EtronTech

EM 639165

8Mega x 16bits SDRAM

Preliminary (Rev 1.0, 2/2001)

Features

Single 3.3 £ 0.3V power supply
Fast clock rate
- PC133: 133 MHz (CL3)
- PC100: 100 MHz (CL2)
Fully synchronous operation referenced to clock
rising edge
- 4-bank operation controlled by BAO, BA1 (Bank
Address)
Programmable Mode registers
- /CAS Latency: 2 or 3
- Burst Length: 1, 2, 4, 8 or full page
- Burst Type: interleaved or linear burst
Byte Control —-DQML and DQMU
Random column access
Auto precharge / All banks precharge controlled
by A10
Auto and self-refresh
Self-refresh mode: standard and low power
4096 refresh cycles/64ms
Interface: LVTTL
54-pin 400 mil plastic TSOP Il package

Pin Assignment (Top View)

vbD [ |1 O 54 _]VSS
DQO [ 2 53 ] DQ15
vDDQ [ | 3 52 ]1VSsSQ
DQ1 [ ] 4 51| ] DQ14
DQ2 [|5 50 ] DQ13
VSsSQ [ | 6 49 ] vDDQ
DQ3 [ |7 48| ] DQ12
DQ4 [ | 8 47 ] DQ11
vDDQ [ | 9 46 ] VSSQ
DQ5 [_| 10 45 ] DQ10
DQ6 [ | 11 44 ] DQ9
vssQ [ ] 12 43 ] vDDQ
DQ7 [ 13 421 DQ8
vDD | 14 41 ]VsSs
DQML [_| 15 40 ] NC
/IWE [_| 16 39 ] DQMU
ICAS [ 17 38 ] CLK
/IRAS [_| 18 37| ] CKE
/cs [] 19 36 ] NC
BAO [_| 20 35 ] A11
BA1 [ | 21 34 ] A9
A10(AP) [] 22 331 A8
A0 [] 23 32| 1 A7
Al [ ] 24 31 ] A6
A2 [] 25 30_] A5
A3 [] 26 29 ] A4
vDbD [ | 27 28| ]Vss

Ordering Information

i ; Part Number Speed Self refresh
Key SpeC|f|cat|ons GFr)ade current (Max.)
EM639165 - 75/8 EM639165TS-75 PC133/CL3 2 mA
fckz |Clock Cycle time (min., CL=2) 10/10 ns EM639165TS-75L | PC133/CL3 800 mA
tcks [Clock Cycle time (min., CL=3) 7.5/8 ns EM639165TS-8 PC100/CL2 2 mA
tac2 |Access time (max., CL=2) 6/6 ns EM639165TS-8L PC100/CL2 800 nA
tacs |Access time (max., CL=3) 5.4/6 ns
fras |Row Active time (max.) 45/48 ns
trc |Row Cycle time(min.) 67.5/70 ns

Overview

EM639165 is a high-speed Synchronous Dynamic
Random Access Memory (SDRAM), organized as 4
banks x 2,097,152 words x 16 bits. All inputs and
outputs are referenced to the rising edge of CLK.

It achieves very high-speed data rates up to
133MHz, and is suitable for main memories or graphic
memories in computer systems. For handheld device
application, we also provide a low power option, with
self-refresh current under 800 mA.

Etron Technology, Inc.

No. 6, Technology Rd. V, Science-Based Industrial Park, Hsinchu, Taiwan 30077, R.O.C.

TEL: (886)-3-5782345

FAX: (886)-3-5778671

Etron Technology, Inc., reserves the right to make changes to its products and specifications without notice.
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BLOCK DIAGRAM

DQO-15

1
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Memory Array Memory Array Memory Array Memory Array
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Cell Array Cell Array Cell Array Cell Array
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EtronTech EM 639165

PIN FUNCTION

Master Clock:

CLK Input All other inputs are referenced to the rising edge of CLK

Clock Enable:

CKE controls internal clock.When CKE is low, internal clock for
CKE Input the following cycle is ceased. CKE is also used to select

auto / self-refresh.

After self-refresh mode is started, CKE becomes asynchronous input.
Self-refresh is maintained as long as CKE is low.

/CS Input Chip Select:
When /CS is high, any command means No Operation.

/IRAS, /ICAS, /IWE Input Combination of /RAS, /CAS, /WE defines basic commands.

AO0-11 specify the Row / Column Address in conjunction with BAO,1.
The Row Addressis specified by A0-11.

The Column Address is specified byAO-8.

A10isalso used to indicate precharge option. When A10 ishigh at a
read / write command, an auto precharge is performed. When A10is

high at a precharge command, all banks are precharged.

AO0-11 I nput

Bank Address:
BAO,1 Input BAO,1 specifies one of four banks to which acommand is applied.
BAO,1 must be set with ACT, PRE , READ , WRITE commands.

DQO-15 Input / Output| Dataln and Data out are referenced to the rising edge of CLK.

Din Mask / Output Disable:

When DQM(U/L) is high in burst write, Din for the current cycleis
masked. When DQM (U/L) is high in burst read,

Dout is disabled at the next but one cycle.

DQMU/L Input

VDD,VSS Power Supply | Power Supply for the memory array and peripheral circuitry.

VDDQ,VSSQ |Power Supply | vDDQ and VSSQ are supplied to the Output Buffers only.
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EM 639165

BASIC FUNCTIONS

The EM639165 provides basic functions, bank (row)
activate, burst read / write, bank (row) precharge, and auto
/ self refresh.

Each command is defined by control signals of /RAS, /CAS

,CKE and A10 are used as chip select, refresh opt ion, and
precharge option, respectively .

To know the detailed definition of commands, please see
the command truth table.

/WE at CLK rising edge. In addition to 3 signals, /CS

ics | [ [ | chip Select : L=select, H=deselect
IRAS | [ [ | command
/cAS | | | |  command define basic command

WE | [ [ | command

CKE | | | | Refresh Option @ refresh command

A10 | [ [ | Precharge Option @ precharge or read/write command

Activate (ACT) [/RAS =L, /CAS =/WE =H]
ACT command activates a row in an idle bank indicated by BA.

Read (READ) [/RAS =H, /CAS =L, /WE =H]

READ command starts burst read from the active bank indicated by BA. First output
data appears after /CAS latency. When A10 =H at this command, the bank is deac-
tivated after the burst read (auto-precharge, READA).

Write (WRITE) [/RAS =H, /CAS =/WE =L]

WRITE command starts burst write to the active bank indicated by BA. Total data
length to be written is set by burst length. When A10 =H at this command, the bank
is deactivated after the burst write (auto-precharge, WRITEA).

Precharge (PRE) [/RAS =L, /CAS =H, /WE =L]

PRE command deactivates the active bank indicated by BA. This command also
terminates burst read / write operation. When A10 =H at this command, all banks
are deactivated (precharge all, PREA ).

Auto-Refresh (REFA) [/[RAS =/CAS =L, /WE =CKE =H]
REFA command starts auto-refresh cycle. Refresh address including bank address
are generated internally. After this command, the banks are precharged automatically.

4 Rev10
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EM 639165

COMMAND TRUTH TABLE
KE KE
COMMAND MNEMONIC C;] 1 Cn /ICS |/IRAS |/CAS | /WE |BAO,1] A11 | A10 [AO0-9
Desel ect DESEL H X H X X X X X X X
No Operation NOP H X L H H H X X X X
Row Address Entry & ACT Hlx || | H|H|V V]V ]|V
Bank Active
Single Bank Precharge PRE H X L L H L Vv X L X
Precharge All Banks PREA H X L L H L X X H X
Column Aeress Entry WRITE H X L H L L Y Y L v
&Write
Column Address Entry &
Write with Auto-Precharge WRITEA H X L H L L v v H v
Column Address Entry
& Read READ H X L H L H Y, \Y, L Y,
Column Address Entry &
READA
Read with Auto-Precharge H X L H L H v v H v
Auto-Refresh REFA H H L L L H X X X X
Self-Refresh Entry REFS H L L L L H X X X X
L H H X X X X X X X
Self-Refresh Exit REFSX
L H L H H H X X X X
Burst Terminate TBST H X L H H L X X X X
Mode Register Set MRS H X L L L L L L L V™

H=High Level, L=Low Level, V=Valid, X=Don't Care, n=CLK cycle number

NOTE: 1. A7-A9 =0, A0-A6 =Mode Address

Rdimnay
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EtronTech

EM 639165

FUNCTION TRUTH TABLE

Current State | /CS [/RAS |/CAS| WE | Address Command | Action
IDLE H X X X DESEL NOP
L H H X NOP NOP
L H H BA TBST ILLEGAL*2
L H L BA, CA, A10 READ / ILLEGAL*2
WRITE
L L H BA, RA ACT Bank Active, Latch RA
L L H BA, A10 PRE/ NOP*4
' PREA
L L L X REFA Auto-Refresh*5
L L L Op-Code, MRS | Mode Register Set*5
Mode-Add ode Register Se
ROW H X X X DESEL NOP
ACTIVE
L H H X NOP NOP
L H H BA TBST NOP
Begin Read, Latch CA, Det i
1 - 1 BA. CA, A10 READ / egin Re c etermine
READA [ Auto-Precharge
L Y L BA, CA. A10 WRITE/ Begin Write, Latch CA, Determine
WRITEA | Auto-Precharge
L L H BA, RA ACT Bank Active/ ILLEGAL*2
PRE
L L H BA, A10 / Precharge / Precharge All
PREA
L L L X REFA ILLEGAL
L L L Op-Code, MRS ILLEGAL
Mode-Add
Rdiminay 6 Rev10 Feb. 2001
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EM 639165

FUNCTION TRUTH TABLE (continued)

Current State | /CS [/RAS|/CAS Address Command | Action
READ H X X X DESEL NOP (Continue Burst to END)
L H H X NOP NOP (Continue Burst to END)
L H H BA TBST Terminate Burst
READ i i
L H L BA, CA, A10 Terminate Burst, Latch CA,Begin
/READA | Read, Determine Auto-Precharge* 3
1 - 1 DA @A ATE WRITE/ | Terminate Burst, Latch CA,Begin
’ ’ WRITEA | Write, Determine Auto-Precharge* 3
L L H BA, RA ACT Bank Active/ ILLEGAL*2
PRE /
L L H BA, Al i
0 PREA Terminate Burst, Precharge
L L L X REFA ILLEGAL
L L L Op-Code, MRS |ILLEGAL
Mode-Add
WRITE H X X X DESEL [ NOP (Continue Burst to END)
L H H X NOP NOP (Continue Burst to END)
L H H BA TBST Terminate Burst, Latch CA,Begin
L H L BA. CA. A10 READ / |Terminate Bu.rst, Latch CA,Begin
READA | Read, Determine Auto-Precharge* 3
L H L BA, CA, A10 WRITE/ Ter.mlnate Bur.st, Latch CA,Begin
WRITEA | Write, Determine Auto-Precharge* 3
L L H BA, RA ACT Bank Active/ ILLEGAL*2
L L H BA, A10 PSS Terminate Burst, Precharge
PREA
L L L X REFA ILLEGAL
L L | L CpCmE MRS |ILLEGAL
Mode-Add
Rdimnay Rev10 Feb. 2001
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EM 639165

FUNCTION TRUTH TABLE (continued)

Current State | /CS [/RAS [/CAS| /WE | Address Command |Action
READ with H X X X | X DESEL  |NOP (Continue Burst to END)
AUTO
PRECHARGE | L H H H | X NOP NOP (Continue Burst to END)
L H H L [BA TBST ILLEGAL
READ /
L H L H | BA, CA, Al10 ILLEGAL
READA
WRITE /
L H L L [BA,CA, A10 ILLEGAL
WRITEA
L L H H | BA,RA ACT Bank Active/ ILLEGAL*2
PRE / .
L L H L |[BA,Al0 PREA ILLEGAL*2
L L L H | X REFA ILLEGAL
Op-Code,
L L L L MRS ILLEGAL
Mode-Add
WRITE with | H X X X |X DESEL [NOP (Continue Burst to END)
AUTO
PRECHARGE| L H H H [X NOP NOP (Continue Burst to END)
L H H L |BA TBST ILLEGAL
L H L H |BA, CA, A10 READ/ ILLEGAL
READA
L H L L |BA,CA, A10 WRITE/ ILLEGAL
WRITEA
L L H H |BA, RA ACT Bank Active/ ILLEGAL*2
L L H L |[BA,Al0 PRE/ ILLEGAL*2
' PREA
L L L H | X REFA ILLEGAL
Op-Code
L L L L ' ILLEGAL
Mode-Add MRS
Rdiminay 8 Rev10 Feb.2001



EtronTech

FUNCTION TRUTH TABLE (continued)
Current State /ICS |/RAS |/CAS| /WE | Address Command |Action
PRE - H X X | X [x DESEL |NOP (ldle after tRP)
CHARGING
L H H H | X NOP NOP (Idle after tRP)
L H H L BA TBST ILLEGAL*2
L H L X BA, CA, A10 READ ILLEGAL*2
! ’ WRITE
L L H H | BA, RA ACT ILLEGAL*2
PRE /
L L H L BA, Al NOP*4 (1dl RP
,Al10 PREA (0] (Idle after tRP)
L L L H X REFA ILLEGAL
Op-Code,
L L L L Mode-Add MRS ILLEGAL
ROW H X X X X DESEL NOP (Row Active after tRCD)
ACTIVATING
L H H H | X NOP NOP (Row Active after tRCD)
L H H L BA TBST ILLEGAL*2
READ /
L H L X BA, CA, A10 ILLEGAL*2
WRITE
L L H H BA, RA ACT ILLEGAL*2
PRE / .
L L H L | BA, Al10 PREA ILLEGAL*2
L L L H X REFA ILLEGAL
Op-Code,
L L L L Mode-Add MRS ILLEGAL
Rdimnay Rev10 Feb. 2001
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EM 639165

FUNCTION TRUTH TABLE (continued)

Current State /CS |/RAS |/CAS| /WE | Address Command [Action
WRITE H X X X |X DESEL [NOP
RECOVERING
L H|H|H]|X NOP  |NOP
L H|H|L |[BA TBST |ILLEGAL*2
L H| L | x |Ba caato| READ/ |iLLEGAL*2
WRITE
L L |H|H|BARA ACT |ILLEGAL*2
PRE /
L L | H|L ILLEGAL*2
BA, A10 i
L L | L |H|[x REFA |ILLEGAL
L L | L | L [OpCode MRS |ILLEGAL
Mode-Add
REFRESHING | H | x | x | x |x DESEL |NOP (Idle after tRC)
Ll H|H|H]|X NOP  |NOP (Idle after tRC)
Ll H|H|L [ga TBST |ILLEGAL
READ /
L | H| L | x |BACA AL ILLEGAL
WRITE
L L | H|H |[BARA ACT  |ILLEGAL
PRE /
L L | H | L |BA A1 oEa [ILLEGAL
L L | L |H|[x REFA |ILLEGAL
Op-Code
L L[ L |L : MRS |ILLEGAL
Mode-Add
Rrdimiraty 10 Rev10 Feb. 2001



EtronTech EM 639165

FUNCTION TRUTH TABLE (continued)

Current State /CS |/RAS [/CAS | /WE | Address Command [Action
MODE H| x | x| x |x DESEL  [NOP (Idle after tRSC)
REGISTER
SETTING L | H]|HI|H]|X NOP  [NOP (idle after tRSC)
L|H]|H]| L ]|BA TBST |ILLEGAL
READ /
L | H | L | x [BAcCAAl| 22 [ILLEGAL
L| L | HI|H]|BARA ACT  |ILLEGAL
Ll L ]| H | L |BA AL PRE/ ||| LEGAL
PREA
Ll L | L | H]|X REFA |ILLEGAL
L L L | L [Op-Code, MRS |ILLEGAL

Mode-Add

Rdimnay 11 Rev10 Feb.2001
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FUNCTION TRUTH TABLE for CKE

Current State (;IflE CI:E /ICS |/RAS |/CAS | IWE | Add |Action
SELFE- H X X X X X X [INVALID
REFRESH*1 L H H X X X X |Exit Self-Refresh (Idle after tRC)
L H L H H H X | Exit Self-Refresh (Idle after tRC)
L H L H H L X |ILLEGAL
L H L H L X X |ILLEGAL
L H L L X X X |ILLEGAL
L L X X X X X |NOP (Maintain Self-Refresh)
POWER H X X X X X X [INVALID
DOWN L | H| x| x | x| x | x [ExitPower Downtoldle
L L X X X X X |INOP (Maintain Power Down)
ALL BANKS H H X X X X X | Refer to Function Truth Table
IDLE*2 Hl L | L | L | L | H | X |Entersef-Refresh
H L H X X X X |Enter Power Down
H L L H H H X |Enter Power Down
H L L H H L X |ILLEGAL
H L L H L X X |ILLEGAL
H L L L X X X |ILLEGAL
L X X X X X X |Refer to Current State =Power Down
ANY STATE| H H X X X X X | Refer to Function Truth Table
|i§2§r£:ce H|l L | x| x | x| x | x [BeginCLK Susspend at Next Cycle*3
L H X X X X X | Exit CLK Susspend at Next Cycle*3
L L X X X X X |Maintain CLK Suspend
ABBREVIATIONS:

H=High Level, L=Low Level, X=Don't Care

NOTES:

1. CKE Low to High transition will re-enable CLK and other inputs asynchronously. A minimum
setup time must be satisfied before any command other than EXIT.

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.

3. Must be legal command.

Rdiminay 12 Rev10 Feb.2001
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EM 639165

POWER ON SEQUENCE

Before starting normal operation, the following power on
sequence is necessary to prevent a SDRAM from damaged
or malfunctioning.

1. Apply power and start clock. Attempt to maintain CKE
high, DQM high and NOP condition at the inputs.

2. Maintain stable power, stable clock, and NOP input con-
ditions for a minimum of 200us.

3. Issue precharge commands for all banks. (PRE or PREA)

4. After all banks become idle state (after tRP), issue 8 or
more auto-refresh commands.

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

MODE REGISTER

Burst Length, Burst Type and /CAS Latency can be pro-
grammed by setting the mode register (MRS). The mode
register stores these data until the next MRS command,
which may be issued when all banks are in idle state. After
tRSC from a MRS command, the SDRAM is ready for new
command.

CLK

ics | | I |
After these sequence, the SDRAM is idle state and ready /RAS | | I |
for normal operation. ICAS | | I |
WE | I I |
BAO,1 A11-A0 | [V ] |
BAO(BA1lA11|A10{ A9 | AB | A7| A6 | A5 | A4| A3 | A2 | Al| AO
0 0 0 0 0|0 0 LTMODE BT BL
—
BL BT=0 BT=1
000 1 1
001 2 2
CL /ICAS LATENCY 010 4 4
BURST
000 R LENGTH 011 8 8
001 R 100 R R
B — T
MODE g 9
100 R 111 FP R
101 R
110 R BURST 0 SEQUENTIAL
111 R TYPE 1 INTERLEAVED

R: Reserved for Future Use
FP: Full Page

Prelimiraty 13
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EM 639165
CLK | | | |
Command | |Wr:ite| |
Address ; X l Y | v l
: TALRL OITRIRD
(B:tii ;: /CAS Latency =;: Burst Length H Burst Length i
) Burst Type
Initial Address | BL Column Addressing
A2 | A1| AO Sequential Interleaved
0O 0 3 4 5 6 7 0 1 2 3 4 5 6 7
0|0 |1 4 |56 |7(|0l1]|]0 |3 |2 (5|4 |76
0|1 0 5 6 7 0 1 2 3 0 1 6 7 4 5
0|1 1 6 7 0 1 2 3 2 1 0 7 6 5 4
1({0]|0O0 ° 7101|234 |5|6 70|21 |23
110 1 0 1 2 3 4 5 4 7 6 1 0 3 2
111 0 1 2 3|4 5 6 7 4 5 2 3 0 1
111 1 2 3 4 5 6 716 5 4 3 2 1 0
-|0f|oO 3 o1 (2|3
- 0 1 0 1|0 3 2
4
- |110 1 2 (3|0 |1
- 1 1 2 3|2 1 0
- - 0 0|1
2
- - 1 110
Rdiminay Rev10 Feb.2001
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EM 639165

OPERATIONAL DESCRIPTION

BANK ACTIVATE

The SDRAM has four independent banks. Each bank is activated by
the ACT command with the bank addresses (BAO,1). A row is indi-
cated by the row addresses A0-11. The minimum activation interval
between one bank and the other bank is tRRD. Maximum 2 ACT
commands are allowed within tRC , although the number of banks
which are active concurrently is not limited.

PRECHARGE

The PRE command deactivates the bank indicated by BAO,1. When
multiple banks are active, the precharge all command (PREA, PRE
+ A10=H) is available to deactivate them at the same time.

After tRP from the precharge, an ACT command to the same bank
can be issued.

READ

After tRCD from the bank activation, a READ command can be
issued. 1st output data is available after the /CAS Latency from the
READ, followed by (BL -1) consecutive data when the Burst Length
is BL. The start address is specified by A0-A9,A11(x4), A0-9(X8),
A0-8(X16) , and the address sequence of burst data is defined by
the Burst Type. A READ command may be applied to any active
bank, so the row precharge time (tRP) can be hidden behind
continuous output data by interleaving the multiple banks. When
A10 is high at a READ command, the auto-precharge (READA) is
performed. Any command (READ, WRITE, PRE, TBST, ACT) to
the same bank is inhibited till the internal precharge is complete.
The internal precharge starts at BL after READA. (Need to keep
tRAS min.) The next ACT command can be issued after (BL +
tRP) from the previous READA.

Bank Activation and Precharge All (BL=4, CL=3)

) ACT comfnand / ‘tRCmin'
: | -———tRCMi N————— — :
Command |  [acT| | acT [READ| |PrE | [acT | |
i [ +—tRRD—>+——N———(RAS———>4+——(Rp——> | i
A9 | I xa|l | x| v | | xb | |
T ewee ] N T T T T T T
A0 [ [ xal [xw]o | N [ x| |
N T T N N N S S N N S
A1l | | xa | | xo | | xo | |
BAOL [ Joo] Jo]oo] T o | |
DQ L L L [ow [oal [Q [om -+t
Precharge all
Rdimnay 15 Rev10 Feb.2001



EtronTech EM 639165

Multi Bank Interleaving READ (BL=4, CL=3)

SRS I I e e s s I I A O O I

Command [ |AcT] " [read[acT | " [reao[Pre | | | ]
T s et U A S N U S O S

pos [ RN ] |

a0 [ Jx]  Jolw] __ Jolol ]

ar [ (]  [w» ] ]

BAOL [ Joo | Joo |10 ] T o | ]

DQ : : : : : : —Jow [qat [qa2 [qa3 [qbo [opr [ b2 |
<—/CAS latency —»

<«—3Burst Length —»
READ with Auto-Precharge (BL=4, CL=3)

: : : . n— —BL + tRP —— —> . .

Command | | acT | |Reap| | acT | |
Z {*—RCD ——> i L ———»«—tRP > I Z

Ao [ [ xa] [ ] [ xa | |

ao [ [l 11 Txal ]
\ H H ' ' H -

an e 7 7 T e [ ]

Baor | Jof = Jof ~ Joo] |
1 1 1 1 1 1\ !

0 e [ou [ow [om |

Internal precharge start

READ Auto-Precharge Timing (BL=4)

Command | I |AéT| I I |RE;AD| l I ' ' ' ' ' ' ' |
i : : : B ——> i : : : '
CL=3 DQ-+——F——F————F————{ Q0 [oa [o® [o=m |

CL=2 DQ Qa0 [Qal [ Qw2 | Qa3 |

Internal Precharge Start Timing

Rdiminay 16 Rev10 Feb.2001
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WRITE

After tRCD from the bank activation, a WRITE command
can be issued. 1st input data is set at the same cycle as the
WRITE. Following (BL -1) data are written into the RAM,
when the Burst Length is BL. The start address is specified
by A0-A9,A11(x4), A0-9(X8), A0-8(X16) and the address
sequence of burst data is defined by the Burst Type. A
WRITE command may be applied to any active bank, so
the row precharge time (tRP) can be hidden behind con-
tinuous input data by interleaving the multiple banks. From

the last input data to the PRE command, the write recovery
time (tWR) is required. When A10 is high at a WRITE
command, the autoprecharge (WRITEA) is performed. Any
command (READ, WRITE, PRE, TBST, ACT) to the same
bank is inhibited till the internal precharge is complete. The
internal precharge begins at tWR after the last input data
cycle. (Need to keep tRAS min.) The next ACT command
can be issued after tRP from the internal precharge timing.

WRITE with Auto-Precharge (BL=4)

CLK |
Command | [AcT] [Wrie[ACT] [Write] PRE | [PRE | |
;¢ TtRCD—» (¢ TtRCDT— E i i E E
AO-9 | | xa | [ v [ x [ v ] |
a0 [ xa] [0 [ o] _Jol_ __ JTol ]
ALl | | xa | | xb [ o | [ o | |
a0l [ [0 ] [0 [ 10 [0 | o0 | ERE
DQ | |D"';10|D;al|DlaZ|DeI13|Dk')0|D'bl|DL)2|DIb3|' ' |
. . Multi Bank Interleaving WRITE (BL=4) . . .
Command | [AcT | [ write | |AcT | |
| ——HRCD +——>! «— (RP—» Z Z
ACS L [ [ ¥ | | xa | |
A0 [T [ ] [a [ ]
AL [T B
Bao,l [ [ oo ] | o0 | [ 00 | |
: i : . [ WR— . Z . .
bQ | | a0 | Da1 | Da2 | Da3 | |

Internal precharge starts

Rdimnay 17
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EtronTech EM 630165

BURST INTERRUPTION [ Read Interrupted by Read ]

Burstread operation can be interrupted by new read of any bank. Random column accessiis allowed READ to READ interval
isminimum 1 CLK..

Read Interrupted by Read (BL=4, CL=3)

command [ |REaD[REaD] _[reab]  [reab] - |
S N N .
moo | [viflvil [wl  f{wf ]

ao | _Jofo ] Jof o [ | |

AN\ AN

an [ | I ]
R S NV A N . T T

B0l [ JooJo [ o] [[o1 ] |

DQ ———+———+——+—{ Qai0 [ Qa0 | Qai1 [Qbko [Qbk1 [Qbk2 [ Qalo [ Qa1 [ Qa2 [ Qais |

[ Read Interrupted by Write |

Burst read operation can be interrupted by write of any bank. Random column access is allowed. In this case, the DQ
should be controlled adequately by using the DQM to prevent the bus contention. The output is disabled automatically 1
cycle after WRITE assertion.

Read Interrupted by Write (BL=4, CL=3)

Command | . |RE{\D| : : : : [write | : , . ; . . ; |
po | |wif - Iw{ ]

a0 [ [ o] [ o ] |

At [T

BAO,1 |'|06|

DOM E i L
Q
2JR R E S vy Y 7Y 2R

> —>
DQM control  Write control
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[ Read Interrupted by Precharge |

Burst read operation can be interrupted by precharge of the
same bank . READ to PRE interval is minimum 1 CLK. APRE

command to output disable latency is equivalent to the /CAS  BL=4.

Read Interrupted by Precharge (BL=4)

Latency. As a result, READ to PRE interval determines valid
data length to be output. The figure below shows examples of

y S S N T N N N N O
Command | |REIAD| ' |PF$E | ' |
DQ l o ToTeb—
Command | |RE:AD| | | P';E | I I
CL=3 - L !Q:O [ Q:l ! H
Command | |RE?AD| PI:?E | : :
(o0 — L
, ; , , . .
Command | |ReaD| | prE | |
: ' : e~
DQ 1o [ o | Q2=
Command | |REiAD| : |PR:E |
cL=2 00 [0 [or !
Command | |REiAD| PIi?E | I
| o I L O =
Rdimnaty 19 Rev10 Feb.2001



EtronTech

EM 639165

[Read |nterrupted by Burst Terminate] READ to TBST interval is minimum 1 CLK. A TBST command to

Similarly to the precharge, a burst terminate command can inter-

rupt the burst read operation and disable the data output. The

terminated bank remains active.

Read Interrupted by Terminate (BL=4)

output disable latency is equivalent to the /CAS Latency.

<TI0 R B
Vs : : : : :
Command | |READ| |TBST| |
DQ — o [ [ 2 =
Command [ |reap]  |TBsT|
cL=s b e o]
Command [ [reap|Test]
( DPQ L0 =
’ ! . . .
Command | [reap] [ tBsT] |
- : ' : o~
DQ (o [ o1 [ o f——
Command | I |RE;'-\D| I |TBIST|
CcL=2 Do [0 [ or |+
Command | | |RELAD|TBIST| |
DQ {0 ——
\ : :
Pdiminay 20 Rev10 Feb.2001



EtronTech EM 639165

[ Write Interrupted by Write ]

Burst write operation can be interrupted by new write of any bank. Random column access is allowed. WRITE to WRITE
interval is minimum 1 CLK.

Write Interrupted by Write (CL=3,BL=4)

Command [~ [wie[wrie] ~ Twie] ~— Twae] ]
pos [ IviIwil Twl — Twil ]
po CToTol Tol — ol — 7
ALl I: H H H H H H H H H : H H :l
BAO,1|:|o:o|oé)|:|1é)|: :|Oé)|: | | | | ]

DQ

| Dei0 | Dei0 | Dail |Dblk0 |Dblk1 IDblk2 |DaIIO | Dal 1 | Dal2 | Dal3 |

[ Write Interrupted by Read ]

Burst write operation can be interrupted by read of the same or the other bank. Random column access is allowed. WRITE
to READ interval is minimum 1 CLK. The input data on DQ at the interrupting READ cycle is "don't care".

Write Interrupted by Read (CL=3,BL=4)

command [ Twieleao] . Twie] e ]
T S 7 7 N 7 B 2
e e
A1l |' ' ' | | | | | | | | | | I|
s [ Twlwl — " Tul JTwl ]
YRS SN N N N I i s e O O

DO @ lQa:u'o | Qa:\jl |_§_|Dt:kO|Db:k1! Qe:\IO
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EtronTech EM 639165

[ Write Interrupted by Precharge |
Burstwrite operation can be interrupted by precharge of the same bank.Write recovery time(tWR) is required from the last data

to PRE command. During write recovery, data inputs must be masked by DQM.

Write Interrupted by Precharge (BL=4)

Command | |ACT | |Write | |PRE | |ACT | |
! : Z : ! : <+ tRP— ! ! :
A0-9,11 | ' | Xa | . | Ya | . ' _ . | Xa | . , . |
amo | Jo| Jof ol JTof |
R S R R A D R
BAO-ll |oo| |oo| |oo| |oo| |
' i : : : ' i : : : ' i
1 1 1 1 1 1 1 1 1 1
DQM | : ! : [ CL : : : :
1 1 1 1 1 N 1 1 1 1 1 1
i i ‘ : 4 tWR—™ ' : i ' i
DQ ; 5 ; IDao |Da1 | | I . . i , .
' i ' : ' ' : ' : : ' i

[Write Interrupted by Burst Terminate]

Burst terminate command can terminate burst write operation.In this case, the write recovery time is not required and the
bank remains active. WRITE to TBST interval is minimum 1 CLK.

Write Interrupted by Terminate (BL=4)

commang [__Tacr | Twme] Jrest] Jwme] ]
posar [ Jxal Tval Tl ]
o Do T To T 7 e [ 7 7 ]
wor T o JTol —  JTol ]

o —+——+—+{0ao [oar }———F—{ovo Jona Jonz Jons f—=—
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EtronTech

EM 639165

[Write with Auto-Precharge Interrupted by Write or Read to another Bank]
Burst write with auto-precharge can be interrupted by write or read to another bank. Next ACT command can be issued after
tRP. Auto-precharge interruption by acommand to the same bank is inhibited.

BAO-1

DQ

e L LWL L L L
Write Write ACT
e e e I e I R
Ya Yb Xa
N N N N e S S BN N
1 0 Xa
R
00 10 00
i
——{Da0 | Dal |Db0 [ Dbl | Db2 |Db3
|
|

Write Interrupted by WRITE to another bank (BL=4)

+ i + i i i

auto-precharge  interrupted activate

Write Interrupted by READ to another bank (CL=2,BL=4)

e LT LT LI L

Command Write Read ACT
R o S W S S s it AN S R
A0-9,11 Ya Yb\ Xa
RN -
A10 1 0 \ Xa
BAO-1 00 10 \ 00
DQ ——{Da0 | Dal i ] Qb0 | Qb1 Qb2 | Qb3 i i i
auto-precharge  interrupted activate
Rdimnay Rev10 Feb.2001
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EtronTech EM 639165

[Read with Auto-Precharge Interrupted by Read to another Bank]
Burst write with auto-precharge can be interrupted by write or read to another bank. Next ACT command can be issued after
tRP. Auto-precharge interruption by a command to the same bank is inhibited.

Read Interrupted by Read to another bank (CL=2,BL=4)

Sipipipipininipipipiginlin

Command Read Read ACT
i : —BL Z +——RP—> i ! ! i
A0-9,11 Ya\ Yb\ Xa

a0 [ | 2

! \ \ i : ! ! i

BAO-1 00 \ 10 \ 00
DQ Qa0 | Qal | Qb0 | Qb1 | Qb2 | Qb3
i * i ! ! !

auto-precharge  interrupted activate

[Full Page Burst]

Full page burst length is available for only the sequential burst type. Full page burst read or write is repeated untill a Precharge
oraBurst Terminate command is issued. In case of the full page burst, a read or write with auto-precharge command is illegal.

[Single Write]

When single write mode is set, burst length for write is always one, independently of Burst Length defined by (A2-0).
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EtronTech EM 639165

AUTO REFRESH

Single cycle of auto-refreshiisinitiated witha REFA (/CS=/RAS=/  banks must be in the idle state. Auto-refresh to auto-refresh
CAS=L,/WE=/CKE=H) command. The refresh addressisgen-  interval is minimum tRC. Any command must not be sup-
erated internally. 4096 REFA cycles within 64ms refresh  plied to the device before tRC from the REFA command.
128M bit memory cells. The auto-refresh is performed on 4

banks concurrently. Before performing an auto-refresh, all

Auto-Refresh

CKE

AO-11 | | . . . . . . . . | . . . |

BAO,1 | | |

Auto Refresh on All Banks Auto Refresh on All Banks
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EM 639165

SELF REFRESH

Self-refresh mode is entered by issuing a REFS command
(/CS=/RAS=/CAS=L, /WE= H, CKE= L). Once the self-
refresh is initiated, it is maintained as long as CKE is kept
low. During the self-refresh mode, CKE is asynchronous and
the only enabled input ,all other inputs including CLK are
disabled and ignored, so that power consumption due to

synchronous inputs is saved. To exit the self-refresh, supplying
stable CLK inputs, asserting DESEL or NOP command and then
asserting CKE=H. After tRC from the 1st CLK egde following
CKE=H, allbanks are in the idle state and a new command can be
issued, but DESEL or NOP commands must be asserted till then.

Self-Refresh

| <+—S@hleCLK +»

ies [0 |

ras [ ] ¢ |

eas [ 4]

we [ ||

e L

Ao-11 [

o

BAO,1 | |

L R N VS o U e U I D o SR |
(RN a IV RN RNV UV R e R

'1

Self Refresh Entry

N

Self Refresh Exit

\
—

' '
minimum tRFC
for recovery

Rdiminay 26

Rev10 Feb.2001



EtronTech EM 639165

CLK SUSPEND

CKE controls the internal CLK at the following cycle. Figure  synchronous input except during the self-refresh mode. CLK
below shows how CKE works. By negating CKE, the next  suspend can be performed either when the banks are active

internal CLK is suspended. The purpose of CLK suspendis  or idle. A command at the suspended cycle is ignored.
power down, output suspend or input suspend. CKE is a

ext.CLK J | |_

P HIH O tIS ! tH tS ¢

CKE

int.CLK _J | | | .

Command | | PRE | NOP | NOP | NOP |

CKE ! Pl 4—-— Active Power Down ————>

Command [ | ACT | NP | NOP [ NOP |
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EtronTech EM 639165

DQM CONTROL

DQM is a dual function signal defined as the data mask for  is0. During reads, DQM(U,L) forces output to Hi-Z word by word.
writes and the output disable for reads. During writes, DOM(U,L)  DQM(U,L) to output Hi-Z latency is 2.
masks input data word by word. DQM(U,L) to write mask latency

DQM Function(CL=3)

Command| I |erite| I I I I |REIAD| I I I I I I I |

Y TN N T 0 S 5,Q0|Q1|__|Q3|_;_

masked by DQM (U,L)=H disabled by DOM(U,L)=H

Rdiminay 28 Rev10 Feb.2001



EtronTech

EM 639165

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Condition Rating Unit
VDD Supply Voltage with respect to VSS -05-4.6 \Y
VDDQ | Supply Voltegefor Output | with respect to VSSQ -05-4.6 \Y
VI Input VVoltage with respect to VSS -05-4.6 \
VO Output VVoltage with respect to VSSQ -05-46 \Y
10 Output Current 50 mA
Pd Power Dissipation Ta=25C 1000 mw
Topr Operating Temperature 0-70 °C
Tstg Storage Temperature -65 - 150 °’C
RECOMMENDED OPERATING CONDITIONS
(Ta=0 - 70 °C ,unless otherwise noted)
Symbal Parameter Min. Typ. Max. Unit
VDD Supply Voltage 30 33 Y
VSS Supply VVoltage 0 0 \Y;
VDDQ Supply Voltage for output 30 33 v
VSSQ Supply Voltage for output 0 0 \%
VIH*1 High-Level Input Voltage dl inputs 2.0 VDDQ +0.3 \
VIL*2 Low-level Input VVoltage all inputs -0.3 V
NOTES:

1. VIH(max)=5.5V for pulse width less than 10ns.
2. VIL(min)=-1.0V for pulse width lessthan 10ns.

CAPACITANCE

(Ta=0 -70°C,VDD=VDDQ=3.3+0.3V,V SS=V SSQ=0V,unless otherwise noted)

Symbal Parameter Test Condition Min. Max. Unit
CI(A Input itance, add i 25 5.0 pF
(A) nput Capacitance, address pin @ IMHz
CI(C) Input Capacitance, contorl pin 1.4V bias 25 5.0 pF
200mV swi
CI(K) Input Capacitance, CLK pin Vee=3.3V 12 25 4.0 pF
Cl/o Input Capacitance, 1/0 pin 40 65 pF
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EM 639165

(Ta=0 - 70°C, VDD=VDDQ=3.3+0.3V,VSS=VSSQ=0V, unless otherwise noted)

AVERAGE SUPPLY CURRENT from Vvdd

Max.
ITEM Symbol Test Condition Unit
-75 -8
100 95 mA
. tRC=min, tCLK=min
Operating current lccl BL=1,10L=0mA 110 100 mA
130 120 mA
CKE=VILmax
Precharge Standby Icc2N tCLK=15ns 20 20 mA
current in Non-Power = .
1cc2NS CKE:VIHmm . 15 15 mA
down mode CLK=VILmax(fixed)
Precharge Standb CKE=VIHmin
_g y loc2P tCLK=15ns(Note) 2 2 mA
current in Power down - -
16cc2PS CKE=VIHmin 1 1 mA
mode tCLK=VILmax(fixed)
lcc3N tccﬁzz/f;f S\(’,\'l';tr:)' L 30 0
Active Standby current e~ mA
= min
16c3NS | {CLK=VILmax(fixed) 20 20
All Bank Active
Burst current lcca tCLK =min 160 130 mA
BL=4, CL=3, |IOL=0mA
Auto-refresh current Icc5 tRC=min, tCLK=min 160 160 mA
Self-refresh current lcce Standard 2 2 mA
CKE<0.2V
Low-Power 800 800 A
NOTE:
1. lcc(max) is specified at the output open condition.
2. Input signals are changed one time during 30ns.
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ta=0 - 70°C, VDD=VSSQ=3.3+0.3V,V SS=V SSQ=0V, unless otherwise noted)

Symbol Parameter Test Conditions Min. Max. Unit
VOH (DC) | High-Level Output Voltage (DC) |OH=-2mA 24 \
VOL (DC) | Low-level Output Voltage (DC) I0L= 2mA 0.4 v
10z Off-state Output Current Q floating VO=0-- VDDQ -10 10 HA
I Input Current VIH=0--VDDQ+0.3V -10 10 PA

Rdiminay 30 Rev10 Feb.2001



EtronTech

EM 639165
AC TIMING REQUIREMENTS
(Ta=0 - 70°C, VDD=VDDQ=3.3+0.3V,VSS=V SSQ=0V, unless otherwise noted)
Input Pulse Levels:0.8V-2.0V
Input Timing Measurement Level:1.4V
-75 -8 .
Symbol Parameter Unit
Min. Max. Min. Max.
tCLK | CLK cycletime CL=2 10 10 ns
CL=3 75 8 ns
tCH CLK High pulsewidth 25 3 ns
tCL CLK Low pulsewidth 25 3 s
tT Trangtion time of CLK 1 10 1 10 ns
tIS Input Setuptime (@l inputs) 18 2 ns
tIH Input Hold time ~ (all inputs) 1 1 ns
tRC Row Cycletime 675 70 ns
tRFC | Refresh Cycle Time 75 80 ns
tRCD | Row to Column Delay 20 20 s
tRAS | Row Activetime 45 100K 48 100K ns
tRP Row Prechargetime 20 20 rs
tWR | Write Recovery time 15 20 s
tRRD | ActtoAct Delay time 15 5 i
tRSC | Mode Register Set Cycletime 15 20 e
tREF | Refresh Interval time 64 64 ms

\: 1.4v

DQ — K ———- 1.4V
Any AC timing is referenced
to the input signal passing
> > through 1.4V.
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SWITCHING CHARACTERISTICS

(Ta=0 - 70°C, VDD=VDDQ=3.3+0.3V,VSS=VSSQ=0V, unless otherwise noted)

-75 -8
Symbol Parameter Unit Note
Min. Max. Min. Max.
CL=2 6 6 ns
tAC  [Access time from CLK
CL=3 54 6 ns
(o |Output Hold time CL=2 3 3 ns
from CLK CcL=3 3 3 ns *1
Delay time , output low-
tOLZ | impedance from CLK 0 0 ns
Delay time, output high-
tOHZ impedance from CLK 3 o4 3 6 b
NOTE:

1. If clock rising time is longer than 1ns,(tr/2-0.5ns) should be added to the parameter.

Output Load Condition

Vour

>

Output Timing Measurement
Reference Point

| -/
\IOLZ | |

f*cx( )

|
DQ * XX* 1.4V

D VIV |

| { | { | {

—> e

tAC tOH tOHZ
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Burst Write (single bank) @BL=4

0712731415617 8.9

110 111 712 113 114 115 | 16 |

HRCF———+—

ICS _\J\J

Ty

IRAS f_\/ /\f | f f\f/ \/

/\Z A

i‘t RCD "

<tRCD *

ICAS J\ \/ | f /\ /\

<‘tWR "

I A AN

*WR >

IWE ,J,\:\:/: | j ,\,/j/'\

N A

CKE

DM T N A NN/

a0 TOOCA L\

N

ALl — XXX

3A01 D@ —— — X0

S

RTRRRE N

ACT#0 WRITE#0 PRE#0

IR

ACT#0 WRITE#O PRE#0
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Burst Write (multi bank) @BL=4

CLK

ICS

IRAS

ICAS

IWE

CKE

DQM

AO0-8

A10

A9,11

BAO,1

DQ

9

»
|

10 11 /12 [ 13 | 14 | 15 | 16

[R

:< i : LRAS

LJ

N—tRP %

\_/

/\\/j

f/\\/

A [

<t RCD *

<_tRCD_>

f\/

Z/\I

<tRCD *

y\

\//\

/ \

\,//,\j

<‘tWR "

\l/j

ZJ.\f

\ /7

j\,/\,/

Z/Z\

Z\Z/Z

0

WCA

TN/

X

nWa

fxixf

:XIXXEX

e

e

ROS

o
S
i

B

~—-mmw+mm~+

ACT#0 WRITE#0

rw

ACT#1

L

WRITEA#1

(Auto-Precharge)

T

i

ACT#0 WRITE#0

|

PRE#0

ACT#1
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EtronTech EM 639165

Burst Read (single bank) @BL=4 CL=2

'0:1!2!3!4!5:6!7!8!9!10!/11!12!13!14 1516 |
I |_‘ : I ItRC: I : “l I I 1 I I 1 I :

e NN N TS

I
T T tRAS—T T PT*{RP —»re—T— T tRAS—T T

RAS N\ [ 7N N[N [ TN N\ /[
T T T e A

cAs T U ST O O

we -~/ N7\ N/ 7N T\ N/

CKE

S

08 TG00

Y — Y

a0 TXOCA LA S

S —— S

sr01 T C OB DCOOC = =0

0 NG NG —

T L

ACT#0 READ#0 PRE#0 ACT#0 READ#0 PRE#0
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Burst Read (multiple bank) @BL=4 CL=2

/011,23 ;4,5,6,7 ;8911011121314 1516
i 54 i i i lRCi I l >: l I i l I l l i
I A A T —TtRCT—

s TN NN U \J \J \J \J

ﬂ—tRRDl—h i | : l<_|—|_tRAS_I—|_>|

IRAS j—\/ /\\/f /\ \/ /\ \,/j\/f
| <tRCD> <—tRCD—> i <1RCD> o |

ICAS ;/\ \//\ ,\,/f/,\,\l/f/f\f/f\f

IWE _/\_/\/\: T 7\ [

CKE

DM T N ANNNNNNNNNNT

A0S S DG0C XPIGOC — D0OC 00C X000

S € S €7 S - 3/ €3 G W —

XXX
XXX

ps PC == ===
XEX

X@(XIXXEX

BA0A j@m xzx

DQ cmcmcmm

rw er i

ACT#0 READA#O ACT#0 READ#0 PRE#0

ACT#1 READA#1 ACT#1
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Write Interrupted by Write @BL=4

CLK

ICS

/IRAS

ICAS

IWE

CKE

DQM

AO0-8

A10

A9,11

BAO,1

DQ

0 1 2 3 4 5 6 7 8 9 110,11 ;12 ;13 ;14 |15 16

w \J \J T T AL
e
j—\/:/\\,/j/j\j/j\j A j\'/\'f

i‘tRCD ’i

y\ \//\f\f/f\f/: A\ /\/x

y,\j\,//,\j\j/j\j/ ~N ,\j/ft,

:>@<:>mm x@x'xzx' ;>@<; ; ; SXONDC

@o@om»@»@»@ —

ACT#0 WRITE#O WRITE#0 WRITEA#1  WRITE#O PRE#0
interrupt interrupt interrupt

same other other
bank bank bank

ACT#1 ACT#1
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Read Interrupted by Read @BL=4,CL=2

0,1 ,2 .34 ,5,6,7,8,9 ;10,1112 13 141516 |

' N—tRRD'—h : A
IRAS :—\/j/\\,/j/\j/j\j:/j\jj\j/j,,

<tRCD> i*tRCD* ! . . | . . . . .
ICAS :J\ \,//f\f\f/f\f/f N\ [T

/WE ,J,\_,/T\/T\ /20 A /A A

CKE | | | T T

DM N ANANANANNNNNNNL

A0S X0 XXX XX XX XX D60

INT IS ¢ G W) ¢, G A/ S WA ) O

e

BAO1 j@m xzx'xzx fx@x; S

DQ — MM@XMM%—
ACT#0 READ#0 READ#1 READA#1 READ#0
interrupt interrupt interrupt

other same bank other
bank bank

ACT#1 ACT#1
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Write Interrupted by Read, Read Interrupted by Write @BL=4,CL=2

01,2734 ,5,6,7,8,;9 10,1112 13 14 15 16 |

/cswueiawsssews
. ewRD M A
IRAS f—\/f\//\ /\ffjf/f\ffff\f/f

| '<—tRQD—> : : | | : | | | | b

 weo S N N RN S U B R
ICAS ,J\ SN LN\ TN [ T T
i | | i i | | i i | i §<—tWTR*§ i

AWE y.\f/.\\./f/f\f E— N a—

CKE

DM NANNSTV VN NANNST

S e/ Gle s 2/ ) S—CY

s EEGTEECO. AN SN A—

A9,11 :XXX XXX

BAO,lD@:@X@XXIX XIXXIX

DQ M~—~@@+@m

RN : E

ACT#0 WRITE#0 READ#1 WRITE#1 PRE#1

ACT#1
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Write/Read Terminated by Precharge @BL=4,CL=2

iOi152i3i4i5i657i8i9510i11i12i13i14515i16i

i i i i i l l : l ' l ELRCI l ' l l l
ICS \J\J \J \J \J \J \J

; , , : ﬂ—tRP MﬁﬁtRAs ﬁ—m—tRP* ,
/RAsj\/j/\jj\/:\/jj/\j\j/j\,/j

| <‘tRCD’i i i i <—tRCD'_> | | | | |

ICAS f/,\f\fJf /\j/,\f TN

<—tWR —>

IWE j/j\j\j/j j\,/j/j\j T\ [T

CKE

o . VA0 A0 —\ Y

QTS ) G €7 — S O S —

Al TD0OC A\ /AN /D000 N S\ /600

s ) e &
i

501 D@ DDC— DD NC OB

T T e e e e

AR AR

ACT#0 WRITE#O PRE#0 ACT#0 READ#0 PRE#0 ACT#O
Terminate Terminate
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Write/Read Terminated by Burst Terminate @BL=4,CL=2

041 1,2,3,4,5,.6,7 8.9 10,11 12 13,14 1516,

ICS

IRAS :—\/ /\j/j\/:\j/j\: VA0 U /A
' <tRCD> | | | | | | | l | | l | | l

ICAS J\ \,/f/f\\f/f/f\f e

IWE ,J,\j\j/j\j//j\j\j/j N/ T\

CKE

AO-8 :XXX >®< D €2 GRS ) 6

AL0 | /! !\!/! ! ! !\!/! . ! !\!/!

A9,11 D(XX

or01 PP 0 =

SRR W MR A

AR RN

ACT#0 WRITE#0 TERM READ#0 TERM  WRITE#0 PRE#0
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Single Write Burst Read @BL=4,CL=2

CLK

ICS

IRAS

ICAS

IWE

CKE

DQM

AO0-8

A10

A911

BAO,1

DQ

V6 .7 17879 110,11 112 13 /14 ;15,16 ,

VAR

N\ /

7\

N

@

+

f

;T

ACT#0 WRITE#0 READ#0

Rdiminay

42

Rev10 Feb.2001



EtronTech EM 639165

Power-Up Sequesce and Intialize

CLK N />/\N\I\N >>f\f\f >>f\f\f >>W

/Csii:\J\iJ«\iJ«u«ww
] | [RP MRFC— | =RFC —MIRSC > '

IRAS 7%—\ /—\ /—\\—\ /—\\—\ /_\\_\ / N/

:%:J:\ \/4>>ﬁ /4»;\ /4»;\//\

ICAS

IWE .%ﬂi/i/.u%g.u%g.\i/ﬁ./i/i\i

e T T T

/7 /7 /7
|
1
1 I I I I I 1 I I I 1 I 1 1
1 |/$| 1 I | |/\/\| | |/\/\| | |/\/\|
DQM [ |> [ [ [ [ I//I [ I//I [ [ //I
1 1 | 1 1 | 1 1 | 1 1 1 1 1
1

os T S DR D00T

A0 : r/\/,\/:J:\r : :%r : :%r ! % ! :X:;(X!

IO S N NN DO N NN DR S S A% N NS A N
Ag’ll I I\/</I I 1 | I\/\/I | I</\/I I I</\/:Xiqx I XXXI
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Minimum 8 REFA cycles
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EtronTech EM 639165

Auto Refresh
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PRE ALL REFA ACT#0 WRITE#0

All banksmust be idle before REFA is issued.
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PRE ALL Self Refresh Entry
All banksmust be idle before REFSis issued.

Rdimnay



EtronTech EM 639165

CLK Suspension @BL=4,CL=2
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EM 639165

EtronTech

Power Down
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EtronTech

EM 639165

54 Pin TSOP Il Package Outline Drawing Information
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Symbol Dimension in inch Dimension in mm
Min Normal Max Min Normal Max
A - - 0.047 - - 1.194
A1 0.002 0.00395 0.0059 0.05 0.1 0.150
A2 - - 0.0411 - - 1.044
B 0.012 0.015 0.016 0.3 0.35 0.40
c 0.0047 0.0065 0.0083 0.120 1.165 0.210
D 0.872 0.8755 0.879 22.149 22.238 22.327
E 0.3960 0.400 0.4040 10.058 10.16 10.262
(€] - 0.0315 - - 0.80 -
HE 0.462 0.466 0.470 11.735 11.8365 11.938
L 0.016 0.020 0.0235 0.406 0.50 0.597
L1 - 0.033 - - 0.84 -
S - 0.035 - - 0.88 -
y - - 0.004 - - 0.10
q 0° - 5° 0° - 5°
Notes:

1. Dimension D & E do not include interiead flash.
2. Dimension B does not include dambar protrusion/intrusion.
3. Dimension S includes end flash.
4. Controlling dimension: mm
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