




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































�~�Y�N�E�R�t�J�Y� SY10Ll1 00Ll1 01 L494-1 0 
�§�M�~� ________________________________________________________________________ _ 

10K DC ELECTRICAL CHARACTERISTICS 

Vee = OV; Te = O°C to +7SoC; VEE = -S.2V; Airflow> 2.SmJs; Output Load = son to -2.0V 

Symbol Parameter Te Min. 

VOH Output High Voltage O°C -1000 
+25°C -960 
+75°C -900 

VOl Output Low Vottage O°C -1870 
+25°C -1850 
+75°C -1830 

VOHe Output High Voltage O°C -1020 
+25°C -980 
+75°C -920 

VOlC Output Low Vottage O°C -
+25°C -
+75°C -

VIH Input High Voltage O°C -1145 
+25°C -1105 
+75°C -1045 

Vil Input Low Voltage O°C -1870 
+25°C -1850 
+75°C -1830 

IIH Input High Current 0°Clo+75°C 0.0 

III Input Low Current O°Cto +75°C -2 

III CS Input Low Current O°Cto +75°C 30 

IIH CS Input High Current O°Cto +75°C 40 

III WE Input Low Current 0'Cto+75°C -2 

ilH WE Input High Current O°Cto +75°C 0.0 

lEE Power Supply Current 0°Clo+75°C -220 

100K/101K DC ELECTRICAL CHARACTERISTICS 

VeeA= OV 
Vee =OV 

Symbol 

VOH 

VOL 

VOHC 

VOlC 

VIH 

Vil 

IIH 

III 

III 

IIH 

III 

IIH 

lEE 

VEE = -4.SV (1 OOK) 
VEE = -S.2V (101K) 

Parameter 

Output High Voltage 

Output Low Voltage 

Output High Voltage 

Oulput Low Voltage 

Input High Voltage 

Input Low Voltage 

Input High Current 

Input Low Current 

CS Input Low Current 

CS Input High Current 

WE Input Low Current 

WE Input High Current 

Power Supply Current 

Min. Max. 

-1025 -880 

-1810 -1620 

-1035 -
- -1610 

-1165 -880 

-1810 -1475 

0.0 20 

-2 2 

30 170 

40 220 

-2 35 

0.0 60 

-220 -

8-78 

Max. Unit Condition 

-840 mV VIN = VIH Max. or Vil Min. 
-810 
-720 

-1665 mV VIN = VIH Max: or Vil Min. 
-1650 
-1625 

- mV VIN = VIH Min. or Vil Max. 
-
-

-1645 mV VIN = VIH Min. or Vil Max. 
-1630 
-1605 

-840 mV Guaranteed Input Vottage High 
-810 for All Inputs 
-720 

-1490 mV Guaranleed Input Voltage Low, 
-1475 for All Inputs 
-1450 

20 !LA VIN = VIH Max. 

2 /LA VIN = Vil Min. 

170 /LA VIN = Vil Min. 

220 /LA VIN = VIH Max. 

35 /LA VIN = Vil Min. 

60 !LA VIN = VIH Max. 

- mA All Inputs and Outputs Open 

Airflow> 2.SmJs 
Output Load = son to -2.0V 

Unit Condition 

mV VIN = VIH Max. or Vil Min. 

mV VIN = VIH Max. or Vil Min. 

mV VIN = VIH Min. or Vil Max. 

mV VIN = VIH Min. or Vil Max. 

mV Guaranteed Input Vottage High 
for All Inputs 

mV Guaranteed Input Vottage Low 
for All Inputs 

/LA VIN = VIH Max. 

/LA VIN = Vil Min. 

!LA VIN = Vil Min. 

!LA VIN = VIH Max. 

/LA VIN = Vil Min. 

!LA VIN = VIH Max. 

mA All Inputs and Outputs Open 



~YNERGY SY10Ll100Ll101L494-10 
EM~ ________________________________________________________________________ _ 

AC ELECTRICAL CHARACTERISTICS 

AC TEST CONDITIONS 

VCC = VCCA = OV Output Load = son to -2.0V 
VEE = -S.2V ± S%(10K) Tc = O°C to +7SoC (10K) 
VEE = -4.SV ± 0.3V(1 OOK) Tc = O°C to +8SoC (1 00K/1 01 K) 
VEE = -S.2V ± S%(1 01 K) Airflow> 2.Sm/s 

Loading Condition 

GND 

VCCA VCC 

OUT 1---.--, 

VEE 

r 
VEE -2.0V 

READ CYCLE 

SY10L494-10 
SY100L494-10 
SY101L494-10 

Symbol Parameter Min. Max. Unit 

IAA TAVOV Address AccessTime - 10 ns 

lAC TSLOV Chip Select AccessTime - 3 ns 

IRC TSHOL Chip Select Recovery Time - 3 ns 

READ CYCLE TIMING DIAGRAM 

CS 

DouT 

Ir If 

Tc VIH VIL 

10K O°C -o.933V -1.733V 
+25°C -o.90V -1.70V 
+75°C -o.863V -1.663V 

100/101K O°Clo +85°C -o.90V -1.70V 

Input Pulse 

VIH- --

Vil 

Ir If 

Ir = U = 1.0ns typo 

OUTPUT LOAD: RL = son 
CL = SpF+ (typ.) 
+ (Modeled as son transmission line 
terminated to -2V.) 

NOTE: All timing measurements referenced to 50% input levels. 

_~ -y,~OIc_O __________ _ 
~ ~ ........ --tAA--~--.I.I~ 

~ --------------~ 
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~YNB'RGY SY10U1001J101L494-10 

~~ ----------------------------------------------------------------------
WRITE CYCLE 

SY10L494-10 
SY1OOL494-10 
SY101L494-10 

S mbol Parameter Min. Max. Unit 

tww lWLWH Write Pulse Width 8 - ns 

tws lWLQL Write Disable Time - 3 ns 

tWR lWHQV Write Recovery Time - 5 ns 

tSA TAVWL Address Set· up Time 1 - ns 

tsc TSLWL Chip Select Set-up Time 1 - ns 

tso IDVWL Data Set-up Time 1 - ns 

tHA lWHAX Address Hold Time 1 - ns 

tHe lWHSX Chip Select Hold Time 1 - ns 

tHO lWHDX Data Hold Time 1 - ns 

WRITE CYCLE TIMING DIAGRAM 

~I'... /~ 

Address ), )K 

~tso .. j4tHO~ 
~ 

/_tHA _ 
_ tSA tww tHe 

50% 150% tsc 
-tws -IWR 



~~y SY10Ll100Ll101L494-10 

----------------------------------------------------------------
PRODUCT ORDERING CODE 

Speed 

(n8) Ordering Code(1) 

10 SY1 OU1 00U1 01 L494-1 OCCS 

SY1 OU1 00U1 01 L494-1 OFCS 

SY1 OU1 00U1 01 L494-1 OYCS 

NOTE: 
1. Device marking will not include ·SY" prefix. 

SYxxx L 494 - xx x C x x 

e 

8-81 

Edge Package 

Rate Type 

Standard C28-1 

Standard F28-1 

Standard Y28-1 

Special Processing 

Edge Rate Identifier 

F = Fast Edge Rate 
S = Standard Edge Rate 

Temperature Range 

C - Commercial 

Package Identifier 

F = CERPACK 
C = Ceramic Sidebraze DIP 
Y - Plastic SOJ (Small Outline J-Lead) 

Speed Identifier 

e.g. 10 = 10ns Max. Access Time 

Device Type 

L = Low Power Designator (n any) 

Device Type Prefix 

Operating 

Range 

Commercial 

Commercial 

Commercial 

10 = 10KH DC Levels with -5.2V ± 5% Supply 
100 = 100K DC Levels with -4.5V ± 0.3V Supply 
101 = 100K DC Levels with -5.2V ± 5% Supply 



,.. PRELIMINARY 

,... TTL BICMOS STATIC RAM SY61898-7 
SYNERGY SY61898-10 

SEMICONDUCTOR 64K (16K X 4-BIT) SY61898-12 

FEATURES 

• Address access time, tAA: 7/10/12ns max. 
• Chip select access time, tACS: 4/617ns max. 

• Popular 16K x 4 with common I/O organization 

• Power supply current, Icc: 200mA max. 

• Superior Immunity against alpha particles provides 
virtually no soft error sensitivity 

• Built with advanced ASSETTM BICMOS technology 

• Fully TTL compatible I/O and power supply levels 

• Available In 24-pln, 3OO-mil plastic SOJ 

8LOCK DIAGRAM 

Ao ~I 
• 

ADDRESS • DECODER 

• 
A13 

DQo-D'U3-..... --; 

© 1994 Synergy Semiconductor Corporation 

• 

• 
• 

DESCRIPTION 

The Synergy SY61 B98 is a 65,536-bit Static Random 
Access Memory (SRAM), designed with advanced BiCMOS 
circuitry. The device is organized as 16,384-words-by-4-
bits with common I/O and meets standard TTL signal levels 
operating from a +5.0V ±10% power supply. 

The SY61 B98 employs proprietary circuit design 
techniques and Synergy's proprietary ASSET BiCMOS 
technology to achieve extremely fast access times and write 
pulse widths. ASSET BiCMOS uses proprietary technology 
concepts to achieve significant reduction in parasitic 
capacitance while improving device packing density. 
Synergy's circuit design techniques, coupled with ASSET 
BiCMOS, result not only in ultra-fast performance, but also 
allow device operation at reduced power levels with virtually 
no soft error sensitivity and with outstanding device reliability 
in volume production. 

~I 
65,536-BIT 
MEMORY 
ARRAY 
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~YNERGY PREUMINARY 
SY61B98-7110/12 

EM~ __________________________________________________________________________ ___ 

PIN CONFIGURATION 

Ao Vee 
AI AI3 
A2 AI2 
A3 All 
A4 Alo 
As A9 
As NC 
A7 D03 
As D02 

CS DQI 
~ DQo 

GND WE 

ABSOLUTE MAXIMUM RATINGS(1) 

Rating Symbol Value Unit 

Terminal Voltage with VTERM(2) -0.5 to +7.0 'C 
Respect to GND 

Temperature Under Bias TBIAS -55 to +125 'C 

Storage Temperature TSTG -55 to +125 'C 

Power Dissipation PI 1.25 W 

DC Output Current lOUT 50 mA 

NOTE: 
1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 

are exceeded. This is a stress rating only and functional operation is not 
implied at conditions other than those detailed in the operational sections 
of this dala sheet. Exposure to ABSOLUTE MAXIMUM RATING conditions 
for extended periods may affect device reliability. 

2. VIN pins must not exceed Vee + O.SV. 

CAPACITANCE 

(TA = +25°C, f = 1.0MHz) 

Paramete,(1 ) Symbol Condition Max. Unit 

Input Capacitance CIN VIN = OV 6 pF 

Output Capacitance COUT VOUT= OV 7 pF 

NOTE: 
1. This parameter is guaranteed by device characterization, but is not 

production tested. 

PIN NAMES 

Label Function 

Ao-AI3 Address Inputs 

WE Write Enable Input 

CS Chip Select Input 

OE Output Enable Input 

DQo-DQ3 Data InpuVOutput 

Vee Positive Power Supply Terminal 

GND Negative Power Supply Terminal 

TRUTH TABLE(1) 

CS OE WE DO Function 

H X X High Z Deselect Chip 

L L H DATAoUT Read Cycle 

L X L DATAIN Write Cycle 

L H H High Z Outputs Disabled 

NOTE: 
1. H = VIH, L = VIL, X = Don't Care. 

GUARANTEED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Case Temperature Te 0 - +75 'C 
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~YNER(JY PRELIMINARY 
SY61898-7110112 

a;~ ________________________________________________________________________ _ 

DC ELECTRICAL CHARACTERISTICS 

Vee = +5.0V ± 10%; Te = ooe to +75°e, Airflow> 2.Sm/s 

Symbol Parameter Min. Max. Unit Condition 

VOH Output HIGH Voltage 2.4 - V Vee = Vee (Min.), IoH - -4.0mA 

VOL Output LOW Voltage - 0.5 V Vee - Vee (Min.), IOL - 10.0mA 

VIH Input HIGH Voltage 2.0 Vee + 0.5 V Guaranteed Input Voltage HIGH for Alllnputs(l) 

VIL Input LOW Voltage -0.5 0.8 V Guaranteed Input Voltage LOW for Alllnputs(l) 

IIH Input HIGH Current - 10 ~A VIN- Vee 

IlL Input LOW Current -10 - ~ VIN-GND 

leEx Output Leakage Currenl -10 10 ~ VOUT = GND and VOUT _ Vee 

lee (Static) Power Supply Current - TBD mA Vee = Vee (Max.), All Inputs and Outputs Open 

Ice (Dynamic) SY61B98·7 - 200 mA Vee = Vee (Max.), 
SY61B98·10 - 180 mA CS S VIL (Max.), 
SY61B98·12 - 160 mA All Address Inpuls Cycling al fMAX(2) 

NOTES: 
1. VIL (Max.) and VIH (Min.) are absolute voltages with respect to device ground and include all voltage transients due to systemltester noise. 
2. fMAX = litRe. 

AC ELECTRICAL CHARACTERISTICS 

AC TEST CONDITIONS 

Input Pulse Levels 0.OVto3.0V 

Input RiselFall Times 3ns 

Input Timing Reference Levels 1.5V 

Output Reference Levels 1.5V 

ACTestLoad See Figure 1 

5V 

~ 4800 

DATA OUT 

CL 255.0 

Figure 1. AC Teet Load 

CL = 5pF (for teu, tCHZ, tOLZ, tOHZ, twHZ, and tow) 
CL = 30pF (for all acllve oUlput AC meaaurementa) 
Capacitance value Includea an alray capacitance of scope and fixture. 
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'0 
SYNERGY 

SEMICONDUCTOR 

READ CYCLE 

SY61B98-7 

Symbol Parameter Min. Max. 

tRC TAVAX Read Cycle Time 7 -
1M TAVOV Address Access Time - 7 

lACS TSlOV Chip Select Access Time - 4 

tClZ TSlOX Chip Select to Output Active 1 -
tCHZ(1) TSHOZ Chip Deselect to Output High·Z - 4 

tOE TGlOV Output Enable to Output Valid - 4 

tOll TGlOX Output Enable to Output Active 1 -
tOHz(1) TGHOZ Output Disable to Output High·Z - 3 

tOH TAXOX Output Hold from Address Change 3 -
NOTE: 
1. These parameters are guaranteed by device characterization and are not 100% tested in production. 

READ CYCLE TIMING DIAGRAMS 

ADDRESS ACCESS CYCLE 

tRC 

Address ) K Address Valid 

tAA 

I--- tOH 

DOUT Previous Data Valid 

NOTES: 
1. WE' must be HIGH lor :2 twR prior to start 01 read cycle. 

2. The device is continually selected, where CS = DE = VIL. 
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SY61 B98-1 0 

Min. Max. 

10 -
- 10 

- 6 

1 -
- 6 

- 5 

1 -
- 3 

3 -

E 

PRELIMINARY 
SY61 B98-7110/12 

SY61B98-12 

Min. Max. UnH 

12 - ns 

- 12 ns 

- 7 ns 

1 - ns 

- 7 ns 

- 6 ns 

1 - ns 

- 3 ns 

3 - ns 

Data Valid 



~YNERGY PREUMINARY 
SY61 B98-7/10/12 

~~ -------------------------------------------------------------------------
READ CYCLE TIMING DIAGRAMS CONTINUED 

CHIP SElECT ACCESS CYCLE 

tRC 

" 
/E 

lACS 

r-- tCLl ,.-- tCHZ_ 

High Impedance 
IJ'" K- Data Valid 

High 
1"- ,/ ,/ Impeaance OOUT 

NOTES: 
1. WE must be HIGH for 2: twR prior to start of read cycle. 
2. Address valid prior to or coincident with the HIGH-to-LOW transition of CS. 
3. ~=VIL. 

OUTPUT ENABLE ACCESS CYCLE 

roI41-------- tRC ---------~ I 
OE ..., 

/10( 

" 
tOE 

_tOll 
,.-- tOHZ_ 

High Impedance , 
) Data Valid " High 

" '- ,/ Impeaance OOUT 

NOTES: 
1. WE must be HIGH for 2: twR prior to start of read cycle. 
2. Address valid prior to or coincident with the HIGH-to-LOW transition of OE. 
3. CS=VIL. 
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~YNERGY 
SEM/CCJNOUCrOR 

WRITE CYCLE 

SY61B98-7 

Symbol Parameter Mln~ Max~ 

twe TAVAX Write Cycle Time 7 -
twP TWLWH Write Pulse Width 4 -
twHZ(2) TWLOZ Write Disable Time - 3 

tow TWHOV Output Active From End of Write Time - 3 

tAs TAVWL Address Set-up Time 0 -
tew TSLWH Chip Select Set·up Time to Write Terminate 4 -
tow TDVWH Data Set·up Time to Write Terminate 4 -
tWR TWHAX Write Recovery Time/Address Hold Time 0 -
tHe TWHSX Chip Select Hold Time 0 -
tDH TWHDX Data Hold Time 0 -
tAW TAVWH Address Valid to Write Terminate 8 -

NOTE: 
1. CS or WE must be HIGH during an address transition. 
2. This parameter is guaranteed by device characterization and is not 100% tested in production. 
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SY61 B98-1 0 

Min. Max. 

10 -
6 -
- 3 

- 3 

0 -
6 -
5 -
0 -
0 -
0 -
8 -

PRELIMINARY 
SY61B98-7/10/12 

SY61B98-12 

Min. Max. UnH 

12 - ns 

8 - ns 

- 4 ns 

- 3 ns 

0 - ns 

8 - ns 

6 - ns 

0 - ns 

0 - ns 

0 - ns 

8 - ns 



PREUMINARY 
SY61898-7/10112 

-.y 
-------------------------------------------------------

WRITE CYCLE TIMING DIAGRAMS 

WE CONTROLLED 

twe --Address 
---I 

OE A-toHZ~ 
tAW 

cs l\~ lew II If/. 
IWP IWR_ 

WE i--tcHZ(5L. 

-IAS-_twHZ~ 
-lOW 

DATAoUT Previous Dala Valid(3) If Data Valid(3) r-1\ 
IDW IDH 

DATAIN 
I. J If Data Valid 
1\ .II 

CS CONTROLLED 

I- IW e .. --Address -
OE 

lAW 
J-tOHZ~ 

WE l\\: lew .. /1 V/, 'I 
Iwp IWR_ 

cs r- tCHZ(5.L., 

I- IAS-~IWHZ~ I--tow 
DATAouT Previous Dala Valid(3) If Dala Valid(3) r-I\. 

tow toH 

.1 
DATAIN If Dala Valid " 1\ II 

NOTES: 
1. A write occurs during the overlap of ~ LOW and WE" LOW. 
2. IWR is measured from the earlier of ~ or WE' going HIGH to the end of the write cycle. 
3. During this period, the DO pins are in the output state and input signals must not be applied. 
4. If ~ LOW transition occurs simulteneously with or after the WE HIGH transition, the outputs remain in the high-impedance state. Ukewise, if ~ HIGH 

transition occurs simultaneously with or before WE LOW transition, the outputs remain in the high-impedance state. 
5. The transition is measured ±2OOmV from previous steady stete. 
6. ~ is continuously HIGH. If ~ is LOW during a WE controlled write cycle, the write pulse width must be the larger of \WP or (IWHZ + lOW) to allow the 

110 drivers to tum off and data to be placed on the bus for the required lOW. If ~ is HIGH during a WE controlled write cycle, this requirement does not 
apply and the write pulse is the specified IWP. For a CS" controlled write cycle, OE" may be LOW with no degradation to !Cw. 



~YNERny EM~ ________________________________________________________________________ _ PRELIMINARY 
SY61 B98-7/1 0/12 

PRODUCT ORDERING CODE 

Speed Package 
(ns) Ordering Code Type 

7 SY61B98-7YC Y24-1 

10 SY61B98-10YC Y24-1 

12 SY61 B98-12YC Y24-1 

SY61B98 - xx x 

Operating 
Range 

Commercial 

Commercial 

Commercial 

x x 

~ Special Processing 

Temperature Range 

C ~ Commercial 

Package Identifier 

YKSQJ 

Speed Identifier 
e.g. 7 ~ 7ns Max. Access Time 

Device Type 

B-BiCMOS 



., 

~ PRELIMINARY 

Y TTL BICMOS STATIC RAM SY71B88-7 
SYNERGY SY71 B88-10 

SEMICONDUCTOR 64K (16K X 4-BIT) SY71B88-12 

FEATURES 

• Address access time, tAA: 7/10/12ns max. 
• Chip select access time, tACS: 4/6/7ns max. 
• Popular 16K x 4 with common 1/0 organization 
• Power supply current, Icc: 200mA max. 
• Superior Immunity against alpha particles provides 

virtually no soft error sensitivity 

• Built with advanced ASSET'" BICMOS technology 
• Fully TTL compatible 1/0 and power supply levels 
• Available In 24-pln, 300-mll plastic SOJ 

BLOCK DIAGRAM 

Ao 

• 
ADDRESS • DECODER 

• 
A13 

DQo-DQ 

© 1994 Synergy Semiconductor Corporation 

• 

• 
• 

DESCRIPTION 

The Synergy SY71 B88 is a 65,S36-bit Static Random 
Access Memory. (SRAM), designed with advanced BiCMOS 
circuitry. The device is organized as 16,384-words-by-4-
bits with common 110 and meets standard TTL signal levels 
operating from a +S.OV ±10% power supply. 

The SY71 B88 employs proprietary circuit design 
techniques and Synergy's proprietary ASSET BiCMOS 
technology to achieve extremely fast access times and write 
pulse widths. ASSET BiCMOS Lises proprietary technology 
concepts to achieve significant reduction in parasitic 
capacitance while improving device packing density. 
Synergy's circuit design techniques, coupled with ASSET 
BiCMOS, result not pnly in ultra-fast performance, but also 
allow device operation at reduced power levels with virtually 
no soft error sensitivity and with outstanding device reliability 
in volume production. 

65,536-BIT 
MEMORY 
ARRAY 
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~YNERGY 
SEMICONOUCTOR 

PIN CONFIGURATION 

Aa Vee 
Al A13 
A2 A12 
A3 A" 
A4 Ala 
As As 
As NC 
A7 003 
As D02 
CS 001 
NC 000 

GND WE 

ABSOLUTE MAXIMUM RATINGS(1) 

Rating Symbol Value Unit 

Terminal Voltage with VTERM(2) -0.5 to +7.0 ·C 
Respect to GND 

Temflerature Under Bias TBIAS -55 to +125 ·C 

Storage Temperature TSTG -55 to +125 ·C 

Power Dissipation PT 1.25 W 

DC Output Current lOUT 50 mA 

NOTE: 
1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 

are exceeded. This is a stress rating only and functional operation is not 
implied at conditions other than those detailed in the operational sections 
of Ihis data sheet. Exposure to ABSOLUTE MAXIMUM RATING conditions 
for extended periods may affect device reliability. 

2. VIN pins must not exceed Vee + O.SV. 

CAPACITANCE 

(TA = +25°C, f = 1.0MHz) 

Parameter<1 ) Symbol Condition Max. Unit 

Input Capacitance CIN VIN= OV 6 pF 

Output Capacitance COUT VOUT= OV 7 pF 

NOTE: 
1. This parameter is guaranteed by device characterization, but is not 

production rested. 

PIN NAMES 

Label 

AD-A13 

WE 

CS 

DOo-DQ3 

Vee 

GND 

PRELIMINARY 
SY71B88-7/10/12 

Function 

Address Inputs 

Write Enable Input 

Chip Select Input 

Data Input/Output 

Positive Power Supply Terminal 

Negative Power SIJ!lP~ Terminal 

TRUTH TABLE(1) 

CS WE OQ Function 

H X HighZ Deselect Chip 

L H DATAoUT Read Cycle 

L L DATAIN Write Cycle 

NOTE: 
1. H = VIH. L = VIL, X = 00n1 Care. 

GUARANTEED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Case Temperature Te 0 - +75 ·C 
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o ' 
SYNERGY 

SEMICON9IJCT'OR 

DC ELECTRICAL CHARACTERISTICS 

Vee = +S.OV ± 10%; Te = O°C to +7SoC. Airflow> 2.Sm/s 

Symbol Parameter Min. Max. 

VOH Output HIGHVoltajle 2.4 -
VOL Output LOW Voltage - 0.5 

VIH Input HIGH Voltage 2.0 Vcc+ 0.5 

VIL .. Input LOW Voltage -0.5 0.8 

IIH Input HIGH Current - 10 

IlL Input LOW Current -10 -
leEX Output Leakage Current -10 10 

Icc (Static) Power Supply Current - TBD 

Icc (Dynamic) SY71B88-7 - 200 
SY71B88-10 - 180 
SY71B88-12 - 160 

NOTES: 

Unit 

V 

V 

V 

V 

IJ.A 

IJ.A 

IJ.A 

mA 

mA 
mA 
mA 

Condition 

Vee" Vee (Min.). 10H ~ -4.0mA 

Vee" Vee (Min.). 10L" 10.0mA 

PREUMINARY 
SY71888-7/10/12 

Guaranteed Input Voltage HIGH for Alllnputs(l) 

Guaranteed Input Voltage LOW for Alllnputs(l) 

VIN .. VCC 

VIN.GND 

VOUT " GND and VOUT - Vcc 

Vee _ Vee (Max.). All Inputs and Outputs Open 

Vcc = Vee (Max.). 
CS :s; VIL (Max.). 
All Address Inputs Cycling at fMAx(2) 

1. VIL (Max.) and VIH (Min.) are absolute voltages with respect to device ground and include all voltage transients due to systemltester noise. 
2. 'MAX = lItRC. 

AC ELECTRICAL CHARACTERISTICS 

AC TEST CONDITIONS 

Input Pulse Levels 0.OVto3.0V 

Inp~t Rise/Fall Times 3ns 

Input Timing Reference Levels 1.5V 

Output Reference Levels 1.5V 

ACTest Load See Figure 1 

5V 

DATAouT 

CL 

Figure 1. AC Teet Load 

CL = 5pF (for tcLl, tCHZ. IWHZ, and tow) 

480n 

255n 

CL = 30pF (for all active output AC measurements) 
Capacitance value Include. all stray capacitance of scope and fixture. 
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SYNERGY 

PREUMINARY 
SY71B88-7/10/12 

~M~ __________________________________________________________________________ ___ 

READ CYCLE 

SY71B8&-7 SY71B8&-10 SY71B88-12 

Symbol Parameter Min. Max. Min. Max. Min. Max. UnH 

tRC TAVAX Read Cycle Time 7 - 10 - 12 - ns 

1M TAVOV Address Access Time - 7 - 10 - 12 ns 

lACS TSLOV Chip Select Access Time - 4 - 6 - 7 ns 

tCLl TSLOX Chip Select to Output Active 1 - 1 - 1 - ns 

tCHZ(1) TSHOZ Chip Deselect to Output High·Z - 4 - 6 - 7 ns 

tOH TAXOX Output Hold from Address Change 3 - 3 - 3 - ns 

NOTE: 
1. This parameter is guaranteed by device characterization and is not 100% tested in production. 

READ CYCLE TIMING DIAGRAMS 

ADDRESS ACCESS CYCLE 

tRC 

Address ( Address Valid "IK 
tM 

_tOH 

DOUT Previous Data Valid Data Valid 

NOTES: 
1. WE must be HIGH for <! twR prior to start of read cycle. 
2. The device is continually selected, where CS = VIL. 

CHIP SELECT ACCESS CYCLE 

tRC • 

" / 

lACs 

~tClZ _tCHZ_ 

High Impedance 1/ ( Data Valid " Hiah 
I'\.. / / Impeaance DOUT 

NOTES: 
1. WE must be HIGH for <! twR prior to start of read cycle. 
2. Address valid prior to or coincident with the HIGH-to-LOW transition of CS. 
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~YNERGY PREUMINARY 
SY71B88·7/10112 

~ ----------------------------------------------------------------------
WRITE CYCLE 

SY71B88-7 SY71B88-10 SY71B88-12 

Symbol Parameter Min. Max. Min. Max. Min. Max. UnH 

twc TAVAX Write Cycle Time 7 - 10 - 12 - ns 

IWP TWlWH Write Pulse Width 4 - 6 - 8 - ns 

IWHZ(2) TWlOZ Write Disable Time - 3 - 3 - 4 ns 

tow TWHOV Output Active From End of Write Time - 3 - 3 - 3 ns 

lAS TAVWl Address Set-up Time 0 - 0 - 0 - ns 

tew TSLWH Chip Select Set-up Time to Write Terminate 4 - 6 - 8 - ns 

tDW TDVWH Data Set-up Time to Write Terminate 4 - 5 - 6 - ns 

IWR TWHAX Write Recovery Time/Address Hold Time 0 - 0 - 0 - ns 

tHC TWHSX Chip Select Hold Time 0 - 0 - 0 - ns 

tDH TWHDX Data Hold Time 0 - 0 - 0 - ns 

lAW TAVWH Address Valid to Write Terminate 8 - 8 - 8 - ns 

NOTE: 
1. CS or WE must be HIGH during an address transition. 
2. This parameter is guaranteed by device characterization and is not 100% tested in production. 
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~YNERGY 
SEMICONDUCTOR 

WRITE CYCLE TIMING DIAGRAMS 

WE CONTROLLED 

twe 
----.. 

Address --
tAW 

cs ~~ tew II 
twp tWR_ 

WE 

- lAS'" I--twHZ~ 
I--tow 

DATAoUT Previous Data Valid(3) 
tDW tDH 

DATAIN ~ \l Data Valid r- J1 

CS CONTROLLED 

twc 

Address 
~ 

----' 
tAW 

WE ~\\. tcw ~ IJ 
twp tWR_ 

cs 
I-- tAS --r--tWHZ~ _tow 

DATAoUT Previous Data Valid(3) 
tDW tOH 

DATAIN 
I. ~ V Data Valid 
1\ .II 

NOTES: 
t. A write occurs during the overlap of CS LOW and WE LOW. 
2. twR is measured from the earlier of CS or WE going HIGH to the end of the write cycle. 

3. During this period, the DO pins are in the output state and input signals must not be applied. 

Vil 

~tcHi5L. 

If 
Data Valid(3) J 

1\ 

II,' 

r-- tCHi5L. 

If Data Valid(3) 
1\ 

PRELIMINARY 
SY71B88-7/10/12 

f-

f-

4. If CS LOW transition occurs simultaneously with or after the WE HIGH transition, the outputs remain in the high-impedance state. Likewise, if CS HIGH 
transition occurs simultaneously with or before WE LOW transition, the outputs remain in the high-impedance state. 

5. The transition is measured ±200mV from previous steady state. 
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0S--'-R-Y PRELIMINARY 
u.s. y SY71B88-7/10/12 

~ ----------------------------------------------------------------------
PRODUCT ORDERING CODE 

Speed Package 
(ns) Ordering Code Type 

7 SY71B88-7YC Y24-1 

10 SY71B88-10YC Y24-1 

12 SY71B88-12YC Y24-1 

SY71B88 - xx x 

Operating 
Range 

Commercial 

Commercial 

Commercial 

x x 

~ Special Processing 

Temperature Range 

C = Commercial 

Package Identifier 

Y=SOJ 

Speed Identifier 
e.g. 7 = 7ns Max. Access Time 

Device Type 

B=BiCMOS 



,., PRELIMINARY 

,... TTL BICMOS STATIC RAM SY71898-7 
SYNERGY SV71898-10 

SEMICONDUCTOR 64K (16K X 4-BIT) SV71898-12 

FEATURES 

• Address access tlme,lAA: 7/10/12ns max. 

• Chip select access time, tACS: 4/617ns max. 

• Popular 16K x 4 with common 1/0 organization 

• Power supply current, Icc: 200mA max. 

• Superior Immunity against alpha panicles provides 
vlnually no soft error sensitivity 

• Built with advanced ASSE"fTM BICMOS technology 

• Fully TTL compatible 1/0 and power supply levels 

• Available In 24-pln, 300-mll plastic SOJ 

8LOCK DIAGRAM 

Ao 

• 
• 
• 

A13 

DOo-DQ'3--e--1 

CS1 
CS2_ 
WE_ 
OE-

ADDRESS 
DECODER 

CONTROL LOGIC 

• 

• 

• 

DESCRIPTION 

The Synergy SY71 B98 is a 65,536-bit Static Random 
Access Memory (SRAM), designed with advanced BiCMOS 
circuitry. The device is organized as 16,384-words-by-4-
bits with common 1/0 and meets standard TTL signal levels 
operating from a +5.0V ±10% power supply. 

The SY71 B98 employs proprietary circuit design 
techniques and Synergy's proprietary ASSET BiCMOS 
technology to achieve extremely fast access times and write 
pulse widths. ASSET BiCMOS uses proprietary technology 
concepts to achieve significant reduction in parasitic 
capacitance while improving device packing density. 
Synergy's circuit design techniques, coupled with ASSET 
BiCMOS, result not only in ultra-fast performance, but also 
allow device operation at reduced power levels with virtually 
no soft error sensitivity and with outstanding device reliability 
in volume production. 

65,536-BIT 
MEMORY 
ARRAY 

~--------------------~ 

© 1994 Synergy Semiconductor Corporation 
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~YNERGY PREUMINARY 
SY71B98-7/10/12 

~~ ------------------------------------------~---------------------------------
PIN CONFIGURATION 

Ao Vee 
Al A13 
A2 A12 
A3 An 
A4 Alo 
As As 
As CS2 
A7 003 
As 002 

CSl 001 
OE" DQo 

GND WE 

ABSOLUTE MAXIMUM RATINGS(1) 

Rating Symbol Value Unit 

Terminal Voltage with VTERM(2) -0.5 to +7.0 °C 
Respect to GND 

Temperature Under Bias TBIAS -55 to +125 °C 

Storage Temperature Ts'm -55 to +125 °C 

Power Dissipation PT 1.25 W 

DC Output Current lOUT 50 mA 

NOTE: 
1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 

are exceeded. This is a stress rating only and functional operation is not 
implied at conditions other than those detailed in the operational sections 
of this data sheet. Exposure to ABSOLUTE MAXIMUM RATING conditions 
for extended periods may affect device reliability. 

2. VIN pins must not exceed Vee + O.SV. 

CAPACITANCE 

(TA = +25°C, f = 1.0MHz) 

Parameter(1 ) Symbol Condition Max. Unit 

Input Capacitance CIN VIN= OV 6 pF 

Output Capacitance GoUT VOUT = OV 7 pF 

NOTE: 
1. This parameter is guaranteed by device characterization, but is not 

production tested. 

PIN NAMES 

Label Function 

Ao-A13 Address Inputs 

WE Write Enable Input 

CS1, CS2 Chip Select Inputs 

OE Output Enable Input 

DQo-D03 Data InpuVOutput 

Vee Positive Power SU!)ply Terminal 

GND Negative Power Supply Terminal 

TRUTH TABLE(1) 

CS1 CS2 OE WE DQ Function 

X H X X HighZ Deselect Chip 

H X X X High Z Deselect Chip 

L L L H DATAoUT Read Cycle 

L L X L DATAIN Write Cycle 

L L H H HighZ Outputs Disabled 

NOTE: 
1. H = VIH, L = VIL, X = Don' Care. 

GUARANTEED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Case Temjlerature Te 0 - +75 °C 
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~Y PREUMINARY 
SY71898-7/10/12 

-------------------------------------------------------
DC ELECTRICAL CHARACTERISTICS 

Vee = +5.0V ± 10%; Te a O°C to +75°C, Airflow> 2.5m/s 

Symbol Parameter Min. Max. Unit Condition 

VOH Output HIGH Voltage 2.4 - V Vee - Vee (Min.), IoH - -4.0mA 

VOL Output LOW Voltage - 0.5 V Vee = Vee (Min.), IOL = 10.0mA 

VIH Input HIGH Voltage 2.0 Vcc+ 0.5 V Guaranteed Input Voltage HIGH for Alllnputs(1) 

VIL Input LOW Voltage -0.5 0.8 V Guaranteed Input Voltage LOW for All Inputs(1) 

IIH Input HIGH Current - 10 I1A VIN= Vcc 

IlL Input LOW Current -10 - itA VIN-GND 

leEx Output Leakage Current -10 10 itA VOUT - GND and VOUT - Vcc 

Icc (Static) Power Supply Current - TBD mA Vee - Vee (Max.), All Inputs and Outputs Open 

Icc (Dynamic) sY71B98·7 - 200 mA Vcc - Vee (Max.), 
sY71B98·10 - 180 mA CS s VIL (Max.), 

sY71B98-12 - 160 mA All Address Inputs Cycling at fMAx(2) 

NOTES: 
1. VIL (Max.) and VIH (Min.) are absolute voltages with respect to device ground and include all voltage transients due to system/tastar noise. 

2. !MAX = litRe. 

AC ELECTRICAL CHARACTERISTICS 

AC TEST CONDITIONS 

Input Pulse Levels O.OVto 3.0V 

Input RiselFall Times 3ns 

Input Timing Reference Levels 1.5V 

Output Reference Levels 1.5V 

ACTest Load See Figure 1 

5V 

4800 

DATAoUT 

CL 2550 

Figure 1. AC Test Load 

CL = SpF (for tcu, tCHZ, tOll, tOHZ, IWHZ, and tow) 
CL = 30pF (for all active output AC maasuramanta) 
Capacitance value Includes all stray capacitance of scope and fixture. 
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0S""-'R'~Y PRELIMINARY 
w .... , u SY71898-7/10/12 EM~ __ ~ ____________________________________________________________________ _ 

READ CYCLE 

SY71898-7 ' SY71898-10 SY71898-12 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

tRC TAVAX Read Cycle Time 7 - 10 - 12 - ns 

1M TAVOV Address Access Time - 7 - 10 - 12 ns 

lAcS TSLOV Chip Select Access Time - 4 - 6 - 7 ns 

tCLZ TSLOX Chip Select to Output Active 1 - 1 - 1 - ns 

tCHZ(1) TSHOZ Chip Deselect to Output High-Z - 4 - 6 - 7 ns 

tOE TGLOV Output Enable to Output Valid - 4 - 5 - 6 ns 

tOLZ TGLOX Output Enable to Output Active 1 - 1 - 1 - ns 

tOHZ(1) TGHOZ Output Disable to Output High-Z - 3 - 3 - 3 ns 

tOH TAXOX Output Hold from Address Change 3 - 3 - 3 - ns 

NOTE: 

1. These parameters are guaranteoo by device characterization and are not 100% tested in production. 

READ CYCLE TIMING DIAGRAMS 

ADDRESS ACCESS CYCLE 

tRC 

Address ~( Address Valid ~t' 

IAA 

_tOH 

Dour Previous Data Valid Data Valid 

NOTES: 
1. WE" must be HIGH for ~ twR prior \0 start of read cycle. 

2. The device is continually selected, where CSl = CS2 = OE = VIL. 
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-0 
SYNERGY 

PRELIMINARY 
SY71B98-7/10/12 

~ -------------------------------------------------------------------
READ CYCLE TIMING DIAGRAMS CONTINUED 

CHIP SELECT ACCESS CYCLE 

CS1 

CS2 

DOUT 

NOTES: 

, 

_tCLl 

High Impedance 

1. ~ must be HIGH for" twR prior to start of read cyde. 

tRC 

tACS 

1'-

2. Address valid prior to or coincident with the HIGH-to-LOW transition of CS1, CS2. 
3. OE = VIL. 

OUTPUT ENABLE ACCESS CYCLE 

tRC 

OE "'!, 

tOE 

_tOLl 

DOUT 
High Impedance 

~ 

I' 

NOTES: 
1. WE must be HIGH for" twR prior to start of read cyde. 
2. Address valid prior to or coincident with the HIGH-to-LOW transition of OE. 

3. CSI and CS2 = VIL. 
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__ tCHl_ 

) "' Hiah 
\,. Data Valid / Impeaance 

• 

/t' 

__ tOHZ_ 

) K Data Valid " High 
/ Impeaance 



o 
SYNERGY 

BEMICONDIX;TDR 

WRITE CYCLE 

SY71B98-7 

Symbol Parametar Min. Max. 

twc TAVAX Write Cycle Time 7 -
twP TWLWH Write Pulse Width 4 -
twHZ(2) TWLOZ Write Disable Time - 3 

tow TWHOV Output Active From End of Write Time - 3 

lAS TAVWL Address Set·up Time 0 -
tcw TSLWH Chip Select Set-up Time to Write Terminate 4 -
tow TDVWH Data Set-up TIme to Write Terminate 4 -
tWR TWHAX Write Recovery Time/Address Hold Time 0 -
tHC TWHSX Chip Select Hold Time 0 -
tOH TWHDX Data Hold Time 0 -
lAW TAVWH Address Valid to Write Terminate 8 -

NOTE: 
1. ~1. ~or~mustbe HIGH during an address transition. 
2. This parameter is guaranteed by device characterization and is not 100% tested in production. 
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. SY71B98-10 

Min. Max. 

10 -
6 -
- 3 

- 3 

0 -
6 -
5 -
0 -
0 -
0 -
8 -

PRELIMINARY 
SY11B98-7/10/12 

SY71B98-12 

Min. Max. Unit 

12 - ns 

8 - ns 

- 4 ns 

- 3 ns 

0 - ns 

8 - ns 

6 - ns 

0 - ns 

0 - ns 

0 - ns 
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SYNERGY 

SEMICONDUCTOR 

WRITE CYCLE TIMING DIAGRAMS 

WE CONTROLLED 

Address 

OE 

CS, 

CS2 

WE 

~ 
---' 

tAW 

k\1 tcw 

I-- lAS --I--tWHz~ 

twe 

II 
twp tWR_ 

_tow 

J-tOHZ~ 

III 

f--tCHZ(SL. 

If 

PRELIMINARY 
SY71 898-7/1 0/12 

DATAour Previous Data Valid(3) Data Valid (3) -
tDW tDH 1\ 

DATAIN ~ "\l Data Valid 
1\ ./I 

CS CONTROLLED 

twc 

Address ~ 
---' 

OE J-tOHZ~ 
lAW 

WE \.\\. tcw II II." 
twP tWR_ 

NOTES: 

CS, 

CS2 

DATAoUT 

DATAIN 

I-- tAS--I--tWHz~ 

Previous Data Valid(3) 

1. A write occurs during the overlap of CS, and CS2 LOW and WE LOW. 

r--- tow 

tDW tDH 

I. y 
Data Valid 

1\ 

2. twR is measured from the earlier of CS, and CS2 or WE going HIGH to the end of the write cycle. 
3. During this period, the DQ pins are in the output state and input signals must not be applied. 

I-- tCHZ(!lL. 

If Data Valid(3) 
1\ 

~ 
I] 

f-

4. If CS, and CS2 LOW transition occurs simultaneously with or after the WE HIGH transition, the outputs remain in the high-impedance state. Likewise, 
if CS, and CS2 HIGH transition occurs simultaneously with or before WE LOW transition, the outputs remain in the high-impedance state. 

5. The transition is measured ±200mV from previous steady state. 

6. OE is continuously HIGH. If OE is LOW during a WE controlled write cycle, the write pulse width must be the larger of twP or (twHZ + lOW) to allow the 
110 drivers to tum off and data to be placed on the bus for the required tow. If OE is HIGH during a WE controlled write cycle, this requirement does not 
apply and the write pulse is the specified twP. For a CS, and CS2 controlled write cycle, OE may be LOW with no degradation to tew. 
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~~y PRELIMINARY 
SY71B98-7/10/12 

-------------------------------------------------------
PRODUCT ORDERING CODE 

Speed Package 
(ns) Ordering Code Type 

7 SY71B98-7YC Y24-1 

10 SY71 B98-1 OYC Y24-1 

12 SY71 B98-12YC Y24-1 

SY71B98 - xx x 

Operating 
Range 

Commercial 

Commercial 

Commercial 

x x 

~ Special Processing 

Temperature Range 

C = Commercial 

Package Identifier 

Y=SOJ 

Speed Identifier 
e.g. 7 = 7ns Max. Access Time 

Device Type 

B = BiCMOS 
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~ 
SYNERGY FIFOs 

SEMICONDUCTOR 

Ultra-Hlgh-Speed FIFOs 

SY69164 

SY69165 

SY69167 

SY69168 

SY69170 

Ordering Information 

© 1994 Synergy Semiconductor Corporation 
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-=- ULTRA-HIGH-SPEED ADVANCE 
SYNERGY 1 K x 24 FIFO INFORMyATION 

SEMICONDUCTOR S 69164 

FEATURES 

• System clock speeds to 200MHz 
• User-selectable bandwidth - one read or write 

operation each clock cycle 

• 24-bH wide data path for efficient transfers 
• Sequential read and write, READ DATA VALID flag 

• EMPTY, FUll and HALF-FUll status flags 
• Simple Initialization via RESET Input 

• Compatible with 10KH Eel logic 
• Improved noise margins via on-chip voltage and 

temperature compensation; designed for alpha­
particle Immunity 

• Available In thermally-enhanced 208-pln PQFP or 
207-pln PPGA 

• Power dissipation = 16 waDs (typ.) 

BLOCK DIAGRAM 

DINo­
DIN23 

READ 

WRITE 

CLOCK 

CLOCK 

READ I 
CONTROL 

+ I READ I 
POINTER I 

t 
RESET ~ 
LOGIC 

+ I WRITE I 
POINTER I 

t 
WRITE I 

CONTROL 

--

© 1994 Synergy Semiconductor Corporation 

DESCRIPTION 

The Synergy SY69164 is an uitra-high-speed 1 K­
word-by-24-bit First-In/First-Out (FIFO) memory, 
fabricated in Synergy's proprietary ASSETTM I bipolar 
process. 

With a differential clock applied to the FIFO, data 
is written into or read out of the memory under control 
of the WRITE or READ pin, respectively. All address 
vectors are generated internally. FULL, HALF-FULL 
and EMPTY flags are provided to help prevent 
overflow/underflow. The asynchronous RESET pin 
initializes the device and resets both write and read 
pointers to zero. Output data integrity can be assured 
by use of the READ DATA VALID output flag. All 
inputs and outputs are single-ended Eel. 

Synergy's circuit design techniques, coupled with 
ASSET I, result not only in ultra-fast performance, 
but allow device operation at reduced power levels 
with virtually no soft error sensitivity. Outstanding 
reliability is achieved in volume production. 

l 
0 
1 
2 

MEMORY 
ARRAY 

1023 

I 

FLAG 
LOGIC 

I I 

9-2 

I 

DOUTo­
DOUT23 

FULL 

HALF FULL 

EMPTY 

READ DATA VALID 

Rev.: B Amendment:1O 
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-0- ULTRA-HIGH-SPEED ADVANCE 
SYNERGY 3K x 8 FIFO INFORMATION 

SEMICONDUCTOR SY69165 

FEATURES 

• System clock speeds to 600MHz 
• User-selectable bandwidth - one read or write 

operation each clock cycle 

DESCRIPTION 

• Plpellned architecture - highest perfonnance with 

The Synergy SY69165 is an ultra-high-speed 3K­
word-by-8-bit First-In/First-Out (FIFO) memory, 
fabricated in Synergy's proprietary ASSETTM I bipolar 
process. 

With a differential clock (up to 600MHz) applied to 
the FIFO, data is written into or read out of the memory 
under control of the WRITE or READ pin, respectively. 
All address vectors are generated internally. FUll, 
HALF-FUll and EMPTY flags are provided to help 
prevent overflow/underflow. The asynchronous 
RESET pin initializes the device and resets both write 
and read pOinters to zero. Output data integrity can 
be assured by use of the READ DATA VALID output 
flag. High-speed inputs and outputs are differential 
Eel; lower-speed signals are single-ended. 

minimum latency 

• Sequential read and write, READ DATA VALID flag 
• EMPTY, FUll and HALF-FUll status flags 
• Simple Initialization via RESET Input 

• Compatible with 10KH Eel logic 
• Improved noise margins via on-chip voltage and 

temperature compensation; designed for alpha­
panicle Immunity 

• Available In thennally-enhanced 208-pln PQFP or 
207-pln PPGA 

• Power dissipation = 16 watts (typ.) 

BLOCK DIAGRAM 

DINo- DIFF 
DIN? 

DIFF READ I 
CONTROL READ 

+ I READ I 
POINTER I 

t 
RESET ~ 
LOGIC 

+ I WRITE I 
POINTER I 

t 
DIFF WRITE I 

CONTROL WRITE 

CLOCK 
DIFF --

@ 1994 Synergy Semiconductor Corporation 

Synergy's circuit design techniques, coupled with 
ASSET I, result not only in ultra-fast performance, 
but allow device operation at reduced power levels 
with virtually no soft error sensitivity. Outstanding 
reliability is achieved in volume production. 

l 
0 
1 
2 

MEMORY 
ARRAY 

3071 

I 

FLAG 
LOGIC 

I I 
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DIFF 

l 

DIFF 

DOUTo­
DOUT7 

FULL 

HALF FULL 

EMPTY 

DIFFERENTIAL 
VO DETAIL 

~ 
-V 

READ DATA VALID 
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-0. ULTRA-HIGH-SPEED PRELIMINARY 

SYNERGY 64-WORD x 18-BIT FIFO SY69167 
SEMICONDUCTOR SY69267 

FEATURES 

• System clock speeds to 200MHz 

• User-selectable bandwidth - one read or one write 
operation each clock cycle 

• Selectable OVERFLOW and UNDERFLOW Interrupts 

• EMPTY, HALF-FUll and FUll status flag outputs 

• Simple Initialization via RESET input 
• Compatible with ECl logic standards: SY69167 for 

10KH designs, or SY69267 for lOOK designs 

• Improved noise margins via on-chip voltage and 
temperature compensation; designed for alpha­
particle Immunity 

• Available in thermally-enhanced 64-pin Quad 
Flatpack (QFP) 

• Power dissipation only 4 watts (typ.) 

BLOCK DIAGRAM 

DESCRIPTION 

Synergy's SY69167 and SY69267 are ultra-high­
speed 64-word-by-18-bit First-ln/First-Out (FIFO) static 
memories. Both are fabricated in Synergy's proprietary 
ASSETTM I bipolar process. 

With a system clock up to 200MHz applied to the 
FIFO, data is written into or read out of the memory 
under control of the WRITE ENABLE or READ 
ENABLE input, respectively; one write or one read 
operation per clock cycle. All address vectors are 
generated internally. FULL, HALF-FULL and EMPTY 
status flags, plus selectable OVERFLOW and 
UNDERFLOW interrupt outputs are provided. The 
RESET input initializes the device and resets both 
read and write pOinters to zero. All inputs and outputs 
(except the differential CLOCK inputs) are single­
ended ECL (SY69167 for 10KH, SY69267 for 100K) 

Synergy's circuit design techniques, coupled with 
ASSET technology, result not only in ultra-fast 
performance, but allow device operation at reduced 
power levels with virtually no soft error sensitivity. 
Outstanding reliability is achieved in volume 
production. 

64 x 18 
010- DATA RAM DATA 000 
0117 -----------~ IN f---~ 01 DOf---_1 OUT f----- 0017-

REG REG 

AD 

CLOCK 

CLOCK 

READ 
ENABLE 

RESET RST 

WRITE 
ENABLE 

OF/UF 
INHIBIT 

ASSET is a trademark of Synergy Semiconductor Corporation. 

© 1994 Synergy Semiconductor Corporation 9-4 
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HALF-FULL 

EMPTY 

OVERFLOW 

UNDERFLOW 
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~ PRELIMINARY 
Y SY69167 SYNERGY _______________________________________________________ S_Y_69_26_7 

SEM/CONDIICTOR 

PIN CONFIGURATION 

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 

48 

47 

46 

Vcc 
010 
Oil 
012 

013 
014 

015 
Vcc 
ClK 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Top View 
Cerquad Flatpack 

E64-l 

OVF 
UNF 
EMP 
HF 
FULL 
Vcca 
0015 

Vcc 
0014 

0013 

0012 

Vcca 
0011 

0010 

009 
Vcc 

ClKN 
016 11 

017 12 

Ols 13 

019 14 

15 

16 

FUNCTIONAL DESCRIPTION 

The Synergy SY69167/267 synchronous FIFOs are 
ultra-high-performance, wide-word First-In/First-Out 
buffers. The single-clock synchronous design yields 
a 400MByte/sec. bandwidth which is easily usable 
without the complicated timing constraints of lower­
performance CMOS FIFOs. The design is a single­
stage pipeline with all control and data signals 
registered on the rising edge of the clock so that only 
set-up and hold, with respect to the clock, need to be 
observed. The FIFO's l8-bit width allows two parity­
checked bytes per device for reduced board area. 

All input signals are sampled on the rising edge of 
the clock. The corresponding activity is initiated during 
the next clock period. All output signals are driven 
by registers which are also clocked on the rising edge. 

INPUT SIGNALS 
RESET - Reset of the device occurs whenever 

this input is pulled low. Reset consists of setting the 9 
read and write pointers to zero and clearing the 
condition flags (except for EMPTY). The EMPTY flag 
is set high on reset. 

WRITE ENABLE (WE) - Initiates a write into the 
FIFO during the next clock period. The data written 
is the data present on the ~ta Inpu!.JPl) lines 
concurrent with the asserted WE input. WE may be 
asserted continuously and the corresponding data 
during each clock period will be written into the FIFO. 
If the FIFO is full, further writes can be inhibited by 
asserting the OVERFLOW/UNDERFLOW INHIBIT 
(OUI) input. If OUI is not asserted, then writes can 
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~YNERGY ~~::~:~ 
~~ ----------------------------------------------------------------------

continue even when the FIFO is full. In this case, the 
write pointer will wrap-around. 

READ ENABLE (RE) - Initiates a read of the FIFO 
during the next clock period (providing the WE is not 
asserted during the same clock period). The data 
from the FIFO is registered and appears on the Data 
Out (DO) pins dur.!!!.g the second clock period after 
the corresponding RE. The data will be valid until the 
next entry is read. RE may be asserted continuously 
to read out successive FIFO entries; however, note 
that reads have lower priority than writes and will be 
blocked whenever WE is asserted during the same 
clock period. [This condition may be detected by 
forming a "Data Out Valid" signal from the ANDing of 
one-clock-period-delayed versions of the RE and WE 
signals, as in Figure 1.] 

If the FIFO is empty, reads can be inhibited by 
asserting the OUI input. If overflow and underflow 
are not inhibited, then reads will continue even when 
the FIFO is empty. In this case, the read pointer will 
wrap-around. 

CLOCK - The differential clock controls all 
registers in the device. All registers are clocked on 
the falling edge of CLOCK. The clock frequency may 
be up to 200MHz (there is no minimum clock 
frequency) . 

DATA IN (010-0117) - The 18 bits of input data 
are registered on each falling edge of the clock. 

OVERFLOW/UNDERFLOW INHIBIT (OUI) - This 
input controls read and write pointer updates when 
the FIFO is full or empty. If inhibited, then no writes 
will be performed when the FIFO is full and no reads 
will be performed when the FIFO is empty. 

o 

ClOCK----r---4)ClK 

OUTPUT SIGNALS 
DATA OUTPUT (000-0017) - The 18 bits of output 

data are driven by the FIFO output register. This register is 
clocked on each falling edge of the clock. 

FULL - This flag is set high whenever the cumulative 
number of writes is greater than the cumulative number of 
reads by 64. The flag will be reset by the next read 
operation. 

HALF·FULL - This flag is set high when the read pOinter 
is 32 or more entries behind the write pOinter (e.g., reading 
out word 15, writing into word 47). 

EMPTY - This flag is set high when the last location 
written has been read. The flag will be reset by the next 
write operation. Reset will set the empty flag high. 

OVERFLOW - This flag is set high when the FIFO is 
full and another write occurs. This flag is enabled only 
when OUI is not asserted. 

UNDERFLOW/OE - This flag is set high when the FIFO 
is empty and another read occurs. This flag is enabled only 
when OUI is not asserted. 

If OVER/UNDERFLOW INHIBIT is a low, then the 
UNDERFLOW/OE pin becomes an input pin to enable DATA 
OUTPUTS. In this case, a high on the UNDERFLOW/OE 
pin will enable all DATA OUTPUTS and a low will disable 
DATA OUTPUTS. This allows the DATA OUTPUTS to be 
bused with other chips. 

If OVER/UNDERFLOW INHIBIT is a high, then the DATA 
OUTPUTS are enabled. 

Q o 

elK 

Q 
DATA 
OUT 
VALID 

Figure 1. 
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-=-SYNERGY 
SEMICONDUCTOR 

ABSOLUTE MAXIMUM RATINGS(1) 

Rating Symbol 

Power Supply VEE 
(VCC = OV) 

Input Voltage VI 
(Vcc = OV) 

Output Current lOUT 
Continuous 
Surge 

OperatingTemperature Range TA 
10KH Series 
100K Series 

Operating Range(2) VEE 

NOTES: 

I. Beyond which device life may be impaired. 

2. Parametric values specified at:: 

10KH series: -4.94V to -5.46V 

lOOK series: -4.2V to -4.BV 

Value 

-8toO 

a to VEE 

50 
100 

a to +75 
o to +85 

-5.7to-4.2 

AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

tCLKL Input Clock Low 

tCLKP Input Clock Period 

tsu Input Set-up Time 

twp Write Enable Pulse Width 

tH Input Hold Time 

too Data Output Access Time 

DC ELECTRICAL CHARACTERISTICS 

VEE - VEE (Min) to VEE (Max)' Vee = Veea = GND - . , 

Unit 

Vdc 

Vdc 

mA 

°C 

V 

SY69167 

Min. Max. 

2.5 -
5 -

1.3 -
1 -

0.1 -
tCLKP tCLKP+1.7 

SY69267 

Min. Max. 

2.5 -
5 -

1.3 -
1 -

0.1 -
tCLKP tCLKP+1.7 

PRELIMINARY 
SY69167 
SY69267 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

TA= O°C TA= +25°C TA = Max. 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

IIH Input HIGH Current - 150 - 150 - 150 J.1A 

lEE Power Supply Current I 69167 - - - 975 - - mA 

I 69267 - - - 975 - -

9-7 



-::'YNEROY 
SEM/CONOUCTOR 

10KH DC ELECTRICAL CHARACTERISTICS 

VEE = -5 2V + 5%' Vee = Veeo = GND(1) -

PRELIMINARY 
SY69167 
SY69267 

TA = O°C TA= +2S0C TA= Max. TA= +ssoC 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit 

VOH Output HIGH Vottage -1020 -840 -980 -810 -920 -73S -910 -720 mV 

VOL Output LOW Vo~age -19S0 -1630 -1950 -1630 -1950 -1600 -1950 -1595 mV 

VIH Input HIGH Vo~age -1170 -840 -1130 -810 -1070 -735 -1060 -720 mV 

VIL Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 -1950 -1445 mV 

IlL Input LOW Current 0.5 - O.S - 0.3 - 0.3 - J.LA 

NOTE: 
1. 10KH series circuits are designed to meet the De specifications shown in the table after thermal equilibrium has been established. The circuit is in a test 

socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through a 50n resistor 
to -2.0 volts. 

100K DC ELECTRICAL CHARACTERISTICS 

VEE = -4 5V + 5%' Vee = Veeo = GND' TA = aoc to +B5°C -
Symbol Parameter Min. Typ. Max. Unit Condition 

VOH Output HIGH Voltage -1025 -955 -880 mV VIN = VIH (Max.) Loading with 

VOL Output LOW Voltage -1810 -1705 -1620 mV or VIL (Min.) 50Qto-2.0V 

VOHA Output HIGH Vott139.e -1035 - - mV VIN = VIH (Min.) 

VOLA Output LOW Voltage - - -1610 mV or VIL (Max.) 

VIH Input HIGH Voltage -1165 - -880 mV Guaranteed HIGH Signal for All Inputs 

VIL Input LOW Voltage -1810 - -1475 mV Guaranteed LOW Signal for All Inputs 

ilL Input LOW Current 0.5 - - J.LA VIN = VIL (Min.) 

NOTE: 
1. lOOK series circuits are designed to meet the De specifications shown in the table after thermal equilibrium has been established. The circuit is in a test 

socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through a 50n resistor 
to -2.0 volts. 
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SYNERGY 
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TIMING DIAGRAMS 

Basic Operation: Reset followed by a single write and a single read (note FULL and EMPTY flags). 

9·9 

PRELIMINARY 
SY69167 
SY69267 



III 
CLOCK !:; 

~ 
0 .., 

RESET !!l 
~ o· 
:> 

EMPTY 
:n 
(1) .. 
~ FULL 

~ 
~ 

is WRITE 
c: 

0 S ENABLE 

w~ DATA IN 
:; 
(1) 
:> 

READ :n 
<D ENABLE II> 
Q. 

c: DATA OUT E: 
(1) 

3 .., 
~ 

~ 

_~I \ I 
____________________ ~I ~~ ________________ __ 

\ I 
-----------

Valid Valid _ _ _ _ _ _ _ _ _ _ _ Valid Valid 

Word 0 Word 1 - - - - - - - - - - - Word 62 Word 63 

L ________ ~ 
•

ta aa - - - ---v Data 
Valid Valid _ _ _ ---A'-"'Va"":;:ld ______ _ 

Word a Word 1 - - - - - - - - - - - Word 62 word 63 

~(I)O 
~~ 
~m 
~Ci) 

"'C 

" ::0 
m 
r-

(fUll -
«~ 
O'IO'1Z 

~~~ 
-..j-..j< 



:;-
~ 
iii 
n 
8. 
a .., 
!!l 
!!l 
c' 
;! 

:c 
C1> .. 
~ .. .. 
'< 
:::I 
n 
:r 
0 
:::I 
0 
c: 

CLOCK .. 
~, 
5' 

RESET IC .. 
:::I 
Q. 

iil WRITE 
II> 

ENABLE :a!=. 
CD :::I 
.,IC 
0.0 DATA IN 

! 
0-.., .. 
~ S' ... .,IC READ =. co 
0 .. ENABLE :::I :::I 
~Q. 

3 DATA OUT g. 
-c' 
m 
~ 
0 a. .. 
:;-
~ 
:;. 
!!l 

~ 
i" 
0 .., 
!!l 
!!l 
c' 
:::I 
In 

;;; ,.. 
C1> .., 
s-
=:!, 
.:c 
0 
< 
!!l 

~ 

~ /\ / \ / 

Word 1 Word 2 Word 3 Word 4 Word 5 

------,\ /\ / \ / 

II 

ata 
Valid 

Word 2 Word 3 

Data 
Valid 

Word 4 

~fI)O 
~~ 
~!!! 
~i5 

"tIC 

'tI 
:D 
m 

(/)(/)!: 
«!!i 
"''''Z 
~~~ .......... < 



~ ULTRA-HIGH-SPEED PRELIMINARY 

SYNERGY 64-WORD x 18-BIT FIFO ~~~~~~: 
SEMICONDUCTOR 

FEATURES 

• 10ns read and/or write cycle 
• system clock speeds to 100MHz 
• Selectable OVERFLOW and UNDERFLOW interrupts 
• EMPTY, FUll and HALF-FUll status flag outputs 

• Simple Initialization via RESET Input 
• Compatible with ECl logic standards: SY69168 for 

10KH designs or SY69268 for 100K designs 

• Improved noise margins via on-chip voltage and 
temperature compensation; designed for alpha­
panicle immunity 

• Retransmit of data 
• Independent output enable 
• Available In thermally-enhanced 64-pln Quad 

Flatpack (QFP) 

• Power dissipation only 4 watts (typ.) 

BLOCK DIAGRAM 

DESCRIPTION 

Synergy's SY69168 and SY69268 are ultra-high­
speed 64-word-by-18-bit First-In/First-Out (FIFO) static 
memories. Both are fabricated in Synergy's 
proprietary ASSETTM bipolar process. 

With a system clock up to 100MHz applied to the 
FIFO, data is written into or read out of the memory 
under control of the WRITE ENABLE or READ 
ENABLE input, respectively; one read and/or one write 
operation per clock cycle. All address vectors are 
generated internally. FULL, HALF-FULL and EMPTY 
status flags, plus selectable OVERFLOW and 
UNDERFLOW interrupt outputs are provided. The 
RESET input initializes the device and resets both 
read and write pointers to zero. All inputs and outputs 
(except the differential CLOCK inputs) are single­
ended ECL (SY69168 for 10KH, SY69268 for 100K). 

Synergy's circuit deSign techniques, coupled with 
ASSET technology, result in not only ultra-fast 
performance, but allow device operation at reduced 
power levels, with virtually no soft error sensitivity. 
Outstanding reliability is achieved in volume 
production. 

010 - DATA 6~~~8 DATA 000-
------------1 IN f-------1 01 DOf-----_1 OUT r------

0117 REG REG 0017 

CLOCK 

CLOCK 

READ 
ENABLE 

RESET------~~ 

WRITE 
ENABLE 

OF/UF 

AD 

RST 

INHIBIT----------------------------' 

ASSET is a trademark of Synergy Semiconductor Corporation. 
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~YNERGY 
PRELIMINARY 

SY69168 
SY69268 §M~ ________________________________________________________________________ _ 

PIN CONFIGURATION 

w ~ ~ 5 81~ tH IW IW }3 ~ ~ ~ ~ .: ttl ~OOO>a:>a:3:>ooooo> 

M~~~OO~~~~$~~~~~~ 

~ ~ ~ 

010 47 UNF 
3 

4 

5 

6 
7 

011 
012 
013 

014 
015 

VCC 

ClK 
8 TopViaw 

EMP 
HF 
FUll 
Vcco 
0015 

Vcc 
0014 

0013 

0012 
Vcco 
0011 

0010 

DOs 
Vcc 

9 
Carquad Flatpack 

E64·1 
ClKN 10 

016 11 

12 

13 

14 

15 

16 

FUNCTIONAL DESCRIPTION 

The Synergy SY69168/268 synchronous FIFOs are ultra­
high-performance, wide-word First-ln/First-Out buffers. The 
single-clock synchronous design yields a 200MByte/sec. 
bandwidth which is easily usable without the complicated 
timing constraints of lower-performance CMOS FIFOs. The 
design is a single-stage pipeline with all control and data 
signals registered on the falling edge of the clock so that 
only set-up and hold, with respect to the clock, need to be 
observed. The FIFO's 18-bit width allows two parity-checked 
bytes per device for reduced board area. 

All input signals are sampled on the falling edge of the 
clock. The corresponding activity is initiated during the next 
clock period; one clock period equals one FIFO cycle. If a 
write operation is requested, it occurs during the first half 
(clock low) of the cycle; if a read operation is requested, it 
occurs during the second half (clock high) of the cycle. All 
output signals are driven by registers which are also clocked 
on the falling edge. 

on 0 o 0 
o~ 

INPUT SIGNALS 

RESET - Reset of the device occurs whenever this 
input is pulled low. Reset consists of setting the read and 
write pointers to zero and clearing the condition flags (except 
for EMPTY). The EMPTY flag is set high on reset. 

Reset will set both write and read pointers to zero if 
READ ENABLE is high during the same clock period. Reset 
will set only the read pointer to zero if READ ENABLE is 
low at the same clock period. This independent reset of the 
read pointer allows retransmit of the FIFO data. 

WRITE ENABLE (WE) - Initiates a write into the FIFO 
during the next clock period. The data written is the data 
present on the Data Input (01) lines concurrent with the 
asserted WE input. WE may be asserted continuously and 
the corresponding data during each clock period will be 
written into the FIFO. If the FIFO is full, further writes can 
be inhibited by asserting the OVERFLOW/UNDERFLOW 

9·13 



"" PRELIMINARY 
SYNERGY SY69168 
~M~OR ____________________________________________________________________ S_Y_69_2_6_8 

INHIBIT (OUI) input. If OUI is not asserted, then writes can 
continue even when the FIFO is full. In this case, the write 
pointer will wrap-around. 

READ ENABLE (RE) - Initiates a read of the FIFO 
during the next clock period. The data from the FIFO is 
registered and appears on the Data Out (~O) pins one 
clock period after the corresponding RE. The data will be 
valid until the next entry is read. RE may be asserted 
continuously to read out successive FIFO entries. 

If the FIFO is empty, reads can be inhibited by asserting 
the OUI input.. If overflow and underflow are not inhibited, 
then reads will continue even when the FIFO is empty. In 
this case, the read pointer will wrap-around. 

CLOCK - The differential clock controls all registers in 
the device. All registers are clocked on the falling edge of 
CLOCK. The clock frequency may be up to 100MHz (there 
is no minimum clock frequency). 

DATA·IN (010-0117) - The 18 bits of input data are 
registered on each falling edge of the clock. 

ABSOLUTE MAXIMUM RATINGS(l) 

Rating Symbol 

Power Supply VEE 
(Vcc = OV) 

Input Vo~age VI 
(VCC = OV) 

Output Current lOUT 
Continuous 
Surge 

OperatingTemperature Range TA 
10KH Series 
lOOK Series 

Operating Range(2) VEE 

NOTES: 
I. Beyond which device life may be impaired. 

2. Parametric values specified at:: 
IOKH series: -4.94V 10 -S.46V 

lOOK series: -4.2V 10 -4.BV 

Value 

-8too 

o to VEE 

50 
100 

Oto+75 
o to +85 

-5.7to-4.2 

AC ELECTRICAL CHARACTERISTICS 

Unit 

Vdc 

Vdc 

rnA 

°C 

V 

OVERFI,.OW/UNDERFLOW INHIBIT (OUI) -'- This input 
controls read and write pointer updates when the FIFO is 
full or empty. If inhibited, then no writes will be performed 
when the FIFO is full, and no reads will be performed when 
the FIFO is empty. 

OUTPUT SIGNALS 

DATA OUTPUT (000-0017) - The 18 bits of output 
data are driven by the FIFO output register. This register is 
clocked on each falling edge of the clock. 

FULL - This flag is set high whenever the cumulative 
number of writes is greater than the cumulative number of 
reads by 64. The flag will be reset by the next read 
operation. 

HALF·FULL - This flag is set high when the read pointer 
is 32 or more entries behind the write pointer (e.g., reading 
out word 15, writing into word 47). 

EMPTY - This flag is set high when the last location 
written has been read. The flag will be reset by the next 
write operation. Reset will set the empty flag high. 

OVERFLOW - This flag is set high when the FIFO is 
full and another write occurs. This flag is enabled only 
when OUI is not asserted. 

UNDERFLOW/OE - This flag is set high when the FIFO 
is empty and another read occurs. This flag is enabled only 
when OUI is not asserted. 

If OVER/UNDERFLOW INHIBIT is a low, then the 
UNDERFLOW/OE pin becomes an input pin to enable DATA 
OUTPUTS. In this case, a high on the UNDERFLOW/OE 
pin will enable all DATA OUTPUTS and a low will disable 
DATA OUTPUTS. This allows the DATA OUTPUTS to be 
bused with other chips. 

If OVER/UNDERFLOW INHIBIT is a high, then the DATA 
OUTPUTS are enabled. 

SY69168 SY69268 

Symbol Parameter Min. Max. Min. Max. Unit 

tCLKL Input Clock Low 5 - 5 - ns 

tCLKP Input Clock Period 10 - 10 - ns 

tsu Input Set· up Time 1.3 - 1.3 - ns 

twp Wr~e Enable Pulse Width 1 - 1 - ns 

tH Input Hold Time 0.1 - 0.1 - ns 

tDO Data Output Access Time tCIKP tCLKP+l.7 tCIKP tCLKP+ 1.7 ns 

9·14 



'0 
SYNERGY 

SEMICONDUCTOR 

DC ELECTRICAL CHARACTERISTICS 

VEE = VEE (Min) to VEE (Max)· Vee = Veeo = GND . , 

PRELIMINARY 
SY69168 
SY69268 

TA = O°C TA = +25°C TA = Max. 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

ilH Input HIGH Current - 150 - 150 - 150 !-LA 

lEE Power Supply Current I 69168 - - - 975 - - mA 

1 69268 - - - 975 - -

10KH DC ELECTRICAL CHARACTERISTICS 

VEE = -5 2V + 5%· Vee = Veeo = GND(l) -
TA = O°C TA = +25°C TA = Max. TA = +85°C 

Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit 

VOH Output HIGH Voitage -1020 -840 -980 -810 -920 -735 -910 -720 mV 

Val Output LOW Voitage -1950 -1630 -1950 -1630 -1950 -1600 -1950 -1595 mV 

VIH input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 -1060 -720 mV 

Vil input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 -1950 -1445 mV 

III Input LOW Current 0.5 - 0.5 - 0.3 - 0.3 - !-LA 

NOTE: 
1. 10KH series circuits are designed to meet the De specifications shown in the table after thermal equilibrium has been established. The circuit is in a test 

socket or mounted on a printed circuit board and transverse air flow greater than SOO Ifpm is maintained. Outputs are terminated through a 50Q resistor 
to -2.0 volts. 

100K DC ELECTRICAL CHARACTERISTICS 

VEE = -4.5V ± 5%; Vee = Veeo = GND; TA = O°C to +85°C 

Symbol Parameter Min. Typ. Max. Unit Condition 

VOH Output HIGH Voltage -1025 -955 -880 mV VIN = VIH (Max.) Loading with 

Val Output LOW Voltage -1810 -1705 -1620 mV or Vil (Min.) 50nto-2.0V 

VOHA Output HIGH Voltage -1035 - - mV VIN = VIH (Min.) 

VOLA Output LOW Voltage - - -1610 mV or Vil (Max.) 

VIH Input HIGH Voltage -1165 - -880 mV Guaranteed HIGH Signal for All Inputs 

Vil Input LOW Voltage -1810 - -1475 mV Guaranteed LOW Signal for All Inputs 

ill Input LOW Current 0.5 - - ~A VIN = Vil (Min.) 

NOTE: 
1. lOOK series circuits are designed to meet the De specifications shown in the table after thermal equilibrium has been established. The circuit is in a test 

socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through a 50Q resistor 
to -2.0 volts. 
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o PRELIMINARY 

SYNERGY ~~::~:: 
~M~ __________________________________________________________________________ ___ 

TIMING DIAGRAMS 

CLOCK 

RESET 

EMPTY 

WRITE ENABLE 
twp I 

DATA IN 

READ ENABLE ~~-----------------------------------------
too ~ ______ __ 

Data DATA OUT : __ ~V~al~id~ ________________________ ___ 

Basic Operation: Reset followed by a single write and a single read (note FULL and EMPTY flags). 
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SEMICONDUCTOR 

TIMING DIAGRAMS (CONTINUED) 
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Burst Operation: Reset, Write until full, then Read until empty. 

9-17 

o 
"E 
o 
3: 

PRELIMINARY 
SY69168 
SY69268 

II 



;;-
Ii 
iD ., 
8. 
0 ... 
ill 
s-
F! 
;U 

IX 
~ .. .. 
'< 

" ., 
". 
0 
" 0 
c: .. 
~. g. 

CC 
II> 

" "-
iii 
II> 

:o!: 
l1> " II>CC 
"-0 
0-

~ -g S· 
00 Dlca. =.(1 

011> 

" " ~c.. 
3 
§. 
if 
ii" 
:e 
0 a. .. 
:;-
0 
iii 
go 
a 
:E 
:!. 
iii 
0 ... 
~ .. 
S-
" .. 
Oi 
"" C1I 

-g 
~ 
~. 

0 
< 
~ 

CLOCK 

RESET J 
WRITE 

ENABLE ~ / \ / 
DATA IN 

Word 0 Word 1 Word 3 Word 4 Word 5 

READ 
ENABLE \ /\ / \ / 

DATA OUT 
Data 
Valid 

Word 4 

~CI)O 
~~ 
~I 
~I 

"'< 

'V 
II 
m 
r-

~~~ 
Q)Q)Z 

~~~ 
0000-< 



-:- ULTRA-HIGH-SPEED ADVANCE 

SYNERGY 2K x 12 PROGRAMMABLE INFORMATION 
SEMICONDUCTOR DELAY LINE SY69170 

FEATURES 

• Ultra-fast - shift rates to 200MHz 
• System clock speeds to 600MHz 
• User-programmable delay - 2- to 2048-blt total 

delay with 2-blt resolution 

DESCRIPTION 

The Synergy SY69170 is a 12-bit wide ultra-high­
speed delay line fabricated in Synergy's proprietary 
ASSETTM I bipolar process. The line length may be 
user-programmed in 2-bit steps from 2 to 2048 bits. 

• Separate controls for lOAD and RUN gives greatest 
The internal shift clock is derived from the CLOCK 

input (up to 600MHz, differential) and is one-third the 
frequency of CLOCK. Data is written into word 0 and 
read out of the word location specified by the Length 
Register on each internal clock cycle. A 10-bit Tap 
Length value (value = length/2) is clocked into the 
Length Register under control of the LOAD pin when 
shift is disabled. Normal shift operation occurs with 
RUN asserted and LOAD negated. The asynchronous 
RESET pin initializes the device at power- on. All 
inputs and outputs (except CLOCK) are single-ended 
ECL. 

flexibility 

• Simple Initialization via RESET Input 
• Compatible with 10KH ECl logic 
• Improved noise margins via on-Chip voltage and 

temperature compensation; designed for alpha­
panicle Immunity 

• Available In thermally-enhanced 208-pln PQFP or 
207-pln PPGA 

• Power dissipation = 16 watts (typ.) 

BLOCK DIAGRAM 

LENGTHI2 
10 t 

Synergy's circuit design techniques coupled with 
ASSET I result in ultra-fast performance, reduced 
power dissipation, and virtual insenSitivity to soft 
errors. Outstanding reliability is achieved in volume 
production. 
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SEMICONDUCTOR 

SY69 x xxxxxx 

T 
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Special Processing 

Temperature Range 

C = Commercial 

Package Identifier 

E - Cerquad Flatpack 
MQ = Metallic Quad Flatpack 
PQ = Plastic Quad Flatpack 

X = Other 

Device Type 

1/0 Designator 

1 = 10KH ECl 
2 = 100KECl 
3=TIl 

Synergy Prefix 
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~YNERGY QUALITY AND RELIABILITY 
SEMICONDUCTOR 

Synergy Semiconductor has adopted the following 
statement as the Mission of the Company: 

To Create and Supply 
the Highest Performance 

Microelectronics Solutions, 
with a Total CommItment to 

Customer Satisfaction. 

Synergy has made the decision to use the ISO 9000 as 
the method to meet this mission statement. Therefore, 
Synergy is actively working toward ISO 9001 compliance 
to certify the Quality Assurance and Operating Systems of 
the Company. Synergy Semiconductor is also utilizing the 
principles of Total Quality Management (TQM) throughout 
the Company, to ensure that all employees are involved 
with the process of continuous improvement through a 
systematic methodology of problem identification, definition, 
cause analysis, solution implementation and control. 

Synergy's Quality System begins with the Quality 
Manual. This manual is written to conform to the 
requirements of ISO 9001 and it specifies the requirements 
of all operations that affect the quality of the Synergy 
product. It is the responsibility of the management of 
Synergy Semiconductor to ensure that the requirements of 
the Quality Systems are understood, implemented, and 
maintained as required by this Quality Manual. The scope 
of this requirement includes purchase order review, the 
control of the designs of the Synergy products, control of 
all documents that relate to the product quality, the 
purchased material supplies and services, product 
identification and traceability, process controls, inspection 
and testing and the maintenance of the test equipment, 
proper control of rejected product, corrective actions, 
handling, storage, packaging and delivery of the Synergy 
product, the maintenance of the quality records, the 
requirements for quality audits, the training of the Synergy 
personnel and, finally, the use of statistical techniques to 
measure the quality of the Synergy processes and products. 

Synergy has combined the principles of continuous 
improvement with ISO 9001, because we believe that 
nothing that we do is "good enough". We will always 
strive to improve, but in a controlled manner. 

Because this data book is not a controlled document, 
and statements and specifications in it may change from 
time to time as we strive for improvement, Synergy may 
not be held entirely liable for the contents of this book. 
Please contact Synergy Sales and Marketing, or an 
authorized sales representative of Synergy, for the latest 
product information. 

The quality goals of Synergy are to deliver the highest 
quality products and services to our customers and maintain 
the cost of quality at its minimum value through methods 
which prevent the manufacture of defective units by 
continually striving to reduce device-to-device variability 
through the use of statistical process control (SPC) 
techniques. SPC is augmented with many traditional control 
systems. The quality systems, as outlined herein, are 
implemented to satisfy Synergy's and our customers' quality 
requirements. 

The Quality Assurance Organization has the 
responsibility to represent our customers' quality goals 
within the Synergy environment and to verify that the intent 
of this program is carried out in its entirety. Verification 
shall be accomplished by meeting with and providing 
information to our customers, suppliers and Synergy 
management; by teaching statistical control and data 
analysis techniques; by auditing products, processes and 
systems; and by following up to ensure that corrective 
action is being implemented as necessary. 

Product Testing Summary 
Through wafer fabrication, all Synergy material is 

continuously monitored for conformance to requirements. 
Any wafer that would be a reliability hazard or expected to 
not yield good dice, is stopped and assigned to engineering 
analysis. 

After polysilicon (poly2) is activated, a complete electrical 
Parametric Test is performed. Similarly, complete electrical 
Parametric Tests are also done after Metal 1 and Metal 2. 
Again, any wafer that would be a reliability hazard or 
expected to not yield good dice, is stopped and aSSigned 
to engineering analysis. 

Synergy has developed the ability to perform AC wafer 
parametriC testing at both hot and cold temperatures, if 
required, for die shipments or economic reasons such as 
assembly in an expensive package. 

Post assembly, all products go through a test flow whose 
objective is to guarantee, as a minimum, the specification 
of the data sheet. Customer special requirements are 
reviewed by Synergy product engineering staff and included 
in the test programs and/or customized test flows. 

: '/' 
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Qualification Procedures 
New products, packages and processes are qualified for non-normalized evaluations such as 85/85, ESD or 

per procedures as stringent or beyond MIL-STD-883C. We ALPHA tests on RAMs. 
also use JEDEC, ASTM and other standard test methods 

I Lot 1 I 

I 
Wafer 

I Sort 

I Assembly I 

I 
Class 

I Test 

~ 48 Hr. I 
Burn-in 

I 
Iinitial Characterization I 

Data Collection 

I Data Reduction 

~nitial Characterization J 
Report 

I 
Review of Data 

I by Engineering 

I 
Engineering 

Sample Release I 

I 
500 

I HTOL 

I Prelimina:t Release I 
to Pro uction 

I 
2000 

I I 
1000 

HTOL HTOL 

A) Product Qualification Flow Chart 
(Generic Product on Existing Technology) 
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I Assembly I 

I 
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I Test 

48 Hr. ~ Burn-in 

I Lot 3 I 

I 
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I Sort 

I Assembly I 

I 
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y 48 Hr. ~ Burn-in 

I Extended I 
Stress 

I Characterization Data Collection I 

I Data Reduction J 

~ Combined Data Reduction I 

I Final Characterization Report I 

I 
I Assembly I l 500 

Quais HTOL 

Qualification Package Contains: I Samples 
Qual Data 
Class/Assy. Yield 
Shmoo Plots 

L 
Review Data for 3 Lots 

by Engineering 

I 
Final Release to 

Production 
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SEMICONDUCTOR QUALITY AND RELIABILITY 

B) Package Qualification Teat Condltlona 

Minimum 
MIL-STD-883 Teat End Sample 

Teat Method Teat Conditions Duration Point Size 

High Temp. Storage 1008 +175·C (C,D,P) 1000 Hrs. E 45 
+150·C (M) 

Temperature Cycle 1010 -65·C to + 150·C 1000 Cycles E,V(P) 45 
(C,D,M,P) E,V,H (C,M,D) 

Thermal Shock 1011 -55·C to + 125·C 100 Cycles E,V(P} 45 
(C,D,M,P) E,V,H (C,M,D) 

Autoclave NfA +121·C, 2 Atm, 100% RH (M,P) 96 Hrs. E,V 22 

HumidityfHAST N/A +131·C, 85% RH, Biased (P) 50 Hrs. E,V 22 

SaH Atmosphere 1009 +35·C (C,D) 24 Hrs. V 22 

Solventsfflux 2015 Chemicals (C,D,M,P) V 11 

Mechanical Shock 2002 1500G Peak (C,D) 6 Orient. E,H 22 

Variable Vibration 2007 20G Peak (C,D) 3 Orient. E,H 22 

Centrifuge 2001 30,OOOG (C,D) Yl0rient. E,H 22 

Die Adherence 2019 Die Shear (C,D,M,P) To Destruction 5 

Wire Bond 2011 Wire Pull (C,D,M,P) To Destruction 100 

Cavity Moisture 1018 + 1 OO·C Bake (C,D) 1 Cycle ppm Water 3 

Seal Integrity 2024 Lid Torque (D) To Destruction 11 

Lead Strength 2004 B2 Bend Fatigue (C,D,M,P) To Destruction 11 

Solderabil~y 2003 +150·C 80 Hrs. V 11 
+ 1 OO·C Steam 4 Hrs. V 

(C,D,M,P) 

C = Solder-sealed Ceramic, 0 = Glass-sealed Ceramic, P = Plastic, E = Electrical Test, H = Hermeticity Test, V = Visual Inspection 
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~ ----------------------------------------------------------------------
Even though the present process is state-of-the-art, both 

from a performance and a reliability point of view, we 
continuously feed back new information into the process. 

Reliability failure rate is extremely low, rendering 
quantification very costly. However, because Synergy 
continuously refines the understanding of its process, it is 
expected to have better and better reliability as process 
improvements are tested and implemented per our rigorous 
change procedure system. A special focus is directed to 

failure analysis. Even though the number of failures are 
limited, a point is made to feed back into the process 
improvement program all failure analYSis from any life test 
or customer return. The table that follows summarizes the 
minimum testing requirements. Also, each change is 
reviewed by a committee of Quality, Reliability and Process 
specialists that will add any test or evaluation that is viewed 
as necessary. 

C) Process Qualification Procadures 

Sample Package DIjt or Wafer Assembly 
Te.tHem Test Conditions SIZe Chanaa Change Change 

High Temperature 1000 hrs. @TA_ +175°C 45 unnsllot 0 0 0 
Storage Life MIL-STO-883, Method 1008 1 to 3 lots 

High Temperature and 50 hrs.@TA=+131°C, RH = 85%, 22 unitsllot 0 0 0 
Humidity Bias Life VEE specified per device type 1 t0310ts 
(HAST) (plastic only) 

Pressure Cooker 96 hrs. @TA=+121°C, RH = 100% 22 unnsllot 0 0 0 
(plastic only) 1 to 3 lots 

Thermal Environmental Solder Heat @TA = +220°C, 30 sec., 45 unnsllot 0 X 0 
250 cycles @ -65°C to + 150°C and 1 to 3 lots 
100 shocks @ ~5°C to + 125°C 

Mechanical 20G, 10 to 2000Hz; 1500G, O.Sms; 22 unnsllot 0 X 0 
Environmental 30000G, 1 min. (ceramic only) 1 to 3 lots 

Lead Fatigue 90 degree bends, 3 bends 11 unnsllot X N/A X 
MIL-STO-883, Method 2004 B2 1 to 3 lots 

Solderabilny +230°C, 5 sec., Rosin Base Flux 11 unnsJIot X N/A X 
MIL-STO-883, Method 2003 1 t0310ts 

Long Term 1000 cycles @ -65°C to + 150°C 45 unitsllot 0 0 0 
Temperature Cycle MIL-STO-883, Method 1010C 1 t0310ts 

0= Performed, X = Performed, if necessary. 
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~~ -------------------------------------------------------------------------
Product Reliability 

Design for Reliability 

Our Techno.lo.gy and Design Rules are crafted by our 
reside.nt device scientists who use very conservative rules. 
Typically, we look for the toughest industry standards such 
as 20 FITs or better. We have measured 10 FITs with a 
very conservatively estimated O.Sev activation energy. 

ASSET ! designs include conservative device design 
rules. This allows us to be very successful in "shrinking" 
our designs. Without reaching the limit of our technology, 
we have, with our initial shrink, substantially improved 
speed performance. The interconnect is also designed 
conservatively with: 

1.9ES Afcm2 for Metal 1 and 
. 1.0ES Afcm2 for Metal 2, 

giving good resistance to electromigration. 
All minimum dimensional design rules are Checked oli a 

computer. Other design rules are checked manually. We 
use Cadence Physical Design Verification (PDV) software 
running on Sun 4 SPARCstations. 

Accelerated Testing 

Accelerated testing is done through: 
1) HTOL, where forcing a junction temperature of 

+12SoC to +17SoC and using a conservative 
activation energy of O.SOev, gives us an 
acceleration of between 20X and 80X. 

2) Electromigration, where we use both a temperature 
of +lS0°C to +200°C and a current density of 2E6 
to SE6Afcm2.. This gives us a very aggressive 
acceleration, in the range of 1 hour equivalent to 1 
year, which aliows us to have a good estimation of 
the electro migration wearout of our metalization 
system. For electromigration, we use the Black 
model with the equation coefficients of Ea = O.SOev 
and n = 2.0. 

3) Elimination of early failures for infant mortality 
threugh burn-in. RAMs are burned-in 100% and 
logic is sampled to a O.S% L TPD. Burn-in is 48 
hours at a maximum junctien temperature of 
+12S0Cto +175°C. 

4) Alpha particle testing using lj.1.Ci Radium 226 
(Ra226) with alpha flux density of 3.8S E8 alphasl 
cm2/hr and lj.1.Ci Thorium 228 (Th228) with a flux 
density of 2.76E8 alphaslcm2/hr. For an application 
density of 5.0E-2 alpha/cm2/hr we have 
demonstrated a FIT soft error failure rate of much 
less than 200 FITs. 

Wafer Process Control and Reliability 

1) Wafer procesS control and reliability differs from 
wafer level parametric testing. It is a key part ef 
our wafer level moniter pregram. As an example, 
we m()nitor metal width by a minimum and wide 
line double Kelvin measurement. This mohiter has 
no. impact on yield, but is key to the current density 
through a minimum line, therefore to the 
electromigration wearout performance. 

2) Wafer process control and reliability uses several 
methods such as: 

In-Process 

Construction analysis (cross section, with 
visual and SEM analysis using optical and/or 
microscope). Visual inspection is performed 
at different steps of the process. 

SPC in-line monitors for thin film thicknesses 
and Sheet Rho, CDs, particle counts, etc. 
Topside integrity 

Parameter trend analysis of over 150 electrical 
parameters 

Product reliability is monitored throughout the 
manufacturing process using: 

Statistical Process Control (SPC) monitors for 
thin film thicknesses and Sheet Rho, CDs, 
particle counts, etc. 

Visual inspection with optical microscopes and 
SEMs for non-destructive and destructive 
analysis including cross sections. 

Specifications covering process flow, travelers 
through each manufacturing operation and 
operation procedures. 

Extensive electrical measurements (over 500 
different parameters measured on every wafer 
after Metal 2, sampled after poly and Metal 
1) and graphs of key monitors. 

Topside integrity. 

End Product 

The "end product" is checked extensively in wafer form 
with test programs that include speed measurements. After 
assembly in a package, parts are tested over temperature 
to the full data sheet specification. Then they all go through 
a 48-hour burn-in program (100% for RAMs and to a 0.5% 
L TPD for logic). 

In addition, random samples from the standard 
production go through our Reliability Program: 

HTOL up to 10,000 hours 
Pressure pot up to 168 hours 
85/85 up to 1,000 hours 
Package qualifications and monitor 
Electromigration end of life evaluation 
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Reliability Characterization 

In its life time, a product typically goes through three 
phases of failure rate: 

A) Early Life Period: when the failure rate decreases 
with time as the infant mortality is being weeded 
out. 

B) Random Failure Period: when the failure rate 
stabilizes to a constant failure rate. 

C) Wear-Out Failure Period: when the failure rate 
increases with time and graphs as a straight line 
on a log normal probability curve. 

Long Term Reliability Program 
The long term reliability of our product is checked 

extensively in its packaged form, after all electrical and 
burn-in operations are completed. Random samples from 
our standard production go through Synergy's Long Term 
Reliability Program: 

~ 
a: 
!!! 
" ~ 
<II 

" 51 
c: 

~ 
~ 

Distribution of Component Failure 

~ r---------1---------------+---------
... .. I.. ..I .. 

Early Lila Random Failure Wear-Out 
Parlod Period Parlod 

Pressure pot up to 168 hours 
85/85 up to 1,000 hours 

Package qualification and monitor 
Electromigration end of life evaluation 

A quarterly report is published for customer information. High Temperature Operating Life (HTOL) with 
samples from each product family are pulled every 
quarter and tested up to a minimum of 2,000 hours. 
Some are periodically tested to End of Life (or 
10,000 hours) 

Such reports include projected "FIT" rate performances: 
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1 FIT = 1 Failure In 109 Devices' Hours 

HTOL FIT Rate as a Function of End of Life 
Electromlgratlon Projection Activation Energy & Temperature 
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These curves correspond to the "RANDOM FAILURE 
PERIOD" where there is a constant FIT rate. Through 
failure analysis, a dominant Activation Energy can be 
defined for a given product, therefore a FIT rate for a 
defined User Junction Temperature. 
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These curves correspond to the "WEAR-OUT FAILURE 
PERIOD" where the FIT rate increases with time. A single 
metal line current density equivalence can be defined for 
a given product, therefore a FIT rate as a function of time 
for a defined User Junction Temperature. 
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Customer Returns 
Customer returns are treated with high priority. 

Synergy's policy specifies that the customer will receive a 
verbal answer within 5 working days, followed by a written 
report within 2 weeks after we have received the return. 
Routinely, all customer returns are retested per the Final 
Test testing procedure. Any additional evaluation is under 
the control of the failure analysis engineer. 
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SYNERGY PACKAGING INDEX 

SEMICONDUCTOR 

Packaging Information 

20-Lead Cerdip 

24-Lead Cerdip 

28-Lead Ceramic Sidebraze 

28-Lead Plastic DIP 

20-Lead Ceramic Flatpack 

24-Lead Ceramic Flatpack 

28-Lead Ceramic Flatpack 

64-Lead Cerquad Flatpack 

80-Lead Metal Ouad Flatpack 

128-Lead Metal Ouad Flatpack 

160-Lead Metal Ouad Flatpack 

208-Lead Metal Ouad Flatpack 

240-Lead Metal Ouad Flatpack 

304-Lead Metal Ouad Flatpack 

28-Lead Plastic Leaded Chip Carrier 

28-Lead Ceramic Leaded Chip Carrier 

28-Lead Metallic Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

8-Lead Plastic SOIC 

16-Lead Plastic SOIC 

20-Lead Plastic SOIC 

28-Lead Ceramic SOIC with Heat Sink Stud 

16-Lead Plastic SOJ 

28-Lead Plastic SOJ 

259-Lead Ceramic Pin Grid Array 

28 Leadless Chip Carrier 

160-Lead Plastic Ouad Flatpack with Heat Spreader 

208-Lead Plastic Quad Flatpack with Heat Spreader 

304-Lead Plastic Ouad Flatpack with Heat Spreader 

e 1994 Synergy SemiconduclOr Corporation 
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o SYNERGY PACKAGE INFORMATION 
SEMICONDUCTOR 

ASSEMBLY 

Synergy offers four microelectronic package 
technologies: (1) transfer molded epoxy resin, with 
and without embedded copper heat spreaders; (2) 
stamped, anodized aluminum cap and base with an epoxy 
preform applied to the sealing surfaces; (3) glass sealed 
ceramic; and (4) solder sealed laminated ceramic packages. 
Packages with a variety of lead counts and outlines (package 
families) are manufactured in each package technology to 
industry accepted dimensional standards such as JEDEC 
(Joint Electron Device Engineering Council). Depending on 
the package family, lead counts vary from 8 (SOIC) to 304 
(PQFP with embedded heat spreader) leads. Packages 
are assembled by Synergy-qualified and controlled 
subcontractors which are located both domestically and 
abroad. 

Lead Ceramic 
Count SIB DIP CERDIP 

20 X 

24 X 

28 X 

259 

PACKAGE FAMILIES 

Synergy's package families are offered for both 
through-hole and surface-mount applications. The 
through-hole class consists of Dual In-line Packages 
(DIPs) ranging from 20 to 28 leads. In addition, 
Synergy provides an assorted range of Ceramic Pin 
Grid Arrays as required for its Semicustom ASIC 
product with lead counts up to 259 leads. Synergy's 
through-hole offerings are summarized in Table 1. 

The surface-mount class consists of Small Outline 
Integrated Circuits (SOICs), Plastic Leaded Chip 
Carriers (PLCCs), Small Outline packages (SOJs), 
ceramic dual packages (FPs), ceramic quad packages 
(CPKs), Metal Quad packages (MQUADs), and Plastic 
Quad Flatpacks with and without heat spreaders 
(PQUADs). Synergy's surface-mount offerings are 
summarized in Table 2. 

Plastic Plastic Ceramic 
DIP Pin Grid Array Pin Grid Array 

X 

X 

Table 1. Synergy Through-Hole Packages 

Plastic Ceramic Metallic Plastic Plastic 
Leaded Leaded Leaded Leadless Small Metal Quad 

Lead Quad Dual Chip Chip Chip Chip Outline Ceramic Plastic Quad w/Heat 
Count Cerpack Cerpack Carrier Carrier Carrier Carrier J-Leaded SOIC SOIC FlatDack Spreader 

8 X 

16 X X 

20 X X 

24 X 

28 X X X X X X X 

44 X 

64 X 

68 X 

80 X 

84 X 

128 X 

160 X X 

208 X X 

240 X 

304 X X 

Table 2. Synergy Surface-Mount Packages 
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PACKAGE TECHNOLOGIES In summary, the package types listed in both Tables 
1 and 2 are currently available package types in 
production. Synergy, however, continues to 
investigate, tool, prototype, qualify and introduce other 
package types into production as required by its 
customer demands. 

Different package families may use essentially the 
same package materials, technology and assembly 
procedures. For example, the materials and assembly 
processes are quite similar between the plastic PDIP, 
SOIC, PQFP and PlCC families or between the 
Cerpack and Cerdip families. Therefore, the assembly 
flows can be simply summarized for each of the three 
main package technologies, as shown in Table 3. 

Process Glass-Sealed Solder·Sealed Molded Metal 
Step Ceramic Ceramic Plaatlc Quad 

Die Prep Wafer Saw Wafer Saw Wafer Saw Wafer Saw 
0.1. Wash D.I.Wash 0.1. Wash 0.1. Wash 

2nd Optical 50X Die 50X Die 50X Die 50XDie 
Visual Gate Visual Gate Visual Gate Visual Gate 

Die Atttach Gold Eutectic Gold Eutectic Silver Epoxy Silver Epoxy 
Jumper Chips Cu Leadframe Cu Leadframe 

Wire Bond Ultrasonic Ultrasonic Thermosonic Ultrasonic 
Aluminum Wire Aluminum Wire Gold Wire Aluminum Wire 

3rd Optical 30X Internal 30X Internal 30X Internal 30X Internal 
Visual Gate Visual Gate Visual Gate Visual Gate 

Seal Glass Au-Sn Solder Epoxy Epoxy 
10 min. 15 min. 6 hrs. 6 hrs. 

@+430°C @+320°C @+175°C @+175°C 

Mark Epoxy Ink Epoxy Ink Epoxy Ink Epoxy Ink 

Lead Finish Tin Plate Gold Plate Solder Plate Solder Plate 
(As Received) Deflash 

Hermeticny Fine Leak Gross Leak Not Applicable Gross Leak 
Gross Leak (NID) (Bubble Test Only) (Bubble Test Only) 

Trim/Form Singulate Leads Singulate Leads Singulate Leads Singulate Leads 
Form Leads Form Leads Form Leads Form Leads 

4th.Optical 3X External 3X External 3X External 3X External 
Visual Gate Visual Gate Visual Gate Visual Gate 

Pack Antistatic Tube Antistatic Tube Antistatic Tube Antistatic Tube 
Carriers Carriers Carriers 

Table 3. Synergy Commercial Assembly Flows 

ASSEMBL V SITES 
Synergy maintains one domestic subcontractor: system should do). Amkor has a well established 

Indy Electronics, Inc., in Manteca, California. Indy is 
tuilized primarily for the assembly of MQUADs. 

Amkor ElectroniCs, Inc. provides Synergy's high 
volume production assembly in either its Korean 
(Anam Industrial Co., Ltd., AICl) facilities or its 
Philippines (Amkor/Anam Pilipinas Inc., AAPI) facility, 
depending on the package family. Amkor is a leader 
in quality high volume assembly production and the 
world's largest assembly subcontractor. All Amkor 
facilities are certified to IS09002 (a series of 
manufacturing standards set by the International 
Standards Organization which defines what a quality 

Statistical Process Control (SPC) program to ensure 
high quality assembly. Communications between 
Synergy and all Amkor assembly sites are on a real-
time basis through computer networking with 
CAMSTAR software on AS400 systems. In addition 
to tracking of Work-In-Process (WIP), Synergy also 
receives assembly yield and quality reports on a 
weekly and monthly basis. The philosophies and 
methodologies of Continuous Improvement (CI) are III 
constantly being implemented at Amkor; there is a 
heavy emphasis on training. 
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PACKAGE RELIABILITY 

Package failure mechanisms can originate from 
errors in die design, integrated circuit wafer 
processing, package materials, or package assembly 
processing. Improper handling of the assembled 
device is a common cause of IC failures. Furthermore, 
a package failure mechanism may be determined by 
the environment to which the package is subjected. 
Environmental stresses, such as temperature, 
humidity, mechanical force, electrical stress, or 
combinations of these, can promote circuit failures. 

Synergy conducts package environmental and high 
temperature operating life integrity tests for two 
reasons: 

1. To qualify new packages, assembly facilities, 
major assembly process changes, and major 
package materials changes. In addition, major 
wafer process changes, as well as external 
wafer foundries, are qualified in the same 

MIL·STD·883 
Test Method Test Conditions 

High Temp. Storage 1008 +175°C (C,D,P) 
+150°C (M) 

Temperature Cycle 1010 -65°C to + 150°C 
(C,D,M,P) 

Thermal Shock 1011 -55°C to + 125°C 
(C,D,M,P) 

manner. This assures that the new capability 
meets Synergy's required integrated circuit 
quality standards. 

2. To serve as a routine production monitor of all 
assembly facilities to detect any long term shifts 
in package quality and reliability performance. 

The particular series of stress tests chosen to 
qualify a new package depends on the particular 
package technology and the specific failure 
mechanism of interest. The ceramic packages are 
assembled in such a manner that their cases are 
impervious to moisture. Thus, they are considered to 
be hermetic. In general, ea.Ch of the assembly 
technologies have certain attributable unique failure 
mechanisms. In order to root out failure mechanism 
causes, Table 4 shows which environmental and 
mechanical tests are appropriate for each of the four 
package technologies. 

Minimum 
Test End Sample 

Duration Point Size 

1000 Hrs. E 45 

1000 Cycles E,V(P) 45 
E,V,H (C,M,D) 

100 Cycles E,V(P) 45 
E,V,H (C,M,D) 

Autoclave N/A +121°C, 2Atm,100% RH (M,P) 96 Hrs. E,V 22 

HumiditylHAST N/A +131°C, 85% RH, Biased (P) 50 Hrs. E,V 22 

Salt Atmosphere 1009 +35°C (C,D) 24 Hrs. V 22 

SolventslFlux 2015 Chemicals (C,D,M,P) V 11 

Mechanical Shock 2002 15000 Peak (C,D) 60rien!. E,H 22 

Variable Vibration 2007 20G Peak (C,D) 3 Orient. E,H 22 

Centrifuge 2001 30,OOOG (C,D) Y10rient. E,H 22 

Die Adherence 2019 Die Shear (C,D,M,P) To Destruction 5 

Wire Bond 2011 Wire Pull (C,D,M,P) To Destruction 100 

Cavity Moisture 1018 + 1 OooC Bake (C,D) 1 Cycle ppm Water 3 

Seal Integrity 2024 Lid Torque (D) To Destruction 11 

Lead Strength 2004B2 Bend Fatigue (C,D,M,P) To Destruction 11 

Solderability 2003 +150°C 80 Hrs. V 11 
+ 100°C Steam 4 Hrs. V 

(C,D,M,P) 

c = Solder-sealed Ceramic, 0 = Glass-sealed Ceramic, P = Plastic, E = Electrical Test, H = Hermeticity Test, V = Visual Inspection 

Table 4_ Package Qualification Test Conditions 
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Note that not all of the tests listed in Table 4 are likely to be introduced by the change. Table 5 
necessary for a new package or an assembly process summarizes the tests required for various types of 
change. It is only necessary to focus on a weakness materials/process changes. 

Sample Package Die or Wafer Assembly 
Teat Hem Test Conditions Size Change Change Change 

High Temperature Storage Life 1000 hrs. @ TA = + 175°C 45 un~s/Iot 0 0 0 
MIL-STD-883, Method 1008 1to 3 lots 

High Temperature and 50 hrs.@TA=+131°C, RH = 85%, 22 un~S/lot 0 0 0 
Humidity Bias Life (HASn VEE specified per device type 1 to 3 lots 

(plastic only) 

Pressure Cooker 96 hrs. @TA = +121°C, RH = 100% 22 units/lot 0 0 0 
(plastic only) 1 to 3 lots 

Thermal Environmental Solder Heat @TA =+ 220°C, 90 sec., 45 units/lot 0 X 0 
250 cycles @ -65°C to + 150°C and 1 to 3 lots 
100 shocks @ -55°C to + 125°C 

Mechanical Environmental 20G, 10 to 2000Hz; 1500G, 0.5ms; 22 units/lot 0 X 0 
30000G, 1 min. (ceramic only) 1 t0310ts 

Lead Fatigue 90 degree bends, 3 bends 11 units/lot X N/A X 
MIL-STD-883, Method 2004 B2 1 to 3 lots 

Solderability +230°C, 5 sec., Rosin Base Flux 11 unitsllot X N/A X 
MIL-STD-883, Method 2003 1 to 3 lots 

Long Term Temperature Cycle 1000 cycles @ -65°C to + 150°C 45 units/lot 0 0 0 
MIL-STD-883, Method 1010C 1 t0310ts 

0= Performed, X = Performed, if necessary. 

Table 5. Materials/Process Changes Requiring Qualification 

THERMAL RESISTANCE 

Semiconductor integrated circuits dissipate heat 
while operating; typically, the faster the operating 
frequency, the more heat is diSSipated by the device. 
This temperature increase on the junction of the die 
is a direct function of: (1) the amount of power 
dissipated in the circuit, and (2) on the net thermal 
resistance between the heat source and a reference 
point such as the surrounding ambient of still air at 
+25°C. It has been established (literature) that the 
long-term reliability of a semiconductor component is 
a direct function of the die junction temperature at 
which it is operated. It is, therefore, necessary to 
consider the thermal resistance of the IC package 
before mounting on to a board. 

temperature can be mathematically described as 
follows: 

The thermal resistance of a package is a measure 
of the package's ability to transfer heat from the die 
to the surrounding environment. The basic formula 
for converting power dissipation to estimated junction 

TJ = TA + Po (eJc + eCA) (1) 
or 

TJ = TA + Po (eJA) (2) 

where: 

TJ device junction temperature 
TA ambient temperature (still air) 
Po calculated device power dissipation in watts 
eJC thermal resistance, junction to case 
eCA thermal reSistance, case to ambient 
eJA thermal resistance, junction to ambient 

Only two terms on the right side of the equation 
can be varied by the user - the ambient temperature 
and the device case-ambient thermal resistance. 
Under recommended use, the VEE supply and loading 
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dictate a fixed power dissipation. The 9CA term is 
affected by the system air flow and the package 
mounting technique. On the other hand, the 9JC term 
is essentially independent of air flow and the external 
mounting technique. It is a function of the package 
material thermal conductivities, die bonding method 
and die area. 

There are additional factors which affect the thermal 
resistance of any particular package type such as: 

a. Die Size has a large effect with smaller die sizes 
resulting in higher thermal resistance if other 
package parameters remain unchanged. 

b. Die Attach methods and materials can have large 
effects on thermal resistance if there is excessive 
voiding. Device reliability and mechanical stress 
are also affected. 

No. Body Body Leadframe Body 
Leads Style Material Material Width 

8 SOIC Epoxy Cu 0.150· 

16 SOIC Epoxy Cu 0.300· 

20 SOIC Epoxy Cu 0.300· 

24 Cerdip Alumina A42 0.300· 

24 Cerdip Alumina A42 Q.400· 

28 PLCC Epoxy Cu 0.450· 

28 Sidebraze Alumina A42 0.400· 

28 MOUAD Aluminum Cu 0.450· 

44 PLCC Epoxy Cu 0.450· 

160 POUAD Epoxy w/H/S' Cu 28mm 

208 MOUAD Aluminum Cu 28mm 

'NOTE: 
Heatspreader size is 22mm square. 

c. Leadframe material plays a major role, 
particularly for plastic packages. Copper (with 
its superior conductive properties over A42) 
leadframes greatly improve thermal resistance 
performance. The larger the die attach pad, the 
lower the thermal resistance value. 

d. Package Body Material can also have a large 
affect on thermal resistance, however, selection 
of a particular package type is dictated by 
reliability, manufacturing, cost, etc. 

e. Embedded Heat Spreaders playa major role in 
the reduction of thermal resistance. 

Typical (average) values of junction-to-ambient 
operating temperature values are listed for 
various packages in Table 6. 

Ole Avg. Ole Area Avg. PAD Area Avg.9JA 
Bond (Sq. Mils) (Sq. Mils) (oC/W) 

Epoxy 8,000 15,000 150 

Epoxy 8,100 22,500 95 

Epoxy 8,100 22,500 85 

Eutectic 16,000 38,800 65 

Eutectic 11,200 38,800 65 

Epoxy 16,000 40,000 60 

Eutectic 56,500 98,800 50 

Epoxy 16,000 40,000 50 

Epoxy 16,000 40,000 50 

Epoxy 160,000 377,000 17 

Epoxy 160,000 223,000 19 

Table 6. Thermal Resistance Values at Stili Air 
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As already mentioned, junction-ambient thermal soldered to a printed circuit board. Packages are 
resistance, 9JA, of a particular package is a function often mounted in an inverted position such that the 
of die size, materials, package geometry, power case surface in contact with the die is exposed to the 
dissipation, etc. The way that an IC package is greatest amount of air flow to achieve the lowest 
mounted and positioned relative to the direction and operating junction temperature. In general, 9JA and 
magnitude of forced air cooling within the operating 9JC decrease with an increase in die size, power 
system has a major effect on thermal resistance. dissipation and package size. Thermal resistance will 
Figure 1 shows the typical decrease in 9JA as air flow also decrease with the use of lower conductivity 
is increased from Still Air to 1,000 linear feet per package materials. 
minute (lfm) over low lead count «44) packages 

100 

~ 
"0 
Q) 

.t:! 
1ii 
E 50 
~ 

o 250 500 1,000 

Air Flow (11m) 

Figure 1. Effect of Air Flow on Thermal Resistance 

External heat sinks applied to the IC package also Heat sink performance will vary by size, material, 
have a major impact in lowering thermal resistance design, system air flow, positioning, etc. Figure 2 
by increasing the heat flow to the ambient shows the effect of heat sinks on a 208-MQUAD and 
environment, particularly in high pincount devices. a 160-PQFP with an embedded heat spreader. 
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20 

18 

16 

14 

12 

! 10 

8 

6 

4 

2 

0 

208 MQUAD and 160 PQn Thennal Resistance 

-----208 MQUAD, No HIS 

---0-160 P02, No HIS 

• 208 MOUAD with Pin Fin 
HIS, Thermalloy 23278 

-<>-- 160 P02 with Pin Fin HIS, 
Thermalloy 23278 

• 208 MOUAD with 7 Disk HIS, 

Thermalloy 22988 

A 160 P02 with 7 Disk HIS, 
Thermalloy 22988 

-+ ___ 160 P02 with 7 Disk HIS, Thermalloy 2298t, ________________ _ 

0 2 3 4 5 6 

meters/sec 

Table 5. Materials/Process Changes Requiring Qualification 
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20 LEAD CEROIP (020-1) 

, 
0.230 15.841 
0.160 4.06 

t 
0.16514.191 
0.125 3.18 

~[O~~:gR::~~gl= 
I~ 11 

1£ 
0.306 [7.77j 
0.283 [7.19 

'-r-r--;r-,;-~~~~~ 

£ 
[--0.050 [1.27] MAX. 

I 
I 

I 

10 

• 0.185 [4.70) 
0.145 [3.68) 

t 

0.015 [0.38) MIN. 

0.100 [2.54)---'1 r­
sse 

~I~ : 0.023 [0.58) 
1 0.Q15 [0.38) 

I 
I 

I· 0.900 [22.86) REF. ----1 .. 1 

~15'/O' 
-r---;:.=:.,.t:;~--'--f r 

0.325 [8.26) 0.300 [7.62) BSC 
0.313 [7.95] 

NOTES: 
1- DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

!5. THIS DIMENSION INCLUDES GLASS PROTRUSION 
AND CAP TO BASE ALIGNMENT TOLERANCES. 
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24 LEAD CERDIP (024-1) 

& 
1.230 [31.24] 
1.180 [29.97] 

R. 0.025 [0.64] REF. 

1& 
0.388 [9.86] 
0.355 [9.02] 

~~~~~ 
12 

I r- 0.065 [1.65] M~. 
~t---- 1 ---. 

0.230 [5.84] f--."=-----=o--=---=---==---=-~~~~___=~=_~ 0.185 [4.70] 
0.160 [4.06] 0.145 [3.68] 

t ------.-L 
0.165 [4.19] [ 0.015 [0.38] MIN. 
0.125 [3.18] 

0.100 [;.54] BSC--'I' I-- 0.065 [1.65] III 0.023 [0.58] 
0.045 [1.14] -111- 0.015 [0.38] 

, , 
11--·---- 1.100 [27.94] REF. -----1·1 

IT 
0.430 [10.92] 0.400 [10.16] BSC. 

0.403j [10.241 ~~ ___ ~--L-

0.015[0.~ 
0.008 [0.20] 

NOTES: 
l DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

/2,. THIS DIMENSION INCLUDES GLASS PROTRUSION 
AND CAP TO BASE ALIGNMENT TOLERANCES. 
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28 LEAD CERAMIC SIDEBRAZE (C28-1) 

1420 [36 07] 
1.380 [35.05] 

28 

[ R. 0.050 [1.27] REF. 

V 
Q. 
1~' 

PIN 1 INDEX 1 !- 0.065 [1.65] MAX 

j 

J 
14 

0.405 [10.29] 
0.385 [9.78] 

~ 

-r- I 

0.175[4.45] ~ I" 0.060[1.52] 
0.125 [3.18] I ----...L 0.040 [1.02] 

, I I 

0.165[4.19] i ! J l I ~ 0.125[3.18] I I I 

ti, ~I~ I I I 

I L 0.060 (1.52] I 0.023 [0.58] 
0.100 [2.54] BSC -I I 0.040 1.02] I 0.015 [0.38] 

I 
I 

f-I------- 1.300 [33.02] REF. --------1"1 

0.415 [10.54] 
0.395 [10.03] 

~tl 
L 0.012 [0.30] 

0.008 [0.20] 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
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28 LEAD PLASTIC DIP (P28-1) 

28 15 

. & 
1'420[36'0~ 1.350 [34.29] 

r'J r'J r'J r'J Cd I ~ 

0.390 [9.91] 
0.340 [8.64] 

~O~~~~~~~~~~ 

& 
--j r- 0.070 [1.78) MAX. 
I I 

14 

0.210 [5.33J I 0.195 [4.95] 
MAX. 0.125 [3.18] 

n= 
0.425 [10.80] 
0.390 [9.91] 

Ll~ 

-.-~--r 
~: I ---L 

~:~~ I j j l ! L 0.Q15 [0.38) MIN. 

0.100[2.54)BSC J f- 0.070[1.78) ~I~ 0.022[0.56) 
: 0.045 [1.14] I 0.014 [0.36] 

I 1.300 [33.02) REF. i 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
~ THIS DIMENSION DOES NOT INCLUDE MOLD FLASH WHICH 

MAY BE AS MUCH AS .010 [0.25] PER SIDE. 
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20 LEAD CERAMIC FLATPACK (F20-1) 

& 
_ 0.495 [12.57] _ 

0.475 [12.07] 

& 
0.025 [0.64] MAX.- I--

I 
I 

f 

-11- 0.006 [0.15] 
II 0.004 [0.10] 

0.310 [7.87] TYP. 
0.260 [6.60] TYP. 

~t 
~ 

0.410 [10.41] 
0.380 [9.65] 

PIN # 1 INDEX ~,'i'-rrT""TT--rT"",.,..,_r_rr".....,n_r1,-----'-t 
1) 1 

1 I 
I I 

I 1 

1 I 
I I 
I 

1 10 
I 
I 

0.050 [1.27] Bse -i i- ~i~ 0.019 [0.48] 
I I 0.015 [0.38] r- 0.4&1[11.43] REF. --i 

NOTES: 
A. DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

&,. THIS DIMENSION INCLUDES GLASS PROTRUSION AND 
CAP TO BASE ALIGNMENT TOLERANCES. 
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1.000 [25.40] 
0.900 [22.86] 

BASE 

I I 0.045 [1.14] 
~~ 0.030 [0.76] 

0.090 [2.29] 
0.070 [1.78] 
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24 LEAD CERAMIC FLA TPACK (F24-1) 

& 
0.075 [1.91] MIOC 

£. 
0.400 [10.16]SO ~ 
0.370 [9.40] . I 

! I , 
1 , t 

-II-- 0.006 [0.15] 
II 0.004 [0.10] 

PI 

, 
0.363 (9.2 

1 0.348 8. 
N#11NE<\ 

2] 
84] TYP. 

, , 
24 , 1 

1n 18 

6 

: 1 
112 

1 : 
, , 

: 1 1 
1 : 

, , 
: 1 1 

, , 

0.050 [1.27] sse -I' I- JIL 
: 0.019 [0.48] 
I 0.015 [0.38] 

0.250 [6.35] REF. -I 

r-.orES: 

-­, 

1. DlrvEN3lCNSJIR: IN IJIO-ES}}K) [MWWETERSj. 

& lHS DlrvEN3lOIIlfIO..UES G..ftSS PROTRJSIOII 
}}K)Cl>PTOBAS:AUGN'vENTTQ.ERM(ES. 

11·14 

i 

e 

0.045 [1.14] 
0.030 [0.76] -

-

1.096 [27.84] TYP 
1.066 [27.08] . 

~ 
I 0.090 [2.29] r- 0.070 [1.78] 
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28 LEAD CERAMIC FLATPACK (F28-1) 

& 
0.030 [0.76] MAX. -

28 

I ,--
I 

I 
I 

I 
I 
I 

I 

& 
0.705 [17.91] -------j 
0.675 [17.15[ I 

0.405 [10.29] TYP 
0.365 [9.27] . 

I 
I 

I I~I~ 
PIN # 1 INDEX \, 0.400 [10.16]TYP 

\ 0.370 [9.40] . 

'r'-rrr--rr--rr~rr-rr-r1"~ 
114 
I 
I 

0.050 [1.27] Bse ~ f- JiL 0.017 [0.43] 
I I 0.013 [0.33] 

I------- 0.650 [16.51] REF. ----I 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

&THIS DIMENSION INCLUDES GLASS PROTRUSION AND 
CAP TO BASE ALIGNMENT TOLERANCES. 

11·15 

--H- 0.006 [0.15] 
II 0.004 [0.10] 

1.180[29.97] 
1.100[27.94] 

BASE 

I I 0.045 [1.14] 
~- 0.030 [0.76] 

I 0.090 [2.29j r- 0.070 [1.78 

III 
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64 LEAD CERQUAD FLATPACK (E64-1) 

~:::!::~:::::!:)~ 
I t 0.550 [13.97] (4X)1 I 

PIN #1 INDEX \ 11 g::~; n 1 :~~l ~g: I I 
L 0.536 [13.61] I 
, 0.524 [13.31] -, 
, I ' 

~------- I 
0.065 [1.65] 

121 0.055 [1.40] 

1.385 [35.18] SQ. 
1.365 [34.67] SQ. 

0.974 [24.74j TYP. 
0.954 [24.23 TYP. 

Ui JI r 0.0''1'''11'''1 , , l-- 0.007 [0.18] (64X) 

~ ~'''' ['''11'''1 ""~ I .• 
0.916 [23.27] SQ. 
0.904 [22.96] SQ. 

1------ 1.134 [28.80]TYP. 
1.114 [28.30] TYP. 

NOTES: 
1. DIMENSIONS ARE IN INCHES[MILLIMETERS] 

0.009 [0.23] jl 
0.005 [0.13] 

0.033 [0.84] ---.J ~I~ 
0.023 [0.58] -I FR-4 

RETAINING 
RING 

# 6-40 UNF-2A 
COPPER STUD --j I-- 0.118 [3.00] I I 0.094 [2.39] 

1210.085 [2.16] (3x) 
0.075 [1.91] (3X) 

ILt 
.495 [12.57] SQ . 
.475 [12.07] SQ. 

~ 
CAP 

0.046 [1.17] 
0.036 [0.91] 

& THIS DIMENSION INCLUDES GLASS PROTRUSION AND CAP TO BASE 
ALIGNMENT TOLERANCES. 
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80 METAL QUAD FLATPACK (Q80-1) 

fl 
64 

0.785 [19.94] 
0.777 [19.74] 

,-, 
( I 

0.724 [18.40) 
REF 

0.917 [23.30] 
0.909 [23.10] 

\ , 

~1 
0.681 [17.301 
0.673 [17.10 

1 0.114 [2.90] ,---', 
0.122 [3.10] r DETAIL -A-

~ " 

~ ~': 
C;004(0.102) I , \, TSEATINGPLANE 

DETAIL -A-

0.10912.77j t 0.099 2.51 t 0° MIN. 
0.009 [0.231 mBa rOM "Q9 

0.01710.430 Jl ~[~-.i 0°-7° 0.013 0.33f-! 
0.036 [0.93] 
0.026 [0.67] 

0.014 [0.35] TYP. 

0.032 [0.80] BSC 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
2. CONTROLLING DIMENSION: [MILLIMETERS]. 
3. TOP VIEW, CAVITY DOWN 
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128 METAL OUAD FLATPACK (0128-1) 

~ 

1---____ 1,.236 [31.40) ____ ~ 

0.035 [0.89) X45" 
1.220 [31.00) 

1.236131.40j 
1.220 31.00 

1.094 [27.79) 
1.086 [27.58) 

0.976 [24.80) 
REF. 

I 
33 

I 
64 

-,J 
0.008 [0.20) X45" 

(3 PLCS) 

0'1~5[3'86) DETAIL-A-2 38 [3.50) 

FCB004 (0 102)1 f J~ SEATING 
. . PLANE 

DETAIL -A-

0.135 [3.431 It 
0.125 [3.17 t o· MIN. j f o.OO6~.'~ 

r--[-t oor 

g:g~g Ig:~~l J l I I ) 0.0~6IO.93l -l f- 0.026 0.67 

0.014 [0.35) TYP. 

0.0315 [0.80) 
ssc 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS) 
2. CONTROLLING DIMENSION: [MILLIMETERS). 
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160 METAL QUAD FLATPACK (Q160-1) 

f------- 1.232[31.30j 
1.224 [31.10 

1.094 [27.79j 
1.086 [27.58 

1.232 [31.30j 
1.224 [31.10 0.998 [25.35] REF. 

1.094 [27.791 
1.086 [27.58 

40- - 8 

0.135 !3.43] 
0.1253.17] 

0.033 rO.013] 
MrN. 

NOTES: 

I 

80 

t.;at ~o .. ,o,. 

r _I-to-_r 

J l ~ ~ g:g~~ fg:~~ 
0.012 [0.30] 

TYP. 

0.0256 [0.65) 
SSC 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
2. CONTROLLING DIMENSION: [MILLIMETERS]. 
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208 LEAD METAL QUAD FLATPACK (Q208-1) 

NOTES: 

1.086 [27.58] 
208 157 1-t" UDDDDMDDDDMDDI ::: ~;~! IDMDDDDD!ooJ

I 

rr=:'- PINHO. ' I "'''1 
1.232 [31.30] 
1.224 [31.10] . 

1.094 [27.70] ;--', 1.004 [25.50] 

1006 ~'~. '.' ",~lF 
, 

104 

0'1~52[3'86] [ETAiLoA­
~8[3.50] 

~ SEATING 
c:; .004 (O.102j I t PLANE 

DETAIL -A-

0.135 [3.43] 0° MIN lr 
0.125[3.17] t . . idtf0OO6 [015] 

J -3= 0° 7° 

0.010[0.25] J Wl ~ ~ -MIN. . 0.024 [0.60] 
0.020 [0.40] 

0.009 [0.23] TYP. 
0.0197 [0.50] 

esc 

1. DIMENSIONS ARE IN INCHES 
AND [MILLIMETERS]. 

2. CONTROLLING DIMENSION: [MILLIMETERS]. 
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240 LEAD METAL QUAD FLATPACK (Q240-1) 

1--_____ 1.370 [34.S0] _____ ~ 
1.354 [34.40] 

0.035 [0.S9] 1;:::1.252 [31.79]::::1 
x450 1.244 [31.59] 

240 1 1 rr-:,- P'NlI.D. ' 

1 .370 [34.S0] 
1.354 [34.40] 

1.252 [31.79] 
1.244 [31.59] 

, 
61 

VENT CAP 
c.eORE .r 03.17 

,_," 100.125J 
I \ 
I I , , 

120 

O.OOS [0.20] x45° 
(3 PLCS) 

1.162 [29.52] 
REF. 

- 12 

0.152 [3.S6] r DETAIL -A-

~.13S[3.50] __ ---. 
/" " 

. : \ 

~--t: <::;.004(0.102) I t \ -SEATING 
',__ PLANE 

0.135 [3.43] 

0.125 13.17] t-=rFrl1RlR"m=l~={= 

0.010 [0.25] ] 
0.020 [0.51] 

-l t-0.016 [0.40] 

0.009 [0.23] J ~ I II )0.::::0.60] 

0.0197 [0.50] TYP. 
esc 

~ 
1. CONTROLLING DIMENSION: [MILLIMETERS]. 
2. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
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I 304 LEAD METAL QUAD FLATPACK (Q304-1) 

1.685 [42.80] 
1.669 [42.40] 

7 [37.79] 1.56 
1.558 [39.58] 

1 -

-- . 

'- PIN 11.0. 

1.685 [42.80] 
1.669 [42.40] 

1.567 [37.79] 
1.558 [39.58] 

VENT CAP 
C-BORE 

, 
~03.17 , [00.1251 

f \ 
I , , --

- 22 

1.478 [37.53] 
REF. 

76 - 1 

, , 
77 152 

0.172 [4.37] r DETAIL -A-
1 0.158 [4.01] /---

~ , \ 
FC8 .004@.f2) J~i SEATING PLANE 

,----

8:m Fa:~lt"""'===ff==l= ..., 0.005 [0.13] 

0.010 [0.25] ] 
MIN. 

0.0197 [0.50] 
SSC 

~ 

J I II ) 0:~:·[0.60] ---I r- 0.016 [0.40] 

0.009 [.23] TYP. 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
2. CONTROLLING DIMENSION: [MILLIMETERS]. 
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28 LEAD PLASTIC LEADED CHIP CARRIER (J28-1) 

22 

0.180 [4.57] TYP 
0.165 [4.19] . 

15 

28 1 

0.048 [1.22] X 45' C 
0.042 [1.07] . 

R. 0.020 [0.51] MAX. 

8 

0.020 [0.51] MIN. 

0.120 [3.05) TYP -----.C 0.090 [2.29) . 

, ~~~=---..- SEATING PLANE 

0'050[1'27]BSC~L IIII I "" ... ", 
~~~~0'013[0'33] . 

0.032 [0.81] TYP 

~ 
0.026 [0.66] . 

0.430 [10.92] TYP 
0.390 [9.91] . 

fIl 0.495 [12.57] 
0.485 [12.32] 

---T 
SQ. £ 

0.456 [11.58) 
Q443 [11.25] 

sa 

0.300 [7.62) REF. 

___ 1 L_ --
----'------= I-I-~ '.056["" -1 f- 0.042 [1.07] 

NOTES: 
1- DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

/5, THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
PROTRUSION OF 0.010 [0.25) INCH MAX. PER SIDE. 
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~~y ---------------------------------------------------------
28 LEAD CERAMIC LEADED CHIP CARRIER (H28-1) 

22 

15 

0.042 [1.07] X 45° C 
0.038 [0.97] . 

8 

R. 0.025 [0.64] TYP. 

0.495 1LI sa[ 0.470 11.94 . 

~ 0.300 [7.62] REF. 
0.475112.07] sa i 0.445 11.30J . U -------

0.050 [1.27] TYP 
0.030 [0.76] . 

+ 0.120 [3.05] TYP 
r±=:::r-c:r-o-=-o::::rlc:r-t::rd:=::l:-r--~ 0.090 [2.29] . 

8: l~g (t§I)TYP. 

t 

0.050 [1.27] BSC -+--I 

NOTES: 

, , SEATING PLANE 

J LL 0.021 [0.53] J U 0.017 [0.43] TYP. 

0.032 [0.81] TYP 
0.026 [0.66] . 

0.430 [10.92]sa I 
0.390 [9.91] .---1 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
~ THIS DIMENSION INCLUDES CAP TO BASE ALIGNMENT 

TOLERANCE. 
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~YNERCJY 
~~ -------------------------------------------------------------------
28 LEAD METALLIC LEADED CHIP CARRIER (M28-1) 

0.045 [1.14] x 45' C. R 0.015 [0.38]lVP. 

15 ,----- / DETAIL-A-

/' --..../ 

p
q..,.,..,..."...... ........... _-----'tmmmmd/",' '/\,,1 

0.180[4.57] MAX. 

I-C-l J 
rQl.OO4 (0.102)1 ~ ~ 

f-0.30~:~~ -,/" 

0.430 [10.92] 
0.390 [9.91] 

0.010310.26] 
0.0097 0.25] 

0.020 [0.51] MIN. ] 
~~ --r 0.021 0.53 

~ ~0.013!0.331 

0.050 [1.27] 
SOC 

NOlES 
1.DIM8'lSONSAREININCHESII.ND[MIWMETIR:1. 

~lHISOIM8'lSONDOEiSNOl1NCWDEMOLDRA9-I 
'-WHIC HMA YBEASM UC HAOO.Ol0[0.25] ~SDE 

11-25 

0.032 [0.811 
0.026 [0.66 

DETAIL-A-

II 



~YNERCJY 
EU~ ________________________________________________________________________ _ 

44 LEAD PLASTIC LEADED CHIP CARRIER (J44-1) 

0.695 [17.65] =: 
0.640 [16.26] 

0.045 [1.14] x 45° C. 
44 

r ::::::::~ l 
-r----------------~ I 

f [J'-=- 'L I 
0.695 [17.65] PIN 1 1.0. 
0.685 [17.40] 

& 12-
0.654116.61l 
0.640 16.26 

R. 0.015 [0.38] TYP. 

I 
23 

,..___----,/ DETAIL -A-

0.180[4.57] ~'------7-----' \ 

~f-'~""C=---h.O""0 .. 4"(0"'.1"0"'2"l~-;.---·-----' ~,,)- SEATING PLANE 

~0'500 [12.70] REF~'t ' 
0.630 [16.00] 

0.156 [3.961 
0.126 [3.201 

0.590 [14.99] 

0.0103 [0.261 
0.0097 [0.251 

DETAIL-A-

0.020 [0.51] J 
MIN. 

~ II 0.021 [0.5:1 

~ f:--~ 0.013 [0.33] 

0.050 [1.271 
BSC 

NOTES: 

0.032 [0.811 
0.026 [0.66] 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

&THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
WHICH MAY BE AS MUCH AS 0.010 [0.251 PER SIDE. 
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~YNEROY 
~M~ ________________________________________________________________ ___ 

68 LEAD PLASTIC LEADED CHIP CARRIER (J68-1) 

0.985 25.02] 

0.940 23.88 
0.045 [1.14] x 45' C. 

F 0.995125.27] g 
~ 0'954124'231~~ R. 0.D15 [0.38] TYP. 

9 ~ ~ 
I I I T o-II ~ I-so 

I I PIN 11.0. 

0.995125.27] 
0.985 25.02] 

~ 
0.954124.23j 
0.940 23.88 

U -44 

,~~,/ DETAIL-A-

0.180[4.57] MAX. ~r----------4---' \ 

f-'c:cJ><:C-'-+-=~ .......... "" __ ---'~-;- SEATING PLANE 

I 
27 

celOM .'~11 t 1_1- ' !i 0.800 [20.32] REF. " / 

0.930123.621 
0.890 22.61 

NOTES: 

0.050 [1.27] 
esc 

~ ~ 0.021 10.53j I I 0.013 0.33 

-I I- 0.032Io.81j 
0.026 0.66 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

&'THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
WHICH MAY BE AS MUCH AS .010 [0.25] PER SIDE. 

11-27 

DETAIL -A-

III 



~Y -------------------------------------------------------
84 LEAD PLASTIC LEADED CHIP CARRIER (J84-1) 

0.045 [1.14) x 45° C. 

1.195130.351 
1.185 30.10 

& 
1.154 [29.311 
1.140 [28.96 

I 
33 

~ 
PIN 11.0. 

R. 0.Q15 [0.38] TYP. 

I /DETAIL -A-
53 

,,,.---- ... 

0.180[4.57) MAX. =r------------~-___, \. 

1-'[[]~C-+..0"'04.,(""0.,.10""2"")I..,'r----'~-)- SEATING PLANE 

I ~-1.000[25.40)REF.~r' 
~ 1.130128.701 ~ 

1.090 27.69 

0.15613.961 
0.126 3.20 

0.00831°.211 i---- 0.0077 0.20 

~~~ 

0.020 [0.51) ] 
MIN. 

NOTES: 

0.050 [1.27) 
esc 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

&THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 

11·28 
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..,. 
SYNERGY 
~M~ ________________________________________________________________ ___ 

8 LEAD PLASTIC SOIC (Z8-1) 

~ 
0.15713.991 
0.150 3.81 

~ 
0.19614.97] ---I 
0.189 4.80] ~ I 

L ~;:::::::;:;:::=:;:;::j 
4 

0.019 [0.48] 
0.014 [0.36] 

-1 r- 0.0098 1°.25] II ~ 0.0075 0.19] 

r-r I 
0.22415.691 0.24416.2°1 
0.195 4.95 0.230 5.84 

~O::;J~) 
0.010 [0.25] 

5" TYP. 

0.068 [1.73]TYP 
0.061 [1.55] . 

I 0.01°10.25l TYP --.L 0.004 0.10 . 

f.-FEl.:£.c·:...J-"",.OO-' (0"--.1""'02-) --,I---,t.----~-V--V--y---y-~---t- SEATING PLANE 

0.050 [1.27] BSC 

EO" MIN. f 
0.061 [1.54] 
0.055 [1.39] 

L --->-t 
,\ \-- 0.0351°.891 

--\ 0.016 0.41 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

~ THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
WHICH MAY BE AS MUCH AS 0.010 [0.25] PER SIDE. 
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~YNERGY 
~~ -------------------------------------------------------------------
16 LEAD PLASTIC SOIC (Z16-1) 

~ 
0.299 [7.59) 
0.292 [7.42) 

& t 0.412 [10.46) J 
0.402 [10.21) 

16 9 I 

L C;:;=n=;:;=:r;:::::::r::;::r==n=J 

0.104 [2.64) i O.OW2.46) 

8 

L P, 

F===1=t====l 

1~g&1!lg~~ 

Tnl 
0.347 [8.81) 0.410 [10.41) 
0.335 [8.51) 0.400 [10.16) 

5· TYP. 

?~~m~ 
0,016 [0.41) 
0.010 [0.25) 

X 45· 

0.012 [0.30) TYP --..e- 0.005 [O.13) . 

-..-___ '-l::H::H:Jf--bH:J-t:f-t:f-J::J-:~ SEATING PLANE 

I 

-11-
I I 0.050 [1.27) BSC 

O.MIN']8 

0· -8· 

~ 
,\ \-0.040[1.02) --I 0.024 [0.61) 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

~ THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
WHICH MAY BE AS MUCH AS 0.010 [0.25) PER SIDE. 
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~YNERGY 
~M~ ________________________________________________________________ ___ 

20 LEAD PLASTIC SOIC (Z20-1) 

1:-
0.299 [7.59] 
0.292 [7.42] 

r-- g:~~g n~:~ ----1 
I~ ~ ~ ~ ~ ~11 

L t:n==n=n=n==n==nr=n=;:;==;:;=n=l 

0.104 [2.64] 
0.097 [2.46] 

10 

--j r-- 0.012 [0.30] 

II ~ 0.009 [0.23] 

iri 
0.347 [8.81] 0.410 [10.41] 
0.335 [8.51] 0.400 [10.16] 

5'TYP. 

~5~P~ 
0.016 [0.41] X 45' 
0.010 [0.25] 

0.012 [0.30] TYP --.C 0.005 [0.13] . 

~ SEATING PLANE 

I 

--1 !-- 0.050 [1.27] BSC 

,·-,·E 
t=-\-- 0.040 [1.02 

-\ 0.024 [0.611 

NOTES: 
1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 

&THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 
WHICH MAY BE AS MUCH AS 0.010 [0.25) PER SIDE. 
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~YIIERCJY 
~ -------------------------------------------------------------------

28 LEAD CERAMIC SOIC WITH HEAT SINK STUD (S28-1) 

0.382 [9.70] 
0.366 [9.30] 

1 

0.585 [14.86] 
0.555 [14.10] 

.180 DIA. 

0.550 [13.97) 
0.542 [13.77) 

14 
R. 0.014 [0.36] TYP. 

0.012 [0.305) TYP.] 0.164 [4.171 
0.174 [4.42 

I 
, 

I 0.160 [4.06] 
MAX. 

I , 

II ~I~ I I I 0.020 [0.51) 
0.040 [1.02) esc I :- i 0.016 [0.41) 

:-0.520 [13.21] REF.-----: 

11-32 

NOTES: 

0.008 [0.20] 
0.004 [0.10] 

0.034 [0.86) 
0.030 [0.76] 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
2. HEA TSINK IS ELECTRICALLY INSULATED FROM THE 

INTEGRATED CIRCUIT. . 



~YNERGY 
EM~ ____________________________________________________________________ __ 

16 LEAD PLASTIC SOJ (Y16-1) 

ffi 
0.412 [10.46] 
0.402 [10.21] 

0.272 [6.91) 
0.262 [6.65] 

~~ 

0.140 [3.56] TYP 
0.120 [3.05) . 

0.050 [1.27] PIN 1IDENT. 

J ~ OO~ 112"'~ 

NOTES: 

S'TYP. 

L S'TYP. 

0.016 [0.41] 
0.010 [0.25] 

X 45' 

0.03610.911 TYP 
~ 0.028 0.71 . 

---,-SEATING PLANE 

t DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
!lJ:,. THIS DIMENSION DOES NOT INCLUDE MOLD FLASH 

WHICH MAY BE AS MUCH AS .010 [0.25] PER SIDE. 
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~YNERGY 
E~ ____________________________________________________________________ __ 

28 LEAD PLASTIC SOJ (Y28-1) 

~ 
0.299 [7.59) 
0.292 [7.42) 

0.140 [3.56) TYP 
0.120 [3.05) . 

NOTES: 

.&. 
0.711 [18.06) =1 0.701 [17.81) 

15 

0.019 [0.48) TYP 
0.014 [0.36) . 

0.272 [6.91) 
0.262 [6.65) 

~~ L 5° TYP. 

0.016 [O.41)X 450 
0.010 [0.25) 

5° TYP. 

0.036 [0.91) TYP --.E. 0.028 [0.71) . 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS). 

&THIS DIMENSION DOES NOT INCLUDE MOLD FLASH WHICH 
MAY BE AS MUCH AS .010 [0.25) PER SIDE. 
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~YNERGY 
~M~ ____________________________________________________________ _ 

259 LEAD CERAMIC PIN GRID ARRAY (G259-1) 

f-1-~------1.8S0±0.020 ---------11 
T 000000000000000000 
S 0~00000000000000~0 
R 000000000000000000 
Q 000000000000000000 
P 000000000000000000 
N 00000 00000 
M 00000 00000 
l 00000 00000 
K 00000 00000 
J 00000 00000 
H 00000 00000 
G 00000 00000 
F 00000 00000 
E 000000000000000000 
D 000000000000000000 
C 000000000000000000 
B 0~00000000000000~0 
A I 00000000000000000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

, .. I-- O.l00±O.OO5 

1.700±O.010 -------1 .. 1 

PITCH=.100x17 

1.100±o.Oll 

--
\ , 

\l 0.040 X 45· 

~ 
COPPER TUNGSTEN HEATSIN~ Al INDEX MARK ~ 

11-35 

1-- 0.087 >0.010 

1.000 ± 0.010 

0.050 ± 0.01 0 

0.180±O.015 

NOTES: 
1.0 Heat sink and pins, and package lid are gold plated. 

III 



~YNERGY 
~ ---------------------------------------------------------
28 LEADLESS CHIP CARRIER (L28-1) 

~ g~;g 1::~:.=1 INDEX FEATURE R. 0.008 [0.20] TYP. 

--y-__ 1 28 I 

0.475112.071 
0.455 11.56 

REF. (4x) 
12 

0.015 [0.38] x45° C. 

0.0321~·811 . 
0.022 ~.56 

(28) ~ 

0.030 ~.76IiJ 
0.020 0.51 

(28 ) 

11-36 

25 

18 

I r--

~ 0.09712.461 
0.077 1.96 

1-0.053 [1.33] MAX. 

I • 

NOTES: 
1. DIMENSIONS ARE IN INCHES [MILLIMETERS). 



~YNERGY 
~~ ----------------------------------------------------------------------

160 PLASTIC QUAD FLATPACK WITH HEATSPREADER (R160-1) 

1.238131.451 
1.218 30.95 

1.106128.101 
1.085 27.56 

160 
I 

1.238131.451 
1.21830.95 --------1 

0.998 [25.351 
REF. 

80 ,--', r DETAIL-A-

,~ ,I 
0.161[4.10] ~ " 

r-c:lf-':::=-+nn..........,"'M""AX ....... · __ J_U SEATING 
rAJ.OO4(0.102)1 t " -,' PLANE 

.... _---,'" 

g:l~!~:~1 t O.MIN·t 
0.009 [0.231 U rOU

•

OO 

0.01~m:251 r Jl h1~-" --1 f- 0.03710.951 
0.026 0.65 

0.0151°.381 
0.009 0.22 

DETAIL-A-

0.0256 [0.65] 
BSC 

NOTES: 
1. DIMENSIONS ARE IN INCHES NO [MILLIMETERS]. 
2. CONTROLLING DIMENSION: [MILLIMETERS]. 
3. THE PIN 1 10 MARK IS ROUNDED AT THE BOTTOM. ~ 

THE REMAINING MARKS ARE FLAT AT THE BOTTOM.~ 
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..:-
SYNERGY 
~~ -------------------------------------------------------------------------

208 PLASTIC QUAD FLATPACK WITH HEATSPREADER (R208-1) 

1.215 [30.85] 
1.195 [30.35] 

f-oo----- 1.21513o.85j ~ 1.19530.35 

1.106 [28.10] ----~--i 
1.085 [27.56] 

0.866 [22.0J 
RE:F 

I I 
~ ~ 

1.004 [25.50] 
REF. 

,~l 
__ ..... r DETAIL -A-

;' , 
I \ 

1-0-=C,-+-,-~--,-,:.,-,.-__ ~J.- SEATING 
1~.004(0.102)jf \, ..... ___ / PLANE 

0.161 [4.10] J 
MAX. 

0.142 [3.60] 
0.125 [3.17] 

DETAIL -A-

J lJl l1 _0.:~:;0.60] --i ~ 0.016 [0.40] 

0.012 0.30 
0.0197 [0.50] 0.00510.13l 

BSC -

0.010 [O.25]J 
MIN. 

NOTES: 
1. CONTROLLING DIMENSION: [MILLIMETERS]. 
2. DIMENSIONS ARE IN INCHES AND [MILLlME:TERS]. 
3. THE PIN 1 ID MARK IS ROUNDED AT THE BOTTOM. ~ 

THE REMAINING MARKS ARE FLAT AT THE BOTTOM. ~ 
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~YNERGY 
~ -------------------------------------------------------------

304 PLASTIC QUAD FLATPACK WITH HEATSPREADER (R304-1) 

NOTES: 

1--_____ 1.687 [42.85) ____ --I 
1.667 [42.35) 

1.26 [32.0) 
304 REF. 229 
E 1.571 [39.90) ::.bJ 

1.557 [39.56) 

rr:c' · "'''''- ""'''''''" - 228 

1.687 [42.85) 
1.667 [42.35) 

1.579 [40.10) 
1.557 [39.56) 

76 -

77 

1.26 [32.0) 
REF. 

1.476 [37.50) 
REF. 

~~,~J 
152 

0.177 [4.50) r lETAiL-A-
MAX. / ___ y 
t~\ ~ J~+SEATING 

C; .004(0.102) I t \ / PLANE 

DETAIL -A-

'--

0.157[4.00)t t 0.125 [3.17] 0° MIN. 0.009 [0.23) II0t ~ 0004 ~~ 

0.010 [0.25)-'--J J ~l J 1-+ 0°_7° 
MIN. I- 0.024 [0.60) 

0.016 [0.40) 
0.011 [0.28) 

0.0197 [0.50) 0.006 [0.16) 
Bse 

1. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]. 
2. CONTROLLING DIMENSION: [MILLIMETERS]. 
3. THE PIN 1 10 MARK IS ROUNDED AT THE BOTTOM. ~ 

THE REMAINING MARKS ARE FLAT AT THE BOTTOM""""L...-J"'""" 
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°SYNERGY -- SEMICONDUCTOR -------------------

Corporate 
Headquarters 

Synergy Semiconductor 
3450 Central Expressway 
Santa Clara, CA 95051 
Tel: 408-730-1313 
Fax: 408-773-3590 

East Coast Sales Office 

Synergy Semiconductor 
325 Boston Post Rd, Unit 1 
Sudbury, MA 01776 
Tel: 508-443-1440 
Fax: 508-443-1443 

Sales 
Representatives 

Alabama 
BITS, Inc. 
3801 Triana Blvd., 
Suite 19 
Huntsville, AL 35805 
Tel: 205-881-2900 
Fax: 205-881-7333 

Arizona 
AL TEK Components 
4635 S. Lakeshore Dr. 
Suite 122 
Tempe, AZ 85282 
Tel: 602-345-4575 
Fax: 602-345-4100 

AL TEK Components 
5005 Calle Chacras 
Tucson, AZ 85718 
Tel: 602-529-0443 
Fax: 602-345-4100 

Arkansas 
Southern States Marketing 
23 Inca Lane 
Hot Springs Village, AR 
71909 
Tel: 501-922-0807 
Fax: 501-922-0807 

Domestic Sales Representatives 

California (Northern) 

Premier Technical Sales, 
Inc. 
3235 Kifer Road, 
Suite 310 
Santa Clara, CA 95051 
Tel: 408-736-2260 
Fax: 408-736-2826 

California (Southern) 

Spectrum Rep Company 
31368 Via Colinas, 
Suite 101 
Westlake Village, CA 
91362 
Tel: 818-706-2919 
Fax: 818-706-2978 

Spectrum Rep Company 
25 Mauchly, Suite 311 
Irvine, CA 92718 
Tel: 714-453-1525 
Fax: 714-453-1925 

Excel Associates 
6885 Flanders Drive 
San Diego, CA 92121 
Tel: 619-587-0545 
Fax: 619-587-1380 

Canada 
Clark-Hurman Associates 
(Ottawa) 
308 Palladium Drive, 
Suite 200 
Kanata, Ontario 
K2B 1A1 
Tel: 613-599-5626 
Fax: 613-599-5707 

Clark-Hurman Associates 
(Montreal) 
78 Donegani, Suite 200 
Point Claire, Quebec 
H9R 2V4 
Tel: 514-426-0453 or 

514-426-0454 
Fax: 514-426-0455 

Canada (Cont.) 
Clark-Hurman Associates 
(Toronto) 
20 Regan Road, Unit 14 
Brampton, Ontario 
L7A 1A7 
Tel: 905-840-6066 
Fax: 905-840-6091 

Colorado 
Waugaman Associates, Inc. 
4800 Van Gordon 
Wheat Ridge, CO 80033 
Tel: 303-423-1020 
Fax: 303-467-3095 

Connecticut 

Technology Sales, Inc. 
237 Hall Avenue 
Wallingford, CT 06492 
Tel: 203-269-8853 
Fax: 203-269-2099 

Delaware 

Wyck Marketing Inc. 
3701 Church Road 
Mt. Laurel, NJ 08054 
Tel: 609-727-1070 
Fax: 609-727-9633 

Florida 
ElectroCraft Inc. 
2240 Belleair Road, 
Suite 285 
Clearwater, FL 34624 
Tel: 813-530-3788 
Fax: 813-530-9252 

ElectroCraft Inc. 
9127 Chianti Court 
Boynton Beach, FL 33437 
Tel: 407-364-0933 
Fax: 407-364-0935 

Florida (Cont.) 
ElectroCraft Inc. 
1908 St. Andrews Place 
Longwood, FL 32779 
Tel: 407-682-7832 
Fax: 407-682-7832 

Georgia 
BITS, Inc. 
One Meca Way 
Norcross, GA 30093 
Tel: 404-564-5599 
Fax: 404-564-5588 

Idaho 

Waugaman Assoc. - Utah 
876 East Vine 
Salt Lake City, UT 84107 
Tel: 801-261-0802 
Fax: 801-261-0830 

illinois 
Electronic Components 
I nI'l. 
4 W 200 Denny Road 
Aurora, IL 60506 
Tel: 708-888-0099 
Fax: 708-888-0998 

Louisiana 
Southern States Marketing 
23 Inca Lane 
Hot Springs Village, AR 
71909 
Tel: 501-922-0807 
Fax: 501-922-0807 

Maryland 
ETSI 
3 Church Circle, 
Suite 120 
Anapolis, MD 21401 
Tel: 410-974-9351 or 

301-858-8530 
Fax: 410-974-8247 



_~~ERGY ____________________ _ 
SEMICONDUCTOR 

Domestic Sales Representatives 

Massachusetts New Jersey (Cont.) Oregon Texas 

Technology Sales, Inc. Wyck Marketing, Inc. General Electronics, Inc. Southern States Marketing 
332 Second Avenue 3701 Church Road 9011 SW Beaverton- 1702 N. Collins Blvd. 
Waltham, MA 02154 Mt. Laurel, NJ 08054 Hillsdale Highway Suite 250 
Tel: 617-890-5700 Tel: 609-727-1070 Suite 2C Richardson, TX 75080 
Fax: 617-890-3913 Fax: 609-727-9633 Portland, OR 97225 Tel: 214-238-7500 

Tel: 503-297-8500 Fax: 214-231-7662 
Minnesota New York Fax: 503-233-8655 

Southern States Marketing 
HMR Inc. J-Square Marketing 

Pennsylvania 400 E. Anderson Lane 
9065 Lyndale Avenue South 161 C Levitown Parkway Suite 126 
Minneapolis, MN 55420 Hicksville,NY 11801 Wyck Marketing, Inc. Austin, TX 78752 
Tel: 612-888-2122 Mailing Address: 3701 Church Road Tel: 512-835-5822 
Fax: 612-884-4768 P.O. Box 103 Mt. Laurel, NJ 08054 Fax: 512-835-1404 

Jericho, NY 11753 Tel: 609-727-1070 
Southern States Marketing Mississippi Tel: 516-935-3200 Fax: 609-727-9633 

BITS, Inc. Fax: 516-935-0029 1445 North Loop W. 

South Carolina Suite 375 
3801 Triana Blvd., Technology Sales, Inc. Houston, TX 77008 
Suite 19 920 Perinton Hills Office BITS,lnc. Tel: 713-868-5180 
Huntsville, AL 35805 Park 12609 Sandwood Court Fax: 713-868-5188 
Tel: 205-881-2900 Fairport, NY 14450 Raleigh, NC 27613 
Fax: 205-881-7333 Tel: 716-223-7500 Tel: 919-676-1880 Utah 

Fax: 716-223-5526 Fax: 919-676-1881 
Montana Waugaman Assoc. - Utah 

North Carolina South Dakota 876 E. Vine 
Waugaman Associates, Inc. 

HMR Inc. Salt Lake City, UT 84107 
4800 Van Gordon BITS,lnc. 

9065 Lyndale Avenue Tel: 801-261-0802 
Wheat Ridge, CO 80033 12609 Sandwood Court Fax: 801-261-0830 
Tel: 303-423-1020 Raleigh, NC 27613 

South 

Fax: 303-467-3095 Tel: 919-676-1880 
Minneapolis, MN 55420 

Virginia 
Fax: 919-676-1881 

Tel: 612-888-2122 

Nevada (Clark County) Fax: 612-884-4768 Electronics & Technology 

North Dakota Sales 
AL TEK Components Tennessee (East) 235 Prince George Street 
4635 S. Lakeshore Dr., HMR Inc. 

BITS, Inc. Anapolis. MD 21401 
Suite122 9065 Lyndale Avenue 

One Meca Way Tel.: 410-974-9351 or 
Tempe, AZ 85282 South 301-858-8530 
Tel: 602-345-4575 Minneapolis, MN 55420 

Norcross, GA 30093 
Fax: 410-974-8247 

Fax: 602-345-4100 Tel: 612-888-2122 
Tel: 404-564-5599 

Fax: 612-884-4768 
Fax: 404-564-5588 

New Jersey 
Washington 

J-Square Marketing Oklahoma Tennessee (West) General Electronics, Inc. 

BITS,lnc. 2330 255th Street N.W. 
161 C Levitown Parkway Southern States Marketing 

3801 Triana Blvd. Stanwood, WA 98292 
Hicksville, NY 11801 1143 Rockingham 

Suite 19 Tel.: 206-246-8096 
Mailing Address: Suite 106 

Huntsville, AL 35805 Fax: 503-297-8655 
P.O. Box 103 Richardson, TX 75080 

Tel: 205-881-2900 Jericho, NY 11758 Tel: 214-238-7500 
Tel: 516-935-3200 Fax: 214-231-7662 

Fax: 205-881-7333 

Fax: 516-935-0029 
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Washington D.C. 

Electronics & Technology 
Sales 
235 Prince George Street 
Anapolis, MD 21401 
Tel.: 410-974-9351 or 

301-858-8530 
Fax: 410-974-8247 

Domestic Sales Representatives 

Wisconsin (Northern) 

Electronics Components 
Int'i. 
4 West 200 Denny Road 
Aurora, IL 60506 
Tel.: 708-888-0099 
Fax: 708-888-0998 

Wisconsin (Western) 

HMR Inc. 
9065 Lyndale Avenue 
South 
Minneapolis, MN 55420 
Tel.: 612-888-2122 
Fax: 612-884-4768 

Wyoming 

Waugaman Associates, Inc. 
4800 Van Gordon 
Wheat Ridge, CO 80033 
Tel.: 303-423-1020 
Fax: 303-467-3095 

International Sales Representatives 

China 

Pinnacle Technologies Co. 
4/F & 3/F, NO.3 Bldg. 
Changting Industrial Area 
Xianjin Rd. 
Fuzhou, China 
Tel.: 011-86-591-729174 
Fax: 011-86-591-717704 

Northstar Computers 
A-1209 Hui Yuan 
International Apartment 
Beijing, China 11000101 
Tel.: 011-86-1-491-6692 
Fax: 011-86-1-499-1238 

Germany 

SMI 
Wildbahn 
15236 Frankfurt (oder) 
Markendorf 
Postfach 379 
15203 Frankfurt (oder) 
Tel.: 0335-546-2005 
Fax: 0335-546-3251 

Hong Kong 
Pinnacle Technologies Co. 
Flat C, 5/F., Cheung Yin 
Bldg. 
220 Cheung Sha Wan Road 
Shamshuipo 
Kowloon, Hong Kong 
Tel.: 011-852-708-4830 
Fax: 011-852-708-4923 

Israel 

EL-GEV Electronics Ltd. 
P.O. Box 50 
Building 101 
Tirat-Yehuda 73175 
Israel 
Tel.: 011-972-3-971-2056 
Fax: 011-972-3-971-2407 

Japan 
Macnica, Inc. 
Hakusan High-Tech Park 
1-22-2 Hakusan, Midori-Ku 
Yokohama City, 226 Japan 
Tel.: 011-81-45939-6140 
Fax: 011-81-45939-6141 

H.Y. Associates Co., Ltd. 
1-10 Sekimachi-Kita 
3-Chome 
Nerima-Ku 
Tokyo, 177 Japan 
Tel.: 011-81-339297111 
Fax: 011-81-33928-0301 

Korea 

Sungwoon Co., Ltd. 
5th FI., Indeok Bldg. 307 
Yangjee-Dong, Seochoku 
Seoul, Korea 
Tel.: 011-822-576-197011 
Fax: 011-822-579-5628 

Sunin Technology Inc. 
Rm. 1901 Samkoo BID 
16-49, Hangangro 3-ka 
Yongsan-Ku 
Seoul, Korea 
Tel.: 011-822-705-0852 
Fax 011-822-705-0856 

Singapore 

B.B.S. Electronics Pte. Ltd. 
1, Genting Link, #05-03 
Perfect Industrial Building 
Singapore 1334 
Tel.: 011-65-748-8400 
Fax: 011-65-748-8466 

Taiwan 

Pinnacle Technologies Co. 
4F No. 270 Nan-Kang Road 
Sec., 3 
Taipei, Taiwan R.O.C. 
Tel.: 011-886-2-788-8909 
Fax: 011-886-2-651-2307 



()SVH~y ______________________ _ 
- SEMICONDUCTOR 

Authorized Distributors 

West Coast/Central Insight Electronics, Inc. Insight Electronics, Inc. Nu Horizons Electronics 
8705 S.W. Nimbus Ave. 4835 University Sq. Corp. 

Insight Electronics, Inc. Suite 200 Suite 19 5555 Oakbrook Parkway 
1515 W. University Dr. Beaverton, OR 97005 Huntsville, AL 35816 Suite 340 
Suite 103 Tel: 800-677-7716 Tel.: 205-830-1222 Norcross, GA 30093 
Tempe, AZ 85281 503-644,3300 Fax: 205-830-1225 Tel: 404-416-8666 
Tel: 800-677-7716 Fax: 503-641-4530 Insight Electronics, Inc. Fax: 404-416-9060 

602-829-1800 10855 W. Potter Rd. 
Nu Horizons Electronics Fax: 602-967-2658 Insight Electronics, Inc. Wauwatosa, WI 53222 

12701 Research Blvd. Tel.: 414-258-5338 Corp. 
Insight Electronics, Inc. Suite 301 Fax: 414-258-5360 19 Corporate Place 
2 Venture Plaza Austin, TX 78759 107 Audubon Road, Bldg. 
Suite 340 Tel: 800-677-7716 Insight Electronics, Inc. 1 
Irvine, CA 92718 512-250-0885 115 E. Aurora Road Wakefield, MA 01880 
Tel: 800-677-7716 Fax: 512-331-5811 Suite 101 Tel: 617-246-4442 

714-727-3291 
Northfield, OH 44067 Fax: 617-246-4462 

Fax: 714-727-1804 Insight Electronics, Inc. 
Tel.: 216-467-2522 1778 Plano Road Nu Horizons Electronics 

Insight Electronics, Inc. Suite 320 Fax: 216-467-3412 Corp. 
9980 Huennekens Richardson, TX 75081 8965 Guilford Road 
San Diego, CA 92121 Tel: 800-677-7716 Insight Electronics, Inc. Suite 160 
Tel: 619-677-3100 214-783-0800 3005 Breckinridge Blvd. Columbia, MD 21046 
Fax: 619-677-3131 Fax: 214-680-2402 #210-A Tel: 410-995-6330 

Duluth, GA 30136 Fax: 410-995-6332 Insight Electronics, Inc. Insight Electronics, Inc. Tel.: 404-717-8566 
1295 Oakmead Parkway 15437 McKaskle Fax: 404-717-8588 Nu Horizons Electronics 
Sunnyvale, CA 94086 Sugar Land, TX 77478 Corp. 
Tel: 800-677-7716 Tel: 800-677-7716 Insight Electronics, Inc. 18000 Horizon Way 

408-720-9222 713-879-0577 4333 Park Terrace Dr. MI. Laurel, NJ 08054 
Fax: 408-720-8390 Fax: (214-680-2402 Suite 101 Tel: 609-231-0900 (NJ) 

Insight Electronics, Inc. Westlake Village, CA 215-557-6450 (PA) 
Insight Electronics, Inc. 91361 Fax: 609-231-9510 364 Inverness Dr. So. Suite 12002 115th Avenue, N.E. Tel: 800-677-7716 105 Kirkland, WA 98034 818-707-2101 Nu Norizons Electronics 

Englewood, CO 80112 Tel: 800-677-7716 Fax: 818-707-0321 Corp. 
Tel: 800-677-7716 206-820-8100 39 U.S. Route 46 

303-649-1800 Fax: 206-821-2976 East Coast Pine Brook, NJ 07058 
Fax: 303-649-1818 Tel: 201-882-8300 

Insight Electronics, Inc. Insight Electronics, Inc. Nu Horizons Electronics Fax: 201-882-8398 

1365 Wiley Road 55 Cambridge Street Corp. 
Nu Horizons Electronics 

Suite 142 Suite 301 4801 University Square 
Corp. Burlington, MA 01803 Suite 11 Schaumburg, IL 60173 

Tel.: 617-270-9400 Huntsville, AL 35816 6000 New Horizons Blvd. 
Tel: 800-677-7716 

Fax: 617 -270-3279 Tel: 205-722-9330 Amityville, NY 11701 
708-885-9700 

Fax: 205-722-9348 Tel: 516-226-6000 
Fax: 708-885-9701 

Insight Electronics, Inc. Fax: 516-226-6140 
Nu Horizons Electronics Parkdale IV Building 
Corp. Nu Horizons Electronics 

5353 Gamble Drive 
3421 N.w. 55th Street Corp. 

Suite 330 
Ft. Lauderdale, FL 33309 333 Metro Park 

SI. Louis Park, MN 55416 
Tel: 305-735-2555 Rochester, NY 14623 

Tel.: 612-525-9999 
Fax: 305-735-2880 Tel: 716-292-0777 

Fax: 612-525-9998 Fax: 716-292-0750 
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