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64Mb SDRAM Specification
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Powerchip Semiconductor Corporation

A2V64S40CTP
64M Single Data Rate Synchronous DRAM

General Description
The A2V64S40CTP is 67,108,864 bits synchronous high data rate Dynamic RAM organized as 4 x 1,048,576 words by
16 bits. Synchronous design allows precise cycle controls with the use of system clock I/O transactions are possible on
every clock cycle. Range of operating frequencies, programmable burst length and programmable latencies allow the same
device to be useful for a variety of high bandwidth, high performance memory system applications.

Features

* 3.3V power supply

® LVTTL compatible with multiplexed address

* Four banks operation

* MRS cycle with address key programs

- CAS latency (2 & 3)

- Burst length (1, 2, 4, 8 & Full page)
- Burst type (Sequential & Interleave)

Pin Configurations
54-pin Plastic TSOP (1)

* Allinputs are sampled at the positive going

edge of the system clock

* Auto & self refresh

* 64ms refresh period (4K cycle)

* Burst read single write operation
¢ LDQM & UDQM for masking

Ordering Information:

Frequency |Speed(ns) Order Part Number Package

VDD 1 G 54 VSS Type Standard| Pb-Free -
pao | 2 53 | DQis 200MHZ | 5  |A2V64SAOCTP| 5 | -G5 | ‘oomt
VvDDQ 3 52 VS50 200mil
DQ 4 51 D14 166MHZ 6 A2V64S40CTP| -6 -G6 | 1sOp-2
DQ2 5 50 DQ13 200mil
vas0o G A9 vDDQ 143MHZ 7 A2V64S40CTP| -7 -G7 | 150p.2
D3 7 A5 D12 400mil
D04 8 A7 DQ11 133MHZ 7.5 |A2VB4S40CTP| -75 | -G75 | 1oopy
VvDDQ 9 46 VS50

DQ5 10 45 | DQ10

DQ6 11 44 DQg

V530 12 43 | wvoDa

Da7 13 42 DQs

VDD 14 41 VS5

LDQM 15 40 | NC

WE 16 39 UDam

ICAS 17 38 | CLK

[RAS 18 3T CKE

ICS 19 36 | NC

BAD 20 35 A1

BA1 21 34| A9

A1D 22 33 Ad

AD 23 32 AT

Al 24 31 AR

A 25 30 A5

A3 26 29 Ad

VDD 27 28 VS5

(Top view)
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A2V64S40CTP

64M 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
CLK Input edge of CLK. 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 (row active in any bank), DEEP POWER DOWN (all banks idle), or
CLOCK SUSPEND operation (burst/access in progress). CKE is synchronous except after the
CKE Input device enters power-down and self refresh modes, where CKE becomes asynchronous until after
exiting the same mode. The input buffers, including CLK, are disabled during power-down and self
refresh modes, providing low standby power. CKE may be tied HIGH.
Chip Select: /CS enables (registered LOW) and disables (registered HIGH) the command
decoder. All commands are masked when /CS is registered HIGH. /CS provides for external bank
ICS Input selection on systems with multiple banks. /CS is considered part of the command code.
/CAS, IRAS, Inout Command Inputs: /CAS, /RAS, and /WE (along with /CS) define the command being entered.
IWE npu
Input/Output Mask: DQM is sampled HIGH and is an input mask signal for write accesses and an
output enable signal for read accesses. Input data is masked during a WRITE cycle. The output
LDQM, buffers are placed in a High-Z state (two-clock latency) when during a READ cycle. LDQM
UDQM, Input | corresponds to DQO-DQ7, UDQM corresponds to DQ8-DQ15. LDQM and UDQM are considered
same state when referenced as DQM.
Bank Address Input(s): BAO and BA1 define to which bank the ACTIVE, READ, WRITE or
PRECHARGE command is being applied. These pins also select between the mode register and
BAO, BA1 Input  lthe extended mode register.
Address Inputs: AO—A11 are sampled during the ACTIVE command (row address A0O—-A11) and
READ/WRITE command (column-address A0—A7; with A10 defining auto precharge) to select one
location out of the memory array in the respective bank. A10 is sampled during a PRECHARGE
AO—A11 Input command to determine if all banks are to be precharged (A10 HIGH) or bank selected by BAO,
BA1 (LOW). The address inputs also provide the op-code during a LOAD MODE REGISTER
command.
Data Input/Output: Data bus.
DQ0-DQ15 I/0
Internally Not Connected: These could be left unconnected, but it is recommended they be
NC - connected or Vss.
DQ Power: Provide isolated power to DQs for improved noise immunity.
VDDQ Supply
DQ Ground: Provide isolated ground to DQs for improved noise immunity.
VssQ Supply
Core Power Supply.
VDD Supply PPy
Ground.
Vss Supply
Revision 1.0 Page 2/38 March, 2005
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64M Single Data Rate Synchronous DRAM

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on any pin relative to Vss VIN,Vout -1.0~46 Y
Voltage on VDD supply relative to Vss VoD, VDDQ -1.0~46 Y
Storage temperature TsTG -55 ~ +150 °C
Power dissipation Pb 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 OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=-25to 85° C for Extended, 0 to 70° C for Commercial)

Parameter Symbol Min Typ Max Unit Note
VoD 3.0 3.3 3.6 \
Supply voltage
VbDQ 3.0 3.3 3.6 \

Input logic high voltage VIH 2.0 Voba + 0.3 \Y 1
Input logic low voltage ViL -0.3 0 0.8 \% 2
Output logic high voltage VoH 2.4 - - \% IoH =-0.1mA
Output logic low voltage VoL - - 0.4 Vv loL=0.1mA
Input leakage current ILi -5 - 5 uA 3
Output leakage current loL -5 - 5 UuA 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 £ VDD + 0.3V, all other pins are not under test = OV.

4. Dout is disabled , 0V < VOUT < VDD.

CAPACITANCE (vdd=3.3V, Ta=23°C, f = 1MHz, Vref = 0.9V + 50mV)

Parameter Symbol Min Max Unit Note
Clock Cclk 2.0 4.0 pF
/CAS,/RAS,/WE,/CS,CKE,L/UDQM Cin 2.0 4.0 pF
Address CADD 2.0 4.0 pF
DQO~DQ15 Cout 3.0 6.0 pF
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64M Single Data Rate Synchronous DRAM

DC CHARACTERISTICS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA=-25to 85" C for Extended, 0 to 70° C for Commercial)

Parameter Symbol Test Condition BErslan Unit | Note
-5 -6 -7 -75
. Burst length = 1
Operating Current lccr tre . tro(min) 120 | 110 | 100 | o5 | ma | 1
(One Bank Active)
lo=0mA
. Icc2P - |CKE . ViL(max), tcc = 10ns 2 2 2 2
Precharge Standby Current in mA
-d d
power-down mode lcc2PS  |CKE & CLK . ViL(max), tec = o 1 1 1 1
lccaN ICKE’[, .V|H(Im|n), ChS . Vle(mlnz., tccd= 1.0ns20 20 20 20 20
Precharge Standby Current nput signals are changed one time during 20ns "
in non power-down mode
lccaNS CKE . .VIH(mIn), CLK . ViL(max), tcc= o 15 15 15 15
Input signals are stable
CKE . V ,tcc=10
Active Standby Current Icc3P iL(max), tcc ns 10 10 10 10 mA
in power-down mode IccsPS  JCKE & CLK . ViL(max), tec = oo 10 | 10| 10 ] 10
lccaN ICKE’[, .V|H(Im|n), ChS . Vle(mlnz., tccd= 1.0ns20 30 30 30 30
Active Standby Current nput signals are changed one time during 20ns
in non power-down mode mA
(One Bank Active) . _
lccaNS CKE . .V|H(m|n), CLK . ViL(max), tcc= oo 25 o5 o5 25
Input signals are stable
lo=0mA
Operating Current Page burst
(Burst Mode) lcca 4Banks Activated 160 | 150 | 140 | 130 mA 1
tcco = 2CLKs
Refresh Current lccs tARFC . tARFC(min) 180 | 180 | 180 | 180 mA 2
Self Refresh Current Icc6 CKE . 0.2V 1 1 1 1 mA
NOTES:
1. Measured with outputs open.
2. Refresh period is 64ms.
3. Unless otherwise noted, input swing level is CMOS(VIH /VIL=VDDQ/VSSQ).
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AC OPERATING TEST CON D|T|ONS(VDD =3.3V, TA=-2510 85" C for Extended, 0 to 70° C for Commercial)

Parameter Value Unit
AC input levels (Vih/Vil) 24/04 \%
Input timing measurement reference level 1.4 \%
Input rise and fall time tritf = 1/1 ns
Output timing measurement reference level 1.4 \%
Output load condition See Figure 2
C 33V Vit =14V
12000 500
outout | , Vou(DC)=24V,lon=2mA —
utpu ! l VoL (DC) = 0.4V, loL = 2mA ulpu ==
8700 = I 30pF I 30pF
(Fig. 1) DC output load circuit {Fig. 2) AC output load circuit
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OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Version
Parameter Symbol Unit Note
-5 -6 -7 -75

Row active to row active delay tRRD(min) 10 12 14 15 ns 1
RAS to CAS delay tRcD(min) 15 18 21 21 ns 1
Row precharge time trRP(mMin) 15 18 21 21 ns 1

tRAS(min) 40 42 45 ns 1
Row active time

tRAS(max) 100 100 100 100 us
Row cycle time trRc(min) 58 63 67.5 ns 1
Last data in to row precharge trROL(min) 2 2 2 2 CLK 2
Last data in to Active delay tDAL(min) -
Last data in to new col. address delay tcoL(min) 1 1 1 1 CLK 2
Last data in to burst stop tBDL(Min) 1 1 1 1 CLK 2
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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AC CHARACTER|ST|CS(AC operating conditions unless otherwise noted)

-5 -6 -7 -75
Parameter Symbol Unit Note
Min | Max | Min | Max | Min | Max | Min | Max
CAS latency=3 tcc (3) 5 6 7 7.5
CLK cycle time ns 1
CAS latency=2 tcc (@) 10 10 10 10
CAS latency=3 tsAC (3) 5 6 6
CLK to valid output delay ns 1,2
CAS latency=2 tsaC (2) 6 6 6
CAS latency=3 toH (3) 2.5 3 3
Output data hold time ns 2
CAS latency=2 toH (2) 3 3 3
CLK high pulse width tcH 25 3 3 ns 3
CLK low pulse width tcL 2.5 3 3 ns 3
Input setup time tss 1.5 2 2 ns 3
Input hold time tsH 1 1 1 ns 3
CLK to output in Low-Z tsLz 1 1 1 ns 2
CAS latency=3 5 6 6
CLK to output in Hi-Z tsHz ns
CAS latency=2 6 6 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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TRUTH TABLE

Command Truth Table

COMMAND Symbol ~ CKEn-1 CKEn [CS /RAS /CAS /MWE BA1 BA0 A0~ A
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 H L H H L X X X X
Read RD H X L H L H \ V L V
Read with auto precharge RDA H X L H L H V V H V
Write WR H X L H L L V V L V
Write with auto precharge WRA H X L H L L V V H V
Bank activate ACT H X L L H H V V V V
Precharge select bank PRE H X L L H L V V L X
Precharge all banks PALL H X L L H L X X H X
Mode register set MRS H X L L L L L L L X
Extended mode register set EMRS H X L L L L H L L V
(V=Valid, X=Don " t Care, H=Logic High, L=Logic Low)
CKE Truth Table
Current state Function Symbol CKEn-1 CKEn /CS IRAS ICAS IWE /Address
Activating Clock suspend mode entry H L X X X X X
Any Clock suspend mode L L X X X X X
Clock suspend Clock suspend mode exit L H X X X X X
Idle Auto refresh command REF H H L L L H X
Idle Self refresh entry SREF H L L L L H X
Idle Power down entry PD H L L H H H X
H L H X X X X
Idle Deep power down entry DPD H L L H H L X
Self refresh Self refresh exit L H L H H H X
L H H X X X X
Power down Power down exit L H L H H H X
L H H X X X X
Deep power down  Deep power down exit L H X X X X X

(V=Valid, X=Don ~ t Care, H=Logic High, L=Logic Low)
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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 NOP
L H L H BA,CA/A10  RD/RDA ILLEGAL 1
L H L L BA,CA/A10 WR/WRA ILLEGAL 1
L L H H BA,RA ACT Row activating
L L H L BA,A10 PRE/PALL NOP
L L L H X REF Auto refresh
L L L L OC,BA1=L MRS Mode register set
L L L L OC,BA1=H EMRS Extended mode register set
Row active H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
L H L H BA,CA/A10  RD/RDA Begin read 2
L H L L BA,CA/A10 WR/WRA Begin write 2
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL Precharge / Precharge all banks 3
L L L H X REF ILLEGAL
L L L L OC,BA MRS /EMRS ILLEGAL
Read H X X X X DESL Continue burst to end — Row active
L H H H X NOP Continue burst to end — Row active
L H H L X BST Burst stop — Row active
L H L H BA,CA/A10  RD/RDA Terminate burst,begin new read 4
L H L L BA,CA/A10 WR/WRA Terminate burst,begin write 4,5
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL Terminate burst — Precharging
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS ILLEGAL
Write H X X X X DESL Continue burst to end — Write recovering
L H H H X NOP Continue burst to end — Write recovering
L H H L X BST Burst stop — Row active
L H L H BA,CA/A10  RD/RDA Terminate burst, start read : Determine AP 4,5
L H L L BA,CA,A10 WR/WRA Terminate burst,new write : Determine AP 4
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL Terminate burst — Precharging 6
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS ILLEGAL
Read with auto H X X X X DESL Continue burst to end — Precharging
precharge L H H H X NOP Continue burst to end — Precharging
L H H L X BST ILLEGAL
L H L H BA,CA/A10  RD/RDA ILLEGAL 1
L H L L BA,CA/A10 WR/WRA ILLEGAL 1
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL ILLEGAL 1
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS ILLEGAL
Write with auto H X X X X DESL Continue burst to end — Write recovering
precharge L H H H X NOP Continue burst to end — Write recovering
L H H L X BST ILLEGAL
L H L H BA,CA/A10  RD/RDA ILLEGAL 1
L H L L BA,CAA10 WR/WRA ILLEGAL 1
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL ILLEGAL 1
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS ILLEGAL
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Current state ICS /RAS /CAS |/WE  /Address Command Action Notes
Precharging H X X X X DESL Nop — Enter idle after tRP

L H H H X NOP Nop — Enter idle after tRP
L H H L X BST ILLEGAL
L H L H BA,CA,A10  RD/RDA ILLEGAL 1
L H L L BA,CA,A10  WR/WRA ILLEGAL 1
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL Nop — Enter idle after tRP
L L L H X REF ILLEGAL
L L L L OC,BA MRS/EMRS ILLEGAL
Row activating H X X X X DESL Nop — Enter bank active after tRCD
L H H H X NOP Nop — Enter bank active after tRCD
L H H L X BST ILLEGAL
L H L H BA,CA,A10  RD/RDA ILLEGAL 1
L H L L BA,CA,A10  WR/WRA ILLEGAL
L L H H BA,RA ACT ILLEGAL 1,7
L L H L BA,A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC,BA MRS /EMRS  ILLEGAL
Write recovering H X X X X DESL Nop — Enter row active after tDPL
L H H H X NOP Nop — Enter row active after tDPL
L H H L X BST Nop — Enter row active after tDPL
L H L H BA,CA,A10  RD/RDA Begin read 5
L H L L BA,CA,A10  WR/WRA Begin new write
L L H H BA,RA ACT ILLEGAL 1
L L H L BA,A10 PRE/PALL ILLEGAL 1
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS  ILLEGAL
Write recovering H X X X X DESL Nop — Enter precharge after tDPL
with auto L H H H X NOP Nop — Enter precharge after tDPL
precharge L H H L X BST Nop — Enter precharge after tDPL
L H L H BA,CA,A10  RD/RDA ILLEGAL
L H L L BA,CA,A10  WR/WRA ILLEGAL 1,5
L L H H BA,RA ACT ILLEGAL
L L H L BA,A10 PRE/PALL ILLEGAL 1
L L L H X REF ILLEGAL
L L L L OC,BA1=L MRS /EMRS  ILLEGAL
Refresh H X X X X DESL Nop — Enter idle after tRC1
L H H H X NOP Nop — Enter idle after tRC1
L H H L X BST Nop — Enter idle after tRC1
L H L H BA,CA,A10  RD/RDA ILLEGAL
L H L L BA,CA,A10  WR/WRA 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,BA1=L MRS /EMRS  ILLEGAL
Mode register H X X X X DESL Nop — Enter idle after tRSC
accessing L H H H X NOP Nop — Enter idle after tRSC
L H H L X BST Nop — Enter idle after tRSC
L H L H BA,CA,A10  RD/RDA ILLEGAL
L H L L BA,CA,A10  WR/WRA 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 MODE MRS ILLEGAL

Notes: 1. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA), depending
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on the state of that bank.
. lllegal if tRCD is not satisfied.
. lllegal if tRAS is not satisfied.
. Must satisfy burst interrupt condition.
. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
. Must mask preceding data which don't satisfy tDPL.
. lllegal if tRRD is not satisfied

NOoO O~ WN
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A. MODE REGISTER FIELD TABLE TO PROGRAM MODES
Register Programmed with Normal MRS

Address BAO ~ BA1 A11 ~ A10/AP | A9-2 A8 A7 A6 A5 A4 A3 A2 A1 A0
Function "0" Setting for RFU*1 W.B.L Test Mode CAS Latency BT Burst Length
Normal MRS "

Normal MRS Mode

Test Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 Latency A3 Type A2 | A1 | AO BT=0 BT=1
0 0 | Mode RegisterSet | 0 0 0 Reserved 0 Sequential 0 0 0 1 1
0 1 Reserved 0 0 1 1 1 Interleave 0 0 1 2 2
1 0 Reserved 0 1 0 2 Mode Select 0 1 0 4 4
1 1 Reserved 0 1 1 3 BA1 | BAO Mode 0 1 1 8 8
Write Burst Length 1 0 0 Reserved 1 0 0 Reserved Reserved
A9 Length 1 0 1 Reserved 0 0 Setting for 1 0 1 Reserved Reserved
0 Burst 1 1 0 Reserved Normal MRS| 1 1 0 Reserved Reserved
1 Single Bit 1 1 1 Reserved 1 1 1 Full Page Reserved

B. POWER UP SEQUENCE

1. Apply power and attempt to maintain CKE at a high state and all other inputs may be undefined.
- Apply VDD before or at the same time as VDDQ.

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

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

4. Issue 2 or more auto-refresh commands.

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

C. BURST SEQUENCE

BURST LENGTH STARTING COLUMN ADDRESS QINDIZRCIF Aeielgesias LN EERe
TYPE=SEQUENTIAL TYPE=INTERLEAVED
A0
2 0 0-1 0-1
1 1-0 1-0
A1 A0
00 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
10 2-3-0-1 2-3-0-1
11 3-0-1-2 3-2-1-0
A2 A1 A0
0O 0 o 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 o0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 o 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1. 0 ©0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1.0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1.1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1.1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
Full Page (y) N=AQ — A8 (location 0 —y) %‘nfﬁ‘n” %‘rﬁ %Ts Not Supported
NOTE:
1. For full-page accesses: y = 512.
2. For a burst length of two, A1-A8 select the block-of-two burst; AO selects the starting column within the block.
3. For a burst length of four, A2—A8 select the block-of-four burst; AO—A1 select the starting column within the block.
4. For a burst length of eight, A3—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—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.
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7. For a burst length of one, AO—A8 select the unique column to be accessed, and mode register bit M3 is ignored.

Power-up sequence

Power-up sequence

The SDRAM should be goes on the following sequence with power up.

The CLK, CKE, /CS, DQM and DQ pins keep low till power stabilizes.

The CLK pin is stabilized within 100 us after power stabilizes before the following initialization sequence.

The CKE and DQM is driven to high between power stabilizes and the initialization sequence.

This SDRAM has VDD clamp diodes for CLK, CKE, address, /RAS, /CAS, /WE, /CS, DQM and DQ pins. If the sepins go
high before power up, the large current flows from these pins to VDD through the diodes.

Initialization sequence

When 200 us or more has past after the above power-up sequence, all banks must be precharged using the precharge
command (PALL). After tRP delay, set 8 or more auto refresh commands (REF). Set the mode register set command (MRS)
to initialize the mode register. We recommend that by keeping DQM and CKE to High, the output buffer becomes High-Z
during Initialization sequence, to avoid DQ bus contention on memory system formed with a number of device.

Fower up seguence Initialization seguence
e

200 ps
e

VDD, VDDQ _ OV L

CKE, DQM —LoW

CLEK Low E !

iCS. DO Low | i Et] i “
Fower stabilize
Power-up sequence and Initialization sequence
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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.

1 1
[} 1
Command X ,E:n:' >< X létEr‘-.EIX
i i
! I
Address X Fow X }{C:':ulumrb(
! !
CL =2 {au:E){cuHKnLt:KcJ:E}

{{:-ut ] X out 1 }(-:u.t:}{ out 3_}

cL=2
CL =/CAES latency

Burst Length = 4
[CAS Latency

BL=1 {out 0 ) -
1-:-Ln§3{-:ut1'; e
DQ BL=2
- ot O o T oul P ——— .
_— ot Yot 1Yot 2t e YD B BYe [p—— - - -
) BL : Burst Length
ICAS 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, A8) to (0, 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 setto 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.

CLK

BL=1

CL=23
Burst write

2. Single write: A single write operation is enabled by setting OPCODE (A9, A8) to (1, 0). 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).

e | L L O L L1

tRCD '

Command ¥Xact X XwerX

Address XF:'.DW }( X:::Iumn}{

D \" 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. In addition, an interval defined by /APR is
required before execution of the next command.

[Clock cycle time]

/CAS latency Precharge start cycle
3 2 cycle before the final data is output
2 1 cycle before the final data is output
CLE :
| | { | | |
CL=2 Command ACT X W REMDA X W acT K
FAS

T
|
|
2] T
|
|
|

T
|
|
T {_oun ¥ ol W o
|
|
|

-—-lEF '
ot
=1
_— 3___
b

ClL=3 Command W ACT X, READA X . , K AcT K
I I

T T
1 1
1 1 1 1
{_oun X oun M oulz X ouwd » T
| | |
1 ! |
.

Da

|
|
Mote: Internal auto-precharge starts at the fimng indicated by "4’
And an mierval of tRAS (JRAS) is required between previous active (ACT] command and interma’ prechangs ™ °

4

Burst Read (BL = 4)
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. In addition, an interval of /DAL is required between
the final valid data input and input of next command.

! IRAS, !

—

. : | !

DQ {in0 X in1 ¥ in2 ¥ in3
|

!M

|
| | |
Command XACT X wrimax, XACT X
T T i
|
|
|
|
|

MNote: Internal auto-precharge starts at the timing indicated by " ‘ "
and an interval of tRAS (IRAS) is required between previous active (ACT) command
and internal precharge "* "

Burst Write (BL = 4)
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|

| |
Command ><{"xCT>< XTJR'TAX . X‘E"CTX
! RAS ! !
|

————

DQ £

DAL

Mote: Internal auto-precharge starts at the timing indicated by “{ "
and an interval of tRAS (IRAS) is required between previous active (ACT) command
and internal precharge "' "

Single Write

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.

ST U s I I B

1
|
Command X READ X X_ BST X i
|
|
(CL =D2Q} {: out >< out >< aut i High-Z
I .
(CL =D3|:,:;. 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 X _WRITE X X BST ><
High-Z
DQ 4< in X in >< in X 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.

e L LU LU L e
Command % act }{ XREAD){RE.‘\D}{
Address X Fm ){ “armn J‘}{:oumr‘}{
BS \ |/ \

\\\
‘-.,\‘
q::uia[l}{.,d EII])-'](:L.tE >(r'1 B2 Xout 3"'}

Do
BankD Celumn =& Column =5 C"u"nr' =A CDlJ"nr‘ =B CL=3
Active Read Read Drout Diowt 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.

S
Command :>{:,e“_, ¥ Wact XHEH.D){HEA":}{

! |

' |

i .
:ﬁ:ﬁi ' % : :

Address Raw O Row 1 Cakumn A%eciumn B | I
T ]

““\-.‘__I ! '

! i

! 1

|

i i i
BS_\ | / x’i“a:f?‘k‘\
DQ i : i i '.,|....JI. Hn:'){.J BOYout 51 {put B2 Xout B3
Bankl Bank3 Ealr'kl: Sank3 EIa'1kEI Banka CL=3
Active Active Fead Read Deut  Doeut 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.

cw L[ LI Lot e e

I

i i
Command 3 act X XwaITXWRITX

1 [} 1

Address % ag ¥ XCoLrIrLJX':cIu:nre:'(
BS N1/ N\ ; /
DQ ——+——{in 40 Xin 80 X(in 81 )(in 52 in B3 )

1 1

BarkD  Column=A Column =8 Burst Write Mode
Active Write Write EBL=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.

= L3 I I v I

1

1 |
Command  acT ACT YWRIT X WRIT),

1 |

1

i i i

Address :)C:ﬁ :mm;ﬂ'r Ao

Bs_Ni /S SN LS N
¥

DQ : : {in ;ﬁu}( n 80 X in B1in 82 in B3}

Bank0 Bank3 Bank0 Bank3 Burst Write Mode
Active Active  Write  Wirite 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.

<18 B I O O A

Command WREADY WRIT X
o
=
woam CL=2 O\ /
LDCIM
(CL=3 \ /
DQ (input) {in BO Xin 81 Xin B2 XinB3
. BL=4
DQ (output) > High-2 { Burst write

READ to WRITE Command Interval (1)

e [ LT LI Ly L L
Command WREADX | X"-'"”'R;TX

upam " !
LDGM _\‘ 1 2 clock

CL=2 {out ¥ out X out X i|I'| Woin ¥ in } in —
CL=3 { out ¥ out X i|;'| ¥oin X i (in —

DaQ

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.

Revision 1.0 Page 20/38 March,
2005



() Powerchip Powerchip Semiconductor Corporation

NNsFSHE A2V64S40CTP
FeESEIEESE—————— 64M Single Data Rate Synchronous DRAM

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.

w83 S S A e
' i i
Command \}{\ WRIT >< READ X
| T
i | I
upom —————— ! /
LDQM AN : : /
l ! |
oaQ ::in:lut:—{: in AD } i i
i ! . . .
DA {output) ! : ! out BO )( out B1 \,< outB2 X outB3 ———
: : A i Y ! S S
Column = A -~le—— A | atency Burst Write Mode
Write  column=B Caolumn = B Et ;j
Read Dout Bank 0
WRITE to READ Command Interval (1)

1
Command }-{ WRIT :}( }( READ X

e | L L L L 4 ] 4 I [J LI |
[}

upam ———————
LDQM \

M, /

DQ {output)

i |

: i

| i

1

DO (nput) —— ¢ in AD \}E( in Al :} E
i

i i

i i

|

/o \Vap N/
{ Dlut BO 3{ outB1 % outB2 ¥ outB3 :%
|

R Aoida

Column = A ' [CAS Latency Burst 'm:e.ﬁmj_d”
Write CL=2
Column=B 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

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 next clock of the second command.

CLK | | | |
Commandi }f.j_REp«lD,q X
BS ! kY /

[}
DQ

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

bank0 bank3
Read A Read CL=3

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

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 2 clocks later
from the second command.

cew[ LT L7 1 LI 17 °I 171 |
Command E WWRITA X WRT K I I I
BS i \' i / / i I\"' T T T T
1 i 1 1 1 1
DQ—— inAD X inA1 X inBO X inB1 ) inB2 X inB3
bank0 bank3 _
Write A Write BL=4
Mote: 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

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 next clock of the second command.

e L LI L L L I I I
Commandi XREADA X WRIT X | | ' '

upam CL:EE_;’—i_\'\ / | |
DAL L =3 T\ i i ./
DQ (input) (B0 X1 (b2 YB3 )|
DG (output) I4Iﬁ High-Z {: : :
bank0 bank3 BL=4

ReadA Write

Mote: Internal 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

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 2 clocks later from the second command.

\J

DQ (output)

.o A S I U [ S S
Command i X WRITA X READ X
BS | i N
uDaM —— i i i | S |
LDOM ——— i i i l — |
DQ (input) i—\ﬂ'& i i i i i i i

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
[HZP, 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 /EP must be assured as an interval from the final data
output to precharge command execution.

T T S e I I A R
Command ¥ READ ..::x::l i >< PqE.-P_tq_L}{ i
DG : { out AD / out A1 \ out AZ / out A3 \‘
1 - : : T
CL=2 IEF = -1 cycl=
READ to PRECHARGE Command Interval (same bank): To output all data (CL=2,BL =4)
=T I I I A L L] | N

1 1

1 1

T T

Command >< READ H >< 3RE-’PAL.>< |
' i i

1 1

1 1

DG ; {:: <I:|L.1..l!.:I \\ nI:.Jt.ﬁ.' X out A2 > T.JtAEh ::;
*l 'w
READ to PRECHARGE Command Interval (same bank): To output all data (CL=3, BL =4)

e [ L0 4 0 B oy L
Command \ READ XF‘FE."DALLX i

E \ E High-Z
ns]} { outAD

i e

1 I 1

IHZF =2

x| L 1 4 4 J L 1 L1 L L1 I
[ |
1 |
Command >< READ X:'RE-'PALLX i
i |
i b
DG : out A0 | High-Z
: f————
1 |
Tﬂ

READ to PRECHARGE Command Interval (same bank): To stop outputdata (CL=3,BL=1, 2, 4, B)
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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 tDPL.

cx| [ ] LI |

|
Command f\ WRIT X i }(F'RE.‘ DALLX
|
I
i

UDaM
LDQM % /

tDPL

=R N S s

Command fx\ WRIT /

E{F"RE.‘F"P.LL%
f h

UM
LOGM

/

DQ —.:j:_ in AD \\ in A1 >< in A2 X in A3 ;}
——
' 1DPL

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.

ck| |

!IIIIIILESJIIIIIII!III

D ( X

sasess ) mow | )(row X
=\ | / §

I tRC |

Bank 0 Sank 0
Active Active

Bank Active to Bank Active for Same Bank

=T I R s e
1 |
Command >/ ACT / >< ACT \,\

[}
Address ¥ ROW:-0 >{ 1 ROW:1 ><

1 |
s\ | / VARERY

1 |

| tRRD |

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 IMRD.
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e [ L] LI L] L |

| i
Command MRS >/ /< ACT >/
::i : :  _
Address  XOPCODE Wes & row)

-—-i

! IMRD
Mode Bank
Register Set Active

Mode register set to Bank active command interval

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 0 clock.
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| {DOD = 2 Latency
Reading

CLK
|
UDQM S
LDQM |
|
|

DQ { ino X int n3g )
IDID = 0 Latency
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 selfrefresh

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 in the IDLE state. In power down mode, power consumption is
suppressed by deactivating the input initial circuit. 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
CLK _f’—\\_r/_ir;f!—\_xh\_ﬂ{_\_; A ’:‘:\_x"—\\_fa—\_f/_‘ AR EANVAANS
ke . -
cs IL :JI( ' { -ﬁ J; \L‘_«_j; \t‘:“_j/
7777 oo IR 711 i TSI, i VAN
e T R R,
we 2228 T 1 I N | Y
- /L.in gl | :ISI tHI : =1 | tHI W =l | I | z
Y7777, 8 )|Q 777 .EL al :SI = ,%V////////////ﬁrz - W
. G 77 G 7, B
B 7 2 ”1(////////////////// A
DQ {input)
D {output) & 8
e 'T;ZI@J ICAS latency = 2
Bank D Sank 0 Lz Bank 0 Burst length = 4
Actve Read Precharge Bank 0 access
=VIH or VIL
=VOH or VOL
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Al Ed451 A2V64S40CTP
e 64M Single Data Rate Synchronous DRAM
Write Cycle
m_fﬂ;thlfﬂjjquf%ji;thlfﬂjﬂqﬁL
CKE v =y P
S |‘5 tHl 51 LSt
s T T o S e
exe 2207 ] S| e |
we 20 T Yot /( A, //////A::V////////////Ai’ 7
S LT VDT Ipﬂ7//////////////////x*~—-1,»’/////////////);!69"i-j%
wo 2| Syt e/, G 7
777, BB 777, B 7, @
Lpan W/W/T IS IS
151 [ tH pst| tH gs1 |t g1 e
0Q (input) K )’( )‘( * 311
OO (output) -
Bank 0 Bank 0 Bank 0 CL=2
Active Write Prechargs BL=4
Bank [ access
=VIHor VIL
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NIE¥She A2V64S40CTP

SRR SSSaRE 64M Single Data Rate Synchronous DRAM

Mode Register Set Cycle

I 1

CKE — VIHY
s T NS
|

RAS 7770 LLLLLDN 120
1CAS 7770 LA A
WE L0 LA PITTT ROZ77  RELLZIZT LS 7N
B8 /77T 7000 T 77T ' '

s 7 T TN TN
Lpaw LLLLLL L Z L L AR /N

| 1 1 1 1 | 1
DQ {output) — : : : : ; :
1 1 1 1 1 1 1
DQ ({input) 1 1 H 1 | | |
| 1 T T ]
! 'imp ! IMRD)
Cuiput mask rReD =3
Precharge Mode Bank 3 Bank 3 =
f needed register Bztive Read ICAS latency =3

Burst length =4
=WIH or VIL

Set

Read Cycle/Write Cycle

o1 2 2 4 5 8 7 & 8 10 11 12 13 14 15 16 17 18 19 Z0

CLE

CKE — WIH T T
. 1

Read cycle
RAS-FCAS delay =3
fCAS latency = 3
Burst length = 4

X2 XA
LELZA PIA 2N

1cAS Z.Z?i \;////AJ_A' ;/f i Yf’///)u_fi V//:IAJJ/

DQ (output) — : ; ; ; : ) i
D3 dinout) i | i i i i I I Z 1 1 1 I T
' ' I gaxn ! ' Eamsn ! Banez ! | Bank3 Bamkd ' parxz | Bankz ! ! ! e !
: .'«.cll.l-e : : ReI::I : -‘\-clll-e : : Read r:char;l:I : H:.“ : Rclu: : : : ='\ecnar:ﬂ| :
I | I I I I | I | I I I I | I | I I | I | I
CKE —:\_r”- | 1 1 1 1 | 1 | 1 1 1 1 | 1 | 1 1 | 1 | 1 Wirite: cycle
1 . I 1 1 1 1 I 1 | 1 1 1 I -_I I f 1 1 | 1 | 1 I[RFLS_{C’.EL-" dE'a',’ - 3
ies LN/ TN TN T TN TN TN TN T T TN /T T (kS atency < 3
3 ! / ! y ! Burst length = 4
1 "" LA i E: i 1 =""|H0r VIL
| |

|

I
Z t PN/ S ISIN | | | | LSS L
8 : Rb) KB NN e Rl F o ol
UDAM. LDGM 277l Al 0 A 0 a0 v
PR o e e e e e e e e e et
0a finput) —————— erNe=2ax3) b G20 OCIORIHE——

:ﬁﬂf..f ts‘.:'rlg ¢ E:I’]-‘: '.E-'p{rll-'; : Eal\c'::ri':r;c E"\'arr:\; : \B\'ﬂ: : i=I'\e-\la:"r|§r;:
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NIE¥She A2V64S40CTP

SRR SSSaRE 64M Single Data Rate Synchronous DRAM

Read/Single Write Cycle

UDGM, LDQM
DQ (input)
DG {output)

Eamik 0

Eankd Sank [ Sank: | I | | B Hank | | | Bank 3
A;v! '_l!.'ﬂ: .'.clu-.we : : : : wirme  SeEad : : ="ecna|\:e: P'elcnar:l_-
CKE 1 WH! A T A A
| | | | 1 1 | | 1 | | 1 | |
cs 1 NS \J_,JI_\_A_/ R R T .._/J._\J_‘_ YA
IRAS 777N W ! m' W W,? LA LSS

V24N 777777

\AIIHi
Y W sz s W RN 77 AW 7

BS A,
Address ZZZ'}R EY I Y Pl G Cate e b}{C C {???77?771777777
UDQM, LDQM 77?77777777,?:7)5 TN ETIIITIAL S L LA A

0Q input) —————————————————@ —b X¢ lllll
Da (outptt) ——4——7F—3———7———a@ @@ ——F——r—F— 77—+
| | 1 1 | | | 1 1 | | | 1 1 | | | | 1 | | |

Eank 1 anl: Sank 3 Bank J Bank 0 Sark D Eank

ACive Sead At Wrile \Wiribe  WrRe: Precharge
Read/Single write

RAS-ICAS delay =3

fCAS latency = 3
ELurs length =4
=VIH or VIL
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71 SiE A2V64S40CTP
FOREAEASEESRSCT 64M Single Data Rate Synchronous DRAM
Read/Burst Write Cycle
1011 12 13 14 17 18 19 20
CLK
T T VA O T Y N O
s TTNL /T TN N N N PN

IRAS 772! f’////,ﬁ’ 7N PIII7 777777077070 XOZI77 777N P 77
1cas ZZZFT XTTZIA LTTT T TIT 7777 AL LTI 77T T <
WE 2T X277 T 777777777777 7, 77777777 7N, 7o L7
BS ZZ70 LT777N, 7T 7777777777777 777777777, L7
Address 7770 RaX/ 7 72N CaX R Y1 70 7 AN LI,

UDQM, LDQM ///////,///,///A' R f/////,/)\. T
DQ (input) —— i — i i i i — i —{a Yati¥XatZ¥at3H — i i
areyssmem i N N R o O A s
DOEMD o B0 omme o L Emo ) Emo s

oE W
es TN/ NN TN | F (.

IRAS 700 LZZ77T A f////////////// V////////////A y/////A
1cas LI LI V7 NLALLT I I IN, PP 7777 ALl
WE 7] LT A T 770N, Fpr 7P A 770, L7777
B LV L V//f//k/////m f’)’//////////)’/)ﬁ y//k//,'o

Address :
UDQM, LDQM /////////////// E f WW/_
DQ (input) ———————T—T——— — (@ Yt 2)atd)—
1 1 | 1 1 | | _,-'— ‘_\ | _\. 1 | | | 1 | | |
DQ foutput) ——————————7——7 {2 *—fﬁ”' @ ———— : T T
" Bankn T BankD  mamwa ’ ’ " Bankn ) ) ’ " BawD ’ )
Active Raag Achve Witz Prechange
Read/Burst write
/RAS-ICAS delay =3
/CAS latency = 3
Burst length = 4
=VIH or VIL
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TN+ ShHS A2V64S40CTP
e 64M Single Data Rate Synchronous DRAM

Auto Refresh Cycle

CLK

|
CKE —1 viH |
1
I

|
1
I
s i
1 |

T
/s 47474

we LI L LLZT
Ve O 2 i e,

777,\ f7777}: ////////////A,

1
1
:
1CAS WW\

uDam R
LOGn T T I T T T T 1 T | T T I T T T I = T T T T
7oYYL S S S S S S S S SN S S S S S S S S S S —
1 1 1 1 1 I 1 I 1 I 1 1 _ 1 1 1 1 1 1 I I
D@ foutout) ——t e dhr L3 (5]
1 1 [ tRF‘I # ] [ ] 1HCI ] 1 [ [ tHIE: [ [ 'I‘ 1 +I I I 1
* + . - Refresh cycle and
- 2 A P Actve Read F
resae fute metrE=n Aulta Refrzen Sank 0 sakn  Read cycle

/RAS-ICAS delay =2
{CAS latency = 2
Burst length = 4
=VIH ar VIL

Self Refresh Cycle

rwummwwu

|
SRISRERT |
|

all M R
pVIEUIE B N S

CKE

/ TN Az
s LI 22N y///AMMMV/////A(A! P77I7777
css TZTT | TZITN,  [ZZTTSTT 77T 77T TN TIN AT 77777770,

we LI 77T TN I7 72T AT

ssiress 77774 -1>é’////////////3Y///////////SV//////SY///////////////////

DG L

LDQM m@mm
i I R ( R B T R R (L I A N B
patmed T Ty o
L High-Z
Pa foueut o ) S 33?--4--r-4 o
Ao ) bR R
zharge =g aniry Self refre R aae  Self refresh cycle
ﬁ?.—_fﬁ;’;' commana -:,n:--||[:rE:;Tr':-;f1 e i 1"3“5?.?;}', he ﬂ ;0:2.1.::?1 entry E‘Eﬂ I'E:'\E"EI' RASICAS delay =3
& ho opratan enaie enacle CL=3
5L =4
=VIH or VIL
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NIE¥She A2V64S40CTP

SRR SSSaRE 64M Single Data Rate Synchronous DRAM

Clock Suspend Mode

10 112 13 14 15 16 17 18 1% 20

Read cycle
[RAS-ICAS delay =2
fCAS latency = 2
Burst length = 4
=WIH or VIL

UDaM, LDOM

| |
! : —a :-(anfa_ - ':-:a;afa}i

DQ (output) —+——+— 1! (b Va1 ch+2]ip'+3} i
Lo 1 1 | | | | | I I THighz | I I 1
D (gt ——dd P
1 + + I | I t | + 1 1 1 + j | | I 1
I Bankd dve clock ! Aciive clock  BankD | Bankl Read suspe: 1:1l Read swspend  ganpy Bankd | | Earlest Bank3 1
I Actve s I:p-e'\:l stan : I:.-:|:er:| =ng S=ag | !rill-e : :.41. ! ) -er:l ﬁe:: Pmruje | F'l\e:l':'ge ) 1
CKE — ! 1 | | A | Y | VS ! | | | | | | 1 Write cycle
1 - ! | | _"l—l—l— | | | | | | | 1 [RASICAS delay = 2
ics \ VXSS LSS '\.! ST TN jcas Iat;;w 2:'r

RaS ZIA,_PTITIITITITT N GTI77 7777777\, y/////A. J777. Busstlengtn = 4
cas P7T XOZLTI777 70 | U7 T727707 I [ 77777 gz 7 AT e
WE ZZL] NILLTTTTTLIAN N XTI ILTITZIAL | LI 777 IN L7
65 ZIZAL 7777777 777N || IZ 777 7A N, PI7 7 LLL
pddress ZZNRAL L7177 77 7 ZNCaNE DA IIILIILEL = :-:///////////////
UDCM, LDOM 72277 P i o o ol | 1 FlAPI AN ||| IS
Pt e S e s - e S S S
D (input) ——t—t— 1| &3)b Nor3H —
| {r+|: --v:col-s | J-:—-.--ecl:»-r Sank] Barkl  WrRe suzpend  Wrke J:\'ﬂ tn Sankd IEar::lEar-Irz |
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AL o] A2V64S40CTP
e 64M Single Data Rate Synchronous DRAM

Power Down Mode

ICS \_i_/: i\: WIIIIS) NS e
IRAS m' f///ymmim
s TI LT | IR ZZZITT 777707,
we ZZIN LZ77777 MW

B8 V//VMWQM

pstess 2 T N NI,
DM
D LTI T 77 7777 7T 77 77 7777 777 777777

| | | | | | | | |
DQ (input) ——— 4 1
: ! ! ! M . ! ! ! ! !
DQ (output) —— ! {{— High-Z2—————————
I I tRFP I I I I : : :
. * ] :ﬂ_ﬁutdﬂm ety . t T Power down cycle
freeded o ’ mode exit IRAS-ICAS delay = 3

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

Initialization Sequence

UDAM l l R i l oo
B A
M M M M M M M M M M M d [ High-Z — M M ' M

I N N S VO S N N S A S ) R A IR

N N R R L R R AR L A

é-leg;g&;e Auto Refresh Auto Refresh gglde regster Fl?"neke ggl:l‘v-‘-
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VAITES ) A2V64S40CTP
PR ERE 64M Single Data Rate Synchronous DRAM
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; Address : No. 8, Lane 29, Wen-Ming Rd., Lo-Shan Tsun Kui-Shan
ET[ Hﬂ:“mm[:s IES""“ [:ENIEH, Hsiang, Taoyuan Hsien 333 Taiwan, R.O.C
TAIWAN TEL : 886-3-328-0026 ext 291,292,
FAX : 886-3-327-6176

Testing Report

Company : Siliconware Precision Industries Co.,Ltd For Office Use

Address: NO.123, SEC 3, DA FONG RD,TANTZU TAICHUNG Application No. ET930 07- 015
TAIWAN R.O.C Reviewed by : 7

Receive Date : 26" Jul., 2004 /l %/ w‘/Z

Date Issued : 2" Aug., 2004 Total Pages : 2 h|s

Notes :

1. This report relates only to the items tested, and the content of this report is for references, but not for advertising publicity or other

commercial purpose.
2. The testing report shall not be reproduced except in full, without the written approval of ETC.

FJJC H“WWV Z& A

Electronics Testing Center, Taiwan Manager Latyad( :

)

Testing Item & Experimental:
Submitted Substance Instruments Modified Method

Lead and its compounds(Pb) ICP-OES US EPA 3050B
Cadmium and its compounds(Cd) ICP-OES US EPA 3050B
Mercury and its compounds(Hg) ICP-OES US EPA 3051A
Hexavalent-Chromium (V1), Cr®* UV-VIS US EPA 3060A & 7196A
Polybrominated Biphenyls(PBBs) GC-MS US EPA 8082A/8081A/8270C
Polybrominated Diphenylethers (PBDEs) GC-MS US EPA 8082A/8081A/8270C

Results:

ET930-07-016

Sample Description 54LOC-TSOPII Lead free

Style/ltem No. e

TO pursue excellence in service quality with a dedicated working attitude.



ETt ELECTRONICS TESTING CENTER,
TAIWAN

Address : No. 8, Lane 29, Wen-Ming Rd., Lo-Shan Isun Kul-Shan
Hsiang, Taoyuan Hsien 333 Taiwan, R.O.C

TEL : 886-3-328-0026 ext 291,292,

FAX : 886-3-327-6176

Testing Report

Company : Siliconware Precision Industries Co.,Ltd For Office Use
Address: NO.123, SEC 3, DA FONG RD,TANTZU TAICHUNG Application No. ET930 07 016
TAIWAN R.O.C

Receive Date : 26" Jul., 2004
Date Issued : 2" Aug., 2004

Notes :

Reviewed by : K ///“/‘ é 07J

Total Pages : 2 ,Thn%

1. This report relates only to the items tested, and the content of this report is for references, but not for advertising publicity or other

commercial purpose.

2. The testing report shall not be reproduced except in full, without the written approval of ETC.

Testing Result (ppm, mg/ kg-each of sample)

Analytical Substance

ET930-07-016 Note  MDL
Lead (Pb) 15.51 ----0.0360
Cadmium (Cd) 2.23 - 0.0018
Mercury (Hg) N.D. - 0.0216
Chromium (VI), Cr®* N.D. <0.05 0.0033
PBBs N.D. --—--0.1000
PBDEs N.D. ----0.1000

Notice For Customer:

1. MDL means Method Detection Limitation.
2. IDL means Instrument Detection Limitation.
3. N.D. means non-detected.

4. Each of samples was made for twice and calculated by mean value.
5. ppm means 107 of part per million; ppb means 10°° of part per billion.

TO pursue excellence in service quality with a dedicated working attitude.



SGS

Test Report

REPORT NO. : LPCI/08316/07

CTS REF. : CTS5/07/2054Hitachi Chemical
DATE REPORTED : JUME 01, 2007

PAGE D 1of4

HITACHI CHEMICAL CO LTD.

The following merchandise was (were) submitted and identified by the client as:

Sample Name : CEL — 9200HF10
Sample Received : 2007/05/07

Testing Date : 2007/05/07 to 2007/05M15
Date Reported : 2007/06/01

Test Result : Please see the next page

Analysts: Lim Meng Hoe, Jocelyn Christmas

SGS LABORATORY SERVICES (M) SDNM. BHD.

Q,é
L —————————,
)

CHONG KIEN LEN
B.Sc.(HONS) AMIC
LAB MANAGER

This docurment isiemed iy e Compamy subject Lo its Genesal Condilions of Seevice prinbed o e or aailable oneeguesd and aceeszable of wew ags com Allenfion is
driween 1o e Birrititions of liabilly, inderonification aod juiaficional isae defined Beeoeing Unless obheeedsae staled, () e nesalls shosain Dhis docurmenl meles ondy o B
sampleds) testad and (b) such samglais) are retained for 30 days only. This document Cannot be reproducad except in Tul, without prior approval of e company. Any
unauthorized ateration, Torgery or falsification of the coment or appearanc @ of this repor £ unlawful and offenders may be prosecutad to the Tullest edant of the law.

G5 Laborglony Seraces (V) Sdn. Bhd, Wrama 5065 Lol 803 Lebubh Bep Lumu Kawesan Penndusnan PENS Pandamaran £2000 Porl Klang Makysiz
(Company No. $3972-M) t B0 SIEE 230 B (I3) 3165 ZED wew S0z .com

Wember ol the 203 Geowp



SGS

Test Report

REPORT NO. : LPCI/08316/07
CTS REF. : CTS07/2054Hitachi Chemical
DATE REPORTED : JUNE O, 2007
PAGE : 20of4
Company : HITACHI CHEMICAL CO LTD.
Test Result
Sample Name : CEL — 9200HF10
Test Itemn (s) : Unit Method mMDL Result
Chromium VI (CrG+) ppm | UV-Vis as per EPA 3060 A 7 71596 A 2 M.D.
. ICP-OES as per EN 1122, method B:2001
Cadmium (Ca) PPM | (acid digestion method) 2 N.D
ICP-OES as per US EPA 3050B
Lead (Pb) PPM | (acid digestion method) 2 MO
ICP-OES as perUS EPA 3032
Mereury (Hg) PPM | 2cid digestion method) 2 N.D
NOTE: (a)N.D. = Not detected (<MDL)
(b) ppm = mg/kg
{c) MDL= Method Detection Limit
Analyst: Lim Meng Hoe
SGS LABORATORY SERVICES (M) SDNM. BHD.
—
CHOMNG KIEN LEN
B.Sc.(HONS) AMIC
LAE MANAGER
This docurment isiemed iy e Compamy subject Lo its Genesal Condilions of Seevice prinbed o e or aailable oneeguesd and aceeszable of wew ags com Allenfion is
driween 1o e Birrititions of liabilly, inderonification aod juiaficional isae defined Beeoeing Unless obheeedsae staled, () e nesalls shosain Dhis docurmenl meles ondy o B

sampleds) testad and (b) such samglais) are retained for 30 days only. This document Cannot be reproducad except in Tul, without prior approval of e company. Any
unauthorized ateration, Torgery or falsification of the coment or appearanc @ of this repor £ unlawful and offenders may be prosecutad to the Tullest edant of the law.

G5 Laborglony Seraces (V) Sdn. Bhd, Wrama 5065 Lol 803 Lebub Rep Lumy Kawesan Penndusnan PENS Pandamaran £2000 Porl Klang Makysiz
(Company No. $3972-M) t B0 SIEE 230 B (I3) 3165 ZED wew S0z .com

Wember ol the 205 Gewp



SGS

Test Report

REPORT NO. : LPClO8316/07
CTS REF. ;. CTS/07/2054MHitachi Chemical
DATE REPORTED : JUMNE 01, 2007
PAGE  Jof4
Company : HITACHI CHEMICAL CO LTD.
Test Result
Sample Name : CEL — 9200HF10
Test Item (s) : Unit Method mDL Raesult
PBBs (Polybrominated Bipheryls)
Monobromo Biphenyl ppm | GOMS as per ERPA 35400135508 5 M.D.
Dibromeo Biphenyl ppm | GCMS as per EPA 3540035508 5 M.D.
Tribromo Biphenyl ppm | GCMS as per EPA 3540C/3550B 5 M.D.
Tetrabrormo Biphenyl ppm | GCMS as per EPA 3540035508 5 M.D.
Pentabromo Biphenyl ppm | GCMS as per EPA 3540C/3550B 5 M.D.
Hexabromo Biphenyl ppm | GCMS as per EPA 3540C/35508 5 M.D.
Heptabromo Biphenyl ppm | GCMS as per EPA 3540035508 5 M.D.
Cctabramo Biphenyl ppm | GCMS as per EPA 3540C/35508 5 M.D.
Monabromo Biphenyl ppm | GCMS as per EPA 3540035508 5 M.D.
Decabromo Biphenyl ppm | GCMS as per EPA 35400435508 5 MWD,
PBDEs {Polvbrominated Dipheny ethers)
Monobromo Diphenyl Ether ppm | GCMS as per EPA 3540035508 = M.D.
Dibromo Diphenyl Ether ppm | GCMS as per EPA 3540C/3550B = M.D.
Tribromo Diphenyl Ether ppm | GCMS as per EPA 3540035508 = M.D.
Tetrabromo Diphenyl Ether ppm | GCMS as per EPA 3540C/3550B = M.D.
Pentabromao Diphenyl Ether ppm | GCMS as per EPA 3540C/35508 5] M.D.
Hexabromo Diphenyl Ether ppm | GCMS as per EPA 3540035508 = M.D.
Heptabroma Diphenyl Ether ppm | GCMS as per EPA 3540C/35508B 5] M.D.
Cctabramo Diphenyl Ether ppm | GCMS as per EPA 3540C/35508 5] M.D.
Monabromo Dipheny| Ether ppm | GCMS as per EPA 3540035508 = M.D.
Decabromo Diphenyl Ether ppm | GCMS as per EPA 3540C/35508 =] M.D.
NMOTE: (a)MN.D. = MNat detected (<MDL)
(b) ppm = mglkg
(c) MDL= Method Detection Limit
Analyst: Jocelyn Christmas
SGS LABORATORY SERVICES (M) SDN. BHD.
—
CHOMNG KIEM LEM
B.Sc.(HONS) AMIC
LAB MANAGER
This docurment isiemed iy e Compamy subject Lo its Genesal Condilions of Seevice prinbed o e or aailable oneeguesd and aceeszable of wew ags com Allenfion is

driween 1o e Birrititions of liabilly, inderonification aod juiaficional isae defined Beeoeing Unless obheeedsae staled, () e nesalls shosain Dhis docurmenl meles ondy o B
sampleds) testad and (b) such samglais) are retained for 30 days only. This document Cannot be reproducad except in Tul, without prior approval of e company. Any
unauthorized ateration, Torgery or falsification of the coment or appearanc @ of this repor £ unlawful and offenders may be prosecutad to the Tullest edant of the law.

G5 Laborglony Seraces (V) Sdn. Bhd, Wrama 5065 Lol 803 Lebub Rep Lumy Kawesan Penndusnan PENS Pandamaran £2000 Porl Klang Makysiz
(Company No. $3972-M) t B0 SIEE 230 B (I3) 3165 ZED wew S0z .com
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Test Report

REPORT NO. : LPCI/08316/07
CTS REF. : CTS/07/2054Mitachi Chemical
DATE REPORTED : JUNE 01, 2007
PAGE 1 4of4
Company : HITACHI CHEMICAL CO LTD.
Test Result
Sample Name : CEL — 9200HF10

HITACHI CHEMICAL CO LTD.
LPCI1/08316/07

SGS LABORATORY SERVICES (M) SDNM. BHD.

C)-é
i
A

CHONG KIEN LEN
B.Sc.(HONS) AMIC
LAB MANAGER

This docurment isiemed iy e Compamy subject Lo its Genesal Condilions of Seevice prinbed o e or aailable oneeguesd and aceeszable of wew ags com Allenfion is
dlriwsn 1o e Biritistions of liabilly, indeeonification aod juriaficional isaee defined Being Unless ofheeedsae staled, G e nesalls shosain Dhis docurmenl mles ondy o B
sarmplede] 1eelad and (b) such sampleis) are retainad for 30 days only. This documant ¢annot be reproduced except in Tul, without prior spproval of Bhe company. Any
unauthorized alteration, Torgery or talsification of the conlent or appearanc e of this repor £ unlawful and offenders may be prosecutad to the Tullest edant of tha law.
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(Company No. $3972-M) t B0 SIEE 230 B (I3) 3165 ZED wew S0z .com
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SGS

1. DETEREMINATION OF HEXAVALENT CHROMUM BY
METHOD US EPA 3060A/7196A
Sample Preparation

REPORT NO: LPCI/08316/07
SGS LABORATORY SERVICES (M) SDN EHD

2. DETERMINATION OF LEAD CONTENT BY US
EPA 3050B
Cut sample in small places

Add colour-developing reagent Weight sampla {1 nTnm digastion vassal

Acidiby willh HaS 0y Acid digestion (HCI and HMOg)

L et stand for S=10 min "Tolally Cissolved

Analyses by UV- Spectrophotometer (540 nm) Analyses by ICP (220 353 nm)

3. MICROWAVE ASSISTED ACID DIGESTION OF 4. PLASTIC — DETERMINATION OF CADMIUM — WET
SILICEOUS AND ORGANICALLY BASED METRICES DECOMPOCSITION METHCD (EN 1122) — METHOD B
{US EPA 3052}
Cul sampls in small pleces
Cut zampla in small pieces
Wizight sample (1.00) into Kjeldahl flask
Weight sample (0.2-0.5g) into digeshon vessel j
Acid digastion (Hz504)
Acid digestion (HF and HMOs) = Microwawe
Totally Dissabeed”
Totally Dissalved”
Analyses by [CP {228 802 nm)
Analyses by ICH

5. DETERMINATION OF PEE/PEDE WITH GC-MS

Cuk sampla in small pieces
Weaight sampla (2g)into extrachion thermble
Sowhlet Extraction with Tolusns

Filtar thraugh 0 45 um membrane filtar

Analysas by GO-ME fwith appropnale dilulion)

= End of Report ***

SGS LABORATORY SERVICES (M) SDNM. BHD.

CHONG KIEN LEN
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ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

Test Report

Application No 07-05-QAC-117

Date of Receipt 2007/05/21

Date of Performance 2007/05/22

Date of Issue 2007/05/28

Manufacturer LS Cable

Address No.12-9, Bo-ai 3rd Rd., Zuoying District, Kaohsiung City 813,

Taiwan (R.O.C.)

Sample Description LEAD FRAME

Report Content A. Sample Information & Results
B. Sample Photo
C. Flow Chart

1. Any sample(s) and its information listed in this document are provided and identified by clients.
2. This report only refers to the specimen(s); it does not imply the result of production to tested sample(s).

3. This Test Report cannot be reproduced, except in full, without prior written permission of the laboratory.

Ao e

Tested by:

Engineer

Checked by: A et f
Laboratory Representative

Ve ol
Approved by: /{(‘i/ .-‘/-_":""";',Z,

Department Manager

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 1 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

A. Sample Information

NO.1
Sample No. 07-05-QAC-117
Sample Description LEAD FRAME

Model No. -

Test Results

Method & Unit (ppm)

Analytical Substance Instruments NO.1 o
ors NS e 520 UV-VIS  USEPA3060A&7196A | N.D. 20
CAS NOaa40439) ICP-OES ~ USEPA3051A&6010B | ND. 20
CASNe Da0.076) ICP-OES ~ USEPA3051A&6010B | N.D. 20
CAS NOBI38.92-1) ICP-OES ~ USEPA3051A&6010B | N.D. 20
Sb ICP-OES ~ USEPA3051A&6010B | N.D. 20

As ICP-OES ~ USEPA3051A&6010B | N.D. 20

Be ICP-OES ~ USEPA3051A&6010B | N.D. 20

Bi ICP-OES ~ USEPA3051A&6010B | N.D. 20

Se ICP-OES ~ USEPA3051A&6010B | N.D. 20

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 2 of 7



ELECTRONICS TESTING CENTER
TAIWAN

Application No:07-05-QAC-117

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

tributyly tin & Tributyl Tin

Oxide GC-FPD NIEA T504.30B N.D. 1.0
Bis(2-ethylhexyl) phthalate }
(CAS NO.117.81-7) GC-MS US EPA 3540C & 8270C | N.D. 1.0

Bis(2-methoxyethyl)

phthalate GC-MS US EPA 3540C & 8270C N.D. 1.0
(CAS NO.117-82-8)
Dibutyphahthalate }
(CAS NO.84-74-2) GC-MS US EPA 3540C & 8270C N.D. 1.0
PBBs
(CAS NO.059536-65-1)

Monobromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
Dibromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
Tribromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Tetrabromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0

Pentabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Hexabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Heptabromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0

Octabromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.
This report becomes void if all pages not included. Page 3 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

Nonabromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0
Decabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
PBDEs
(CAS NO.1163-19-5)

Monobromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0
Dibromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0
Tribromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Tetrabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 2.0

Pentabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Hexabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Heptabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Octabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Nonabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 2.0

Decabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 2.0

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 4 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

Note:
1. MDL : Method Detection Limitation.
2. N.D. : Not Detected.
3. ppm :=mg/kg (0.1% = 1000 ppm)
4. - :Not Applicable

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 5 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

B. Sample Photo

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 6 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-117

C. Flow Chart

Sampling

I

Cutting / Grinding / Homogenizing

Internal Standard Blank

Acid Digestion / Solvent Extraction

h

Filtrating / Concentrating / Clean up QA/QC
¢ Instrument performance
Calculation of Analytical Results Calibration

k J

Calculating / Checking

Testing Report

---End of Report---

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 7 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-138

Test Report

Application No 07-05-QAC-138

Date of Receipt 2007/05/23

Date of Performance 2007/05/24

Date of Issue 2007/05/30

Manufacturer Hitachi Chemical Co., Ltd.Goi Works

Address 14,Goi Minami Kaigan,Ichihara-shi,Chiba,290-8567,Japan

Sample Description Die Pad Tape

Report Content A. Sample Information & Results
B. Sample Photo
C. Flow Chart

1. Any sample(s) and its information listed in this document are provided and identified by clients.
2. This report only refers to the specimen(s); it does not imply the result of production to tested sample(s).

3. This Test Report cannot be reproduced, except in full, without prior written permission of the laboratory.

Ao e

Tested by:

Engineer

Checked by: A et f
Laboratory Representative

Ve ol
Approved by: /{(‘i/ .-‘/-_":""";',Z,

Department Manager

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 1 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-138

A. Sample Information

NO.1
Sample No. 07-05-QAC-138
Sample Description Die Pad Tape
Model No. HM-122U-FE100

Test Results

Method & Unit (ppm)

Analytical Substance Instruments NO.1 o
ors NS e 520 UV-VIS  USEPA3060A&7196A | N.D. 20
CAS NOaa40439) ICP-OES ~ USEPA3051A&6010B | ND. 20
CASNe Da0.076) ICP-OES ~ USEPA3051A&6010B | N.D. 20
CAS NOBI38.92-1) ICP-OES ~ USEPA3051A&6010B | N.D. 20
Sb ICP-OES ~ USEPA3051A&6010B | N.D. 20

As ICP-OES ~ USEPA3051A&6010B | N.D. 20

Be ICP-OES ~ USEPA3051A&6010B | N.D. 20

Bi ICP-OES ~ USEPA3051A&6010B | N.D. 20

Se ICP-OES ~ USEPA3051A&6010B | N.D. 20

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 2 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-138

Organic tin compounds

triphenyl tin )
(CAS NO.000668-34-8) GC-FPD NIEA T504.30B N.D. 1.0

tributyly tin & Tributyl Tin

Oxide GC-FPD NIEA T504.30B N.D. 10
Certain phthalates
Bis(2-ethylhexyl) phthalate GC-MS  US EPA 3540C & 8270C | N.D. 1.0

(CAS NO.117-81-7)

Bis(2-methoxyethyl)
phthalate GC-MS US EPA 3540C & 8270C | N.D. 1.0
(CAS NO.117-82-8)

Dibutyphahthalate )
(CAS NO.84-74-2) GC-MS US EPA 3540C & 8270C N.D. 1.0

PBBs
(CAS NO.059536-65-1)

Monobromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
Dibromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
Tribromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0

Tetrabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Pentabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 3 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-138

Hexabromobiphenyl GC-MS US EPA 3540C & 8270C N.D. 5.0

Heptabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Octabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Nonabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0

Decabromobiphenyl GC-MS US EPA 3540C & 8270C | N.D. 5.0
PBDEs

(CAS NO.1163-19-5)

Monobromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0
Dibromobiphenyl ether GC-MS US EPA 3540C & 8270C N.D. 5.0
Tribromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Tetrabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Pentabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 2.0

Hexabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 2.0

Heptabromobiphenyl ether GC-MS US EPA 3540C & 8270C N.D. 5.0

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 4 of 7



ELECTRONICS TESTING CENTER
TAIWAN

No. 8, Lane 29, Wen-Ming Rd., Kui-Shan, Taoyuan County, Taiwan 33383 e 03-328-0026 e www.etc.org.tw

Application No:07-05-QAC-138

Octabromobiphenyl ether GC-MS US EPA 3540C & 8270C N.D. 5.0

Nonabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0

Decabromobiphenyl ether GC-MS US EPA 3540C & 8270C | N.D. 5.0
Note:

1. MDL : Method Detection Limitation.
2. N.D. : Not Detected.
3. ppm :=mg/kg (0.1% = 1000 ppm)
4. --—- :Not Applicable

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 5 of 7



ELECTRONICS TESTING CENTER
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Application No:07-05-QAC-138

B. Sample Photo

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 6 of 7



ELECTRONICS TESTING CENTER
TAIWAN
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Application No:07-05-QAC-138

C. Flow Chart

Sampling

I

Cutting / Grinding / Homogenizing

Internal Standard Blank

Acid Digestion / Solvent Extraction

h

Filtrating / Concentrating / Clean up QA/QC
¢ Instrument performance
Calculation of Analytical Results Calibration

k J

Calculating / Checking

Testing Report

---End of Report---

The content of this PDF file is in accordance with its original issued Test Report. PDF files are for reference only.

This report becomes void if all pages not included. Page 7 of 7



SGS

Test Report No. LPCI/00631/07 Date : 2007/01/18 Page: 10f4
CTS Ref. CTS/07/0151Malaysian

MALAYSIAN ELECTRONICS MATERIALS SDN. BHD.
LOT 5, JALAN RAGUM 15/17, 40200 SHAH ALANM,
SELANGOR DARUL EHSAN.

The following merchandise was (were) submitted and identified by the client as:

Sample Description : WIRE 5GA4

Sample Receiving Date : 2007/01/M12

Testing Period : 2007/0112 to 2007/01118

Test Requested : In accordance with the RoHS Directive 2002/85/EC, and its
amendment directives.

Test Method : (1) With reference to BS EM 1122:2001, Method B for Cadmium
Content.

Analysis was performed by ICP

(2) With reference to EPA Method 30508 for Lead Content.
Analysis was performed by ICP

(3) With reference to EPA Method 3052 far Mercury Content.
Analysis was performed by ICP

(4) With reference to EPA Method 3080A & 7196A for Hexavalent
Chromium.

Analysis was performed by UV/Vis Spectrophotometry.

(5) With reference to EPA Method 3540C/35508B for PEE / PEDE
Content.

Analysis was performed by GCMS.

Test Results : Please refer to next page.

Analysts : Hasimah & Jocelyn

SGS LABORATORY SERVICES (M) SDNM. BHD.

L e,
A

CHONG KIEN LEN
B.Sc.(HONS) AMIC
LAB MANAGER
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SGS

Test Report No. LPCI/00631/07 Date : 2007/01/18 Page: 2 of 4
CTS Ref. CTS/07/0151Malaysian

Test results by chemical method (Unit: mg/kg)

Test ltemn(s): Method (refer to) Result MDOL
Cadmium{Cd) (1) M.D. 2
Lead (Pb) (2) M. D, 2
Mercury {Hg) (3} M.D. 2
Hexavalent Chromium {Crv/l) by alkaline extraction (4} M.D. 2
Sum of Polybrominated Biphenyl (PEB<) {3} M.D. -
Monobrom obiphenyl MN.D. 5
Dibromobiphenyl MO, ]
Tribromobiphenyl M.D. 5]
Tetrabromobiphenyl MN.D. 5]
Pentabrom obiphenyl N.D. 5
Hexabromobiphenyl N.D. 5
Heptabromobiphenyl M.O. ]
Octabromaobiphenyl M.O. ]
Monabromobiphenyl MN.D. 5
Decabromobiphenyl M.D. 5
Sum of Polybrominated Diphenylethers (PEDES) M.D. -
Monobromodiphenyl ether MN.D. ]
Dibromodiphenyl ether MN.D. )
Tribromodiphenyl ether MN.O. 5]
Tetrabromodiphenyl ether N.D. 5
Pentabromodiphenyl ether N.D. 5
Hexabromodiphenyl ether M.D. ]
Heptabromodiphenyl ether M.D. 5
Octabromodipheny ether N.D. 5
Monabromodiphenyl ether N.D. 5
Decabromodiphenyl ether M.D. 5

Test Part Description :
As per page 3

SGS LABORATORY SERVICES (M) SDNM. BHD.

—_—
CHONG KIEN LEN
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Test Report No. LPCI/00631/07 Date : 2007/01/18 Page: 3of 4
CTS Ref. CTS/07/0151Malaysian

Test Part Description -
Sample Description : WIRE 5GA4
Mote: (1) mg/ka = ppm

{2) N.D. = Not Detected
(3) MDL = Method Detection Limit

MALAYSIA ELECTRONICS
MATEREALS SON BHO

Lpdfooel | / oF

SGS LABORATORY SERVICES (M) SDNM. BHD.

CHONG KIEN LEN
B.Sc.(HONS) AMIC
LAB MANAGER

-
A

This docurment isiemed iy e Compamy subject Lo its Genesal Condilions of Seevice prinbed o e or aailable oneeguesd and aceeszable of wew ags com Allenfion is
dlriwsn 1o e Biritistions of liabilly, indeeonification aod juriaficional isaee defined Being Unless ofheeedsae staled, G e nesalls shosain Dhis docurmenl mles ondy o B
sarmplede] 1eelad and (b) such sampleis) are retainad for 30 days only. This documant ¢annot be reproduced except in Tul, without prior spproval of Bhe company. Any
unauthorized alteration, Torgery or talsification of the conlent or appearanc e of this repor £ unlawful and offenders may be prosecutad to the Tullest edant of tha law.

SG5 Laborglony Seraces (V) Sdn. Bhd, Wrama 5065 Lol 803 Lebubh Bep Lumu Kawesan Penndusnan PENS Pandamaran £2000 Porl Klang Makysiz
(Company No. $3972-M) t B0 SIEE 230 B (I3) 3165 ZED wew S0z .com

I Wember ol the 3072 Deep



SGS

Test Report

No. LPCIf00631/07

CTS Ref. CTS/07/0151/Malaysian

Date : 2007/01/18 Page: 4 of 4

1. DETERMINATION OF HEXAVALENT CHROMIUM BY
METHOD US EPA 3060A/7196A
Sample Preparabion

Add colour-developing reagent
Aeidify with HaS0y
Lel stand for 2-10 min

Analyses by 1LV- Spectrophotometer (540 nm)

2. DETERMINATION OF LEAD CONTENT BY US
EPA 3050B
Cut sample n small peces

Weighl sample (1 .Uwrltu digeshon vessel
Agid digastion (HC! and HMO5 )
“Telally Dissolved”

Analyses by ICF

3. MICROWAVE ASSISTED ACID DIGESTION OF

SILICEOUS AND ORGANICALLY BASED METRICES

(US EPA 3032}

Cut sampla in small picces
Weight zampla (0 2-0 5q) inta digestion vessel
Aod digeshion (HF and HNO ;) = Microweyve

Totally Dissalved”

Analyses by ICP

4. PLASTIC - DETERMINATION OF CADMIUM - WET

DECOMPOSITION METHOD (EN 1122) - METHOD B

Cut sample in small piedas
Waight sample (1 0)into Kjaldah! flask
Acid digestion (HaS04)
Totally Dissobeed”

Analyses by ICP

5. DETERMINATION OF PEE/PEDE WITH GC-MS

Cut sample in small pieces
Waight sampla (2q)into extraction thimble
Soxhlet Extrachion with Tolusns
Filter through 045 um membrane filber

Analysas by GC-MS (wath appropnala dilulion)

= End of Reporl ™

SGS LABORATORY SERVICES (M) SDNM. BHD.

CHONG KIEN LEN
B.Sc.(HONS) AMIC
LAB MANAGER
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Test Report

FORMOSA ADVANCED TECHNOLOGIES CO., LTD.
Report No. : KA/2007/50399

NO.329, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C. Date 1 2007/05/14
Page :1of4

TR

The following sample(s) was/were submitted and identified by/on behalf of the client as :

Sample Description 1 HENESERE

Style/ltem No. . Sn-Bi EfESFE

Sample Receiving Date :  2007/05/07

Testing Period :  2007/05/07 TO 2007/05/14
Test Result(s) : - Please see the next page(s) -

atherine Ho / Supervisor
Signed for and on behalf of
SGS Taiwan Limited

This Test Report is issued by the Company subject to its General Conditions of Service printed overleaf or available on request and accessible at www.sgs.com.

Attention is drawn to the limitations of liability, indemnification and jurisdictional issues defined therein. Unless otherwise stated the results shown in this test report
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD.
Report No. : KA/2007/50399

NO.329, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C. Date : 2007/05/14
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Test Result(s)
PART NAME NO.1 ¢ SILVER COLORED METAL
Test Item (s) Unit Method MDL r‘;f:“:t
Cadmium (Cd) mg/kg |With reference to IEC 62321, ED.1 2 n.d.
(111/54/CDV). Determination of
Cadmium by ICP-AES.
Halogen-Chlorine (ClI) mg/kg |With reference to prEN14582 50 n.d.
(CAS No0:007782-50-5) method B. Analysis was performed

by IC method.
Hexavalent Chromium Cr(VI) by Spot| **  |With reference to IEC 62321, Ed.1 | See Note| Negative
test / boiling water extraction 111/54/CDV. Determination of 5
Hexavalent Chromium for metallic
samples by Spot test / Colorimetric
Method.

Mercury (Hg) mg/kg |With reference to IEC 62321, ED.1 2 n.d.
(111/54/CDV). Determination of
Mercury by ICP-AES.

Lead (Pb) mg/kg |With reference to IEC 62321, ED.1 2 n.d.
(111/54/CDV). Determination of
Lead by ICP-AES.

Sum of PBBs - n.d.
Monobromobiphenyl 5 n.d.
Dibromobiphenyl ] n.d.
Tribromobiphenyl ) n.d.
Tetrabromobiphenyl mafkg With reference to IEC 62321, ED.1 5 n.d.
Pentabromobiphenyl (111/54/CDV). Determination of 5 n.d.
Hexabromobiphenyl PBBs and PBDEs by GC/MS. 5| n.d.
Heptabromobiphenyl 5 n.d.
Octabromobipheny! ) n.d.
Nonabromobiphenyl 5 n.d.
Decabromobiphenyl 5 n.d.

This Test Report is issued by the Company subject to its General Conditions of Service printed overleaf or available on request and accessible at www.sgs.com.
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Test Report

FORMOSA ADVANCED TECHNOLOGIES CO., LTD.

Report No. : KA/2007/50399

NO.329, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C. Date - 2007/05/14
Page :30f4
(550G 0 G N DR
Test Item (s) Unit Method MDL F,‘::":‘
Sum of PBDEs (Mono to - n.d.
Nona)(Note 4)
Monobromobiphenyl ether 5 n.d.
Dibromobipheny! ether 5 n.d.
Tribromobipheny ether With reference to IEC 62321, ED.1 5 n.d.
Tetrabromobiphenyl ether mg/kg (111/54/CDV). Determinati on’ of ) 5 n.d.
Pentabromobiphenyl ether ' 5 n.d.
Hexabromobiphenyl ether GEEICULIER S e U 5 n.d.
Heptabromobipheny! ether o) n.d.
Octabromobiphenyl ether O n.d.
Nonabromobiphenyl ether 4 n.d.
Decabromobiphenyl ether 5 n.d.
Sum of PBDEs (Mono to Deca) - n.d.

Note : 1. mg/kg = ppm
2. n.d. = Not Detected
3. MDL = Method Detection Limit
4. According to 2005/717/EC DecaBDE is exempt.
5. Spot-test:

Negative = Absence of Cr(VI) coating / surface layer, Positive = Presence of Cr(VI) coating / surface layer;

(The tested sample should be further verified by boiling-water-extraction method if the
spot test result cannot be confirmed.)
Boiling-water-extraction:
Negative = Absence of Cr(VI) coating / surface layer,
Positive = Presence of Cr(VI) coating / surface layer the detected concentration in
boiling-water-extraction solution is equal or greater than 0.02 mg/kg

with 50 cm? sample surface area.
6. " - " = Not Regulated
7." "= Not Conducted
8. ** = Qualitative analysis (No Unit)

This Test Report is issued by the Company subject to its General Conditions of Service printed overleaf or available on request and accessible at www.sgs.com.
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Report No. : KA/2007/50399
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Page :40f 4
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** End of Report **
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Test Report No.: CE/2007/63201A  Date : 2007/07/11 Page : 10of 6

FORMOSA ADVANCED TECHNOLOGIES CO., LTD. 0 0 0 R
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.

The following sample(s) wasfwere submitted and identified by/on behalf of the client as :

Sample Description : TSOPII-54 PACKAGE
Style/ltem No. : P2VG4 3 CTP-XXX (64M SDR 0.11)
Sample Receiving Date : 2007/06/14
Testing Period : 2007/06/14 TO 2007/06/23
Test Result(s) : Please refer to next page(s).
S,

: Manager
for and on behalf of
SGS TAIWAN LTD.
Chemical Laboratory - Taipel

The content of this FOF Gile 15 in accordancoe walth the ongimal essoed reports for reference only, Thes Test Report cannot be reproduced, except in tll,
wathout prior written permission of the Company. Any unauthonzed alterabion, forgery or falsification of the content or sppearance of this report 1S unlawiul and
aftenders many be prosceoubgd Lo e fullest exdont ol the law
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD. 0 0 O OO
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.

Test Result(s)
PART MAME NO1 : MIXED ALL PARTS
Test Item (s): Unit Method MDL  p—oesult
MNo.1
Cadmium (Cd) magfkg ith reference to |EC 62321, 2 n.d.

Ed.1 111/54/CDV. Determination
of Cadmium by ICP-AES.

Lead (Pb) mafkg ith reference to |IEC 62321, 2 n.d.
Ed.1 111/54/CDV. Determination
of Lead by ICP-AES,

Mercury (Hg) magfkg ith reference to |EC 62321, 2 n.d.
Ed.1 111/54/CDV. Determination
of Mercury by ICP-AES.
Hexavalent Chromium Cr{\/1) by magfkg ith reference to |EC 62321, 2 n.d.
alkaline extraction Ed.1 111/54/CDV. Determination
of Hexavalent Chromium for
non-metallic samples by UVAis
Spectrometry.

Antimony (Sh) mafkg ith reference to US EPA 2 n.d.

Method 30508 for Antimony
Content. Analysis was

performed by ICP-AES.

Halagen — ith reference to prEN14582 - -
method B. Analysis was
performed by IC method for F,
Cl, Br, | content.
Halogen-Chlorine (CI) mag/kg ith reference to prEM 14582 a0 n.d.
(CAS No.: 007782-50-5) method B. Analysis was
performed by IC method for
Chiorine content.
Halogen-Fluorine {F) mafkg ith reference to prEN 14582 a0 n.d.
(CAS No.: DO7782-41-4) method B. Analysis was
performed by IC method for
Fluorine content.
Halogen-Bromine (Br) magfkg ith reference to prEN 14582 50 n.d.
(CAS No.: 0077 26-95-8) method B. Analysis was
performed by IC method for
Bromine content.
Halogen-lodine (1) mag/kg ith reference to prEM 14582 a0 n.d.
(CAS No.: 007553-56-2) method B. Analysis was

performed by IC method for
lodine content.

The content of this FOF Gile 15 in accordancoe walth the ongimal essoed reports for reference only, Thes Test Report cannot be reproduced, except in tll,
wathout prior written permission of the Company. Any unauthonzed alterabion, forgery or falsification of the content or sppearance of this report 1S unlawiul and
aftenders many be prosceoubgd Lo e fullest exdont ol the law
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD. 0 0 O OO
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.

Test Item (s): Unit Method MpL ot
MNo.1
Sum of PBBs - n.d.
Monobromobiphenyl 5 n.d.
Dibromobiphenyl 5 n.d.
Tribromobiphenyl 5 n.d.
Tetrabromobiphenyl 5 n.d.
Pentabromobiphenyl 5 n.d.
Hexabromabiphenyl 5 n.d.
Heptabromobiphenyl 5 n.d.
Octabromobiphenyl 5 n.d.
Monabromobiphenyl 5 n.d.
Decabromobiphenyl 5 n.d.
Sum of PBDEs (Mono to Nona) ith referance to |EC 523?1' . - n.d.
(Note 4) mgfkg |Ed.1111/54/CDV. Determination
. of PBB and PBDE by GC/MS.

Monobromobiphenyl ether 5 n.d.
Dibromobiphenyl ether 5 n.d.
Tribrom obiphenyl ether 5 n.d.
Tetrabromobiphenyl ether 5 n.d.
Pentabromobiphenyl ether 5 n.d.
Hexabromobiphenyl sther 5 n.d.
Heptabromobiphenyl ether 5 n.d.
Octabromobiphenyl ether 5 n.d.
Monabromobiphenyl ether 5 n.d.
Decabromobiphenyl ether 5 n.d.
Sum of PBDEs (Mono to Deca) - n.d.
Mote © 1. mgfkg = ppm

2. n.d. = Mot Detected

3. MDL = Methed Detection Limit

4. According to 2005/717/EC DecaBDE is exempt.

5. "--" = Mot Conducted

6. "-"=Not Regulated

7. The sample(s) wasfwere analyzed on behalf of the applicant as mixing sample in one testing.

The above result{s) wasfwere only given as the informality value.
The content of this FOF Gile 15 in accordancoe walth the ongimal essoed reports for reference only, Thes Test Report cannot be reproduced, except in tll,
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD.
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.

Page :40of 6

O N

1) These samples were dissolved totally by pre-conditioning method according to below flow chart,

{ Cre+ test method excluded)

2) Mame of the person who made measurement: Tray Chang

3) Name of the person in charge of measurement: Daniel Yeh

Cutting / Preparation

}

Sample Measurement

Y

Pb-Cd

Acid digestion by suitable acid
depended on different sample
material (as below table)

}

Hg

Microwave digestion with

HMO:HCIHF

l

cr

Add appropriate amount of
digestion reagent

'

Steel, copper, aluminum, solder

Agua regia, HNO,, HCI, HF, H.Q,

Filtration Heat to appropriate
v temperature to extract
¥ | Residue | l
Solution |
Cool, filter digestate
L through filter
1) Alkali Fusion ¥
2) HCl to dissohve
Add diphenyl-carbazide for
ICP-AES
color development
Sample Material Digestion Acid ¥

measure the absorbance

Glass HNOWHF at 540 nm by UV-VIS
Gold, platinum, palladium, ceramic | Aqua regia
Silver HWNO;,
Plastic H,50,, H, Oy, HNGy, HCI
Others Any acid to total digestion
The content of this POF fle 15 in accordance wilh the onginal issued reports for reference only, This Test Report cannot be reproduced, except in ull,
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD. 0 0 0 R
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.

PBB/PBDE analytical FLOW CHART

First testing process =~ ————p

. Sample
Optional Screen process  sessesiees

Confirmation process - l

Sample pretreatment

L L
] [}
] . L
" Screen analysis u
" L]
1 L]
L] L

II----II--ﬁl-I-I---III

Y

Sample extraction/
Soxhlet method

Y

Concentrate/Dilute
Extracted solution

Analysis by GCMS
I

¥
Issue Report
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FORMOSA ADVANCED TECHNOLOGIES CO., LTD. 0 0 0 R
NO. 328, HO-NAN ST., TOULIU 640 YUNLIN, TAIWAN, R.O.C.
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** End of Report ™
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Non-Contain of Restricted Hazardous Substance Guarantee Letter

AN EFAE LR

AATPHUTEEHEGAATIFTENERGESS - |G - 8 - 5 - BEeE - REANSS
BY)  RASHAREAATFHRENE ARSI E— « GP - GP2REWEERIEFIR) - M
BB E ST v ERYE A SRR  RAENEE FEMESUERE R BB G R E
AFHBRZEIL -

Ll ESH B M ENFEEANSIETE  EihER G REAAA M EFRREET SRR B E
£ A EEAEEERZET -

We hereby guarantee :

Qur company provides TAICOM DATA SYSTEM Company of all products(product, component,
raw material, module, packaging material, production used related materials) such that it doesn’t include
restricted hazardous substance as stipulated in the document (Chart I: GP, GP2 Substance Management
Form). And if there is any modification to the products or components. We will modify the document and
will notify TAICOM DATA SYSTEM Company.

If the above statements has any falsification, which damages TAICOM image or bear any expenses.
We will shoulder all the responsibility.

BiE 8 (VendorName):  Lefel  Uglronte C/ar{?.

7 HLAZFE (Product Name): _ V6L ¢ /Bws\wa C1p b
Do UAS Go (1P -G

ARV (A

frszpnEsETl ( Level of Guarantee Substance ) © GP Levelm/ GP2 Levell | (A58)

%2 (Signamreby): __ 1@ ol h EEHEE—;};E e
BN B
EVFE/MMYS  ( Title/Position ) ° % % A== |

HEHH ( Date): Pf{.,. F. (1

~E)E ( Company Stamp ) -

FEEY © 21-014-A
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GP - GP2 REBEEEHIZR Page: 2/2
25E5 ¢ GP Level REETFE™MIBAVEE" » GP2 Level RIFAr LB EHE" K" FEEE"
— ~ JHEERYTEE Essential items * GP,GP2 Level
T BH et EAEHEE ppm (mg/ke)
Kinds Item Substances Name Maximum Conecentration Value
R EAEY
1 <700
Lead and it compounds
FEHAAEY
2 =700
Mercury and its compounds
W HALE Y
3 =70
EHLER Cadmium and its compounds
e i
Heavy Metels ) ABEERIAAY) 00
Ilexavalent Chromium and its compounds
A PR RIS
(R0 TR+ 7SR
5 Cd+Pb+Hg+Cr(VI)=< 100
Sum of heavy metals in packing material
(CA+Pb+Cd+Cr{VI))
ARG EY 6 BeiRli PBBs <700
Brominated
. 7 JEHfE PBDES <700
organic compounds
— ~ 5&7HE Declaration items * GP2 Level
Ak HE =R A EEE ppm (ng/ke)
Kinds Item Substances Name Maximum Concentration Value
" SERER ST =% s
PCBs and PCTs
I C10~C13
o WAL EE( ) 10000
ChlorinatedParaffins{10-13 carbon)
RELIE
BRELTY 10 Banned
PvC
Chlerinated
o i
organic compounds 11 banned
Asbestos
B
12 30
Azo colorant
WA EE
13 banned
Ozone Depleting Snbstance
ol RS
Fth 14 - 0.5pg/om?/wesk
Other metal Nickel & its compounds
Fr& (Signature by) : _i HES (Date): ﬁ(é . [l?
F=EHEE © 21-014-A




T ir*r, P2 ¥Y — [T 3 (Supplier Hazardous Substance Summary List)

fil T (Supplier) : I%‘,JJF!", &3

. H3EME21-011-C

- 7 VRUR| P 7 BE 1 I ST T | P2ET(Material/Substance) mg/kg=ppm e =] - . . T *
- 2 TR CP AR i 20 Tgi'cori:[irt AL (Hor7T1Jo eral) | o oo | AT | i SR i ATRLTSE P
geneous Material ) — . (Non-contain Material [ It
Item| Type of Product (Igart Name) No NO. Sub-parts & | G 3J‘ =+ ]%’féﬁ o8B | PBDE Guarantee) Test Report| Test Report No.(Lab. Name) Remark /Component Status | GP Level
' P IENGE (CI+6)
1 |A2ve4s40CTP-G6PP 02350861 | 1-1 EMC PIno. NPl N, [ND.[ND. v v LPCI/08316/07 GP
1-2 Lead Frame NBIND. VP ND. [N.D.[N.D. v 07-05-QAC-117
1-3 Die Attach NYInp. VPl ND. [ND.[ND. v 07-05-QAC-138
1-4 Gold Wire NBIND. VP ND. [ND.[ND. v LPCI/00631/07
15 Lead Finish PN [P IN D ND. v KA/2007/50399
16 | MIXEDALLPARTS |“P[ND.[VP| ND. [N.D.[ND. v CE/2007/63291A
1. A T 2 T

ZE%J!ZLP SRV CATR IR o 510 40

3R (NP SRR
AT AE PR b I*JJF'“EWH’?F“M# I E PR RIS P P
S WREFTE T [PHR R PR [ MORUT AR 1 7




