumes that CKE was High during the preceding clock cycle and the current clock cycle.

2. ILLEGAL to the bank in specified state; function may be legal in the bank indicated by BA, depending on the state
of that bank.

3. Must satisfy bus contention, bus turn around, write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA.

5. ILLEGAL if any bank is not idle.
ILLEGAL: Device operation and/or data-integrity are not guaranteed.
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AS81F120842C
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256M Single Data Rate Synchronous DRAM

Mode Register Field Table to Program Modes (Register Programmed with Normal MRS)

Address BAO | BA1 | Al2 All A10/AP A9 A8 A7 A6 A5 A4 A3 A2 Al AO
Function 0 0 0 0 0 wB 0 0 CAS Latency BT Burst Length
MRS Mode
CAS Latency Burst Type Burst Length Write Burst Mode
A6 | A5 | A4 Latency A3 Type A2 | A1 | AO BT=0 BT=1 A9 Type
0 0 0 Reserved 0 Sequential 0 0 0 1 1 0 Programmed Burst Length
0 0 1 Reserved 1 Interleave 0 0 1 2 2 1 Single Location Access
0 1 0 2 0 1 0 4 4
0 1 1 3 0 1 1 8 8
1 0 0 Reserved 1 0 0 Reserved Reserved
1 0 1 Reserved 1 0 1 Reserved Reserved
1 1 0 Reserved 1 1 0 Reserved Reserved
1 1 1 Reserved 1 1 1 Full Page Reserved

Burst Sequence

BURST LENGTH STARTING COLUMN ORDER OF ACCESSES WITHIN A BURST
TYPE=SEQUENTIAL TYPE=INTERLEAVED
AO
2 0 01 01
1 10 10
ALAO
00 0123 0123
4 0 1 1030 1.:0-32
10 2.3.0-1 2.3.0-1
11 3:0-12 3210
A2 AL AO
0 0 0 0-1-2-3-4.56-7 0-1-2-3-456.7
0 0 1 1-2-3-4.5.6-7-0 1:0-3-25-4-7-6
0 1 0 2-3-456-7-0-1 2-3-0-1-6-7-45
8 0 1 1 34.56.7-0-1-2 32-1-0-7-65-4
1 0 0 45.6-7-0-1-2-3 45.67-0-1-2-3
1 0 1 5.6-7-0-1-2-3-4 54-7-6-1-03-2
1 1 0 6-7-0-1-2-3-4-5 6-7-45:2-30-1
1 1 1 7:0-1-2-3-45-6 7-6-5-4-3-2-1-0
N=A0 - A9 (xB)
Full Page (y) N=AO0 - A8 (x16) Q@ o Covz, ones, Not Supported
(location 0 —y) T

Notes:

1. For full-page accesses: y = 1023 (x8), 511 (x16).
2. For a burst length of two, A1-A9(A8) select the block-of-two burst; A0 selects the starting column within the block.

3. For a burst length of four, A2—A9(A8) select the block-of-four burst; AO—A1 select the starting column within the block.
4. For a burst length of eight, A3—A9(A8) select the block-of-eight burst; AO—A2 select the starting column within the block.
5. For a full-page burst, the full row is selected and AO-A9(A8) select the starting column.
6. Whenever a boundary of the block is reached within a given sequence above, the following access wraps within the block.
7. For a burst length of one, AO—A9(A8) select the unique columnto be accessed, and mode register bit A3 is ignored.
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AS81F120842C
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Power-up sequence

Power-up sequence

1. Apply VDD and VDDQ at the same time. Keep CKE low during power up.
2. Wait for stable power.

3. Start clock and drive CKE high.

Note: Voltage on any input pin must not exceed Vdd+0.3V during power up.

Initialization sequence

4. After stable power and stable clock, wait 200us.

5. Issue precharge all command (PALL).

6. After tRP delay, set 2 or more auto refresh commands (REF).

7. Set the mode register set command (MRS) to initialize the mode register.

Note: We recommend that you keep DQM and CKE high during initialization sequence to prevent data contention on the DQ

bus.

Fower up sequence _ I_llai:ialization sequence
. : 200 ps Co |
i ' 1 1 1
V) ! . ! L p
VDD, VDDA _0V_ i | i — % = §  $
. | : L ——— (— (— (T
ckp-tow i ! ; ) o)) ) ) o
P ! ! 1 1
CLK —=—- L : LU 5 I 11 I I I
o i 1 tRP , (tARFC , tARFC  tMRD I
Command T i

Power stable Clock stable
Power-up sequence and Initialization sequence

; P
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Operation of the SDRAM

Read/Write Operations

Bank active

Before executing a read or write operation, the corresponding bank and the row address must be activated by the bank
active (ACT) command. An interval of tRCD is required between the bank active command input and the following read/write
command input.

Read operation

A read operation starts when a read command is input. Output buffer becomes Low-Z in the (CAS Latency - 1) cycle after
read command set. The SDRAM can perform a burst read operation.

The burst length can be set to 1, 2, 4 and 8. The start address for a burst read is specified by the column address and the
bank select address at the read command set cycle. In a read operation, data output starts after the number of clocks
specified by the CAS Latency. The CAS Latency can be set to 2 or 3.

When the burst length is 1, 2, 4 and 8 the DOUT buffer automatically becomes High-Z at the next clock after the successive
burst-length data has been output.

The CAS latency and burst length must be specified at the mode register.

CLK | | | |

Command :}{ ><
i
Address X Fow K XoalumnX
i i

CcL =2 {au:EKGu11KDLt2XcJ:E}

{{uut 0 },‘: out 1 ){Dut;‘x out 3}

CL = /CAE latency
Burst Length = 4

{CAS Latency

BL=1 4 out 03 [ I
out 0% out 1 oo
DG BL=2
. o e - _
—_— ot 0t ot 2 o0t put Ao BYou BY(out Th—— - - -

BL : Burst Length

FCAS Latency =2

Burst Length
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Write operation
Burst write or single write mode is selected

1. Burst write: A burst write operation is enabled by setting OPCODE A9 to 0. A burst write starts in the same clock as a write
command set. (The latency of data input is 0 clock.) The burst length can be set to 1, 2, 4 and 8, like burst read operations.
The write start address is specified by the column address and the bank select address at the write command set cycle.

e [ LT LU e e L

1
1
—
Command ACT W XA ————
1
1

Address CRow A ) oy T I

CL=23

Burst write

2. Single write: A single write operation is enabled by setting OPCODE A9 to 1. In a single write operation, data is only
written to the column address and the bank select address specified by the write command set cycle without regard to the
burst length setting. (The latency of data input is 0 clock).

we LML UL LI L

Command X oacT X X owrim X

Address XHIJ:-'.-'.' X x:::ulumnx

Do \“ ind }
Single write
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Auto Precharge

Read with auto-precharge

In this operation, since precharge is automatically performed after completing a read operation, a precharge command need
not be executed after each read operation. The command executed for the same bank after the execution of this command
must be the bank active (ACT) command.

The next ACT command can be issued at the later time of either tRP after internal precharge or tRC after the previous ACT.

Write with auto-precharge

In this operation, since precharge is automatically performed after completing a burst write or single write operation, a
precharge command need not be executed after each write operation. The command executed for the same bank after the
execution of this command must be the bank active (ACT) command.

The next ACT command can be issued at the later time of either tDAL from the last input data cycle or tRC after the previous
ACT.
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Burst Stop Command
During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus goes to
High-Z after the CAS latency from the burst stop command.

o L L L L L L L |

I
|
Command X READ ¥ X_BsT X i
|
|
Da ! High-Z
(CL = 2) out >< out >{: out } i
I )
(cL :DE?} i, out >< out >< out High-Z

Burst Stop at Read

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus goes to
High-Z at the same clock with the burst stop command.

ik | | | |

Command K WRITE X X BsT X
High-Z
DQ 4< in X in >< in >< in }

Burst Stop at Write
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Command Intervals

Read command to Read command interval

1. Same bank, same ROW address: When another read command is executed at the same ROW address of the same bank
as the preceding read command execution, the second read can be performed after an interval of no less than 1 clock.
Even when the first command is a burst read that is not yet finished, the data read by the second command will be valid.

2 A
Command ¥ -'x-’.iT i }{EEIADXREE.HDK i
Address X Ftc:m' W e - AEumn 3y

s\ L/ IR

"\\_\\-
T T )
{out ADYput BOYput B1{out B2)Yout B3)
: .

DQ
SBankl Column =& Column =8 Column =4 Column =B CL=3
Active Read Read Diout Diout BL=4
Bank 0

READ to READ Command Interval (same ROW address in same bank)

2. Same bank, different ROW address: When the ROW address changes on same bank, consecutive read commands
cannot be executed; it is necessary to separate the two read commands with a precharge command and a bank active
command.

3. Different bank: When the bank changes, the second read can be performed after an interval of no less than 1 clock,
provided that the other bank is in the bank active state. Even when the first command is a burst read that is not yet finished,
the data read by the second command will be valid.

e[ L[ LI L L L L ]
1 1 1 1 :
Command W act ¥ W acT WREADKREADY !
1 1 ] 1 :
Address X, mow 0%, ¥ Row 1 MTo n1w E
1 1

o T
HEY
BS N/ /NS TN
! | ! ! ‘\‘,HH : \
DQ T T T T \,'.-:;n AE% ut H[:)({:L.t B 1}.{'&ul 32}{out B3}
. 1 ] L] I
Bankl Bank3 Bankl Bank3 Bankl Bank3 cL=3
Active Active Read Read Dout Dout BL=4

READ to READ Command Interval (different bank)
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Write command to Write command interval

1. Same bank, same ROW address: When another write command is executed at the same ROW address of the same bank
as the preceding write command, the second write can be performed after an interval of no less than 1 clock. In the case of
burst writes, the second write command has priority.

%
\j
é

i
Command ¥ acT wéerI:u—}{
i i
Address —_ }{co..:lx;;{:cm'm- 2
BS_N L /N ; /
DQ ————+——{in a0 ¥in g0 ¥in 51 ¥in52 ¥inB3 )

IR ) M

BarkD  Column =4 Column =8 Burst Wnite Mode
Active Write Write BL=4
Bank 0

WRITE to WRITE Command Interval (same ROW address in same bank)

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands cannot be executed;
it is necessary to separate the two write commands with a precharge command and a bank active command.

3. Different bank: When the bank changes, the second write can be performed after an interval of no less than 1 clock,
provided that the other bank is in the bank active state. In the case of burst write, the second write command has priority.

=TS N O

1 1
[} [}
1 1 1
Command % acT ACT XIWRIT XWRIT X,
1 1 1
1

1 1
Address *. Rowa Fow 1 HSaumn Ao Jtrr E}{
BS_\N i/ /

DaQ

-0

inB3
1 1

Bank0 Bank3 BankD Bank3 Burst Write Mode
Active Active Write Write BL=4

WRITE to WRITE Command Interval (different bank)
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Read command to Write command interval
1. Same bank, same ROW address: When the write command is executed at the same ROW address of the same bank as

the preceding read command, the write command can be performed after an interval of no less than 1 clock. However,
UDQM and LDQM must be set High so that the output buffer becomes High-Z before data input.

w10 N O B N O R B

Command WREADY WRIT ¥
o
=
woam (=2 /N /
LDGM
CL=3 \ /
DQ (input) {in B0 XinB1 XinB2 XinB3 }
. BL = 4
DQ (output) ) High-2 { Burst write

READ to WRITE Command Interval (1)

cik [ ]| HENEEENEEEN RN
Command KREADY : X"-"”'R'ITX

| |
UDomMm —, —t— [
LDCGM .

12 clock

I
1
|
CL=2 {out ¥ out ¥ out ¥ in

1

>< [
CL=3 {out Y out X} in Y in
|

A

in

pd

1

Da

Xin:}—
in ¥ in y—

o

READ to WRITE Command Interval (2)

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands cannot be executed;
it is necessary to separate the two commands with a precharge command and a bank active command.

3. Different bank: When the bank changes, the write command can be performed after an interval of no less than 1 cycle,
provided that the other bank is in the bank active state. However, UDQM and LDQM must be set High so that the output
buffer becomes High-Z before data input.
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Write command to Read command interval:

1. Same bank, same ROW address: When the read command is executed at the same ROW address of the same bank as
the preceding write command, the read command can be performed after an interval of no less than 1 clock. However, in
the case of a burst write, data will continue to be written until one clock before the read command is executed.

SRS [ e S S e A
. i i
Command \}{‘ WRIT X READ X
x T T
i | |
oo ————— ! 1 1 /!
LDQM AN : : /
: | |
DG (input) —( in A0 ) ! !
", rf 1 1
! ! !
PR 1 1 F . s .
DQ (output) : 5 {_outBO W outB1 X outB2 X outB3 )———
! 1 1
Column =4 - —— Burst Write Mode
vt Il i ICAS‘i Latency L=
Column = B Column = B BL =4
Read Daut Bank 0
WRITE to READ Command Interval (1)
cwe| L L [ [ L ] [ = = L] |
| 1
Command K OWRIT X X READ )
upaM —————\ 7
LDGM A /

DQfinput) —— ¢ inAD % inAl %

3 _,-"' - \Yi i
02 (output) 4 t:ut BO :){ out B1 ,}\ out B2 )\ out B3 }}—
Column = A - —| N Burst Write Mode
Write ! 'ICAS Latency CL=2
Column=8 Column =B BL=4
Read Dout Bank 0

WRITE to READ Command Interval (2)

2. Same bank, different ROW address: When the ROW address changes, consecutive read commands cannot be executed;
it is necessary to separate the two commands with a precharge command and a bank active command.

3. Different bank: When the bank changes, the read command can be performed after an interval of no less than 1 clock,
provided that the other bank is in the bank active state. However, in the case of a burst write, data will continue to be
written until one clock before the read command is executed (as in the case of the same bank and the same address).
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Read with auto precharge to Read command interval (concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second read command (another bank) is executed. Even
when the first read with auto-precharge is a burst read that is not yet finished, the data read by the second command is
valid. The internal auto-precharge of one bank starts at the clock of the second command.

/R I S S I A N S e
Commandi }{REA:DA 4
) S N
|

|
DQ

1 1 : 1
{ outAD ¥ outAl ) outBO ¥ outB1 X

bank0 bank3
Read A Read CL=3

BL=4
Mote: Internal auto-precharge starts at the timing indicated by " ’ "

Read with Auto Precharge to Read Command Interval (Different bank)
2. Same bank: The consecutive read command (the same bank) is illegal.
Write with auto precharge to Write command interval (concurrent auto-precharge)
1. Different bank: When some banks are in the active state, the second write command (another bank) is executed. In the

case of burst writes, the second write command has priority. The internal auto-precharge of one bank starts at the next
clock of the second command.

cek [ LT L[ 17 T 17 [—I 17— 1
Command {— YWRITA ) ) WriT X

A S W ——

. B . : !
DQ+—— inA0 ¥ inA1 )} inBO ¥ inB1 X inB2 X inB3 )
banko bank3
Write A Write

BL=4

MNote: Internal auto-precharge starts at the timing indicated by " * ",

Write with Auto Precharge to Write Command Interval (Different bank)

2. Same bank: The consecutive write command (the same bank) is illegal.
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Read with auto precharge to Write command interval (concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second write command (another bank) is executed. However,
UDQM and LDQM must be set High so that the output buffer becomes High-Z before data input. The internal
auto-precharge of one bank starts at the clock of the second command.

\

(oo I I A I S A B S B
Command i:}{REﬁ\DA}( WRIT X
BS | ! T\ ! ! ' '
upaMm (cL=2" 7 N\ ! ! -/
e VO N S N
DA (input) | ——(inB0 X inB1 ¥ inB2 XinB3 )— |
—_— | | : - |
DQ (output) | — : HighZ | | (S .
bank0 bank3 BL=4

ReadA  Write
Mote: Intermal auto-precharge starts at the timing indicated by " .‘ "

Read with Auto Precharge to Write Command Interval (Different bank)
2. Same bank: The consecutive write command from read with auto precharge (the same bank) is illegal. It is necessary to
separate the two commands with a bank active command.

Write with auto precharge to Read command interval (concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second read command (another bank) is executed. However,
in case of a burst write, data will continue to be written until one clock before the read command is executed. The internal
auto-precharge of one bank starts at the next clock of the second command.

\J

/1o A W S N A S
Command i Y WRITA Y READ X I | I ' '
BS | ! N ' ' ' ' '
UDaM —— ! — '
LDGM ; i /

DQ (input) —\__ TinAD
i {(outBO XoutB1 XoutB2 XoutB3 »——

bank0 bank3 CL=3
WriteA Read BL=4

Mote: Internal auto-precharge starts at the timing indicated by " *

Write with Auto Precharge to Read Command Interval (Different bank}

2. Same bank: The consecutive read command from write with auto precharge (the same bank) is illegal. It is necessary to
separate the two commands with a bank active command.
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Read command to Precharge command interval (same bank)

When the precharge command is executed for the same bank as the read command that preceded it, the minimum interval
between the two commands is one clock. However, since the output buffer then becomes High-Z after the clocks defined by
IHZP, there is a case of interruption to burst read data output will be interrupted, if the precharge command is input during
burst read. To read all data by burst read, the clocks defined by IEP must be assured as an interval from the final data output
to precharge command execution.

CO I O e

i
Command % READ X ! >< PRE/PALL /
A : i \

1

1

T

1

D { ut AD / out &1 \\ clutAQ / out A3 \‘
ClL=2 IEF = -1 cycle
READ to PRECHARGE Command Interval (same bank): To cutput all data (CL=2, BL = 4)
-T2 N s S A e o S B A
Command X READ ; i X:HE,-PAL_>< !
D& ; < {IJL.I..'!.:I \ T.Jt.ﬁ.' X out A2 : ?_Ju*v':‘r :}
*' 1 T
READ to PRECHARGE Command Interval (same bank): To cutput all data (CL=23, BL=4)
e [ L0 L L L 0 o L
Command \ READ KF‘RE.’:’ALLX i
i i High-Z
[wl] out AD
i —
1 I 1
HZP=2

READ te PRECHARGE Command Interval (same bank): To stop output data (CL=2,BL =1, 2, 4, 8)

e 4 L L L L1 1
Command X READ X:HE"PF'\LLX

DG

Kigh-Z

out &0 ¥
R

-
IHzP =2

READ to PRECHARGE Command Interval (same bank): To stop output data (CL=3,BL=1, 2,4, 8)
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Write command to Precharge command interval (same bank)

When the precharge command is executed for the same bank as the write command that preceded it, the minimum interval
between the two commands is 1 clock. However, if the burst write operation is unfinished, the input data must be masked by
means of UDQM and LDQM for assurance of the clock defined by tRDL.

cx| | LI |

|
Command ,,f,\ WRIT X i }{F’REF‘ALLX
I
|
i

uDamM
LDQM Y /

e | L L LI L |

Command (x\ WRIT /

\_{F’RE.'F"P.LLy
/ Y

uoom
LDaM

/
DQ ————( inAD X inA1 X inA2 ¥ inA3 )

——-
tRDL

WRITE to PRECHARGE Command Interval (same bank) (BL = 4 (To write all data))
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Bank active command interval

1. Same bank: The interval between the two bank active commands must be no less than trc.

2. In the case of different bank active commands: The interval between the two bank active commands must be no less than
tRRD.

cm||!||||||L5U||||||||||
paarees__)_som X g Y(row X
=\ | / i \

I tRC |

Bank 0 Sank 0
Active Active

Bank Active to Bank Active for Same Bank

e | L [ L [ LI |
1 1
Command >/ ACT / >< ACT \\

Address :>< RD!W:D >{ x RO‘L’\H ><
s N\ | /7 |\

tRRD i

Bank 0 Bank 3
Active Active

Bank Active to Bank Active for Different Bank

Mode register set to Bank active command interval
The interval between setting the mode register and executing a bank active command must be no less than tmMrD.

cew [ L L1 L LI |

i i
Command MRS >/ /< ACT >/
K : : N
Address XOPCODEX XEIS & RO'J»%

-~ —— -

I tMRD |
Mode Bank
Register Set Active

Mode register set to Bank active command interval
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DQM Control

The UDQM and LDQM mask the upper and lower bytes of the DQ data, respectively. The timing of UDQM and LDQM is
different during reading and writing.

Reading

When data is read, the output buffer can be controlled by UDQM and LDQM. By setting UDQM and LDQM to Low, the output
buffer becomes Low-Z, enabling data output. By setting UDQM and LDQM to High, the output buffer becomes High-Z, and
the corresponding data is not output. However, internal reading operations continue. The latency of UDQM and LDQM
during reading is 2 clocks.

Writing

Input data can be masked by UDQM and LDQM. By setting DQM to Low, data can be written. In addition, when UDQM and
LDQM are set to High, the corresponding data is not written, and the previous data is held. The latency of UDQM and LDQM

during writing is O clock.

CLK
| |
uDQM /] !
LDQM | ;
! !

I High-Z

DQ Coutn X out1 p——A outs )
|
|

| iDOD = 2 Latency
Reading

—

CLK

|

|

uDQm ,
LDQM /o \

|

|

n0_X__in W%

IDID =0 Latency

DaQ

P

Writing
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Refresh

Auto-refresh

All the banks must be precharged before executing an auto-refresh command. Since the auto-refresh command updates the
internal counter every time it is executed and determines the banks and the ROW addresses to be refreshed, external
address specification is not required. The refresh cycles are required to refresh all the ROW addresses within tREF (max.).
The output buffer becomes High-Z after auto-refresh start. In addition, since a precharge has been completed by an internal
operation after the auto-refresh, an additional precharge operation by the precharge command is not required.

Self-refresh

After executing a self-refresh command, the self-refresh operation continues while CKE is held Low. During self-refresh
operation, all ROW addresses are refreshed by the internal refresh timer. A self-refresh is terminated by a self-refresh exit
command. Before and after self-refresh mode, execute auto-refresh to all refresh addresses in or within tREF(max.) period
on the condition 1 and 2 below.

1. Enter self-refresh mode within time as below* after either burst refresh or distributed refresh at equal interval to all refresh
addresses are completed.

2. Start burst refresh or distributed refresh at equal interval to all refresh addresses within time as below* after exiting from
self-refresh mode.

Note: tREF(max.) / refresh cycles.

Others

Power-down mode

The SDRAM enters power-down mode when CKE goes Low. For cases of all banks in the IDLE state, it is referred to as
precharge power-down mode. For cases of any bank in the ACTIVE state, it is referred to as active power-down mode. In
power down mode, power consumption is suppressed by deactivating the input buffers excluding CLK and CKE. Power
down mode continues while CKE is held Low. In addition, by setting CKE to High, the SDRAM exits from the power down
mode, and command input is enabled from the next clock. In this mode, internal refresh is not performed.

Clock suspend mode

By driving CKE to Low during a bank active or read/write operation, the SDRAM enters clock suspend mode. During clock
suspend mode, external input signals are ignored and the internal state is maintained. When CKE is driven High, the
SDRAM terminates clock suspend mode, and command input is enabled from the next clock. For details, refer to the "CKE
Truth Table".
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Timing Waveforms

Read Cycle

ok —/ N F_;h\_xm\_f'_\u S SN BN IR NV W WA

— I
CKE

tRAS top

s { P ' {»5 . J’( \L_"_jf \F-.'LJ/

tHI 3

e TN T N A A

Hl

W 7779

S 151 tHl t31 | I
= 51 | tH |

o |
eas LA | YT i) | ez

IWE /M’i | A ‘ﬂjV//V/////////A - A

‘ 13| tHI 131 |

N 7775 i /77 i A/ /A1 A s A A1 e A/ A1,

T
ir
51| tHI ‘ 131 [ tHI el L

W77, G, 777, i /11 W 777

1
151 tHI 151 | tHl

winess ZITK | NN | N i i //////////A)i’ Kz

t5l
a_—

e i '_‘l/ TS

DQ {input)

tSAC. | |ISAC tSAC {SHZ

D {output) w
tSAC [— —
tOH tOH toH tOH ICAS latency = 2
Bank 0 Bank O Bank 0 Burst length =4
Active Read Precharge Bank 0 access

=VIH or VIL
=V0OH or VoL
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Write Cycle

tCC

tCH iC
cax -/ N\ hl*_;’ SR BN BN BN :\:\_,fﬁ\_ YWY AN AN W

— WIH
CKE tRAS RP
tRCD

S HHL [=1] | (51 tH BRI

131 tHI e s 1H sif tH

s T8 | T

e T e T v T v
e T Yo /( 20007 //////ﬁr:j/////////////f “tz
S T ':' YT W//////////////////,t*ﬁ/////////////)ff*%17/

w0 L2 Nz Byl Ve
o 2L mk B 77 A

e W/W‘ﬁ AT,

15[ tHI 51| tHE gs | st e

D i ) ; : - — - \]
(input )F * * ).
tRDL

Q2 {output)

Bank 0 Bank 0 Bark 0 CL=2
Active Wirite Precharge BL=4
Bank 0 access
=WIH or VIL
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A-M G

Mode Register Set Cycle

o 1 2 3 4 5 =} T a8 a8 10 11 12 13 14 15 15 17 18 18
raapipipininEnininEnipipinEninEpinEpinEninEn

M —
CKE :'\'IHI 1 1 I 1 I 1 1 1 1 1 I 1 I 1 1 I 1 1 I
J'CS 1 '\.: | 1 L/:_\:_/(I 1 \: A 1 1 \.: A 1 1 '\.: A 1 1
1 I 1 1 I 1 1 1 1 I 1 I 1 1 1 1 I

|

I

IRAS 7,7,0\

ICAS ////’ V////?y
S A ”77. / Wi Wf' (e
BS /T N I A V//////// "{///////A;

/////A

1
1 | | 1 | ]
Address 7, alid ¥ { "::??‘ Rb ) : c:
M‘le& | A| d i i 1 T
O 070 77 2 2T T L | fprpirg
LDOM 1 I 1 1 I 1 I 1 1 1 1 : I : : : : . :
DO foutput) ———t——t bbb L h
DQ (input ! ! ' ! ' { { j— High-Z — ' 1 | i i |
”’a=--=-:--=ir-e--aiaaaaai
tMRD | tRCD
RP * * + Chutput mask
Precharge Mads Bank 3 Sank 3 JCAS latency = 3
f needed '[.E?:IEEF Active Read Burst length = 4
=WIH or VIL
Read Cycle/Write Cycle
1] 1 2 3 4 5 8 T @8 g 10 41 12 13 14 15 18 A7 18 19 20

CKE — ‘.l'll-

Read cycle
IRASJCAS delay =3
JCAS latency = 2
Burst length = 4

(2L

DI XL, | W. \|_LLLL A N LLLT2ZA 27
BS 74 0 M i ﬂ'l'l v LSS T LT R
Address : R N :
UDQK, LDQM ! ! ! !
DQ (output) d : d : d : J B
. 1 | 1 | 1 |
DQ (input) : z.-_lrn o : : Bank 0 : Balr's : : Bank 3 Zans d I Bans: : Bank 3 : : : ank 3 : :
: .'«:Iu-e : : ReI::I : Acttve : : RH.: r.““r“. : ﬁ:I::I : H-elu: : : : ='\fcl|ar;!| :
1 I 1 I I 1 1 1 1 1 I 1 I 1 1 1 1 1 1 I 1
CKE —VIH ] 1 | | 1 1 1 1 1 | 1 | 1 1 1 1 1 1 | 1 Write cycle
1 . I 1 | I 1 1 1 1 1 I 1 I ._I 1 f 1 1 1 1 | 1 IR#‘S_{C-&L—" dE|a'} = 3
es TN/ TN TN T TN TN TN TN T T T NL/T T cas isency < 3
5 ! ' M ! Burst Ength =d
! ! I E7A ="IH ar VIL
f t T t I
I 1

1 I
1 |
’ A e (ST /s ST
UDOM, LOOM 27 o Al | . VI R R R /
H - R Hm z : H - T T
DQioupdl) ————— 1+ 1 1 1 T T R R
Da (inpuf) —:—:—:—:—( Wa+1¥a2xa+r 3+—ib }(b+1){l:-+_}(b+3}(l:- Vo= M+ =2 = ———1
' -!II' ' : E-!FH o ! B!IFH 3 ! ' !{Il'l 3 ! E-!'"‘ b Ban ! E-!I'm 3 ! ! ! ::I'il. 3 : '
Active Write: Active Wirhe Precharpe Wrike Write Frecharge
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Read/Single Write Cycle

g 1 2 232 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19 20
CLK

CKE _i VIH |

f A \i /*—
177277777/ N 17N/ 7.

es T N7 1\ i \i ; ; ; ; ;

RAs ZIAL L7770 NIDL LTI I AT

JCASZZZ! XTI L7 T2 7777 7777,
WE Z7A T XL
BSW};I

VAR ISP SIS IPN

NS O TSTITA T

Address 7, C
ubam, LbaMm 4////////// I ./ : I

| | | 1 [ [l [l 1 1 1 1 il 1 [l [ [l [l 1 1 1 [

Da (input) —————+——+—+———+———— @ +—————————
1 1 1 1 1 1 1 —— 1 1 1 1 1 1 1

ba [OUTDUtj 1 1 1 1 1 1 1 \a—/ﬁm 1 1 1 1 1 "—a. 1 +2 a3 1 1
I ankd | I Sarkl | Bamk3z | I I I I Sark [ Bamk0 | ! I I Sanik 0 i Eank 3 !

: h; ve : : -'\?a: : .n:.lh\e : : : : : Wik -'\z.a:l : : : : ='\.ecl|an:e: P-\c.cnar: :

CKE VIR i N S

| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

cs 1 S J_J_\J_/ LM N NS

RAS 7770 LA AN W///////////x' \77L
1cas ZZLT T XA L L A AN A
we ZZ77] V///A‘. w, \AAIS IS IIIIIIPY Wx
BS 277! VI TSI TSI TSI

Address 77zxﬂ b)Y CaAE E@WW

7772 W 777
VN7
f’/_????;/

upam, L]QMWW\_' Vit P I I 2 NN P IS I I I I

DQ (input) c
DQ (output) —
I

|

: 1
1 1 | 1 \luj N 1
{a Yarip-r—E 33— —— 11—
1 1 1 1 | 1 1 | 1 1 1

Eank 1 Sank [ Bamt 3 Eank 1 Bank 1 Sank [ Eank I
mead Actie write write  'Airme Pracharge

Read/Single write
RAS-/CAS delay =3
ICAS latency = 3
Burst length = 4
=VIH orVIL
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Read/Burst Write Cycle

10 11 12 13 14 17 18 19 20
CLK

RS N O T 7 O Y O O N B
IICSE\.I." | ."EII 1

I I I \I_I-I_' I I
IRAS 2270 Y/////f v/a P77 T I A7 NPT L7
1cas ZZT T TTTIAL LT NITITZ 77T 77777 7T AT
WE ZZZT T NZ777 T 777 777777 777A 7777777777 L7 L7,
BS 772700 L7777 7T T 7777770777777 7777777 777N L77T

L

Address 72/ Ral /A Cal KR A 7.77 7,7 7‘77}0:3; ’
1 1 1 1 1 T T
UDQM, LDQM 7777777777777): L f///// /A. I /.
T T T T T T T T T T T T T T T T T 1 T
oQ (input) —4——H—+—+—+—F—1+—+—1— . I —ia fatlfatZyati+——————
I I | | | I I 1 1 1 | I I I I I I I | I I
DQ {output) ——————————3 Ya+1}@+2} oI N S S S 3
: Bank D I I Eank : Banx : ' Clock ' I - Barik 0 : : : : Bank I Bank 3 :
1 Actve 1 1 Reag 1 Altive 1 1 ELEpan: 1 | 1 Wree 1 1 1 1 Precharge) Pragharge |
—w——— bbb
CKE 1 1 I I I 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1
ICS ! \_._fI ! I \_._I A ! ' I I I I \_._fI I I I I I I_I I I

/RAS m ;V/////’ \IZN f////////////// LSS TS IIATAL LA,
IWE 44 \ 2277 777k V////////r////ai 71111 AL 1IN 4114177,

.Y/A’:W{M'"' M{M VALY

UDQM, LDQM /////////////// ; ;”_ W' ’7/////////////{
DQ (input) —T——T——— i . — Wfﬁ;{ﬂ —

I 1
DQ {output) ——— ——— —a ¥a+rlr I (atIhr+——1— ———T— I I I
1 1 | | | 1 1 ] ] 1 ] | 1 1 1 1 1 1 1 | 1 1
" Bamkn © BakD  Baka ’ ’ ’ " mawn ’ ’ ’ " oBawn ’ ’
Aztve FRaad Actve Witz I:I'!d'am

Read/Burst write
/IRAS-/CAS delay =3
/CAS latency =3
Burst length = 4
=VIH or VIL
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Auto Refresh Cycle

WIH 1 t )
M L/ (727777
M WM' WZMZZM’"_ WW

pcsress V/Ano (/IS /IS I II I I

UDam

SN T TT T 7 AT 77777777 7T 77 777 77777 77 777 77 7 7777, R
Dal‘il’l:l.]l:' 1 1 1 1 1 1 1 1 | | | 1 1 1 I 1

: E { a i a+l
+ : tRF" ‘ : : ItARFCI, : *'\ : | tARFC | # ' * |

h
_ . - . 22z Refresh cycle and
::r'%;g;gje Autn Refresn Auba Fefresn ';:lj;ﬁ] za 1;' 1 Read cycle
IRAS-ICAS delay =2
ICAS latency = 2
Burst length = 4
=WIH or vIL

1
[}
|
| kY
I
1
1

| 1 1 :
R e e
DQ (output) —, | L L : L L h h L . . . L L h :
1 1 1 !

Self Refresh Cycle

R e o/ :.viwi—s&fif — i i
es TN/ f////AW//li SN Azt N A
Rus LI LLZLIDN, LLTTRI I LTI 00 N2 7770, P77
cg.v///,/: GIIIN, 27T IITTTIITTIZTITIAL LTI 77770 S777777

BS V//@V///////////A177777777777,‘;V/////A?’/////////////////A
Adcress WW 1 ////////////SY///////////EV//////E1’///////////////////

LIDCM
P A ” I D T S N S A B
D2 (input) : | | | 13 [ R | 1] : | 1 | | | |
DQ (output) - ' ! - ! 15 — High-Z (¢-— ! 1 T ! . : : ! !
1 I ': L LER T 1 | | : : :
tARFC
F?”i mrrr:nRJP salf 'e+l'rc-6'- aniry »-_-+ . e f t. e amin N!;q :\*Ju:- Self refresh cycle
If naeden command ) ;3'{.3“5?.?;!'] ?;ﬁ :;'[21_';::1 entry cieck  retesh  RASJCAS delay =3
& No oparasian Enaole enable CL=3
3L=4

= VIH or VIL
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Active Power-Down Mode,

Clock Suspend Mode

5 1Hl t3l

g a0 12 13 14 15 16 17 18 18 20

5%77%%:@% AW, ';lm"ﬁﬁlw",

ICAS /4 A

WE 777 2770727774 7T

B"'"775"I LA LA

Address
UDQM, LDQM ////////////////}' ! —
D (output) ' ; ; ; ; ! ! ~.a :(a+1fa— ' . :l:a+3r : (b }{b+1<p+2}{b+3} :
0 O O i e i
: Bankl Acive coI:'i : .I‘.:'.v_- Ciock ia'lic : Bark3 :iea:l stp:'u: %eacl suesperd  Zangy Jawk:l : : Earlest Barll'z :
I Act srspend start | susperd end Sead | Acttve | start 1 end Fead Precharje | Prechange 1
CKE =) I | i i LA I Y i LA I I I I I I I I I
P 1 ! ! b — — — 1 ! 1 1 ! 1 1 1 1
s | N A YRS N L T T
Ras ZZH F77777777777 \_G7777 7777777 \i_P77777A 7777
Icas LS | l 77777,
IWE | | ‘(//////////A' WIIII TN IS IS,

BS ZZA!

sddress 27 KRN 777777777 7N G W//////////):c BNIZL7ZTIITI7L7Z7.

Fead cycle
RAS-fCAS delay = 2

ICAS latency =2
Burst length = 4

Wirite cycle
fRAS-ICAS delay =2
fCAS latency = 2
Elursl length =4

="%IH ar VIL

UDGA, LDQM T | T T | T f i | f//////ﬁl T i i i : V. f T T |/
DG (output) —b—t—t ! e S S N g N S SO S S
DA Grout) 1111 ayErE O -
|
+ + | | 1 ] I + I I + +‘ ] I 1 1 1
Aciive chock Actve clock SankD Bankl .-'rr J!D nd  Wirke guspend  Sank3 Sankd Earizst Bank3
'«.cll e i sp-e'u s supsnd and Wrlts  Acthe g1 =nd wrie Frecharge Prechang:
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Precharge Power-Down Mode

Mummmjjm_h

s MM—M@M

Rag LLN P ﬂmmm
ens T RITITT  OA 77770777,
we ZLIN. L7272 RLTATIZ777 77 0777

Address ///ﬁﬂ o= 1)r///////////////ﬁ5//////// %l
LDQM ZZZZZZZZZZZZZZZZZZZZAZ 7777777777.77777777

UDamM,
1 1 1 1 1 1 1 1
DQ (input) : i i i 35 i i i i i
: ! ! ! 1 1 ! ! !
DQ (output) L..._._._..' . 55— High-z— . ; ; |
L e ' Y U
Pr * 4 Fao ﬁ:d W— = t T Power down cycle
freegey ormand TEWSTES ’ Power down IRAS-ICAS delay = 3

Active Bank 0 JCAS latency =3
Burst length =4
=VIH or VIL

Initialization Sequence

n
i

15

o

All banks . Mod e Bank active
E'ed;a'ge Auta Refresh Auta Refresh 08 register Fhesded
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Package Drawing (TSOP)

A 5

54 28
NONONONAONAONAONMOANANONANanan?

PINT |
/\NDEX |
|

)

- ! I .
guuuuuuuuuuuumuuuuuuuuuuuugi‘ ﬁ

ﬁ . /D
N R R ] %
N Li A‘L WITH

b
=SAEEIEEEK] NN
Y

Symbol M\MLUNMOE&ERSMAX Shon A
: % SECTION B-B
A |005| —0.15
A2 |0.95|1.00|1.05
b 0.28 | — | 0.45

0.25| — | 0.40

— 021

22.12122.22122.32

0.40 | 0.50 | 0.60

o ‘7‘ &
/D 0.71 REF
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Package Drawing (FBGA)

7 6 4 32
‘,, v . I
= l ~
L]
v
= MILLIMCTCPS
0.10]C < Svmbol
/ ‘ | ‘ j TTPOMINT T NOM [ MAX
_\ OO0 [ONON®) /\ _ _ W 20
T
L b SISO M [030]035]040
: D 790|800 810
0.10]cC &
I 70.08M)|C D1 6 40 BSC
C 790 ]800 [810
[ 6 40 BSC
b 040]045]050
eD 080 BSC
el 080 BSC
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Important Notice:

ASMIC products are not intended for medical implementation, airplane and transportation
instrument, safety equipments, or any other applications for life support or where ASMIC products
failure could result in life loss, personal injury, or environment damage. ASMIC customers who
purchase ASMIC products for use in such applications do so in their own risk and fully agree
ASMIC accepts no liability for any damage from this improper use.
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