


















































































































































































































































































































































































































































































































































FST1902
PRODUCT CHARACTERIZATION
Low Current High Speed Saturated Switch

PRIMARY APPLICATION:
High Speed Saturated Switch
tolc = 100 mA

PRIMARY TYPES:
2N4208, 2N4209 TO-18
2N5771, PN3640, PN4258, PN§910  TO-92

ABSOLUTE MAXIMUM RATINGS:

9.5 X 14.5

VCEO Collector to Emitter Voltage 6.0 V
VcBo Collector to Base Voltage 120 V
VEBO Emitter to Base Voltage 45 V
Ic Collector Current 100 mA

ELECTRICAL CHARACTERISTICS: Tpa = 25°C

SYMBOL CONDITIONS NOTES | UNITS MIN TYP MAX

ton Ic=10mA,lg; =1.0mA,Vgc = 1.5V Fig. 1 ns 15
toff Ic=10mA, By =B, =1.0mA,Vcc=15V Fig. 1 ns 20
BVcEO Ic=10mA,Ig =0 v 6.0 15
BVceo Ic =100 uA, Ig=0 \Y 12.0 40
BVEBO Ie=10uA, Ic=0 v 4.5
VCE(sat) Ic=1.0mA, Ig =0.1 mA \Y 0.13
VCE(sat) Ic=10mA, Ig = 1.0 mA v 0.15
VCE(sat) Ic=50mA, Ig =5.0mA V. 0.50
VBE(sat) Ic=10mA, Ig =0.1 mA v 0.80
VBE(sat) Ic=10mA,Ig = 1.0 mA v 0.95
VBE(sat) Ic =50mA,Ig=50mA \ 1.5
Cobo Ve =5.0V,Ig=0,f=1MHz pF 3.0
Cobo Veg=0V,Ig=0,f=1MHz pF 5.5
Ccb Ve =50V, Ig=0,f=1MHz pF 3.0
Ceb VEB=0.5V,Ic=0,f=1MHz pF 3.5
fr Ic =10 mA, Vgg = 5.0V, f = 100 MHz MHz 500 800
hrge Ic=1.0mA,Vcg=05V 15
hFge Ic =10 mA, Vgg = 0.3V 30 120
hrg Ic =50mA, Vcg = 1.0V 30
IcBO Ve =6.0V,Vcg =0 nA 25
IEBO VEB=3.0V,Vgc =0 nA 50
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FAIRCHILD e FST1902

‘COLLECTOR SATURATION VOLTAGE - V

- MAX POWER DISSIPATION - mW

PD
»
8

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted
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GAIN vs COLLECTOR CURRENT
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FAIRCHILD e FST1902

C - CAPACITANCE - pF

ICES - COLLECTOR REVERSE CURRENT - nA

1 - SWITCHING TIME - ns

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted

INPUT AND OUTPUT
CAPACITANCES vs
REVERSE BIAS VOLTAGE

3.0
2.6
2.2 \W \\
\ o T

1.8 \

o

BN
1.4 ¢
1o 2.0 -40 6.0 8.0 10

REVERSE BIAS VOLTAGE - V/

COLLECTOR REVERSE CURRENT

vs AMBIENT TEMPERATURE
100

0.1

% 50 14 100 15 150
TA - AMBIENT TEMPERATURE - °C

SWITCHING TIMES vs
AMBIENT TEMPERATURE

2
T
Ic*10mA 1

(g1~ lgz= 1 mA
15| Vee sV ‘ P

Vgglo) -0 |~
L~

S Pl

T~ /
0 ey
§

0\

|
|

-50 50 100 150
TA - AMBIENT TEMPERATURE - °C

VCE - COLLECTOR VOLTAGE - V

t - SWITCHING TIME - ns

VBE(0) - REVERSE BASE TO EMITTER VOLTAGE - V

CONTOURS OF CONSTANT GAIN
BANDWIDTH PRODUCT

-14

0 &
-8.0 \ \ /
-6.0 \ /‘
/
\ (3
NAEY
»%.l -0 -10 -100
IC - COLLECTOR CURRENT - mA
SWITCHING TIMES vs
COLLECTOR CURRENT
100 TTT T T
VCC = -l5V
50 I =10 gy 1015,
VBE'O) =0 .
NN
N
10 \§\
N = ST
X ™~
5.0
ol L A
Y
“e N
”{.0 2.0 5.0 10 20 50
iC - COLLECTOR CURRENT - mA
DELAY TIME vs TURN ON
BASE CURRENT AND REVERSE
BASE EMITTER VOLTAGE
4.0

\

]
// (/
/1

2.0

< >
\ ‘ui?ﬂns
H

7
Ig~10mA
Vee 1.5
0 Vi -~ .
0.5 L0 2.0 3.0 4.0 5.0

131 - TURN ON BASE CURRENT - mA




FAIRCHILD e FST1902

181 - TURN ON BASE CURRENT - mA

181 - TURN ON BASE CURRENT - mA

IB1 - TURN ON BASE CURRENT - mA

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted

RISE TIME vs COLLECTOR
AND TURN ON BASE CURRENTS
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FAIRCHILD ¢ FST1902

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted

FALL TIME vs TURN ON

AND TURN OFF BASE CURRENTS
10

g+ 8.0ns l L/
) / 6.0ms /
K 8.0 4.0ns
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» »
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22k 1302
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0.1 4F 5k
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519

Ic *10mA, Igq = 1.0 mA, Iga = 1.0mA

‘VIN TO OSCILLOSCOPE
PW = 240 ns Z|N = 100k
Z|N=5OQ tr<1.0ﬂ$
toft t, <1.0ns ton
Vgg =-8.0V Vgg = GROUND
V|N=+9..8\“/ ’ . ViN=-58YV

Fig. 1 ton — toff SWITCHING
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FST2019
PRODUCT CHARACTERIZATION
PNP Low Level, Low Noise, High Gain Amplifier

PRIMARY APPLICATION:
Low Level, Low Noise, High Gain Amplifiers

tolc = 50 mA
PRIMARY TYPES:
© 2N3962, 2N3964, 2N3965 TO-18
PN3962, PN4248-50,
PN5086-7, PN5138 TO-92

ABSOLUTE MAXIMUM RATINGS:

Vceo Collector to Emitter Voltage 40V .
VcBO Collector to Base Voltage 40V
VEBO Emitter to Base Voltage 6.0V
Ic Collector Current 50 mA

ELECTRICAL CHARACTERISTICS: Tp = 25°C

SYMBOL CONDITIONS NOTES | UNITS MIN TYP MAX

NF Ic =20 uA, VCE = 5.0V, Rg = 10k,

Bw =2.0Hz, f = 10 Hz dB 8.0
NF Ic =20 uA, Vcg = 5.0V, Rg = 10 k, .

Bw = 15 Hz, f = 100 Hz dB 4.0
NF dc =20 puA, Vcg =5.0V,Rg = 10 k,

Bw = 150 Hz, f = 1 kHz dB 2.0
NF Ic =20 A, VCg = 5.0V, Rg = 10k,

Bw = 1.6 Hz, f = 10 kHz dB 2.0
NF Ic =20 uA, VCg = 5.0V, Rg = 10k,

Bw = 15.7 kHz, f = 10 Hz to 10 kHz dB 2.0
hgg Ic=10uA, VCE=5.0V 75
hrg Ic =100 pA, VCg = 5.0V 80
hgrg Ic=1.0mA, Vg =5.0V 100
hrg Ic=10mA, Vcg = 6.0V 100 450 800
hgg Ic=50mA, Vg = 5.0V 50
VCE(sat) Ic=10mA, Ig = 0.5 mA \ 0.25
VBE(sat) Ic=10mA, Ig = 0.5mA v 0.90
VBE(on) Ic=20mA, VCE=560V v 0.57 0.72
BVceo Ic=560mA,Ig=0 \" 40 50
BVcBo Ic=10uA, lIg=0 v 40
BVEBO IE=10uA Ic=0 \" 6.0
IcBO Ve=20V,Vcg =0 nA 10
IEBO VEB=40V,Vgoc =0 nA 10
Cobo Veg=56.0V,f=1MHz pF 6.0
Ccb Ve =5.0V,f=1MHz pF 4.0 5.0
Ceb VEB =05V, f=1MHz pF 15
fr Ic=05mA, Vcg=5.0V, f=20MHz MHz 40
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VBE(on) - BASE TO EMITTER “ON" VOLTAGE - V

-mwW

PD - MAX POWER DISSIPATION

BASE TO EMITTER ‘ON’ VOLTAGE
vs COLLECTOR CURRENT

hFE - NORMALIZED DC PULSE CURRENT GAIN

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted

DC PULSE CURRENT GAIN vs
COLLECTOR CURRENT
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FAIRCHILD ¢ FST2019

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted
COLLECTOR SATURATION VOLTAGE CAPACITANCE vs
vs COLLECTOR CURRENT REVERSE BIAS VOLTAGE
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RS - SOURCE RESISTANCE - !

NF - NOISE FIGURE - db

TYPICAL ELECTRICAL CHARACTERISTIC CURVES
At 25°C Ambient Temperature Unless Otherwise Noted

NOISE FIGURE vs FREQUENCY
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HIGH RELIABILITY AND SPECIAL PRODUCTS

MILITARY QUALIFIED TRANSISTOR

The concept of a high-reliability transistor was primarily developed by the Military and Aerospace
agencies to meet the demands of space flight, aircraft and life support systems. The diversified
requirements of these agencies for long-term reliability has generated a well defined program for
reliability testing and stress techniques.

Since it has been proven over the years that the majority of semiconductor failures are within the first
168 hours of operation, these established test techniques are designed to remove early infant mor-
tality failures and give the user an established confidence level that the device/product will perform
to its expectations.

To meet the requirements of many transistor users, Fairchild has process controls, electrical screens
and device monitors to insure that standard products are of the highest quality. However, since many
users have applications that require every possible guarantee of long term reliability, Fairchild has a
transistor organization that specializes in high-reliability processing to individual customer require-
ments. Only the stresses that apply to the particular product requirements need be stipulated. This
basic concept has been explored by many commercial users and found to be cost effective in reduc-
ing manufacturing cost, repair costs and improving customer satisfaction.

JAN TRANSISTOR PROGRAM
The major military specification for transistors is MIL-S-19500. This specification has four reliability
levels to meet the needs and requirements of radar ground hardware to NASA flight equipment.

An agency of the government, Defense Electronic Supply Center (DESC), maintains the electrical
specifications, performs qualification and publishes a “Qualified Products List” of all vendors quali-
fied to produce material in accordance with MIL-S-19500.

The four levels of reliability are JAN, JANTX, JANTXV and JANS.

® JAN designated devices are lot screened and qualified.

® JANTX devices receive some 100 percent screening, primarily burn-in.

® JANTXV devices are screened the same as the TX but are U.S. assembled and the dice are 100%
visually inspected.

® JANS is similar to TXV but devices receive 100% screen on all parameters; this level is primarily for
NASA-type applications.

The major advantages of utilizing MIL-S-19500 products are:
Interchangeability

Multiple sources

Distributors with inventory

Less lead times

Less internal inventory

Standards established and controlled

Lower cost

MIL-S-19500 imposes standard quality requirements including calibration control, documentation, in-
coming inspection, etc. A government quality assurance representative (DCAS QAR) continually
monitors this program. These controls insure the customer the means of purchasing a product with
confidence that the material is processed and handled to controlled quality and reliability standards.
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Table 3-1
JANTX, JANTXV and JANS
100% Screening Requirements

Screen MIL-STD- Condition JANS JANTXV JANTX
750 requirements requirements requirements
method
. Internal visual 2072 For transistors 100% 100% —
(precap) inspec- 2073 For diodes when
tion 2074 specified
For diodes
. High temp Life 1032 24 hrs min. at max. 100% 100% 100%
(LTPD) rated storage temp.
(stabilization
bake)
. Thermal shock 1051 No dwell is required at 100% 100% 100%
(temperature cy- 25°C Test condition ¢
cling) 20 cycles t (ex-
tremes) > 10 minutes
. Constant accel- 2006 Y, direction at 20,000 100% 100% 100%
eration G min. except at
10,000 G min. for de-
vices with power rat-
ing of = 10 watts at
Tc = 25°C
. Particle impact 2052 100% —_ —_
noise detection
(for all devices
with an internal
cavity)
. Shock 2081 (a) 5 shocks of 1500 100% — —
G min. (1/2 ms.
rise time) in each
@) forwart.i of two perpen-
instability dicular  planes,
shock test monitored  con-
(FIST) tinuously  during
shock
(b) Backward in- 2082 (b) Vibration at 60 + 100% - —
stability 30 Hz, 0.1 inch '
shock test min. displace-
(BIST) ment for 30 s.
min.,, monitored
continuously dur-
ing vibration.
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Table 3-1
JANTX, JANTXV and JANS
100% Screening Requirements
Screen MIL-STD- Condition JANS JANTXV JANTX
750 requirements requirements requirements
method
7. Hermetic seal 1071 (a) Test condition G |Optional if done 100% 100%
(a) Fine or H, max. leak |in block 14
rate = 5x1078
atm cc/s except
5x10~7 atm cc/s
for devices with
internal cavity >
0.3 cc
(b) Gross (b) Test condition A, Optional 100% 100%
C,E, orF

8. Serialization 100% — —_

9. Interim electrical As specified 100% —_— —
parameters (Read and re-

cord)
10. High temperature 48 hrs min. at Tp =
reverse bias 150°C min. and min.
(HTRB) applied voltage as
follows:
Burn-in (for tran- 1039 Transistor - 80% min 100% 100% 100%
sistors) of rated Vg (bipolar)
or Vpc (FET), Vgs
(MFET), as applica-
ble.
Burn-in (for di- 1038 Diodes (except 100% 100% 100%
odes and rectifi- zeners) and rectifiers
ers) rated < 10 amps at
Tc = 100°C — 80%
(min) of rated VR.

11. Interim electrical As specified but in- | 100% (Read | 100% (Read | 100% (Read
and delta param- cluding all delta pa-|and record del- | and record del- | and record del-
eters rameters as a|ta parameters (ta parameters|ta parameters

minimum. Leakage | within 12 hrs |within 24 hrs|within 24 hrs
current shall be mea- | after removal of | after removal of | after removal of
sured on each device | applied voltage | applied voltage | applied voltage
before any other test |in HTRB.) in HTRB.) in HTRB.)

is made.




Table 3-1

JANTX, JANTXV and JANS
100% Screening Requirements

Screen MIL-STD- Condition JANS JANTXV JANTX
750 requirements requirements requirements
method
12. Power burn-in As specified. 100% 100% 100%
Burn-in (for tran- 1039 Transistors 240 hrs min 168 hrs min 168 hrs min
sistors)
Burn-in (for di-| 1038 | Diodes (including 240 hrs min 96 hrs min 96 hrs min
odes and rectifi- Zeners) and all rectifi-
ers) ers
Burn-in (for thyr-| 1040 | Thyristors 240 hrs min 96 hrs min 96 hrs min
istors controlled
rectifiers)
13. Final electrical As specified.
test
(a) Interim elec- All parameter mea- 100% 100% 100%
trical and del- surements must be Gp A subgroups | Gp A subgroup |Gp A subgroup
ta param. for completed within 96 | 2 and 3 and del- | 2 and delta pa- |2 and delta pa-
PDA hrs after removal from | ta parameters | rameters as a |rameters as a
(b) Other electri- burn-in conditions. as a minimum. | minimum. (Read | minimum. (Read
cal param. (Read and re-|and record del- | and record del-
cord.) ta parameters.) | ta parameters.)
14. Hermetic Seal 1071 (Same as 7 above) 100% Optional Optional
(a) Fine
(b) Gross
15. Radiography 2076 100% — —_
16. External visual 2071 To be performed after 100% —_ -
examination complete marking.




PRODUCTION PROCESS

Table 3-2
JAN, JANTX, JANTXV Flow Chart

1. RAW MATERIAL INSPECTION
2. FACTORY PROCESS kg;:ﬁ‘g:’:f“ v TEST TO VERIFY GR':,EJ;?: %
3. INTERNAL VISUAL AS TX/TXV LTPD GROUP A, DATA FOR ACCEPT OR REJECT
SPECIFIED IN THE OPERATION (SEALING) B AND C CCEPT ORREJEC
DETAIL SPECIFICA-
TION (FOR TXV ONLY)
ALL SPECIFIED TABLE Il 100 PERCENT DEVICES PROPOSED
SCREENS FOR JANTX OR JANTXV AS FOR JANTX/TXV TYPES
APPLICABLE MAINTAIN ORIGINAL JAN STOCKING
LOT IDENTITY
AND DATE CODE
PREPARATION FOR
JAN DELIVERY
RESISTANCE TO INSPECTION TESTS TO REVIEW OF GROUP
SOLVENTS VERIFY LTPD A DATA FOR
SOLDERABILITY GROUP A LOT ACCEPT OR REJECT
JANTX/TXV
PREPARATION
FOR DELIVERY
Table 3-3
JANS Flow Chart
PRODUCTION PROCESS

1. RAW MATERIAL

INTERNAL VISUAL INSPECTION

2. FACTORY PROCESSING (PRECAR)
3. PROCESS CONTROLS °
4. WATER LOT ACCEPTANCE
LOTS FORMED
Lors ’“°’;3§§'; FOR JANS AFTER FINAL ASSEMBLY
OPERATION (SEALING)
1. 100 PERCENT SCREENING
TESTS AS SPECIFIED IN TABLE I, INSPECTION TESTS TO
2. LOT REJECTION CRITERIA VERIFY LTPO
BASED ON REJECTS FROM GROUP A
BURN-IN TEST (PDA). GROUP B
3. OTHER TESTS AS SPECIFIED IN GROWP C
DETAIL SPECIFICATION.
REVIEW OF GROUPS A, B,
JANS PREPARATION FOR : B
DELIVERY AND C DATA FOR LOT

ACCEPT OR REJECT
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Table 3-4

Transistor High Reliability Military Qualified Devices®

DEVICE JAN

2N706
2N708
2N718A
2N744
2N869A
2N914
2N916
2N918
2N929
2N930
2N1131
2N1132
2N1613
2N2218
2N2218A
2N2219
2N2219A
2N2221
2N2221A
2N2222
2N2222A
2N2369A
2N2481
2N2484
2N2857
2N2904
2N2904A
2N2905
2N2905A
2N2906
2N2906A
2N2907
2N2907A
2N2919
2N2920
2N3013
2N3439
2N3440
2N3740
2N3741
2N3766
2N3767
2N5302
2N5303 X

* This list represents our current list of qualified devices. We are c«

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

ddi

JTX

xX X

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Quals., so

XV

X X X X X X X X X X

X X X X X X X X X X X X

al devices.

It your Fairchild sales representative for addition-




HIGH RELIABILITY TRANSISTORS

Customer requirements cannot always be designed around standards such as the JAN program. Fair-
child offers many packages and electrical variations not covered by the MIL-S-19500 slash sheets
and can provide high-reliability processing to any level on any transistor. Internal documents are
generated around the customer specification and Fairchild standard controls.

Since a transistor organization is established and maintained to meet the needs of the high-reliability
customer, all quality controls are maintained to meet MIL-Q-9858. Fairchild recognizes the need to
design in quality and reliability and offers all services to meet the requirements of high-reliability
customers.

FAIRCHILD HIGH RELIABILITY CAPABILITIES

Electrical Parameters - Modern computerized testing is utilized for all dc parameters, including high
and low temperatures. Individual fixtures and equipment are used for all ac testing such as NF, 100
MHz and Pind testing and other specialized tests.

Complete Stress Lab - High temperature reverse-bias burn-in @ 25°C and temperature, intermittant
operating life, high temperature storage bake, power cycle, case temperature burn-in, humidity bias
are all standard available processing.

Environmental Lab - Temperature cycling, temperature humidity, shock, vibration pneupactor, salt
atmosphere, fine and gross leak, solderability, variable frequency, X-ray, SEM, centrifuge are per-
formed routinely.

Modern Computerized Data Center - Guarantees the most accurate review of product and insures all
product to be shipped meets customer specification.

Controlled Line - Domestic manufacture of devices at Fairchild facilities on all available package
types.

Captive Line - Domestic manufacture of devices at Fairchild facilities exclusively controlled and di-
rected by the customer.

Quality System - Meets the requirements of MIL-Q-9858.

Failure Analysis Lab - A complete lab for analyzing failures utilizing the most up to date techniques
and equipment, such as SEM, auger spectrum, and spreading resistance.
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Table 3-5
Standard Hi-Reliability
Controlled Assembly Flow Chart

WAFER ELECTRICAL SORT
SCRIBE/BREAK 100% VISUAL

QA VISUAL GATE
MIL-STD-750/2072

DIE ATTACH

C) WIRE BONDING

100% 3rd OPTICAL
MIL-STD-750/2072

QA VISUAL GATE

FINAL SEAL

HERMETICITY MONITORS

TEMPERATURE CYCLE

HIGH TEMPERATURE BAKE

PNEUPACTOR

QA MECHANICAL INSPECTION GATE

100% ELECTRICAL SCREEN

MARK AND FINISH

FINAL ELECTRICAL AND VISUAL GATE

3-10

DIE ATTACH MONITOR 4 TIMES
A SHIFT PER OPER/PER MACHINE

WIRE BOND MONITOR 4 TIMES A SHIFT
PER OPER/PER MACHINE




Table 3-6
Typical Assembly For Controlled Line
e.g. Satellite Application

l

IRE BONDING
WAFER SELECTION WIRE BO

QA QUALIFICATION AND
MONITORS 4x PER SHIFT

1st OPTICAL
QA INSPECTION 100% NON-DESTRUCTIVE
MIL-STD-105 BOND PULL
1.0% AQL
WAFER ELECTRICAL 100% VISUAL
PROBE INSPECTION

3rd OPTICAL QA
INSPECTION
MIL-STD-105
1.0% AQL
SCRIBE, BREAK
PICK AND PLATE
100% VISUAL
INSPECTION
FINAL SEAL

2nd OPTICAL QA
INSPECTION
MIL-STD-105
1.0% AQL

DIE ATTACH

DIE ATTACH QA
QUALIFICATION

AND MONITORS

DIE PUSH AND
VISUAL 4x PER SHIFT
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Table 3-7
Typical Processing For
Satellite Application
(100 percent)

]

READ AND RECORD
ELECTRICAL SCREEN ELECTRICAL PARAMETERS
LIMITS
HIGH TEMPERATURE *
SERIALIZATION REVERSE BIAS
Tp=150C T = 48 HOURS
READ AND RECORD
X-RAY ELECTRICAL PARAMETERS
LIMITS AND DELTAS
HIGH TEMPERATURE DATA REVIEW
STORAGE PDA CALCULATION
Tp'=200°C T =48 HOURS

TEMPERATURE CYCLE
MIL-STD-750/ 1051

STEADY STATE OR *
INTERMITTENT OPERATING
LIFETA = 25°C T =340
HOURS

ACCELERATION
20000 G MINIMUM
Y1 AXIS
MIL-STD-750/2006

READ AND RECORD
ELECTRICAL PARAMETERS
LIMITS AND DELTAS

|

DATA REVIEW
PDA CALCULATIONS

FINE LEAK - 1 x 10 - BATM cc/sec

l

GROSS LEAK
MIL-STD-750/1071

GROUP A ACCEPTANCE

l

HOLD FOR ACCEPTANCE
OF GROUP B AND C

* Indicates general areas requiring customer or government surveillance.
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SAMPLING PLANS
Fairchild inposes sampling plans to MIL-S-19500 Table C1 and MIL-STD-105 in all phases of manu-
facture. Process controls are established from the raw silicon through final shipment to the customer.

Quality levels imposed by a customer are incorporated into Fairchild internal specifications to insure
each process step meets or exceeds customer requirements.

Table 3-8
cso/TJ'TéAPE;ET?EZREs ||, | MIL- | TABLE 11 SINGLE SAMPLING PLANS FOR NORMAL INSPECTION MASTER TABLE AGGEPTABLE QUALTY LEVELS NORMAL INSPECTION
535 5 | STD [ Sk FIRST SAMPLING PLAN ABOVE ARROW, IF SAMPLE SIZE EQUALS. OR EXCEEDS, LOT O BATGH SIZE, 0 100 PERCENT INSPECTION
LOT | GENERAL il | 105D | g USE FIRST SAMPLING PLAN BELOW ARROW. A = ACCEPTANCE NUMBER. R = REJECTION NUMBER.
BATGH | LEVELS 1284 = o ovofo.ors|o.asfo.oao]o.06s] 0.1 [0.15 025 0.0 [aes] 1.0 | 15 [ 25 [ 40 [65 [ 10 | 15 [ 25 | 40 [ 65 [ 100 150 250] ao0 [ s0 1000
I aR|an| AR |AR[AR|AR|AR|aR|AR [aR|ar|ar]ar|aR|ar]Ar|aR]AR]AR|AR]AR]AR] AR] AR [AR]AR
208 [A|A|B|A |2 Blo B2 |28 | 34| 56| 78 0111415 212203031
sto1s(alB(C|B |3 l o | l 12|23 | 34 [ 56 | 7-8 |10-11}1a-15|21-22{30-31{44-45
610258|c|D|C|5 o1 | B B | 12 |23 | 34|56 |78 [10-114-1521-22{30-31}a4-45
st50[c|0|E (D8 ot || B[ 12 | 23 | 34| 56 | 78 [10-11]14-15[21-22(30-31]aa-t5
S11090(C [E | F|E |13 o1 | [ 8|12 | 23| 34|56 |78 [10-11a-15|21-22{30-3144-45
a1to150| D | F G | F |20 ot || |12 | 23| 34 | 56 | 78 [t0-11|1a1s21-22
Bl ele|H|6 |3 ot || |12 | 23| 34| 56| 78 fro-11 14152122
Bloleln|o w50 ot | B | 8| 12| 23|34 | 56| 78 |10-11[115[2122
E F R PR R P o1 || B 12| 23|94 |56 | 78 [10-11]14-15[21-22
2l |k (LK |12s ot ||| 12 | 23] 34| 56 | 78 [10-11)1a15 2122
PO gL m|L |20 ot || Q|12 23] 34| 56 | 78 [0-1fiatsfr22
Rl k| m|N | m s o1 || B [12 2334 |56|78 10-1]14-15121-22
B0 LIN | P N 500 o1 | B | Q|12 | 283456 | 78 101114152122
100010 M| P | o P |s00 o1 | A | Q|12 | 23 |34 |56 | 7-8 [10-11[14-18[21-22
dove| M| 0| R |0

g

1250 0-1 {1223 {34 | 56|78 [10-1]1a-15)21-22
T 12 |23 34 | 56 | 78 f10-1114-15 21-22| ']
Table 3-9

MIL-M-38510 — Table B-1 :
MIL-S-19500E — Table C-1 LTPD Sampling Plans?

Minimum size of sample to be tested to assure, with a 90 percent confidence, that a lot having
percent-defective equal to the specified LTPD will not be accepted (single sample).

Max. Percent

Defective 50 |30 20|15 |10 7 5 3 2115 1.0 0.7 0.5 0.3 0.2 { 0.15 0.1

(LTPD) or A

ﬁz‘l::gs’:;e ' Minimym Sample Sizes )

(f=c+1) (For device-hours required for life test, multiply by 1000)
0 5| 8|11| 15| 22| 32| 45| 76 |116| 153 | 231| 328 | 461| 767 | 1152| 1534| 2303
1 8 |13 | 18| 25| 38| 55| 77129 (195| 258 | 390| 555 | 778 | 1296 | 1946| 2592| 3891
2 11 |18 | 25) 34| 52| 75| 105|176 | 266 354 | 533 | 759 | 1065 1773 | 2662| 3547| 5323
3 13 |22 | 32| 43 | 65| 94| 132 | 221 | 333 44{4 668 | 953 | 1337 | 2226 | 3341| 4452| 6681
4 16 |27 | 38| 52 | 78| 113 | 158 | 265 [ 398| 531 | 798 | 1140 | 1599 | 2663 | 3997 | 5327 7994
5 19 |31 | 45| 60 | 91| 131|184 | 308 [ 462| 617 | 927 | 1323 | 1855 | 3090 | 4638| 6181 9275
6 21 |35 | 51| 68 | 104 | 149 | 209 | 349 | 528| 700 | 1054 | 1503 | 2107 | 3509 | 5267 | 7019|10533
7 24 139 | 57| 77 | 116 | 166 | 234 | 390 | 589 | 783 | 1178 | 1680 | 2355 | 3922 | 5886| 784511771
8 26 |43 | 63| 85 | 128 | 184 | 258 | 431 | 648| 864 | 1300 | 1854 | 2599 | 4329 | 6498| 8660|12995
9 28 (47 | 69 93 {140 | 201 | 282 ( 471 ( 709 945 | 1421 | 2027 | 2842 | 4733 | 7103| 946814206

10 31 |51 | 75(|100 | 152 | 218 | 306 | 511 | 770(1025 | 1541 | 2199 | 3082 | 5133 | 7704 |10268 | 15407

1Sample sizes are based upon the Poisson exponential binomial limit.



HIGH RELIABILITY TERMS AND DEFINITIONS

MIL-STD-883

MIL-S-19500

MIL-M-38510
MIL-STD-750
MIL-STD-202

Slash Sheets

QPL

DESC

SEM

PDA

Group A Test

Group B

Group C

AQL

LTPD

HTRB

Military Standard for Test Methods, Microelectronics. This standard defines test
methods used to achieve three classes of reliability, Class A, B and C.

Semiconductor Devices, General Specification establishes the general requirements
for semiconductor devices.

The imposed requirements establish four levels of reliability JAN, JANTX, JANTXV
and JANS. This specification is the primary document for transistor screening to
meet the needs of various applications, from ground equipment to space flight.

Military Standard for Microelectronics or Integrated Circuits.
Test Methods for Semiconductor Devices.
Test Methods for Electronic and Electrical Component Parts.

This specification establishes and defines uniform methods for testing electronic
and electrical components parts including basic electrical, environmentals and reli-
ability screens.

Detailed electrical specifications that define the exact test conditions and limits con-
trolled by MIL-S-19500. Example: MIL-S-19500/255 is the specification for the
2N2222A.

Qualified Parts List - High reliability users often maintain a QPL that designates parts
and manufacturers that are certified for company usage. DESC maintains a QPL for
all JAN products designating qualified manufacturers to MIL-S-19500 slash sheets.

Defense Electronic Supply Center, Dayton, Ohio.

Scanning Electron Microscope. SEM inspection is often required to qualify an ex-
panded contact device for metallization step coverage.

Percent Defective Allowed - If a number of devices exceed an established level the
remainder of the I_ot is rejected.

A lot quality audit of visual and electrical parameters prior to shipment. A failure of
Group A would require a re-screen of the devices.

A lot quality audit verifying package and device functioning under control stresses. A
failure of Group B would reject the lot.

A periodic lot quality audit designed to verify package design integrity.

Acceptable Quality Level - defined as the maximum numbers of defects per 100 units
that, for purpose of sample inspection, can be considered satisfactory as a process
average.

Lot Tolerance Percent Defective - Defined in a sampling plan as the percent defec-
tive allowed with a 90 percent confidence that a lot having a percent - defective
equal to the LTPD will not be accepted.

High Temperature Reverse Bias - A stress test designed to remove product with
semiconductor (die) defects.



HIGH RELIABILITY TERMS AND DEFINITIONS

Burn-In

IOPL

HTSB

Environmental

A steady state operating life test to simulate actual device operation.

Intermittent Operating Life is designed to simulate a product that is used in a on and
off mode. Used as a stress on the package and die interface.

High Temperature Storage Bake.

Stress tests to verify that a product will perform under basic environmental and natu-
ral conditions.

Thermal Shock

Moisture Resistance

Hermeticity

Constant Acceleration

Salt Atmosphere

Temperature Cycle
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SPECIAL TRANSISTORS

As the heading indicates, the products to be discussed in this section are in some way unique from
the other discrete transistors in this catalog. Special transistors include quads, duals and microwave
devices. Also included are transistors with mechanical requirements that do not fit into mass pro-
duced commercial lines.

Quad transistors,as the name implies, have four separate chips mounted in a single package. Due to
the common “thermal environment” that results from chips being side by side in the same package,
the electrical characteristics track each other with temperature changes. This circuit-related benefit
plus space and labor savings make it advantageous to use quads in many applications. The most
common use for quads is as drivers for core memories. The most commonly used configuration is the
TO-116, a plastic dual in-line package (P-dip), that is economical and can be automatically handled
and inserted. Two such devices are the Fairchild FPQ3724 and FPQ3725. These are npn, high speed
switches designed for driving core memories.

Fairchild also manufactures quads in ceramic, both with the dual in-line pin alignment and flatpack.
The flatpack allows for maximum packing density in space critical avionic systems.

Dual transistors are offered as standard devices in TO-18 and TO-39 package outlines. The 2N2920
is a low level, high gain, low noise amplifier in the TO-39 outline. Since extra leads are required,
special JEDEC numbers have been assigned these outlines. The 6-lead TO-18 is designated the “TO-
71”, while the 6-lead TO-39 is the “TO-78". Duals can be purchased off the shelf with a variety of
voltage and gain ranges, and varying degrees of input/output matching. Custom duals are also ob-
tainable in other packages, such as the TO-86 flatpack. Duals can be used wherever matching, track-
ing, or space requirements exist for similar transistors in a circuit, such as in a differential amplifier.

Microwave transistors, used at very high frequencies, require special packaging, handling, and test-
ing. Although manufactured in relatively high volume, much of the handling and testing must be per-
formed manually and with special precautions. Typical fT for a Fairchild microwave device such as
the 2N2857 is 1 GHz.

The 2N2857 is packaged in a 4-lead TO-18 outline, with grounded case and isolated collector, and
has been designated the TO-72. Another package used is the micro-TEE, a very small package de-
signed for minimum capacitance and inductance. A device using the micro-TEE is the FMT2060. All
special transistors can be processed to “Hi-Rel” requirements. The 2N2857, as an example, has
received “QPL” status with the military Joint Army-Navy agency and is sold off the shelf as a “JAN”
transistor. Processing to a wide variety of environmental and functional conditions can be performed
to individual customer requirements.

Some other frequently manufactured products that fall into the special transistor category are “low
profile” and long (1-1/2 inch) lead packages. Devices using a package outline such as the TO-46 (a
short can TO-18) can be built on special request. Additional minimum order requirements normally
apply to products in this group.

The following table list the quads, duals and microwave special transistors which Fairchild currently
stocks.

Table 3-10
QUADS DUALS MICROWAVE
FPQ2907 | 2N2920 2N3802 2N3806 2N3811 2N4025| FMT1061 FMT1091 2N2857
FPQ3724 | 2N2920A 2N3804 2N3808 2N4017 FMT1061A FMT1190 2N5179
FPQ3725 | 2N3800 2N3805 2N3810 2N4023 FMT1090 FMT2060




TRANSISTOR UNENCAPSULATED CHIPS

GENERAL INFORMATION
The Fairchild transistor chips described are processed in Planar technology. Planar transistor chips
have the following characteristics.

Epitaxial collector for high voltage

Diffused base and emitter

Fully passivated junctions for low leakage

Aluminum metalization on topside for high current handling and excellent wire bonding.
Gold metalization on backside for excellent eutectic die attach.

VISUAL INSPECTION

Fairchild transistor dice go through extensive visual inspection during die processing (see flow
chart). Die are inspected at 40X to 100X magnification using Fairchild’s standard visual inspection
criteria. Copies of the visual inspection documents are available upon request.

OPTIONS
All transistor dice can be procured in either of the two following forms. Cavity pack is the standard
method of packaging, but wafer pack is available. (Fig. 3-2)

Cavity Pack - wafers are 100% tested, reject dice are inked and removed. Good dice are cleaned,
visualed, and shipped in individual cavities.

Wafer Pack - wafer is tested, reject dice are inked, wafer is scribed and fractured. Entire wafer is
shipped in wafer form.

STANDARD DICE SPECIFICATIONS

Transistor dice are assigned an SP number. The dice are identical to those used in the Fairchild
assembled devices. Customer requirements will be reviewed by the factory and when the specifica-
tion is negotiated satisfactorily, an SP number will be assigned.

PARAMETER GUARANTEES
Probing in die form limits testing to 25°C dc parameters only. The factory will correlate tests to be
probed to customer requirements. These probed dc tests are guaranteed to an LTPD of 10%.

The ac parameters, similar to those on Fairchild data sheets, will be correlated to selected dc pa-
rameters and are guaranteed to an LTPD of 20%.

STANDARD DICE PROCESSING
Transistor dice are produced on the same well-proven production lines that produce Fairchild’s stan-
dard encapsulated devices.



The foIIoWing flow chart shows the additional steps performed once a wafer is selected for process-
ing in die form. (Fig 3-1)

WAFER
INVENTORY

VISUAL
INSPECTION

ULTRASONIC
FREON' WASH

VISUAL
INSPECTION
FRACTURE PACK/SEAL
VISUAL
INSPECTION
SEPARATE

VISUAL
INSPECTION

Fig 3-1 Die Flow Chart

CAVITY PACK

WAFER PACK

SPECIAL PROCESSING
Special High Reliability processing is available when requested by the customer. Consult your sales
representative for details of this service.

ORDERING INFORMATION
When ordering, be sure to call out the SP number, not the 2N number. Specify the device type, quanti-
ty and the packaging method preferred.

HANDLING PRECAUTIONS
Extreme care must be used in handling unencapsulated semiconductors to avoid damage to the chip
surface. The following precautions apply.

Wafer Pack - Wafers should only be handled near the edge with round-ended stainless steel or teflon
tweezers.

Cavity Pack - Lid and anti-static mylar should be removed slowly and with extreme care to avoid
disturbing position of the dice. Dice should be handled with a smooth tipped vacuum wand only. Do
not use tweezers.

In addition, devices should be stored in an environment of not more than 30% relative humidity. Die
and wire bonding should not exceed 400°C in an inert atmosphere, or 100°C in a non-inert atmo-
sphere.



CARRIER BAG 7

MYLAR

FILTER PAPER —

CAVITY PACK

WAFER

(Scribed or Unscribed)

WAFER PACK

Fig 3-2

CAVITY PACK — DICE ARE PLACED IN INDIVIDUAL COMPART-
MENTS. THE PLASTIC SNAP CLIPS PERMIT INSPECTION AND RE-
SEALING.

“—— CARDBOARD

LABEL

WAFER PACK — ENTIRE WAFER IS SANDWICHED BETWEEN
TWO PIECES OF MYLAR AND VACUUM SEALED IN A PLASTIC
ENVELOPE.

Standard Packaging
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RELIABILITY

FAIRCHILD SECOND GENERATION TO-92 PACKAGE

DESIGNED FOR RELIABILITY

Designed for maximum reliability, the Fairchild second generation TO-92 package is a significant
step forward in plastic transistor packaging. Tests performed during development show it to be clear-
ly superior to previous Fairchild and competitors’ TO-92.

The Current TO-92 is the result of a two-year development program. Twenty different material sys-
tems and designs were thoroughly evaluated in detail during this program. The result is a package
that incorporates the best features of many systems. The following data describes the product, de-
sign, controls imposed upon manufacture, and a summary of the reliability history.

TO-92 Features

The TO-92 package features a copper frame and epoxy encapsulation. (Figure 4-1) The copper
frame provides maximum power dissipation (nominally up to 625 mW) and the epoxy encapsulation
ensures mechanical integrity and resistance to moisture penetration. Die attach is a eutectic system,
employing a scrub process to give optimum mechanical strength and thermal dissipation. The gold
bond wires are attached using a thermal-compression ball-bonding system.

Dice are manufactured using the Planar process; top-side metalization is aluminum and all dice are
silicon-nitride passivated. This system offers a high degree of device stability as demonstrated in our
continuing Reliability Monitor Programs which includes High Temperature Reverse Bias, Intermittent
Operating Life and High Temperature storage.

AXIAL MOLDING
COMPOUND INJECTION

PASSIVATED DIE

COPPER <—— EPOXY PACKAGE
FRAME

LOCKING TABS

U \

U U
Fig. 4-1 TO-92 Package
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Why Is The FSC TO-92 More Reliable?

Copper Frame: The frame, vertical in relationship to the top-side injection eliminates wire wash/
thermal intermittency problems since the epoxy flows in the same axis as the wire (Figure 4-2). This
process yields consistent wire placement and reduces the possibility of wire sag.

Fig. 4-2 TO-92 Frame After Lead Bonding

TWN YIELDS CONSISTENT
DIRECTION OF MOLD
INJECTION WIRE PLACEMENT

Fig. 4-3 TO-92 Lead Frame

Improved Frame Metallurgy: The lead frame is copper with a clad metal system rather than conven-
tional plating, in the die-attach and lead-bond areas. The cladding process gives a uniform thickness
and density. A consistent surface improves process control by elimination of the variables (density,
porosity, thickness) associated with an electroplate process. Improvements in the metallurgy also
give a uniformly high-quality die attach and consistently high thermal dissipation, resulting in higher
overall reliability. An improved frame bonding system (Figure 4-3) with higher pull strength reduces
non-sticking wire bonds.
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Passivated Die: Silicon-nitride passivation (Figure 4-4) is deposited as a part of the wafer-fab pro-
cess and eliminates the need for junction coat, one of the major causes of wire-bond failures in TO-92
packages. This process provides a stable device surpassing silicon or junction coating device per-
formance.

Epoxy Package: Epoxy encapsulant has caused a significant improvement in Wet High Temperature
Reverse Bias (WHTRB) and other moisture resistance tests. This encapsulant has a high level of
cleanliness which, when coupled with silicon-nitride passivation, provides an optimized die-surface
environment.

The dimensions of the new epoxy package are compatible with what has now become known as the
industry-standard TO-92 package.

Die Before Passivation Die After Silicon Nitride Passivation, Note Bond Pad Cut-Outs.

Fig. 4-4 Die Passivation

Process Controls

The Fairchild TO-92 flow (Table Il) incorporates numerous process-control monitors and inspections,
each of which is a documented Quality Assurance procedure. The controls are designed to ensure a
uniformly high-quality product by detection and correction of process drift and segregation of defec-
tive product. Some typical controls are:

Wafer Fabrication

® Continuous monitor of environment for temperature, humidity and airborne particle count.
® QA visual inspection after each masking step.

® Metal thickness and scanning electron microscope monitors on aluminum.

® Final QA visual and electrical gates for all product released to assembly.

Assembly

Scribe and break visual-inspection gate.

Die-attach monitor—visual and die-shear tests.
Lead-bond monitor—visual and bond-pull-strength tests.
Pre-mold visual-inspection gate.

X-ray monitor of molded product.




Test

All Fairchild TO-92's are subjected to a comprehensive 100% test program. While the test program
is frequently tailored to the customer requirements, i.e., expected reliability performance, it frequent-
ly includes double-pass dc testing and parametric testing at elevated temperatures.

The customer frequently prepares specifications based on performance in a specific application.
While this is acceptable to the intended performance expectations, it frequently overlooks the poten-
tial reliability improvements gained in 100% test. Fairchild’s approach is to work with the customer to
develop a complete test specification to meet the customer’s application requirements, yet screen
out marginal or maverick devices from the product distribution. Such programs are normally based on
the Fairchild die specifications and the customer’s application needs.

Outgoing Inspection Levels
The standard outgoing-inspection levels for TO-92 transistors are shown in table 1 below. The table
represents the minimum inspection levels; tighter AQLs may be negotiated where required.

Table 4-1
DC ELECTRICALS (combined) .3% AQL Level 11
CATASTROPHIC FAILURES 0.065% AQL Level 11
(opens, shorts)
VISUAL MECHANICALS 0.65% AQL Level 11

RELIABILITY MONITORS

Fairchild maintains a continuous reliability monitor on all small-signal product lines. This monitor pro-
gram provides both a measure of the reliability of the product being shipped and a program of data
analysis to provide an early warning of process drift and potential reliability problems before they
impact the product. An example of the type programs now in place, the consumer reliability testing
program for TO-92 transistor, is shown in (Figure 4-5).
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WAFER INVENTORY

ASSEMBLY INCOMING

INSPECTION
QA GATE
SCRIBE AND BREAK
DIE SORT
DIE VISUAL
SORT GATE
DIE ATTACH
ﬁ 5 QA MONITOR
WIRE BOND
ﬂ QA MONITOR
PRE-SEAL
VISUAL

PRE-SEAL VISUAL
QA GATE

MOLD

QA MONITOR

MOLD DEFLASH

POST MOLD CURE

LEAD FINISH

QA GATE

ELECT. AND VISUAL

TO-92 Devices After Lead Bonding

Finished TO-92 Devices

Table 4-2 TO-92 Assembly Flow Diagram
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T0-92
LOT
MOISTURE THERMAL THERMAL
RESISTANCE SHOCK INTERMITTENTS
HIGH TEMP WET
STORAGE HTRB

INTERMITTENT

HTRB
OP LIFE

FAILURE CRITERIA
Failures are defined as:
Castastrophic opens or shorts
Intermittent opens or shorts
Changes in hpg greater than 25%, measured at the nominal conditions specified*

IcES or icBO readings greater than 1uA or the specification limit plus the initial readings,
whichever is greater

VCE (sat) and VBE(sat) changes greater than 25%, to be measured at the nominal condition

FAILURE ANALYSIS

A failure analysis for each failed device must be performed to ascertain the mechanisms involved and
produce positive identification of the failure. Where applicable, corrective action is taken on the
process or material causing the failure.

Fig. 4-5 Consumer Reliability Testing
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DIE

The reliability of all transistor products starts in the wafer fabrication process. Fairchild has long
recognized this fundamental principle and has structured all wafer fab processes with die reliability
as a principle objective. The modern wafer-fab area is controlled and maintained to insure environ-
mental jeopardies to device reliability are within specified control limits.

Dice are manufactured using the Planar process; metalization is aluminum, and all dice are gold
backed. This system offers a high degree of device stability as is evident in the reliability data pre-
sented as a part of this discussion.

SILICON NITRIDE PASSIVATION

In 1576 Fairchild introduced the low-temperature silicon-nitride-passivated small-signal transistor.
Silicon nitride has long been recognized as an optimum die-passivation process. However, the high
temperatures required in the process prohibited its use as a final or “over-metal” passivation. The
low-temperature deposition process changed that limitation. The Fairchild process of silicon-nitride
deposition over the aluminum, with a plasma etch to open bonding pads, provides a product with all
the optimum characteristics of silicon-nitride passivation. The plasma-etch process is self quenching
(on aluminum), which allows over etching without degrading the aluminum. This feature eliminates the
problems in other passivation systems of residual passivation in the bond cut and subsequent bond
degradation or failure.

The result: a die passivation that is a part of the die-manufacturing process, deposited in the con-
trolled fab environment. The “sealed” die is then impervious to many of the hostile environmental
jeopardies of test and assembly. The metalization on the die is now protected from scratch and
smear damage common to assembly, and the impact of particles shorting is negligible. The die is also
protected from the free ion failure mechanisms inherent in plastic packaging.

Today all Fairchild small-signal transistors are silicon-nitride passivated, which contributes a major
part of the reliability demonstrated by the current Fairchild Small Signal Transistor.

METAL CAN RELIABILITY

The reliability performance of metal-can transistors is maintained through advanced design con-
cepts, stringent process controls and a continuous reliability monitor program. These programs are
designed to ensure that reliability is designed and built in, not tested in. Fairchild’s controls are
maintained to these standards to insure that all products shipped are of the highest quality and
reliability available.

Fairchild offers design advantages with long term reliability as their basis.

e Silicon nitride passivation—The application of a nitride passivation has added reliability to the
overall metal-can package. This surface passivation acts as a barrier to metal particles, eliminates
surface metalization damage during assembly and acts as a retardant to contaminants.

® Gold eutectic die attach—All Small Signal packages.

® Coined header—The TO-39 packages utilize a coin-header design with a solid-steel base to pro-
vide greater power dissipation and safety margin over similar products supplied in a glass-filled
package.

® 1.25 mil bonding wire— 1.25 mil wire is used, as opposed to the standard 1.0 mil wire, for a greater
bond pull strength and reduced bond failures.

These design advantages in conjunction with process controls, quality gates, and monitor and reli-

ability programs make Fairchild a leader in metal-can reliability performance. The reliability summary
data indicates high performance in the major reliability areas of environmental and burn-in.
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Table 4-3

METAL CAN RELIABILITY

ENVIRONMENTAL
Mil-Std-750 Lots Devices Devices Percent
Test Method Tested Tested Failed Failure
Temperature 1051 36 829 0 0
Cycle
Thermal
Shock 1056 33 1204 [o] 0
Salt
Atmosphere 1041 21 381 1 0.26
Moisture 1021 34 830 1 0.12
Resistance
Hermetic Seal 1071 38 1081 0 0
Fine/Gross
L
BURN-IN
MIL-STD-750 Lots Devices Device Device Failure Rate
Test Method Tested Tested Hours Failures %/ 1000 Hrs.
Steady State/Inter- 1026 . o
mittent Operating Life 1036 “ 1985 1,654,708 4 0-24%

*Delta and Limit Failures combined.










MANUFACTURING SECTION

Fairchild small signal transistors are manufactured in two stages. Wafer fabrication takes place in
Mountain View, California. Next, the assembly and test operation occurs at Fairchild locations in the
Far East. This combination of manufacturing efforts provides an optimum climate for the production of
high-volume, cost-effective and highly reliable small signal transistors. Offshore operations, which
were established in 1960, are constantly updating equipment and technology in order to achieve the
most efficient operation available. This photo section details a number of important aspects of this
operation.
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FAIRCHILD PACKAGE OUTLINES

JEDEC TO-18 OUTLINE

.230 (5.84]
.195 (4.95) ._TLzo (5.31)
178 (4.52) ——1-*———1 DIA.
DIA. |
.210(5.33)
030(0.762) 170(4.32)
SEATING

PLANE 1 /lJ “

3 LEADS °
019 (0.483) .500 (12.70)
.—(M(OA ) H H MIN.

DIA.

.100 (2.54)
.050 (1.27) T.P.
TP
e NO. 2
%
N\

LEAD NO. 3

LEAD NO. 1 CASE

45°T. P
.046 (1.17] ;
036 0518 Z—&}:Ag,—gf,L,
TO-18
NOTES:
Leads are gold-plated kovar
Lead 3 connected to case

8 mil kovar header
Package weight is 0.44 gram

JEDEC TO-52 OUTLINE

296498
s (4.52)
DIA.
.030 (0.762) 50‘; 81)
MAX, TTG“TQ‘.’)T
SEATING J—. 1
PLANE | UU T
. .500 (12.70)
3 LEADS MIN.
.019 (0.483)
016 (0.408)
DIA.
100 (2.54)
T.P.
LEAD NO. 2
LEAD NO. 1 ¢ LEAD NO. 3
CASE
GLASS

046 (1.17

JEDEC TO-39 OUTLINE
.370 (9.40)
238 @51) - 360 (8.90)
.315 (8.00)

DIA
DIA.
.040 ( 1 ,02) l

SEATING l

PLANE /u T
.600 (12.70)
3 LEADS N

.019 (0.483)
016 (0 406) u U ﬂ I

LEAD NO. 2 .200 (5.08) T.P.
\ ‘ 100 (2.54) T.P.

.034 (0.864) .040 (1.02)
028 (0.771) 35‘5'}&5%)
TO-39
NOTES:

Leads are solder dipped kovar
Lead 3 connected to case

This is a standard package and does not fall

into the “special” classification
Package weight is 0.76 gram

TO-52

NOTES:

Leads are gold-plated kovar
Lead 3 connected to case

8 mil kovar header

Package weight is 0.31 gram

All dimensions in inches (bold) and millimeters (parentheses)




FAIRCHILD PACKAGE OUTLINES

JEDEC TO-72 OUTLINE

.230 (5.84)
.195(4.95) —'2_09 (5.37)
178 (4.52) = DIA.

" DIA.
030 0762) 210 5.33)
*7‘1 oL(a‘sz)
SeaTING
PLANE T ' *
4 LEADS 500 (1 270

018 (0 483

100 (254
080 1. 27)J*—T F5

i LEAD NO. 2
‘ LEAD NO. 3
T t GLASS

48° TP (52X teap No. 4
CASE

¥
045;1 17) YA
36 (0.914) L"%;'g%
TO-72
NOTES:

Leads are gold-plated kovar

Lead 4 connected to case

Collector electrically isolated from case
Package weight is 0.36 gram

JEDEC TO-78 OUTLINE

...370 (9.40)
.335 (8.51) 35°DI‘§89‘
7305 (7.75) — -

DIA. .
.040 (1.916) —F
MAX. 1185 (4.69)
465 (4.19)
SEATING - f
PLANE | U U U t
4 LEADS J .500 (12.70)
.019 (0.483 ) MIN.
7016 (0.406) H U
DIA.
.200 (5.08)T.P.
LEAD NO. 2 100 (2.54)T.P.

LEAD NO. 1~ RN GLass

45° T.P. ; . LEADNO. 3

.034 (0.864) L 045 (1.13)

028(0.711) (0.737)

LEAD NO. 4

JEDEC TO-71 OUTLINE

- e
195 (4.95) 7 .209 (5.31
78 (a5 T | DA
DIA. h
210(532)
.030 (0.762) .170 (4.32)
MAX.
SEATING ([~
PLANE |
6 LEADS 500 (12.70)
019 (0.483) MIN.
1016 (0.406) |
° DIA.
.100 (2.54)
T.P. 1050 (1.27)
LEAD NO. 3 T.P.
LEAD NO. 2 GLASS
LEAD NO. 1
x LEAD NO. §
45°T.P. LEAD NO. 6
N \, LEAD NO. 7
o4 L17) 4 L 048 (1.22)
036 10.912) oaa(om)
- TO-71
NOTES:

Leads are gold-plated kovar

Lead 3 internally connected to one island
Lead 7 internally connected to other |sland
Leads 4 and 8 omitted

8 mil kovar header .

Package weight is 0.60 gram

T0-78

NOTES:

Leads are solder dipped to seating plane
Four leads thru

50 mil kovar header

Package weight is-1.08 grams

All dimensions in inches (bold) and millimeters (parentheses)




FAIRCHILD PACKAGE OUTLINES

JEDEC TO-78 OUTLINE

.370(9.39)
,335 (8.51) ‘335 (851)
7305 (7.75) — :
DIA. ‘
.040 (1.916)
MAX. .185 (4.69)
1 65 (4.19)
SEATING 7

¥
e MLl
oo 00"

t——.200 (5.08)T.P.

GLASS
N

NN
034 (0.864) N\ .045(1.14)

02810.717) 0250737

JEDEC TO-92 OUTLINE

.205 (5.20)
175 (4.45)
DIA.

.210 (5.33)
170 (4 32)
1
l SEATING
T U U U PLANE
.475 (12.06) 3 LEADS
-525(13.39) .016 x .020 TYP.
1 - (0.406x0.508)
_.135(3.43) .
MIN.
100 (2.54)_| ,
T.P.
.050 (1.27)
T.P.
i l
165 (4.19)
125 (3.18) Em-E-c—
106267)\ 1 2 3
.078(1.98)
106 (2.67)
.080 (2.03)

r,100 (2.54)T.P.

TO-78 (dual)

NOTES:

Leads are solder dipped to within .040 of
seating plane

Six leads through

Leads 2 and 6 are omitted

50 mil kovar header

Package weight is 0.95 gram

TO-92

NOTES:

Package material is transfer molded
thermosetting plastic

Package weight is 0.25 gram

Leads are solder dipped.

TO-92 PIN CONFIGURATION
PIN 1 PIN 2 PIN3
E B 9]
C B E
E C B

All dimensions in inches (bold) and millimeters (parentheses)




JEDEC TO-116 OUTLINE

045 ( 1.143) /
.035 (.889)

{050 (1.27) NOM. DIA.
IDENTIFICATION
010 (.254) DP MAX.

5° 027 (.686)
2 I‘— | 023 (.584)
_L i
g _ —

== Sl }

1006 (152) ' :
004 (.102) :085 (2.159) 1058 (1.473)
075 (1.905) 052(1.321)

All dimensions in inches (bold) and millimeters (parentheses)

1025 (0.64) 54»
.020 (0.51)
.~ 770 (19.56) QZ
740 (18.80)
302 012 (0.30)
Hﬁﬁﬁﬁfﬁﬁh Topyees
LI 045 (1.14) %%
10 ]“ 035 (0.69) 1110 (2.80)
.260 (6.60) Q - 090 (2.29)
2406101 085 (2.16) . 050 (1.27)
14 075 (1.90) 1040 (1.02)
.080 (2.03)
= = 070(1.78) -
065 (1.65)
045 (1.14) 020 (0.51)
_ { .010(0.25)
T == —rrs
.200 (5.08)— 015 (0.38)
MAX. NOM.
SEATING y e
PLANE | i ¥
| 011 (0.28)
l 2009 (0.23)
150 (3.81) F : |
.100 (2.54)
s ; Egao) #*l — L« »H* %E%t'gfi—:; !<~ 375 (9.52) —»
99957 STANDOFF 037 (0.94) NOMm.
WIDTH 027 (0.69) TO-116
NOTES:
Pins are tin plated kovar
*Package material varies depending on the
product line
Pins are intended for insertion in hole rows
on .300” (7.62) centers
They are purposely shipped with “positive”
misalignment to facilitate insertion
Board-drilling dimensions should equal
your practice for .020 (0.508) inch
TO-120 diameter pin
(Micro-TEE) **Notch or ejector hole varies depending on
the product line
Package weight is 0.9 gram
CATHODE | ANODE
/ | 016 (.406)
/ . | 1012 (.305)
' 4
.085 (2.159) — s :}\ F-———
075 (1.905) ‘f TEAD NO.1

TO-120 (Micro-TEE)

NOTES:

Leads are nickel-plated copper alloy
Package material is plastic

Package weight is 0.015 gram
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TRANSISTOR SYMBOLS, TERMS AND DEFINITIONS

Ambient

Surrounding, e.g. ambient temperature is room tempera-
ture.

Ampere

The rate or flow of electrons; a unit of electrical current.
One ampere equals a flow of one coulomb per second. A
current of one ampere results from one volt across one
ohm of resistance.

Amplifier

A device or system that produces an enlarged replica of
an input signal using a power source other than the input
signal.

B, b* Base

A region which lies between an emitter and collector of a
transistor and into which minority carriers are injected.
Bias

The electrical or rhagnetic force applied to a device to
establish an electrical reference level for device oper-
ation.

Breakdown

A phenomenon occurring in a reverse-biased semicon-
ductor junction, the initiation of which is observed as a
transition from a region of high small-signal resistance to
a region of substantially lower small-signal resistance
for an increasing magnitude of reverse current.
Breakdown Region

A region of the volt-amphere characteristic beyond the
initiation of breakdown for an increasing magnitude of re-
verse current.

Breakdown Voitage

The voltage measured at a specified current in a break-
down region.

BVcgo Collector-Base Breakdown Voltage

The breakdown voltage of the collector base junction
when reverse biased with the emitter terminal open.
BVceo Coliector-Emitter Breakdown Voltage

The collector-to-emitter breakdown voltage with the
base terminal open circuited.

BVcgeRr Collector-Emitter Breakdown Voltage

The collector-to-emitter breakdown voltage with the
base connected to the emitter through a resistor.

BVcgs Collector-Emitter Breakdown Voltage

The breakdown voltage of the transistor when the col-
lector is reverse biased with respect to the emitter and
the base is terminated through a short circuit to the emit-
ter.

Capacitance

When potential differences exist between conductors,
the property that permits the storage of electrically sep-
arated charges is capacitance.

Interterminal Capacitance
(Collector-to-Base)

Ccb

The direct interterminal capacitance between the collec-
tor and base with the collector-base junction reverse
biased and the emitter terminal open circuited to dc, but
as connected to the guard terminal of a 3-terminal
bridge. This capacitance includes the interelement ca-
pacitance plus capacitance to the shield where the
shield is connected to one of the terminals under mea-
surement.

Interterminal Capacitance
(Emitter to Base)

Ceb

Capacitance measured with the emitter base reverse
biased, the collector open circuited but ac connected to
the guard circuit.

Chip (Semiconductor)
The substrate on which all active and passive compo-
nents of a circuit are fabricated, also called a die.

Open-Circuit Input Capacitance
(Common-Base)

Cibo

The capacitance measured across the emitter and base
terminals with the collector open circuited for ac.

Open-Circuit Output Capacitance
(Common-Base)

Cobo

The capacitance measured across the collector and
base terminals with the emitter open circuited to ac.

C,c

A region through which a primary flow of charge carriers
leaves the base.

Collector

Conductance

A physical property that serves to indicate the power
loss due to heat dissipation or other permanent radi-
ation, or loss of electromagnetic energy from a circuit.

*Note: References to base, collector, and emitter symbolism (B, b, C, c, E, and e) refer to the device terminals connected to those regions.

7-3




TRANSISTOR SYMBOLS, TERMS AND DEFINITIONS

Cib Reverse Transfer Capacitance

In common-base configuration.

Cre Reverse Transfer Capacitance

In common-emitter configuration

Diffusion

A process that causes one material to permeate an-
other; the movement from an area of high concentration
to an area of low concentration.

Discrete Device

An electrical component such as a capacitor or a tran-
sistor, as opposed to an integrated circuit which may
contain many- discrete devices.

E, e' Emitter

A region from which charge carriers that are minority
carriers in the base are injected into the base.

Encapsulation

The process of applying a cured-plastic protective hous-
ing to components.

Epitaxial

Relating to the formation of a single crystal layer, orient-
ed in the same direction as the substrate, on a crystal-
line substrate.

F Frequency

The number of occurrences of an interactive happening
per unit of time.

fc Cut-off frequency

fhte Small-Signal Short-Circuit
Forward-Current Transfer-
Radio Cutoff Frequency
(Common-Emitter)

The lowest frequency at which the magnitude of the
small-signal short-circuit forward-current transfer ratio
is 0.707 of its value at a specified low frequency (usually
1 kHz or less).

ft Current-Gain-Bandwidth Product

Frequency at which smali-signal forward-current trans-
fer ratio (common-emitter) extrapolates to unity. The
product of the modulus (magnitude) of the common-emit-
ter small-signal short-circuit forward current transfer ra-
tio, hge, and the frequency of measurement when this

‘frequency is sufficiently high so that the modulus of the

hfe is decreasing with a slope of approximately 6 dB per
octave.

Geometry (device)

The layout of the components and interconnects on the
die.

Gp Large-Signal Insertion Power Gain
(Common-Emitter)

The ratio, usually expressed in dB, of the signal power
delivered to the input. .

hgg Current Gain

The ratio of collector current (Ic) to the base current (Ig)
at a specified collector-emitter voltage.

hfe Smali-Signal Short-Circuit
Forward-Current Transfer Ratio
(Common-Emitter)

The ratio of the ac output current to the small-signal ac
input current with the output short circuited to ac. This
small signal-current gain is measured at a relatively low
frequency, usually 1 kHz. :

hte Small-Signal Short-Circuit
Forward-Current Transfer Ratio
(Common-Emitter)

The ratio of the ac output current to the small-signal ac
input current with the output short circuited to ac.

hjg Static Input Resistance
(Common-Emitter)

The ratio of the dc base-emitter voltage to the dc base
current.

hje Smali-Signal Short-Circuit Input
Iimpedance (Common-Emitter)

The ratio of the small-signal ac base-emitter voltage to
the ac base current with the collector short circuited to
the emitter for ac.

hje (imag) |maginary Part of the
Small-Signal Short-Circuit
Input Impedance, (Common-
Emitter)

The ratio of the out-of-phase (imaginary) component of
the small-signal ac base-emitter voltage to the ac base
current with the collector terminal short circuited to the
emitter terminal for ac. '

*Note: References to base, collector, and emitter symbolism (B, b, C, c, E, and e) refer to the device terminals connected to those regions.

7-4




TRANSISTOR SYMBOLS, TERMS AND DEFINITIONS

hie (real) Real Part of the Small-
Signal Short-Circuit
Input Impedance,
(Common-Emitter)

The ratio of the in-phase (real) component of the small-
signal ac base-emitter voltage to the ac base current
with the collector teminal short circuited to the emitter
terminal for ac.

hoe Small-Signal Open-Circuit
Output Admittance,
(Common-Emitter)

The ratio of the ac collector current to the small-signal
ac collector-emitter voltage with the base terminal open
circuited to ac.

hoe (imag) Imaginary Part of the
Small-Signal Open-Circuit
Output Admittance,
(Common-Emitter)

The ratio of the ac collector current to the out-of-phase
(imaginary) component of the small-signal collector-
emitter voltage with the base terminal open circuited to
ac.

hoe (real) Real Part of the Small-Signal
Open-Circuit Output
Admittance, (Common-Emitter)

The ratio of the ac collector current to the in-phase
(real) component of the small-signal collector-emitter
voltage with the base terminal open circuited to the ac.
Ig Base Current (continuous)

The maximum base current which the transistor can han-
dle without failure.

IB (pk) Base Current (peak)

The peak base current which the transistor can handle
without catastrophic failure. Time must be considered.
Ic Collector Current (continuous)

The maximum dc collector current which the transistor
can handle on a continuous basis without failure.

Ic (pk) Collector Current (peak)

The peak collector current which the transistor can han-
dle without castastrophic failure. Time must be consid-
ered.

Ig Emitter Current (continuous)

The maximum continuous emitter current which the tran-
sistor can carry without failure.

IcBp Collector Cutoff Current

Collector current measured with the collector-base junc-
tion reverse biased and the emitter terminal open.

IcEQ Collector Cutoff Current

Collector-emitter current measured with the collector-
base junction reverse biased and the emitter terminal
open.

IceEr Collector Cutoff Current

Collector current measured with the collector-base junc-
tion reverse biased and the base terminal connected to
the emitter through a resistor.

Ices Collector Cutoff Current

Collector current measured with the collector reverse
biased with respect to the emitter and the base terminal
shorted to the emitter.

Icev Collector Cutoff Current

The dc current into the collector terminal when it is
biased to the reverse direction with respect to the emit-
ter terminal and the base terminal is returned to the emit-
ter terminal through a specified voltage.

Icex Collector Cutoff Current

Collector current measured with the collector reverse
biased with respect to the emitter and the base terminat-
ed with a specified circuit between base and emitter.

-lgego Emitter Cutoff Current

The emitter current as measured when the emitter-base
junction is reverse biased and the collector terminal is
open. ) .

Junction

A connection between two or more conductors,.or be-
tween dissimilar metals. Also, the transition between p-
type and n-type semiconductor materials.

Junction, Collector '

A semiconductor junction normally biased in the high-re-
sistance direction, the current through which can be
controlled by the introduction of minority carriers into the
base.

Junction, Emitter

A semiconductor junction normally biased in the low-re-
sistance direction to inject minority carriers into the
base. ’
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TRANSISTOR SYMBOLS,

TERMS AND DEFINITIONS

Junction, Transistor

A transistor with alternating p and n-type sections in
groups of three; hence pnp and npn transistors.

Kovar

An alloy of iron, nickel, and cobalt used for headers and
seals because of expansion and thermal characteristics
similar to glass, silicon, and alumina.

Lead Frame

That part of the lead assembly that holds the leads in
place prior to encapsulation and is cut away after.
Open Circuit

A circuit shall be considered as open circuited if halving
the magnitude of the terminating impedance does not
produce a change in the parameter being measured
greater than the required accuracy of the measurement.

Parameter

A definable constant whose value affects other varia-
bles in a circuit or system. A variable that can be as-
signed a constant value for a specific function. A
measurable aspect of performance.

Passivation

A process that provides electrical stability by isolating
the circuit elements from environmental electrical and
chemical conditions, accomplished by the growth of an
oxide layer on the surface of the semiconductor device.
Pp Total Device Power Dissipation

The maximum power which the device can dissipate reli-
ably at the specified case temperature. Case tempera-
ture must be controlled and second-breakdown
limitations observed.

Pout Output Power
R Resistance

rb’Cc Collector-Base Time Constant
The product of the intrinsic base resistance and collec-
tor capacitance under specified small-signal conditions.

RBe Base-Emitter Resistance

Reverse Direction

The direction of current flow which results when the n-
type semiconductor region is at a positive potential rela-
tive to the p-type region.

Rics Thermal Resistance,
Case-To-Heat-Sink

The termal resistance from the case of the transistor to
its mounting surface.

Rija Thermal Resistance,
Junction-To-Ambient

The thermal resistance (resistance to heat flow) from
the junction of the transistor to the ambient.

Saturation

A base-current and a collector-current condition result-
ing in a forward-biased collector junction.

Semiconductor Device

A device whose essential characteristics are due to the
flow of charge carriers within a semiconductor.

Semiconductor Junction

A region of transition between semiconductor regions of
different electrical properties (e.g., n-nt, p-n, p-pt
semiconductors), or between a metal and a semicon-
ductor.

Short Circuit

A circuit in which doubling the magnitude of the terminat-
ing impedance does not produce a change in the param-
eter being measured that is greater than the required
accuracy of the measurement.

Small Signal

A signal which when doubled in magnitude does not pro-
duce a change in the parameter being measured that is
greater than the required accuracy of the measurement.

Static Value

A non-varying value or quantity of measurement at a
specified fixed point, or the slope of the line from the
origin to the operating point on the appropriate charac-
teristic curve.

Switching Times

Common-emitter switching parameters consist of tq, t,
ts, and ty. In the following circuit, drive-circuit conditions
and collector-circuit conditions must be specified. The
transition times of the input must be negligible compared
to the measured times.




TRANSISTOR SYMBOLS

, TERMS AND DEFINITIONS

tq Delay Time

The time interval during turn-on from the point when
the input pulse at the base reaches 10% of its full
amplitude to the point when the collector pulse
changes from 0 to 10% of its maximum amplitude.

t; Rise Time

The time interval during turn-on in which the collector
pulse changes from 10% to 90% of its maximum am-
plitude.

tg Storage Time

The time interval during turn-off from the point when
the turn-off pulse at the base changes from 100% to
90% of its full amplitude to the time when the collec-
tor current has changed from 100% to 90% of its
maximum amplitude.

t¢ Fall Time

The time interval during turn-off in which the collector
pulse decreases from 90% to 10% of its maximum
amplitude.

toff Turn-Off Time

The sum of tg + t¢

ton Turn-On Time

The sum of tq + t,

tp Pulse Time

The time duration from the point on the leading edge
which is 50% of the maximum amplitude to a point on
the trailing edge which is 50% of the maximum ampli-
tude.

tw Pulse Average Time

The time duration from the point on the leading edge
which is 50% of the maximum amplitude to a point on
the trailing edge which is 50% of the maximum ampli-
tude.

Ta Ambient Temperature or Free Air
Temperature

The air temperature measured below a device, in an en-
vironment of substantially uniform temperature cooled
only by natural air convection and not materially affected
by reflective and radiant surfaces.

Tc Case Temperature

The temperature of the transistor package or case, mea-
sured at a specific point.

tqg See Switching Times.

Terminal

An externally available point of connection to one or
more electrodes.

tf See Switching Times.

Thermal Resistance (Steady State)

The temperature difference between two specified
points or regions divided by the power dissipation under
conditions of thermal equilibrium.

Ty Junction Temperature

The junction temperature of the transistor.

tott See Switching Times.

Vee

ToN=tg*tf
TOFF=ts*tf

90%

in

Vee

Cout
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TRANSISTOR SYMBOLS, TERMS AND DEFINITIONS

ton See Switching Times.
tp See Switching Times.
t; See Switching Times.

Transient Thermal Impediance

The change of temperature difference between two
specified points or regions at the end of a time interval
divided by the step-function change in power dissipation
at the beginning of the same time interval causing the
change of temperature difference.

Transistor

An active semiconductor device capable of providing
power amplification and having three or more terminals.

Transistor, Junction, Multijunction Type

A transistor having a base and two or more junctions.
Below are the graphic symbols for emitter, base, collec-
tor transistors. In the graphic symbols, the envelope is
optional if no element is conected to the envelope.

Tstg Storage Temperature

The minimum and maximum storage temperature under
which the device can be safely stored without causing
damage.

tw See Switching Times.

VBB Supply Voltage, dc (Base)

The dc supply voltage applied to a circuit connected to
the base.

VBg Base-Emitter Voltage

The base-emitter voltage as measured with the collector
current and collector-current and collector-emitter volt-
age specified.

VBE (sat) Base-Emitter Saturation Voltage

The base-emitter voltage as measured with conditions
as specified for VGE (sat)-

Vce Collector-Base Voltage

The maximum voltage which may be applied across the
collector-base terminals with base termination speci-
fied.

Vceo Collector-Base Voltage

The maximum voltage which may be applied to the col-
lector-base terminals with the emitter terminal open.

Vcc Supply Voltage dc, (Collector)

The dc supply voltage applied to a circuit connected to
the collector.

Vceo Collector-Emitter Voitage

The maximum voltage which may be applied to the col-
lector-emitter terminals with the base terminal open.

VCEO (sus) Collector-Emitter
Sustaining Voltage

Collector-to-emitter breakdown voltage with the base
terminal open. The voltage specified is at the lowest por-
tion of any negative resistance region on the voltage-
breakdown characteristic curve.

Vcer Collector-Emitter Voltage

The maximum voltage which may be applied between
the collector and the emitter with the base terminal con-
nected through a resistor to the emitter.

VCER (sus) Collector-Emitter
Sustaining Voltage

The collector-emitter voltage obtained by reverse-bias-
ing the collector with respect to the emitter and the base
terminated through a resistor to the emitter. Test current
must be the proper magnitude so that the voltage mea-
sured is at the lowest point of any negative resistance
region on the characteristic breakdown curve.

NPN
COLLECTOR

BASE

EMITTER

PNP
COLLECTOR

BASE

EMITTER
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TRANSISTOR SYMBOLS, TERMS AND DEFINITIONS

Vces Collector-Emitter Voltage

The maximum voltage which may be applied between
the collector and emitter with the base terminal shorted
to the emitter terminal.

VCE (sat) Collector-Emitter
Saturation Voltage

The dc voltage measured between the collector-emitter
terminals at specified current conditions.

VEBO Enmitter-Base Voltage

The maximum voltage which may be applied to the emit-
ter-base terminals with the collector terminal open.

VEc Enmitter-to-Collector dc Voltage

n Efficiency







SALES OFFICES, SALES REPS,
DISTRIBUTORS







Fairchild Franchised United States and
Semiconductor Distributors Canada
Alabama Elmar Electronics Winois

Hallmark Electronics

4739 Commercial Drive

Huntsville, Alabama 35805

Tel: 205-837-8700 TWX: 810-726-2187

Hamiiton/Avnet Electronics

4692 Commercial Drive

Huntsville, Alabama 35805

Tel. 205-837-7210

Telex: None — use HAMAVLECB DAL 73-0511
(Regional Hq. in Dallas, Texas!

Arizona

Hamilton/Avnet Electronics

2615 S. 21st Street

Phoenix, Arizona 85034

Tel: 602-275-7851 TWX: 910-951-1535

Kierulff Electronics
4134 East Wood Street
Phoenix, Arizona 85040
Tel: 602-243-4101

Liberty Electronics

8155 North 24th Ave.

Phoenix, Arizona 85021

Tel. 602-249-2232 TWX: 910-951-4282

California

Avnet Electronics

350 McCormick Avenue

Costa Mesa, California 92626

Tel: 714-754-6111 (Orange County)
213-558-2345 (Los Angeles)

TWX: 910-595-1928

Bell Industries

Electronic Distributor Division

1161 N. Fair Oaks Avenue
Sunnyvale, California 94086 .

Tel: 408-734-8570 TWX: 910-339-9378

Eimar Electronics

2288 Charleston Rd.

Mountain View, California 94042

Tel: 415-961-3611 TWX: 910-379-6437

Hamilton Electro Sales

10912 W. Washington Blvd.

Culver City, California 90230

Tel: 213-558-2121 TWX: 910-340-6364

Hamilton/Avnet Electronics

1175 Bordeaux Drive

Sunnyvale, California 94086

Tel: 408-743-3355 TWX: 910-379-6486

Hamilton/Avnet Electronics

8917 Complex Drive

San Diego, California 92123

Tel: 714-279-2421

Telex: HAMAVELEC SDG 69-5415

Intermark Electronics, Inc.
4040 Sorrento Valley Blvd.
San Diego, California 92121
Tel: 714-279-5200

Intermark Electronics, Inc.
1802 East Carnegie Avenue
Santa Ana. California 92705
Tel. 714-540-1322

Liberty Electronics

124 Maryland Street

El Segundo, California 90245

Tel. 213-322-8100 TWX: 910-348-7111

Liberty Electronics/San Diego

8248 Mercury Court

San Diego, California 92111

Tel: 714-565-9171 TWX: 910-335-1590

Colorado

Century Electronics

8155 West 48th Avenue

Wheatridge, Colorado 80033

Tel. 303-424-1985 TWX: 910-938-0393

Cramer Electronics

5465 East Evans Place at Hudson
Denver, Colorado 80222

Tel 303-758-2100

6777 E. 50th Avenue
Commerce City, Colorado 80022
Tel: 303-287-9611 TWX: 910-936-0770

Hamilton/Avnet Electronics

5921 N. Broadway

Denver, Colorado 80216

Tel: 303-534-1212 TWX: 910-931-0510

Connecticut

Cramer Electronics

12 Beaumont Road
Wallingford. Connecticut 06492
Tel: 203-265-7741

Hamilton/Avnet Electronics

643 Danbury Road

Georgetown, Connecticut 06829

Tel: 203-762-0361

TWX: None — use 710-897-1405
(Regional Hq. in Mt. Laurel, N.J.)

Harvey Electronics

112 Main Street

Norwalk, Connecticut 06851
Tel: 203-853-1515

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury. Connecticut 06810
Tel: 203-792-3500

Florida

Arrow Electronics

1001 Northwest 62nd Street
Suite 402

Ft. Lauderdale, Florida 33309
Tel: 305-776-7790

Arrow Electronics .
115 Paim Bay Road N.W.
Suite 10 Bidg. #200

Paim Bay. Florida 32905
Tel: 305-725-1408

Cramer Electronics

345 North Graham Avenue
Orlando, Florida 32814
Tel: 305-894-1511

Hallmark Electronics

1302 W. McNab Road

Ft. Lauderdale, Florida 33309

Tel: 305-971-9280 TWX. 510-956-3092

Hallmark Electronics

7233 Lake Ellenor Drive

Orlando, Florida 32809

Tel: 305-855-4020 TWX. 810-850-0183

Hamilton/Avnet Electronics

6800 N.W. 20th Avenue

Ft. Lauderdale, Florida 33309

Tel: 305-971-2900 TWX. 510-954-9808

Hamilton/Avnet Electronics
3197 Tech Drive, North
St. Petersburg, Florida 33702

Schweber Electronics

2830 North 28th Terrace

Hollywood, Florida 33020

Tel: 305-927-0511 TWX: 510-954-0304

Georgia

Arrow Electronics

3406 Oak Cliff Road
Doraville, Georgia 30340
Tel. 404-455-4054

Hamilton/Avnet Electronics

6700 Interstate 85 Access Road, Suite 1E

Norcross, Georgia 30071

Tel: 404-448-0800

Telex. None — use HAMAVLECB DAL 73-0511
(Regional Hq. in Dallas, Texas)
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Hallmark Electronics, Inc.

180 Crossen Avenue

Elk Grove Village, lllinois 60007
Tel: 312-437-8800

Hamilton/Avnet Electronics

3901 N. 25th Avenue

Schiller Park, lllinois 60176

Tel: 312-678-6310 TWX. 910-227-0060

Kierulff Electronics

1536 Landmeier Road

Elk Grove Village, lllinois 60007

Tel: 312-640-0200 TWX: 910-227-3166

Schweber Electronics, Inc.

1275 Bummel Avenue

Elk Grove Village, lllinois 60007

Tel: 312-593-2740 TWX: 810-222-3453

Semiconductor Specialists, Inc.
(mailing address)

O'Hare International Airport
P.O. Box 66125

Chicago, lllinois 60666

(shipping address)

195 Spangler Avenue

Eimhurst Industrial Park

Elmbhurst, Illinois 60126

Tel: 312-279-1000 TWX: 910-254-0169

Indiana

Graham Electronics Supply, Inc.

133 S. Pennsylvania St.

Indianapolis, Indiana 46204

Tel: 317-634-8486 TWX: 810-341-3481

Kansas

Hallmark Electronics, Inc

11870 W. 91st Street

Shawnee Mission, Kansas 66214
Tel: 913-888-4746

Hamilton/Avnet Electronics

9219 Guivira Road

Overland Park, Kansas 66215

Tel: 913-888-8900

Telex: None — use HAMAVLECB DAL 73-0511
(Regional Hq. in Dallas, Texas!

Louisiana

Sterling Electronics Corp.

4613 Fairfield

Metairie, Louisiana 70002

Tel: 504-887-7610

Telex: STERLE LEC MRIE 58-328

Maryland

Hallmark Electronics, Inc
6655 Amberton Drive
Baltimore, Maryland 21227
Tel: 301-796-9300

Hamilton/Avent Electronics
(mailing address)

Friendship International Airport
P.O. Box 8647

Baitimore, Maryland 21240

(shipping address)

7235 Standard Drive

Hanover, Maryland 21076

Tel: 301-796-5000 TWX: 710-862-1861
Telex: HAMAVLECA HNVE 87-968

Pioneer Washington Electronics, Inc.
9100 Gaither Road

Gaithersburg, Maryland 20760

Tel: 301-948-0710 TWX: 710-828-9784

Schweber Electronics

9218 Gaither Road

Gaithersburg, Maryland 20760

Tel: 301-840-5900 TWX: 710-828-0536



Massachusetts

Cramer Electronics

85 Wells Avenue

Newton Centre, Massachusetts 02159
Tel: 617-964-4000

Gerber Elegtronics

852 Providence Highway

U.S. Route 1

Dedham, Massachusetts 02026
Tel: 617-329-2400

Hamilton/Avnet Electronics

100 E. Commerce Way

Woburn, Massachusetts 01801

Tel: 617-933-8000 TWX: 710-332-1201

Harvey Electronics

44 Hartwell Avenue

Lexington, Massachusetts 02173

Tel: 617-861-9200 TWX: 710-326-6617

Schweber Electronics

25 Wiggins Avenue

Bedford, Massachusetts 01730
Tel: 617-275-5100

Michigan

Hamilton/Avnet Electronics

32487 Schoolcraft

Livonia, Michigan 48150

Tel: 313-522-4700 TWX: 810-242-8775

Pioneér/Detroit

13485 Stamford
Livonia, Michigan 48150
Tel: 313-525-1800

R-M Electronics

4310 Roger B. Chaffee
Wyoming, Michigan 49508
Tel: 616-531-9300

Schweber Electronics
33540 Schoolcraft
Livonia, Michigan 48150
Tel: 313-525-8100

Sheridan Sales Co.

24543 indoplex Drive
Farmington, Michigan 48024
Tel: 313-477-3800

Minnesota

Arrow Electronics

5251 West 73rd Street
Edina, Minnesota 55435
Tel: 612-830-1800

Hamilton/Avnet Electronics

7449 Cahill Road ‘

Edina, Minnesota 55435

Tel: 612-941-3801

TWX. None — use 910-227-0060
Regional Hq. in Chicago, lIl.

Schweber Electronics

7402 Washington Avenue S.
Eden Prairie, Minnesota 55344
Tel: 612-941-5280

Missouri

Halimark Electronics, Inc.
13789 Rider Trail

Earth City, Missouri 63045
Tel: 314-291-5350

Hamilton/Avnet Electronics

396 Brookes Lane

Hazelwood, Missouri 63042

Tel: 314-731-1144 TWX: 810-762-0606

New Jersey

Hamilton/Avnet Electronics

10 Industrial Road

Fairfield, New Jersey 07006

Tel: 201-575-3390 TWX: 710-994-5787

*Minority Distributor

Hamilton/Avnet Electronics

113 Gaither Drive

East Gate Industrial Park

Mt. Laurel, N.J. 08057

Tel: 609-234-2133 TWX: 710-897-1405

Schweber Electronics

18 Madison Road

Fairfield, New Jersey 07006

Tel: 201-227-7880 TWX: 710-480-4733

Sterling Electronics

774 Pfeiffer Bivd.

Perth Amboy, N.J. 08861

Tel: 201-442-8000 Telex: 138-679

Wilshire Electronics
102 Gaither Drive

Mt. Laurel, N.J. 08057
Tel: 215-627-1920

Wilshire Electronics

1111 Paulison Avenue

Clifton, N.J. 07011

Tel: 201-365-2600 TWX: 710-989-7052

New Mexico

Century Electronics

11728 Linn Avenue

Albugquerque, New Mexico 87123

Tel: 505-292-2700 TWX: 910-989-0625

Hamilton/Avnet Electronics

2450 Byalor Drive S.E.

Albuquerque, New Mexico 87119

Tel: 505-765-1500

TWX: None — use 910-379-6486
Regional Hg. in Mt. View, Ca.

New York
Arrow Electronics
900 Broadhollow Road

Farmingdale, New York 11735 Tel: 516-694-6800

*Cadence Electronics

40-17 Oser Avenue
Hauppauge, New York 11787
Tel: 516-231-6722

Cramer Electronics

129 Oser Avenue
Hauppauge, New York 11787
Tel: 516-231-5682

Cramer Electronics

6716 Joy Road

E. Syracuse, New York 13057
Tel: 315-437-6671

Components Plus, Inc

40 Oser Avenue

Hauppauge, L.1., New York 11787
Tel: 516-231-9200 TWX: 510-227-9869

Hamilton/Avnet Electronics

167 Clay Road

Rochester, New York 14623

Tel: 716-442-7820

TWX: None — use 710-332-1201
-Regional Hg. in Burlington, Ma.

Hamilton/Avnet Electronics

6500 Joy Road

E. Syracuse, New York 13057

Tel: 315-437-2642 TWX: 710-541-0959

Hamilton/Avnet Electronics

70 State Street

Westbury, LI, New York 11590

Tel: 516-333-5800 TWX: 510-222-8237

Rochester Radio Supply Co., Inc.
140 W. Main Street

+P.O. Box 1971. Rochester, New York 14603

Tel: 716-454-7800

Schweber Electronics

Jericho Turnpike

Westbury, L.1., New York 11590

Tel: 516-334-7474 TWX: 510-222-3660

Jaco Electronics, Inc.

145 Oser Avenue

Hauppauge, L.I., New York 11787
Tel: 516-273-1234 TWX: 510-227-6232
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Summit Distributors, Inc.

916 Main Street

Buffalo, New York 14202

Tel: 716-884-3450 TWX: 710-522-1692

North Carolina

Cramer Electronics

938 Burke Street

Winston Salem, North Carolina 27102
Tel: 919-725-8711

Hamilton/Avnet

2803 Industrial Drive

Raleigh, North Carolina 27609
Tel: 919-829-8030

Halimark Electronics

1208 Front Street, Bidg. K

Raleigh, North Carolina 27609

Tel: 919-823-4465 TWX: 510-928-1831

Resco

Highway 70 West

Rural Route 8, P.O. Box 116-8
Raleigh, North Carolina 27612
Tel: 919-781-5700

Pioneer/Carolina Electronics

103 Industrial Drive

Greensboro, North Carolina 27406
Tel: 919-273-4441

Ohio

Hamilton/Avnet Electronics

761 Beta Drive, Suite E

Cleveland, Ohio 44143

Tel: 216-461-1400

TWX: None — use 910-227-0060
Regional Hg. in Chicago, Il

Hamilton/Avnet Electronics

954 Senate Drive

Dayton, Ohio 45459

Tel: 513-433-0610 TWX: 810-450-2531

Pioneer/Cleveland
4800 E. 131st Street
Cleveland, Ohio 44105
Tel: 216-587-3600

Pioneer/Dayton

1900 Troy Street

Dayton, Ohio 45404

Tel: 513-236-9900 TWX: 810-459-1622

Schweber Electronics

23880 Commerce Park Road
Beachwood, Ohio 44122

Tel: 216-464-2970 TWX: 810-427-9441

Sheridan/Cleveland

Unit 28

Versaplex Bldg.

701 Beta Drive

Cleveland, Ohio 44143

Tel: 216-461-3300 TWX: 810-427-2957

Sheridan Sales Co

+mailing address

P.O. Box 37826

Cincinnati, Ohio 45222

+shipping address

10 Knolicrest Drive

Reading, Ohio 46237

Tel: 513-761-5432 TWX: 810-461-2670

Oklahoma

Hallmark Electronics

4846 S. 83rd East Avenue

Tulsa, Oklahoma 74145

Tel: 918-835-8458 TWX: 910-845-2290

Radio Inc. Industrial Electronics
1000 S. Main

Tulsa, Oklahoma 74119

Tel: 918-587-9123



Pennsylvania

Hallmark Electronics, Inc

458 Pike Road

Huntingdon Valley, Pennsyivania 19006
Tel. 215-355-7300 TWX. 510-667-1727

Pioneer. Delaware Valley Electronics
141 Gibraltar Road

Horsham, Pennsylvania 19044

Tel: 215-674-4000 TWX. 510-665-6778

Pioneer Electronics. Inc

560 Alpha Drive

Pittsburgh, Pennsylvania 15238

Tel: 412-782-2300 TWX. 710-795-3122

Schweber Electronics

101 Rock Road

Horsham, Pennsylvania 19044
Tel: 215-441-0600

Sheridan Sales Company

4297 Greensburgh Pike

Suite 3114

Pittsburgh. Pennsylvania 15221
Tel: 412-351-4000

South Carolina

Dixie Electronics, Inc.

P.O. Box 408 (Zip Code 29202
1900 Barnwell Street

Columbia, South Carclina 29201
Tel: 803-779-5332

Texas

Allied Electronics

401 E. 8th Street

Fort Worth, Texas 76102
Tel: 817-336-5401

Cramer Electronics

13740 Midway Road, Suite 700
Dallas, Texas 75240

Tel: 214-661-9300

Hallmark Electronics Corp.
10109 McKalla Place Suite F
Austin, Texas 78758

Tel: 512-837-2814

Hallma+k Eiectronics
9333 Forest Lane
Dallas, Texas 75231
Tel: 214-234-7300

Hallmark Electronics. Inc.
8000 Westglen

Houston, Texas 77063
Tel: 713-781-6100

Hamilton/Avnet Electronics

4445 Sigma Road

Dalias, Texas 75240

Tel: 214-661-8661

Telex: HAMAVLECB DAL 73-0511

Hamilton/Avnet Electronics

3939 Ann Arbor

Houston, Texas 77042

Tel: 713-780-1771

Telex: HAMAVLECB HOU 76-2589

Schweber Electronics, Inc.

14177 Proton Road

Dallas, Texas 75240

Tel: 214-661-5010 TWX: 910-860-5493

Schweber Electronics, Inc.

7420 Harwin Drive

Houston, Texas 77036

Tel: 713-784-3600 TWX: 910-881-1109

Sterling Electronics

4201 Southwest Freeway

Houston, Texas 77027

Tel: 713-627-9800 TWX: 901-881-5042
Telex: STELECO HOUA 77-5299

Utah

Century Electronics

2258 S. 2700 West

Salt Lake City, Utah 84119

Tel: 801-972-6969 TWX. 910-925-5686

Hamilton/Avnet Electronics

1585 W. 2100 South

Salt Lake City, Utah 84119

Tel: 801-972-2800

TWX: None — use 910-379-6486
(Regional Hg. in Mt. View, Ca.l

Washington

Hamilton/Avnet Electronics

14212 N.E. 21st Street

Bellevue, Washington 98005

Tel: 206-746-8750 TWX: 910-443-2449

Liberty Electronics

1750 132nd Avenue N.E

Bellevue, Washington 98005

Tel: 206-453-8300 TWX: 910-444-1379

Radar Electronic Co.. Inc

168 Western Avenue W.

Seattle, Washington 98119

Tel: 206-282-2511 TWX: 910-444-2052

Wisconsin

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin, Wisconsin 53151
Tel: 414-784-4510

Marsh Electronics, Inc

1563 S. 100 Street
Milwaukee, Wisconsin 53214
Tel: 414-475-6000

Canada

Cam Gard Supply Ltd.

640 42nd Avenue S.E.

Calgary, Alberta, T2G 1Y6, Canada
Tel. 403-287-0520 Telex: 03-822811

Cam Gard Supply Ltd.

16236 116th Avenue

Emonton, Aiberta T5M 3U4, Canada
Tel: 403-453-6691 Telex: 03-72960

Cam Gard Supply Ltd

4910 52nd Street

Red Deer, Alberta, T4N 2C8, Canada
Tel: 403-346-2088

Cam Gard Supply Ltd.

825 Notre Dame Drive

Kamloops, British Columbia, V2C 5N8, Canada
Tel: 604-372-3338

Cam Gard Supply Ltd.

1777 Ellice Avenue

Winnepeg. Manitoba, R3H OW5, Canada
Tel: 204-786-8401 Telex: 07-57622

Cam Gard Supply Ltd.

Rookwood Avenue

Fredericton, New Brunswick, E3B 4Y9, Canada
Tel: 506-455-8891

Cam Gard Supply Ltd.

15 Mount Royal Blvd.

Moncton, New Brunswick. E1C 8N6. Canada
Tel: 506-855-2200

Cam Gard Supply Ltd.

3065 Robie Street

Halifax, Nova Scotia, B3K 4P6, Canada
Tel: 902-454-8581 Telex: 01-921528

Cam Gard Supply Ltd.

1303 Scarth Street

Regina, Saskatchewan, S4R 2E7, Canada
Tel: 306-525-1317 Telex: 07-12667

Cam Gard Supply Ltd.

1501 Ontario Avenue

Saskatoon, Saskatchewan, S7K 1S7, Canada
Tel: 306-652-6424 Telex: 07-42825
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Electro Sonic Industnial Sales
(Toronto) Ltd.

1100 Gordon Baker Rd

Willowdale, Ontario, M2H 3B3, Canada
Tel. 416-494-1666

Telex: ESSCO TOR 06-22030

Future Electronics Corporation
130 Albert Street

Ottawa, Ontario, K1P 5G4, Canada
Tel: 613-232-7757

Future Electronics Corporation

44 Fasket Drive, Unit 24

Rexdale, Ontario, MOW 1KS, Canada
Tel: 416-677-7820

Future Electronics Corporation

5647 Ferrier Street

Montreal, Quebec, H4P 2K5, Canada
Tel: 514-735-5775

Hamiiton/Avnet International

(Canadal Ltd.

6291 Dorman Rd., Unit 16

Mississauga, Ontario, L4V 1H2, Canada
Tel: 416-677-7432 TWX: 610-492-8867

Hamilton/Avnet International
(Canadal Ltd

1735 Courtwood Crescent
Ottawa, Ontario, K1Z 5L9, Canada
Tel: 613-226-1700

Hamilton/Avnet International

(Canadal Ltd.

2670 Paulus Street

St. Laurent, Quebec, H4S 1G2, Canada
Tel: 514-331-6443 TWX: 610-421-3731

R.A.E. Industrial Electronics, Ltd.
3455 Gardner Court

Burnaby, British Columbia Z5G 4J7
Tel:-604-291-8866 TWX: 610-929-3065
Telex: RAE-VCR 04-54550

Semad Electronics Ltd.

625 Marshall Ave., Suite 2

Dorval, Quebec, HOP 1E1, Canada
Tel: 514-636-4614 TWX: 610-422-3048

Semad Electronics Ltd.

105 Bribane Avenue

Downsview, Ontario, M3J 2K6, Canada
Tel: 416-663-5670 TWX: 610-492-2510

Semad Electronics Ltd.

1485 Laperriere Avenue

Ottawa, Ontario, K1Z 788, Canada
Tel: 613-722-6571 TWX: 610-562-8966



Fairchild Sales United States and
Semiconductor Representatives Canada
Alabama Maryland Oklahoma

Cartwright & Bean, Inc.

2400 Bob Wallace Ave., Suite 201
Huntsville, Alabama 35805

Tel: 205-533-3509

California

Celtec Company

18009 Sky Park Circle Suite B

Irvine, California 92715

Tel: 714-557-5021 TWX: 910-595-2512

Celtec Company

7867 Convoy Court, Suite 312

San Diego, California 92111

Tel: 714-279-7961 TWX: 910-335-1512

Magna Sales, Inc.

3333 Bowers Avenue

Suite 295

Santa Clara, California 95051

Tel: 408-985-1750 TWX: 910-338-0241

Colorado

Simpsoh Associates, Inc.

2552 Ridge Road

Littleton, Colorado 80120

Tel: 303-794-8381 TWX: 910-935-0719

Connecticut

Phoenix Sales Company

389 Main Street

Ridgefield, Connecticut 06877

Tel: 203-438-9644 TWX: 710-467-0662

Florida

Lectromech, Inc.

303 Whooping Loop

Altamonte Springs, Florida 32701

Tel: 305-831-1577 TWX: 810-853-0262

Lectromech, Inc.

2280 U.S. Highway 19 North
Suite 119 Bidg. L
Clearwater, Florida 33515
Tel: 813-726-0541

Lectromech, Inc.

17 E. Hibiscus Blvd.
Suite A

Melbourne, Florida 32901
Tel: 305-725-1950

Lectromech, Inc.

1350 S. Powerline Road, Suite 104
Pompano Beach, Florida 33060

Tel: 305-974-6780 TWX: 510-954-9793

Georgia

Cartwright & Bean, Inc.

P.O. Box 52846 (Zip Code 30355

90 W. Wieuca Square, Suite 155
Atlanta, Georgia 30342

Tel: 404-255-5262 TWX: 810-751-3220

linois

Micro Sales, Inc.

2258-B Landmeir Road

Elk Grove Village, lllinois 60007

Tel: 312-956-1000 TWX: 910-222-1833

Kansas

B.C. Electronic Sales, Inc.

P.O. Box 12485, Zip 66212

8190 Nieman Road

Shawnee Mission, Kansas 66214

Tel: 913-888-6680 TWX: 910-749-6414

B.C. Electronic Sales, Inc.
6405 E. Kellogg

Suite 14

Wichita, Kansas 67207
Tel: 316-684-0051

Delta Il Associates

1000 Century Plaza Suite 224
Columbia, Maryland 21044

Tel: 301-730-4700 TWX: 710-826-9654

Massachusetts

Spectrum Associates, Inc.

888 Worcester Street

Wellesley, Massachusetts 02181

Tel: 617-237-2796 TWX: 710-348-0424

Minnesota

PSI Company

720 W. 94th. Street

Minneapolis, Minnesota 55420

Tel: 612-884-1777 TWX: 910-576-3483

Mississippi

Cartwright & Bean, Inc
P.O. Box 16728

5150 Keele Street
Jackson, Mississippi 39206
Tel: 601-981-1368

Missouri

B.C. Electronic Sales, Inc.

300 Brookes Drive, Suite 206
Hazelwood, Missouri 63042

Tel: 314-731-1255 TWX: 910-762-0600

New Jersey

Lorac Sales, Inc.

580 Valley Road

Wayne, New Jersey 07470

Tel: 201-696-8875 TWX: 710-988-5846

New York

Lorac Sales, Inc.

550 Old Country Road, Room 410
Hicksville, New York 11801

Tel: 516-681-8746 TWX: 510-224-6480

Tri-Tech Electronics, Inc.

3215 E. Main Street

Endwell, New York 13760

Tel: 607-754-1094 TWX: 510-252-0891

Tri-Tech Electronics, Inc.
590 Perinton Hills Office Park
Fairport, New York 14450
Tel: 716-223-5720

Tri-Tech Electronics, Inc.

6836 E. Genesee Street

Fayetteville, New York 13066

Tel: 315-446-2881 TWX: 710-541-0604

Tri-Tech Electronics, Inc.

19 Davis Avenue
Poughkeepsie, New York 12603
Tel: 914-473-3880

North Carolina

Cartwright & Bean, Inc.

1165 Commercial Ave.
Charlotte, North Carolina 28205
Tel: 704-377-5673

Cartwright & Bean, Inc.

P.O. Box 18465

3948 Browning Place

Raleigh, North Carolina 27619
Tel: 919-781-6560

Ohio

The Lyons. Corporation

4812 Frederick Road, Suite 105
Dayton, Ohio 45414

Tel: 513-278-0714

The Lyons Corporation

6151 Wilson Mills Road, Suite 101
Highland Heights, Ohio 44143
Tel: 216-461-8288

Technical Marketing

9717 E. 42nd Street, Suite 221
Tulsa, Oklahoma 74101

Tel: 918-622-5984

Oregon

Magna Sales, Inc.

8285 S.W. Nimbus Ave., Suite 138
Beaverton, Oregon 97005

Tel: 503-641-7871

Pennsylvania

BGR Associates

2500 Office Center

2500 Maryland Road

Willow Grove, Pennsylvania 19090
Tel: 215-657-3301

Tennessee

Cartwright & Bean, Inc.
P.O. Box 4760

560 S. Cooper Street
Memphis, Tennessee 38104
Tel: 901-276-4442

Cartwright & Bean, Inc.
8705 Unicorn Drive

Suite B120

Knoxville, Tennessee 37919
Tel: 615-693-7450

Texas

Technical Marketing

3320 Wiley Post Road

Carroliton, Texas 75006

Tel: 214-387-3601 TWX: 910-860-5158

Technical Marketing
6430 Hillcroft, Suite 104
Houston, Texas 77036
Tel: 713-777-9228

Utah

Simpson Associates, Inc.
P.O. Box 151430

Sait Lake City, Utah 84115
Tel: 801-571-7877

Washington

Magna Sales, Inc.

Ben Aroya Business Park
Building 3, Suite 115
300-120th Avenue, N.E.
Bellevue, Washington 98004
Tel: 206-455-3190

Wisconsin

Larsen Associates

10855 West Potter Road

Wauwatosa, Wisconsin 53226

Tel: 414-258-0529 TWX: 910-262-3160

Canada

R.N. Longman Sales, Inc. (L.S.1}

1715 Neyerside Drive

Suite 1

Mississauga, Ontario, L5T 1C5 Canada
Tel: 416-625-6770 TWX: 610-492-8976

R.N. Longman Sales, Inc. (L.S.1.)
16891 Hymus Bivd.

Kirkland, Quebec

HOH 3L4 Canada

Tel: 514-694-3911

TWX: 610-422-3028



Fairchild Sales United States and
Offices Canada
Alabama Massachusetts Canada

Huntsville Office

Executive Plaza

Suite 107

4717 University Drive, N.W.
Huntsville, Alabama 35805
Tel: 205-837-8960

Arizona

Phoenix Office

4414 N. 19th Avenue 85015

Suite G

Tel: 602-264-4948 TWX: 910-951-1544

California

Los Angeles Office”

Crocker Bank Bldg.

15760 Ventura Bivd. Suite 1027
Encino 91436

Tel 213-990-9800 TWX: 910-495-1776

Santa Ana Office*

2101 E. 4th Street 92705

Bldg B, Suite 185

Tel. 714-558-1881 TWX: 910-595-1109

Santa Clara Office*

3333 Bowers Avenue

Suite 299

Santa Clara, 95051

Tel: 408-987-9530 TWX: 910-338-0241

Florida

Ft. Lauderdale Office

Executive Plaza

Suite 300-8

1001 Northwest 62nd Street

Ft. Lauderdale, Florida 33309

Tel: 305-771-0320 TWX: 510-955-4098

Orlando Office*

Crane’s Roost Office Park

303 Whooping Loop

Altamonte Springs 32701

Tel: 305-834-7000 TWX: 810-850-0152

inois

Chicago Office

The Tower - Suite 610
Rolling Meadows 60008
Tel: 312-640-1000

Indiana

Ft. Wayne Office

2118 Inwood Drive 46805

Suite 111

Tel: 219-483-6453 TWX: 810-332-1507

Indianapolis Office

Room 205

7202 N. Shadeland 46250

Tel: 317-849-5412 TWX: 810-260-1793

Kansas

Kansas City Office
Corporate Woods

10875 Grandview, Suite 2255
Overland Park 66210

Tel: 913-649-3974

Maryland

Columbia Office*

1000 Century Plaza

Suite 225

Columbia, Maryland 21044

Tel: 301-730-1510 TWX: 710-826-9654

*Field Application Engincer

Boston Office*

888 Worcester Street

Wellesley Hills 02181

Tel: 617-237-3400 TWX: 710-348-0424

Michigan

Detroit Office*

Johnston Building, Suite 24

20793 Farmington Road

Farmington Hills 48024

Tel: 313-478-7400 TWX: 810-242-2973

Minnesota

Minneapolis Office*

7600 Parklawn Avenue

Room 251

Edina 55435

Tel: 612-835-3322 TWX: 910-576-2944

New Jersey

Wayne Office*

580 Valley Road 07490

Suite 1

Tel: 201-696-7070 TWX: 710-988-5846

New Mexico

Alburquerque Office

2403 San Mateo N.E. 87110

Plaza 13

Tel: 505-265-5601 TWX: 910-379-6435

New York

Melville Office

275 Broadhollow Road 11746

Tel: 516-293-2900 TWX: 510-224-6480

Poughkeepsie Office
19 Davis Avenue 12603
Tel: 914-473-5730 TWX: 510-248-0030

Fairport Office

260 Perinton Hills Office Park
Fairport 14450

Tel: 716-223-7700

Ohio

Dayton Office

4812 Frederick Road 45414

Suite 105

Tel: 513-278-8278 TWX: 810-459-1803

Pennsylvania

Philadelphia Office

2500 Office Center

2500 Maryland Road

Willow Grove, Pennsylvania 19090
Tel: 215-657-2711

Texas

Dallas Office

13771 N. Central Expressway 75231
Suite 809

Tel: 214-234-3391 TWX: 910-867-4757

Houston Office

6430 Hillcroft 77081

Suite 102

Tel: 713-771-3547 TWX: 910-881-8278

Toronto Regional Office

Fairchild Semiconductor

1590 Matheson Blvd., Unit 26
Mississauga, Ontario L4W 1J1, Canada
Tel: 416-625-7070 TWX: 610-492-4311




Fairchild

Sales
Offices

International

Australia

Fairchild Australia Pty Ltd.
72 Whiting Street
Artarmon 2064

New South Wales
Australia

Tel: Sydney (02)-438-2733

(mailing address)*
P.O. Box 450
North Sydney 2060
New South Wales
Australia

Austria and Eastern Europe
Fairchild Electronics

A-1010 Wien

Schwedenplatz 2

Tel: 0222 635821 Telex: 75096

Brazil

Fairchild Semicondutores Ltda
Caixa Postal 30407

Rua Alagoas, 663

01242 Sao Paulo, Brazil

Tel: 66-9092 Telex: 011-23831
Cable: FAIRLEC

France

Fairchild Camera & Instrument S.A
121, Avenue d'ltalie

75013 Paris, France

Tel: 331-584-55 66

Telex: 0042 200614 or 260937

Germany

Fairchild Camera and Instrument (Deutschland
Daimierstr 15

8046 Garching Hochbruck

Munich, Germany

Tel: (089 320031 Telex: 52 4831 fair d

Fairchild Camera and Instrument (Deutschland!
Koenigsworther Strasse 23

3000 Hannover

W-Germany

Tel: 0511 17844 Telex: 09 22922

Fairchild Camera and Instrument (Deutschiand
Postrstrasse 37

7251 Leonberg

W-Germany

Tel: 07152 41026 Telex: 07 245711

Fairchild Camera and Instrument (Deutschland
Waldluststrasse 1

8500 Nuernberg

W-Germany

Tel: 0911 407005 Teiex: 06 23665

Hong Kong

Fairchild Semiconductor (HK) Ltd.
135 Hoi Bun Road

Kwun Tong

Kowloon, Hong Kong

Tel: K-890271 Telex: HKG-531

Italy

Fairchild Semiconduttori, S.P.A.

Via Flamenia Vecchia 653

00191 Roma, Italy

Tel: 06 327 4006 Telex: 63046 (FAIR ROM)

Fairchild Semiconduttori S.P.A.
Via Rosellini, 12

20124 Milano, ltaly

Tel: 02 6 88 74 51 Telex: 36522

Japan

Fairchild Japan Corporation
Pola Bldg.

1-156-21, Shibuya

Shibuya-Ku, Tokyo 150

Japan

Tel: 03 400 8351 Telex: 242173

Korea

Fairchild Semikor Ltd.

K2 219-6 Gari Bong Dong

Young Dung Po-Ku

Seoul 150-06, Korea

Tel: 85-0067 Telex: FAIRKOR 22705

(mailing address)
Central P.O. Box 2806

Mexico

Fairchild Mexicana S.A.

Blvd. Adolofo Lopez Mateos No. 163
Mexico 19, D.F.

Tel: 905-563-5411 Telex: 017-71-038

Scandinavia

Fairchild Semiconductor AB
Svartengsgatan 6

$-11620 Stockholm

Sweden

Tel: 8-449255 Telex: 17759

Singapore

Fairchild Semiconductor Pty Ltd

No. 11, Lorong 3

Toa Payoh

Singapore 12

Tel: 531-066 Telex: FAIRSIN-RS 21376

Taiwan

Fairchild Semiconductor (Taiwan) Ltd.
Hsietsu Bldg., Room 502

47 Chung Shan North Road

Sec. 3 Taipei, Taiwan

Tel: 673205 thru 573207

Benelux

Fairchild Semiconductor

Paradijsiaan 39

Eindhoven, Holland

Tel: 00-31-40-446909 Telex: 00-1451024

United Kingdom

Fairchild Camera and Instrument (UK) Ltd.
Semiconductor Division

230 High Street

Potters Bar

Hertfordshire EN6 5BU

England

Tel: 0707 51111 Telex: 262835

Fairchild Semiconductor Ltd.

17 Victoria Street

Craigshill

Livingston

West Lothian, Scotland - EH54 5BG
Tel: Livingston 0506 32891 Telex: 72629
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Fairchild cannot assume responsibility for use of any circuitry described other than circuitry embodied in a Fairchild product
Manufactured under one of the following U.S. Patents: 2981877, 3015048, 3064167, 3108359, 3117260 other patents pending
No other circuit patent licenses are implied
Fairchild reserves the right to make changes in the circuitry or specifications at any time without notice
Printed in U.S_A. 243-12-0001-098 25M April 1979



