
Component Data

This appendix gives data for most of the components that are used in the
NorCal 40A. We appreciate the manufacturers giving us permission to copy data
sheets. Often data sheets have a great deal of information, but it is important to
make your own measurements to check them. Manufacturers vary greatly in how
conservatively they rate their devices. In addition, they may be testing the
devices under conditions that are different from yours. Often several
manufacturers sell a device with same part number, and the performance
between different manufacturers varies. These data sheets are no substitute for
the data books and Web sites that give the complete list of products that a
manufacturer sells. Many of these devices are part of a wide line of products that
will cover a range of frequencies, functions, and power levels. For much more
component information, see Data Book for Homebrewers and QRPers, by Paul
Harden, published by Quicksilver Printing. The book is available from Five Watt
Press, 740 Galena Street, Aurora, CO 80010-3922, email: qrpbook@aol.com.

Table D.I. Resistors, inductors and capacitors
Table D.2. Iron and ferrite cores

Motorola - http://mot2.indirect.com

1N5817 Schottky barrier rectifier
MVAM108 silicon tuning diode
P2N2222A general purpose npn silicon transistor
2N3553 2.5-W high frequency npn silicon transistor
2N3906 general purpose pnp silicon transistor
2N4124 general purpose npn silicon transistor
J309 n-channel VHF/UHF JFET
MC78L08AC three-terminal low-current, positive-voltage regulator

National Semiconductor - http://www.national.com

LM386N-1 National Semiconductor low-voltage audio power amplifier

Philips - http://www.semiconductors.philips.com

1N4148 high-speed diode
SA602AN double-balanced mixer and oscillator
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3 5 B APPENDIX D. COMPONENT DATA

Table D.1. Characteristics of the Resistors, Inductors and Capacitors in the
NorCal 40A.

Type

carbon film
resistor

inductors
small ceramic
NPO ceramic
large ceramic
polystyrene
polyester film
aluminum

electrolytic
air variable
ceramic

trimmer
varactor

MVAM108

±%

5

5
5
5
20
5
5
20

Range

1 ft-1 MQ

220 nH-1 mH
10-1,000 pF
18-220 pF
1-47 nF
100 pF-10 nF
1-470 nF
220 nF-10 mF

2-24 pF
7-70 pF

30-500 pF

ppm/°C

-240

+1,200
-800
- 3 0
-30,000
-150
+900
+2,000

+50
-1,600

+500

a

50 at 7 MHz
600 at 7 MHz
800 at 2 MHz
20 at 7 MHz
250 at 2 MHz
240 at 1 kHz
6 at 1 kHz

1,000 at 2 MHz
200 at 7 MHz

150 at 2 MHz
(3 V bias)

Use

dividers,
damping

chokes, filters
RF filters
VFO resonator
RF bypass
VFO resonator
audio coupling
audio filtering,

supply filtering
VFO adjustment
filter adjustment,

crystal oscillator
VFO tuning

Note: ±% gives the tolerance. Parts with a tolerance of 5% are made with standard values,
where the first two digits come from this list: 10, 11, 12,13,15,16,18, 20, 22, 24, 27, 30, 33,
36,39,43,47,51, 56, 62, 68, 75,82,91. For 20% parts, the standard values are typically 10, 22,
33, 47, and 68. The range of values are those listed in a catalog for the particular line of parts
that we use. For variable components, "range" gives the extreme adjustable values that we
measured. The column "ppm/°C" gives our measured values of the temperature coefficient
for a representative part; "ppm" is parts per million. "NPO" designates a part with a low-
temperature coefficient. The Qs are also our measured values. They vary with frequency.
Perhaps it is surprising that even the air variable capacitor has a temperature coefficient, but
you should remember that metals expand as the temperature goes up.

Table D.2.

Core

T37-2
T68-7
FT37-43

FT37-61

The Cores in

A, nH/turn2

4.0 (28 turns)
5.0 (60 turns)
160 (14 turns)

66 (1 turns)

the NorCal 40A

a

170
200
1

50

ppm/°C

+100
+50
- 3 0

+500

Transceiver.

Material

iron powder
iron powder
nickel-zinc

ferrite
nickel-zinc

ferrite

Paint

red
white
orange

spot
none

Use

filter
oscillator
transformer

tuned
transformer

Note: There is a lot of information in the core number itself. For example, in FT37-43,
"F" indicates a ferrite, "T" a toroidal core, "37" the outside diameter in hundredths of an
inch, and "61" the manufacturing recipe. These are our measured values for Ah Q, and the
temperature coefficient. The values of A\ vary ±10% from lot to lot. All measurements are
at 7 MHz, except for the T68-7 core, which is at 2 MHz. The values vary with frequency,
and if the specific value of the inductance is critical, you should measure the inductance
constant at the frequency you are interested in. Temperature coefficients are given for ferrites
for completeness, but it is a poor idea to use ferrites in an application where temperature
stability is important, because characteristics differ greatly over even a modest range of
temperature.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 1N5817/D

Axial Lead Rectifiers
. . . employing the Schottky Barrier principle in a large area metal-to-silicon
power diode. State-of-the-art geometry features chrome barrier metal,
epitaxial construction with oxide passivation and metal overlap contact. Ideally
suited for use as rectifiers in low-voltage, high-frequency inverters, free
wheeling diodes, and polarity protection diodes.

• Extremely Low vp
• Low Stored Charge, Majority Carrier Conduction
• Low Power Loss/High Efficiency

Mechanical Characteristics
• Case: Epoxy, Molded
• Weight: 0.4 gram (approximately)
• Finish: All External Surfaces Corrosion Resistant and Terminal Leads are

Readily Solderable
• Lead and Mounting Surface Temperature for Soldering Purposes: 220°C

Max. for 10 Seconds, 1/16" from case
• Shipped in plastic bags, 1000 per bag.
• Available Tape and Reeled, 5000 per reel, by adding a URL" suffix to the

part number
• Polarity: Cathode Indicated by Polarity Band
• Marking: 1N5817,1N5818,1N5819

MAXIMUM RATINGS

1N5817
1N5818
1N5819

Motorola PreferredDevic

SCHOTTKY BARRIER
RECTIFIERS
1 AMPERE

20, 30 and 40 VOLTS

CASE 59-04

(1) Pulse Test: Pulse Width = 300 [is, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32" from case.

e s are Motorola recommended choices for future use and best overall value.

Rev 3

© Motorola, Inc. 1996

Rating

Peak Repetitive Reverse Voltage
Working Peak Reverse Voltage
DC Blocking Voltage

Non-Repetitive Peak Reverse Voltage

RMS Reverse Voltage

Average Rectified Forward Current (2)
(VR(equlvj * 0.2 VR(dc), T L = 90°C.
ReJA s 80°C/W, PC. Board Mounting, see Note 2, T A = 55°C)

Ambient Temperature (Rated VR(dc), PF(AV) = 0, ReJA = 80°C/W)

Non-Repetitive Peak Surge Current
(Surge applied at rated load conditions, half-wave, single phase 60 Hz,
T L = 70°C)

Operating and Storage Junction Temperature Range (Reverse Voltage applied)

Peak Operating Junction Temperature (Forward Current applied)

Symbol

VRRM
VRWM

VR

VRSM

VR(RMS)

»o

TA

•FSM

Tj, Tstg

Tj(pk)

1N5817

20

24

14

1N5818

30

36

21

1N5819

40

48

28

1.0

85 80 | 75

25 (for one cycle)

-65 to+125

150

Unit

V

V

V

A

°C

A

•c
°C

THERMAL CHARACTERISTICS (2)

Characteristic

Thermal Resistance, Junction to Ambient

Symbol

RBJA

Max

80

Unit

°c/w
ELECTRICAL CHARACTERISTICS (TL = 25°C unless otherwise noted) (2)

Characteristic

Maximum Instantaneous Forward Voltage (1) OF = 0.1 A)
( i F =1.0A)
( i F =3.0A)

Maximum Instantaneous Reverse Current @ Rated dc Voltage (1) (TL = 25°C)
( T L = 1 0 0 ° C )

Symbol

VF

|R

1N5817

J ) . 32
0.45
0.75

1.0
10

1N5818

0.33
0.55
0.875

1.0
10

1N5819

0.34
0.6
0.9

1.0
10

Unit

V

mA
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1NB817 1NS618 1NS819
NOTE 1 — DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 0.1 V R W M Proper derating may be accomplished by use of
equation (1).

TA(max)= Tj(max) - R E J A P F ( A V ) - ReJApR(AV) (1)
where TA(max)= Maximum allowable ambient temperature

TJ(m ax) - Maximum allowable junction temperature
(125°C or the temperature at which thermal
runaway occurs, whichever is lowest)

PF(AV) = Average forward power dissipation
P R(AV) = Average reverse power dissipation

R9JA = Junction-to-ambient thermal resistance
Figures 1,2, and 3 permit easier use of equation (1) by taking re-

verse power dissipation and thermal runaway into consideration. The
figures solve for a reference temperature as determined by equation
(2).

T R S TJ(m a x ) -ReJApR(AV) (2)

Substituting equation (2) into equation (1) yields:

TA(max) = T R - R E J A P F ( A V ) (3)
Inspection of equations (2) and (3) reveals that T R is the ambient

temperature at which thermal runaway occurs or where T j = 125°C,
when forward power is zero. The transition from one boundary condi-
tion to the other is evident on the curves of Figures 1,2, and 3 as a
difference in the rate of change of the slope in the vicinity of 115°C. The
data of Figures 1,2, and 3 are based upon dc conditions. For use in com-
mon rectifier circuits, Table 1 indicates suggested factors for an equiv-
alent dc voltage to use for conservative design, that is:

VR(equ iv ) x V i n (pK)xF W

The factor F is derived by considering the properties of the various rec-
tifier circuits and the reverse characteristics of Schottky diodes.

EXAMPLE: Find TA(max) for 1 N5818operatedina 12-voltdcsupply
usingabridgecircuitwithcapacitivefiltersuchthatIQC=0.4A0F(AV)=EXAMPLE:FindTA(max)f

0.5 A), I(FM)/'(AV) • 10. Input Voltage * 10 V ( r m s ) , RejA - 80>C/W.

Step 1. Find V R r e a u J v v Read F = 0.65 from Table 1,
••• VR(equiv) - d. 41)(10)(0.65) = 9.2 V.

Step 2. Find T R fromFigure 2. Read T R - 109°C
@ V R = 9.2 V and RQJA - 80°C/W.

Step 3. Find PF(AV) from Figure 4. **Read PF(AV) = 0.5 W

Step 4. Find T
T

from equation (3).
109-(80)(0.5)

'•Values given are for the 1N5818. Power is slightly lower for the
1N5817 because of its lower forward voltage, and higher for the
1N5819.

125

£115

: 105

95

85

3£ It

REJA(°C/W) = I IO '

80
60'

s

J
/

s
>

40 30

s \ v

\

23

L\
s S,

s\
2.0 3.0 154.0 5.0 7.0 10

VR, DC REVERSE VOLTAGE (VOLTS)

Figure 1 . Maximum Reference Temperature
1N5817

20

125

125

105

95

85

R9JA(°C/W)»11O.

80

X

30 23

3.0 4.0 5.0 7.0 10 15 20

VR, DC REVERSE VOLTAGE (VOLTS)

Figure 2. Maximum Reference Temperature
1N5818

30

5.0 307.0 10 15 20
V R , DC REVERSE VOLTAGE (VOLTS)

Figure 3. Maximum Reference Temperature
1N5819

Table 1. Values for Factor F

40

Circuit

Load

Sine Wave

Square Wave

Half Wave

Resistive

0.5

0.75

Capacitive*

1.3

1.5

Full Wave, Bridge

Resistive

0.5

0.75

Capacitive

0.65

0.75

Full Wave, Center Tapped*t

Resistive

1.0

1.5

Capacitive

1.3

1.5

•Not.m«vR(p|<r2.0VWpK). tU»«'»toMnlert"pwllagelof%

Rectifier Device Data
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1N5817 1N5818 1N5819

1

BOTH LEADST
EQUALL

MAXI

O HEATS
ENGTH

'

• " "

JINK,

FYPICAL

1/8 1/4 3/8 1/2 5/8

L, LEAD LENGTH (INCHES)

3/4 7/8 1.0 0.2

Figure 4. Steady-State Thermal Resistance

0.4 0.6 0.8 1.0 2.0

IF(AV). AVERAGE FORWARD CURRENT (AMP)

Figure 5. Forward Power Dissipation
1N5817-19

4.0

1.0

0.7

0.5

0.3

0.2

0.1

0.07

0.05

0.03
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ppk otr
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TIME " I "

perature above
l e m K r M W a i o
of transient therm

— as •

FY CYCLE. O s t J l ,
< POWER. Ppk, fepeakoa
rvalent square powerpulsf

he lead temperature
at time, t, from Figure 6,e

al resistance at time, t \ *

• ! !

an :

-

e.:
Ij.

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0k 2.0k 5.0k 10k

t,TIME(ms)

Figure 6. Thermal Response

NOTE 2 — MOUNTING DATA
Data shown for thermal resistance junction-to-ambient (Rej / \ ) f o r

the mountings shown are to be used as typical guideline values for pre-
liminary engineering, or in case the tie point temperature cannot be
measured.

TYPICAL VALUES FOR ReJA IN STILL AIR

Mounting
Method

1

2

3

Lead Length, L (in)

1/8

52

67

1/4

65

80

1/2

72

87

3/4

85

100

50

"flJA

°c/w
°c/w
°c/w

Mounting Method 1
RC. Board with
1-1/2" x 1-1/2"
copper surface.

Mounting Method 3

RC. Board with
1-1/2" x 1-1/2"
copper surface.

L«3/8"

VECTOR PIN MOUNTING

Rectifier Device Data
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1N5817 1N5818 1N5819
NOTE 3 — THERMAL CIRCUIT MODEL

(For heat conduction through the leads)

Use of the above mode l permi ts junct ion to lead thermal resistance

for any mount ing configurat ion to be found. For a given total lead

length, lowest values occur w h e n one side o f the rectifier is brought

as close as possible to the heatsink. Terms in the model signify:

Ambien t Temperature TQ * Case Temperature
|_ * Lead Temperature T j = Junct ion Temperature

ReS = Thermal Resistance, Heatsink to Ambient
R0L * Thermal Resistance, Lead to Heatsink
R Q J = Thermal Resistance, Junct ion to Case
P D = Power Dissipation

T A
T|_

(Subscripts A and K refer to anode and cathode sides, respectively.)
Values for thermal resistance components are:

RQL =100°C/W/in typically and 120°C/W/in maximum
Rej s 36°C/W typically and 46°C/W maximum.

20

10

7.0

5.0

3.0

2.0

1.0

0.7

0.5

0.3

0.2

0.1

0.07

0.05

0.03

no?
n

rps iorj°c

H
t\ T
t\\n

•U--U-/ // // // I / I

r
I

).3 0.4 (

, — •

5 16

1

\

zjz.I1

A

).7 0.8 0.9 0 1

vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)

Figure 7. Typical Forward Voltage

125

115

105

95

85

75

f

. I
S-

I

s,

Surge Applied at

Rated Load Conditions

—»
r r
) 1Cyde|—

v_

1.0 2.0 3.0 5.0 7.0 10 20

NUMBER OF CYCLES

30 40 70 100

Figure 8. Maximum Nonrepetitive Surge Current

4.0 8.0 12 16 20 24 28 32

VR, REVERSE VOLTAGE (VOLTS)

Figure 9. Typical Reverse Current

36 40

Rectifier Device Data
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1N5817 1N5818 1N5819
NOTE 4 — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of majority carri-
er conduction, it is not subject to junction diode forward and reverse re-
covery transients due to minority carrier injection and stored charge.
Satisfactory circuit analysis work may be performed by using a model
consisting of an ideal diode in parallel with a variable capacitance. (See
Figure 10.)

Rectification efficiency measurements show that operation will be
satisfactory up to several megahertz. For example, relative waveform
rectification efficiency is approximately 70 percent at 2.0 MHz, e.g., the
ratio of dc power to RMS power in the load is 0.28 at this frequency,
whereas perfect rectification would yield 0.406 for sine wave inputs.
However, in contrast to ordinary junction diodes, the loss in waveform
efficiency is not indicative of power loss: it is simply a result of reverse
current flow through the diode capacitance, which lowers the dc output
voltage.

200

100

50

30

< = »

! ——

Tj

:

-

1N6817.

1SI5818

= 25^C
1.0 WHZ

/

n '

> ' « ,

- •

s s
\
\

0.4 0.6 0.81.0 2.0 4.0 6.0 8.010 20
V R , REVERSE VOLTAGE (VOLTS)

Figure 10. Typical Capacitance

40

Rectifier Device Data
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1N5817 1N5818 1N5819
PACKAGE DIMENSIONS

J

—»• - D

A-|

!

NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH

JEDEC DO-41 OUTLINE SHALL APPLY.
2. POLARITY DENOTED BY CATHODE BAND.
3. LEAD DIAMETER NOT CONTROLLED WITHIN F

DIMENSION.

c

CASE 59-04
ISSUE M

DIM
A

_P_
JS_

M
j

Mjjyfcms
B_
JL

IT?
9,78

27.94

MAX

«N

9.K

IHO

m
i m
0.110
9939
1KB

H*K

0.260
0.120
0.034

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit and
specifically disdaims any and all liability, including without limitation consequential or incidental damages. "Typical" parameters which may be provided in Motorola
data sheets and/or specifications can anddo vary in differentapplications and actual r * ^
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life,orfor any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorizedapplication,Buyershall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all daims, costs, damages, and expenses, and reasonable attorney fees
arising out of. directly or indirectly, any daim of personal injury or death associated with such unintended or unauthorized use, even if such daim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and ( Ih are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Howto reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution;
P.O. Box 5405, Denver, Colorado 80217. 303-675-2140 or 1-800-441-2447

MfaxT»: RMFAXO@email.sps.mot.com - TOUCHTONE 602-244-6609
INTERNET http://Design-NET.com

Mfax is a trademark of Motorola, Inc.

JAPAN Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuiyu-CentBr,
3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 81-3-3521-3315

ASIA/PACFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, NT , Hong Kong. 852-26629298

MOTOROLA
1N5817/D
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SILICON TUNING DIODES

. . . designed for electronic tuning of AM receivers and high capacitance,
high tuning ratio applications.

• High Capacitance Ratio — CR = 15(Min),
MVAM108, 115, 125

• Guaranteed Diode Capacitance — Ct = 440 pF (Min) —
560 pF (Max) @ VR - 1.0 VDc, f - 1.0 MHz, MVAM108, MVAM115,
MVAM125

• Guaranteed Figure of Merit —
Q = 150 (Min) @ VR = 1.0 Vdc, f - 1.0 MHz

MAXIMUM RATINGS

Rating

Reverse Voltage MVAM108
MVAM109
MVAM115
MVAM125

Forward Current

Power Dissipation <§• T A * 25*C
Oerate above 25°C

Operating and Storage Junction
Temperature Range

Symbol

VR

if

•"D

T J - T«tg

Value

12
15
18
28

50

280
2.8

- 5 5 to +125

Unit

Volts

mA

mW
mVWC

•c

MVAM108*
MVAM109*
MVAM115*
MVAM125*

CASE 182-02, STYLE 1
(TO-226AC)

Cathode

TUNING DIODES
WITH VERY HIGH

CAPACITANCE RATIO

•These are Motorola
designated preferred devices.

ELECTRICAL CHARACTERISTICS (TA - 25»C unless otherwise noted. Each Device)

Characteristic

Breakdown Voltage
(IR = 10/iAdc) MVAM108

MVAM109
MVAM115
MVAM125

Reverse Current
(VR > 8.0 V) MVAM108
(VR = 9.0 V) MVAM109
(VR = 15 V) MVAM115
(VR » 25 V) MVAM125

Diode Capacitance Temperatujre Coefficient (1)
(VR = 1.0 Vdc, f « 1.0 MHz. TA - -40°Cto +85°C)

Case Capacitance
(f - 1.0 MHz, Lead Length 1/16")

Diode Capacitance (2)
(VR - 1.0 Vdc, f » 1.0 MHz) MVAM108, 115. 125

MVAM109

Figure of Merit
(f « 1.0 MHz, Lead Length 1/16". VR « 1.0 Vdc)

Capacitance Ratio
(f = 1.0 MHz) MVAM108

MVAM109
MVAM115
MVAM125

Symbol

V(BR)R

IR

TCC

cc

Ct

Q

C1/C8
C1/C9
C1/C15
C1/C25

Min

12
15
18
28

-

—

—

440
400

ISO

15
12
IS
15

Typ

-

I 
I

I 
I

435

0.18

500
460

—

-

Max

-

100
100
100
100

—

—

560
520

—

-

Unit

Vdc

nAdc

ppm/-C

pF

PF

—

NOTES:
1. The effect of increasing temperature 1.0*C. at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of

capacitance per *C is nearly constant from -40*Cto +100*C.
2. Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points

along the specified tuning range.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

6-99

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


3 6 4 APPENDIX D. COMPONENT DATA

MVAM108, MVAM109, MVAM115, MVAM125

FIGURE 1 - TYPICAL AM RADIO APPLICATION

AGCc

Tuning Voltage i
MVAMxxx(: ;

To IF

FIGURE 2 — CAPACITANCE vwtus REVERSE VOLTAGE

1000

500

100

°. 60
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1 4 8
VR, REVERSE VOLTAGE (VOLTS)

FIGURE 4 — CAPACITANCE VERSUS REVERSE VOLTAGE
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* 50

"S MVAM108

s \ MVAM11S

FK5URE 3 — CAPACITANCE versus REVERSE VOLTAGE
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FIGURE S — CAPACITANCE v « « » REVERSE VOLTAGE
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MIVAM109

6 10 14
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA |

Order this document
byP2N2222A/D

Amplifier TVansistors
NPN Silicon

MAXIMUM RATINGS

Rating

Collector-Emitter Voltage

Collector-Base Voltage

Emitter-Base Voltage

Collector Current — Continuous

Total Device Dissipation @ TA = 25°C
Derate above 25°C

Total Device Dissipation © TQ = 25°C
Derate above 25°C

Operating and Storage Junction
Temperature Range

Symbol

VCEO

VCBO

VEBO

ic

PD

PD

T j . Tstg

Value

40

75

6.0

600

625
5.0

1.5
12

-55 to+150

Unit

Vdc

Vdc

Vdc

mAdc

mW
mW/°C

Watts
mW/°C

°C

THERMAL CHARACTERISTICS

Characteristic

Thermal Resistance, Junction to Ambient

Thermal Resistance, Junction to Case

Symbol

RejA
Rejc

Max

200

83.3

Unit

°c/w
°c/w

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted)

P2N2222A

CASE 29-04, STYLE 17
TO-92 (TO-226AA)

Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
( I C = 10mAdc,lB = 0)

Collector-Base Breakdown Voltage
(IC = 10fiAdc, l£ = 0)

Emitter-Base Breakdown Voltage

( l E = 10nAdc,lC = 0 )

Collector Cutoff Current
(VCE = 60 Vdc, VEB(0ff) = 3.0 Vdc)

Collector Cutoff Current
(VcB = 60Vdc,lE = 0)
(VQB = 60 Vdc, IE = 0, TA = 150°C)

Emitter Cutoff Current
(VEB = 3 . 0 V d d c = 0)

Collector Cutoff Current
(VCE = 10V)

Base Cutoff Current
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc)

V(BR)CEO

V(BR)CBO

V(BR)EBO

•CEX

•CBO

'EBO

•CEO

IBEX

40

75

6.0

—

-

—

—

—

—

—

—

10

0.01
10

10

10

20

Vdc

Vdc

Vdc

nAdc

jiAdc

nAdc

nAdc

nAdc

MOTOROLA
©Motorola, Inc. 1996
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P2M2222A
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (Continued)

L Characteristic | Symbol | Unit

ON CHARACTERISTICS

DC Current Gain
(IC = 0.1 mAdc, VQE = 10 Vdc)
( l c « 10mAdc,VQE = 10Vdc)
(Ic = 10 mAdc, VQE = 10 Vdc)
(IC = 10 mAdc, V C E = 10 Vdc, TA = -55°C)
(IC = 150 mAdc, VCE = 10 Vdc)0)
(IC = 150 mAdc, VQE = 1 0 Vdc)(1)
(IC = 500 mAdc, VQE = 10 Vdc)0)

Collector-Emitter Saturation VoltageO)
( I C = 150 mAdc, IB=15mAdc)
(IC » 500 mAdc, IB = 50 mAdc)

Base-Emitter Saturation VoltageO)
(IC = 150 mAdc, % = 15 mAdc)
( IC = 500 mAdc, IB = 50 mAdc)

hFE

vCE(sat)

vBE(sat)

35
50
75
35
100
50
40

I

0.6

300

0.3
1.0

1.2
2.0

Vdc

Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product®
(IC = 20 mAdc, V C E * 20 Vdc, f = 100 MHz)

Output Capacitance
(VQB = 10 Vdc, l£ s 0, f = 1.0 MHz)

Input Capacitance
(VEB = 0.5 Vdc, IC « 0, f= 1.0 MHz)

Input Impedance
(IC = 10 mAdc, V C E s 10 Vdc, f - 1.0 kHz)
(IC » 10 mAdc, V C E - 10 Vdc, f = 1.0 kHz)

Voltage Feedback Ratio
(IC = 10 mAdc, VCE = 10 Vdc, f = 1.0 kHz)
(IC = 10 mAdc, V C E • 10 Vdc, f = 1.0 kHz)

Small-Signal Current Gain
(IC = 1.0 mAdc, VCE = 10 Vdc, f= 1.0 kHz)
(IC = 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz)

Output Admittance
(IC = 1 0 mAdc, VCE = 10 Vdc, f = 1.0 kHz)
(IC - 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz)

Collector Base Time Constant
( I E = 20 mAdc, VCB = 20 Vdc, f = 31.8 MHz)

Noise Figure
(IC =100 i-iAdc, VCE = 10 Vdc, Rs = 10 kfl, f = 1.0 kHz)

*r

CObo

Cibo

hie

hre

hfe

hoe

rb'Cc

NF

300

—

—

2.0
0.25

I

50
75

5.0
25

—

—

—

8.0

25

8.0
1.25

8.0
4.0

300
375

35
200

150

4.0

MHz

PF

PF

kQ

X10-4

(imhos

ps

dB

SWITCHING CHARACTERISTICS

Delay Time

Rise Time

Storage Time

Fall Time

(VC C - 30 Vdc, VBEtofh - - 2 0 Vdc,
IC = 150 mAdc, IBI = 15 mAdc) (Figure 1)

(VCC = 3° Vdc, IC = 150 mAdc,
!B1 = lB2 = 15 rnAdc) (Figure 2)

<d

ts

tf

-

-

-

-

10

25

225

60

ns

ns

ns

ns

1. Pulse Test: Pulse Width £ 300 us, Duty Cycle < 2.0%.
2. f j is defined as the frequency at which |hfe| extrapolates to unity.

Motorola Small-Signal Transistors, FETs and Diodes Device Data
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P2N2222A

SWITCHING TIME EQUIVALENT TEST CIRCUITS

30V

-»1|««- 1.0 to 100 ns,
+16 V / \ DUTY CYCLE - 2.0%

Cs*<10pF
-14 V

±- Scope rise time < 4 ns
Total shunt capacitance of test jig,
connectors, and oscilloscope.

Figure 1. Turn-On Time

Cs*<10pF

Figure 2 . T u r n - O f f T ime
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Figure 3. DC Current Gain
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Figure 4. Collector Saturation Region
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P2N2222A
200
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5.0
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s

>f@VcCs30V
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s
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* 1,
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Figure 6. Turn-Off Time
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Figure 7. Frequency Effects
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Figure 8. Source Resistance Effects
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Figure 9. Capacitances
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Figure 10. Current-Gain Bandwidth Product
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P2N2222J
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Figure 11. "On" Voltages
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Figure 12. Temperature Coefficients
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P2N2222A

PACKAGE DIMENSIONS

q
R\f-

SEATING/ H

PLANE-* _

1
j

A

t

*) H

1*—

h
- F

- G

i ,
p A

Li.
j L

SECTION X-X

CASE 029-04
(TO-226AA)
ISSUE AD

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M,1982.
2. CONTROLLING DIMENSION: INCH
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. DIMENSION F APPLIES BETWEEN P AND L.

DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K M

f
1
c
D
F
0
H
4
K
L

rR
V

INCHES
MIN

0.175
0.170
0.125
0.016
0.016
0.045
0.095
0.015
0.500
0.250
0.080

—
0.115
0.135

«•«
°?»
0210
0.165
0.022
0.019
0055
0.105
0.020

—
__

0.105

—

MLUMETERS
MIH
4.45
4.32
3.18
0.41
0.41
115
2.42
0.39

12.70
6.35
2.04

2.93
3.43

MAX
520
5.33
4.19
0.55
0.48
1.39
266
0.50

__
2.66
2.54

—

STYLE 17:
PIN I COLLECTOR

2. BASE
3. EMITTER

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages .Typical" parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applicationsand actual performance may vary over time. All operating parameters, including "Typicals"
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and M are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed Motorola Literature Distribution;
P.O. Box 20912; Phoenix, Arizona 85036 1-800-441-2447 or 602-303-5454

MFAX: RMFAX0@email.sps.mot.com-TOUCHTONE 602-244-6609
INTERNET: http ://Design-NET.com

JAPAN: Nippon Motorola Ltd.; TatsumnSPO-JUX, 6F Seibu-Butsuryu-Center,
3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-81-3521-8315

ASIA/PACIFIC: Motorola Semiconductors H K Ltd.; 8B Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, N T , Hong Kong. 852-26629298
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MOTOROLA
SEMICONDUCTOR'
TECHNICAL DATA 2N3553

The RF Line

NPN SILICON HIGH-FREQUENCY TRANSISTOR

. . . designed for amplifier and oscillator applications in military
and industrial equipment. Suitable for use as output, driver or pre-
driver stages in VHF equipment.

• Specified 175 MHz, 28 Vdc Characteristics -
Output Power - 2.5 Watts
Minimum Gain • 10 dB
Efficiency - 50%

•MAXIMUM RATINGS

Bating

Collector-Emitter Volume

Cotiactor-Bw Voltage

Emitter-Base Voltage

Collector Current

Total Dtvlw OMpation 0 JQ • 25°C
Derateabove25°C

Operating and Storage Junction
Temperature Range

Symbol

VCEO

v"C8

VEB

••D

T j .T 8 t

65

7.0
40

-65 to »200

mW/°C

°C

'Indicates JEDEC Registered Data.

FIGURE 1 - OUTPUT POWER Kraut FREQUENCY

J2J>

N
>—̂

0.050V
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0.5 W

s r

I

V

<
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««,

\

s

v

i

s

*s

X'

c -

s

a

s

V

>c

s

e

SO $ 100 1 1
(. FREQUENCY (MHz)

2.5 W - 175 MHz

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

NOTES:
1. DIMENSIONING A W TQURANCINC KR ANSI

mm. IKJ
I COKIMUMG OWOSKW.' HCK
3. DIMENSION j MEASUREO FROM DIMENSION A

MAXIMUM.
4. Oa«IOIO«IS>UUI«IVAIirMO«£THUiO»

mim M aw«. tus zat cotmoufo FOR
AUTOMATICHANOUNG.
ANO L DIMENSION D AffuSS KTOEEII
DIMENSION I ANO K MINIMUM .LEAD DIAMETER
IS IMOWIMUED M 0«l£«S«» f AW
86YOW DWEWSIOH I MINIMUM.

(MM
^

c
t
t

n
t
It
1
H
f
t

MM

w
OB
«•

M
V
i m
MS

«•

in

MAX
VH

MP

l «

Hf
1 .

IMS

SC"
HI

MM
( »

tw

1«
Mil
M»
tat

«•

»>»

MAX

0J«9

041

0.IS9

SC

CASE79-04
TO-205AD

(TO-39)

MOTOROLA RF DEVICE DATA

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


3 7 2 APPENDIX D. COMPONENT DATA

2N3553

•ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwise noted)

Characteristic Symbol Min l Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage ID
( l c -200mAdc. lB

 - 0 )

Emitter-Base Breakdown Voltage
(lg -01mAdc. l c - 0 »

Collector Cutoff Current

(VC6 - 3 ° Vdc. IB • 0)
Collector Cutoff Current

(V c £ " 30 Vdc, V B E ( o f f ) " ' - 5 Vdc, T c - 200°C)
1 VCE - 65 Vdc. V B E ( o f f ) - 1.5 Vdc)

Emitter Cutoff Current
<VBE "4.0 Vdc, lC - 0)

ON CHARACTERISTICS

DC Current Gain
<IC - 250 mAdc. V C E - SO Vdcl

Collector-Emitter Saturation Voltage
(IC • 250 mAdc. I B • 50 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product
(IC " 100 mAdc. V C E - 28 Vdc. f - 100 MHz)

Output Capacitance
( V C B • 30 Vdc. Ig - 0.f - 100 kHz)

FUNCTIONAL TESTS

Power Input
1 VCE " 28 Vdc. Poo, - 2.5 Watts, f - 175 MHz)

Common-Emitter Amplifier Power Gain
(VCE - 28 Vdc. Pout • 2 5 Watts, f - 175 MHz)

Collector Efficiency
1 V C E " 28 Vdc. Pout " 25 Watts, f • 175 MHz)

VCEOUui)

V(BR)EBO

"CEO

•CEX

•EBO

"FE

VCE(sat)

»T

Cob

40

4.0

-

-

-

to

-

-

-

-

-

-

-

-

Pin

Gpe

-

10

so

500

8.0

-

-

0.1

5.0
1.0

0.1

-

1.0

Vdc

Vdc

mAdc

mAdc

mAdc

-

Vdc

-

10

-

-

0 25

-

MH?

PF

Watt

dB

%

'Indicates JEDEC Registered Data
(1) Pulsed thru a 25 mH inductor.

FIGURE 2 - 175 MHz TEST CIRCUIT SCHEMATIC

LI - 2 Turns #16 AWO Wire 3/16" I.D., 1/4" Long
L2 - 2 Turns #16 AWG Wira 3/16" I.O., 1/4" Long
L 3 - 3 Turns #16 AWO Wir« 3/8" I.C., 3/8" Long

"t?" 3.0 36 pF

3 0 35 pF

"t?

MOTOROLA RF DEVICE DATA

2-9

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


APPENDIX D. COMPONENT DATA 3 7 3

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by2N3905/D

General Purpose TYansistors
PNP Silicon

EMITTER

MAXIMUM RATINGS

Rating

Collector-Emitter Voltage

Collector-Base Voltage

Emitter-Base Voltage

Collector Current—Continuous

Total Device Dissipation @ TA = 25°C
Derate above 25°C

Total Power Dissipation @ T A = 60°C

Total Device Dissipation @ T c = 25°C
Derate above 25°C

Operating and Storage Junction
Temperature Range

Symbol

VCEO

VCBO

VEBO

ic

PD

PD

PD

TJ. Tstg

Value

40

40

5.0

200

625
5.0

250

1.5
12

-55 to+150

Unit

Vdc

Vdc

Vdc

mAdc

mW
mVW°C

mW

Watts
mW/°C

°C

THERMAL CHARACTERISTICS^)

Characteristic

Thermal Resistance, Junction to
Ambient

Thermal Resistance, Junction to Case

Symbol

REJA

Rejc

Max

200

83.3

Unit

°c/w

°C/W

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

2N3905
2N39O6*

CASE 29-04, STYLE 1
TO-92(TO-226AA)

Characteristic Symbol Him Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (2)
OC= 10 mAdc, % = 0)

Collector-Base Breakdown Voltage
(lCss10nAdc, lE = 0)

Emitter-Base Breakdown Voltage
(IE=10| iAdc,10=0)

Base Cutoff Current
( V C E a 30 Vdc, V E B = 3.0 Vdc)

Collector Cutoff Current
( V C E = 30 Vdc, V E B = 3.0 Vdc)

V(BR)CEO

V(BR)CBO

V(BR)EBO

>BL

•CEX

40

40

5.0

—

—

—

—

—

50

50

Vdc

Vdc

Vdc

nAdc

nAdc

1 . Indicates Data in addition to JEDEC Requirements.

2. Pulse Test: Pulse Width £ 300 us; Duty Cycle £ 2.0%.

Preferred devices are Motorola recommended choices for future use and best overall value.

REV 2

©Motorola, Inc. 1996
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (Continued)

Characteristic Symbol Mln Max Unit

ON CHARACTERISTICSC)

DC Current Gain
(IC • 0.1 mAdC, V C E • 1 0 Vdc) 2N3905

2N3906

Oc * 10mAdc, V C E - 10 Vdc) 2N3905
2N3906

(IC = 10 mAdc, V C E = 1 0 Vdc) 2N3905
2N3906

(IC = 50 mAdc, V C E = 1 0 Vdc) 2N3905
2N3906

Oc s 100 mAdc, V C E = 1 -0 Vdc) 2N3905
2N3906

Collector-Emitter Saturation Voltage
(IC*10mAdc,IBB10mAdc)
(IC a 50 mAdc, IB = 5.0 mAdc

Base-Emitter Saturation Voltage
Oc s 10 mAdc, IB S 1 0 mAdc)
OC = 50 mAdc, IB = 5.0 mAdc)

hFE

VCE(sat)

VBE(sat)

30
60

40
80

50
100

30
60

15
30

0.65

-

150
300

-

—

0.25
0.4

0.85
0.95

—

Vdc

Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product
Oc = 10 mAdc, VCE • 20 Vdc, f= 100 MHz) 2N3905

2N3906

Output Capacitance
(VCB = 5.0 Vdc, l£ * 0, f = 1.0 MHz)

Input Capacitance
(VEB a 0.5 Vdc, l c * 0, f « 1.0 MHz)

Input Impedance
(IC*10mAdc,VCES10Vdc,f*1.0kHz) 2N3905

2N3906

Voltage Feedback Ratio
Oc = 10mAdc,VCE = 10Vdc,f=1.0kHz) 2N3905

2N3906

Small-Signal Current Gain
Oc » 10mAdc,VCEs10Vdc,f*1.0kHz) 2N3905

2N3906

Output Admittance
Oc = 10mAdc,VCE•10Vdc,f=1.0kHz) 2N3905

2N3906

Noise Figure
Oc * 100 |*Adc, V C E S 5.0 Vdc, RS = 1 0 k a f * 1 0 kHz) 2N3905

2N3906

Cur

Cobo

Cibo

hie

hre

nfe

hoe

NF

200
250

—

—

0.5
2.0

0.1
0.1

50
100

1.0
3.0

-

4.5

10.0

8.0
12

5.0
10

200
400

40
60

5.0
4.0

MHz

PF

PF

wa

X10-4

limhos

<JB

SWITCHING CHARACTERISTICS

Delay Time

Rise Time

Storage Time

Fall Time

( V c e = 30 Vdc, VBE = 0.5 Vdc,
IC s 10 mAdc, I B I - 1.0 mAdc)

2N3905
2N3906

(VCc = 3.0 Vdc, Ic * 10 mAdcI
«B1 = lB2 = 1 0 mAd 2N3905

2N3906

td

ts

tf

-

-

-

35

35

200
225

60
75

ns

ns

ns

ns

1. Pulse Test: Pulse Width s 300 (is; Duty Cycle £ 2.0%.
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+0.5 V

10.6 V —
h"300 ns

DUTY CYCLE =2%

+9.1 v I n

275

CS<4pF*

DUTY CYCLE = 2%

* Total shunt capacitance of test jig and connectors

C$<4pF*

Figure 1. Delay and Rise Time
Equivalent Test Circuit

Figure 2. Storage and Fail Time
Equivalent Test Circuit

TYPICAL TRANSIENT CHARACTERISTICS
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Figure 3. Capacitance

20 3040

500

300

200

100

70
1 50
UJ
P 30

20

V

- J «

s

s > .

• • trf 'OB =

r@

S,

Q\

VCC 1

\ 1 f

C/lB = 10

3.0 V - ^

, ' • ' «-A
A

vv> >IIILJ

1.0 2.0 3.0 5.0 7.010 20 30 50 70 100

IC, COLLECTOR CURRENT (mA)
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Figure 4. Charge Data
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Figure 9. Current Gain
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TYPICAL STATIC CHARACTERISTICS
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Figure 13. DC Current Gain
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Figure 14. Collector Saturation Region
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2N3905 2N3906

PACKAGE DIMENSIONS

SECTION X-X

CASE 029-04
(TO-226AA)
ISSUE AD

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. DIMENSIONF APPLIES BETWEENP AND L

DIMENSION D ANDJ APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K MINIMUM.

A

•C
D
r
H
J
K
L
N
P
«,
V

HN
0.175
0.170
0.125
0.016
0.016

0.095
0.015
0.500
0.250

ooeo
0.115
0.135

MAX
0.205
0.210

0 .
0.022
0.019

0.105
0.020

—
0.105
pioo

—

4.45
4.32
3.18
0.41
0.41

242
0.39

12.70
6.35
2.04

2.93

mx
520
5.33
4.19
OJSS
0.48

29S
0.50

2.66
2.54

—

STYLE 1:
PIN1. EMITTER

2. BASE
3. COLLECTOR

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or drcuH and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. "Typical* parameterswhich may be provided in Motorola
data sheets and/or specificationscan and do vary in different applications and actual performance may vary overtime. All operating parameters, includingTypicals"
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
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applications intended to support or sustain life, orfor any other application in which the failure of the Motorola product could create a sttuation where personal injury
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by2N4123/D

General Purpose Transistors
NPN Silicon

EMITTER

MAXIMUM RATINGS

Rating

Collector-Emitter Voltage

Collector-Base Voltage

Emitter-Base Voltage

Collector Current—Continuous

Total Device Dissipation @ TA = 25°C
Derate above 25°C

Total Device Dissipation @ T Q = 25°C
Derate above 25°C

Operating and Storage Junction
Temperature Range

Symbol

VCEO

VCBO

VEBO

ic
PD

PD

T j , Tstg

2N4123

30

40

2N4124

25

30

5.0

200

625
5.0

1.5
12

-55 to+150

Unit

Vdc

Vdc

Vdc

mAdc

mW
mW/°C

Watts
mW/°C

°C

THERMAL CHARACTERISTICS

Characteristic

Thermal Resistance, Junction to Ambient

Thermal Resistance, Junction to Case

Symbol

REJA

"we

Max

200

83.3

Unit

°C/W

°c/w

2N4123
2N4124

CASE 29-04, STYLE 1
TO-92 (TO-226AA)

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Characteristic Symbol Min | Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown VoltageO)
OC=1.0mAdc, I E =0 ) 2N4123

2N4124

Collector-Base Breakdown Voltage
(IC = 10|iAdc, lE = 0) 2N4123

2N4124

Emitter-Base Breakdown Voltage
( l E -10 j iAdc , l C - 0 )

Collector Cutoff Current
(VCB = 20Vdc, l E = 0)

Emitter Cutoff Current
(VEB=3.0Vdc,lc = 0)

V(BR)CEO

V(BR)CBO

V(BR)EBO

"CBO

'EBO

30
25

40
30

5.0

—

—

-

-

—

50

50

Vdc

Vdc

Vdc

nAdc

nAdc

1. Pulse Test: Pulse Width = 300 \ts, Duty Cycle = 2.0%.

©Motorola, Inc. 1996
MOTOROLA
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2N4123 2N4124

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (Continued)

Characteristic Symbol Min Max Unit

ON CHARACTERISTICS

DC Current GainO)
(IC = 2.0 mAdc, V Q E = 1 0 Vdc) 2N4123

2N4124

(IC = 50 mAdc, V Q E = 1 0 Vdc) 2N4123
2N4124

Collector- Emitter Saturation VoltageC)
(IC = 50 mAdc, IB = 5.0 mAdc)

Base-Emitter Saturation VoltageO)
(IC = 50 mAdc, IB = 5.0 mAdc)

hFE

vCE(sat)

VBE(sat)

50
120

25
60

—

—

150
360

0.3

0.95

Vdc

Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product
(IC = 10 mAdc, V Q E = 20 Vdc, f = 100 MHz) 2N4123

2N4124

Input Capacitance
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz)

Collector-Base Capacitance
( l E = 0, V C B = 5.0 V, f = 1.0 MHz)

Small-Signal Current Gain
(IC = 2.0 mAdc, V Q E = 10 Vdc, Rs = 10 k ohm, f = 1.0 kHz) 2N4123

2N4124

Current Gain — High Frequency
(IC = 10 mAdc, V C E = 20 Vdc, f = 100 MHz) 2N4123

2N4124

(IC = 2.0 mAdc, V C E = 10 V, f = 1.0 kHz) 2N4123
( IC = 2.0 mAdc, V C E = 10 V, f = 1.0 kHz) 2N4124

Noise Figure
(IC = 100 \iAdc, V C E = 5.0 Vdc, Rs = 1.0 k ohm, 2N4123
f = 1.0 kHz) 2N4124

fT

Cibo

Ccb

hfe

Ihfel

NF

250
300

—

—

50
120

2.5
3.0

50
120

I

-

8.0

4.0

200
480

200
480

6.0
5.0

MHz

PF

PF

dB

1. Pulse Test: Pulse Width = 300 \is, Duty Cycle = 2.0%.
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Figure 2. Switching Times
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2N4123 2N4124
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2N4123 2N4124

STATIC CHARACTERISTICS
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2N4123 2N4124

PACKAGE DIMENSIONS

—•

R

V-
SEATING/ '
P L A N E - ' _

J

A

t

H H

\—

P

zTL

- G

t '
L

JLK

L

SECTION X-X

CASE 029-04
(TO-226AA)
ISSUE AD

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M,1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. DIMENSION F APPLIES BETWEEN P AND L

DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
N P AND BEYOND DIMENSION K MINIMUM.

DM
A,
B
C
0
F
(i
H

K
f.
N
P
R
y

INCHES

m
0.175
0.170
0,1gS.
0.016
0.016

Iff4!?
0.095
0.015

0.500
0250
0.080

0.115
0.135

"A*
02Q5
0.210
0.1$5
0.022
0.019
0.055
0.105

9-105
0.100

—

MKJJMETERS

MM
4.4§
4.32
3.18
0.41
0.41
1.15
2.42
0 .

12.70
6.35
2.04

2.93
3.43

MAX
520
5.33
4.19
0.55
0.48
1.39
2.66
0.50

2.66
2.54
—
—

STYLE 1:
PIN1. EMITTER

2. BASE
3. COLLECTOR
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. 'Typical" parameters can and do vary in different
applications. All operating parameters, including Typicals" must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and (g) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPO-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036.1-800-441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-3521-8315

MF AX: RMFAX0@email.sps.mot.com - TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design-NET.com 51 Ting Kok Road, Tai Po, NT., Hong Kong. 852-26629298

MOTOROLA
2N4123/D

Illllllllllllllllllfllllllllllllllfllllll

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


APPENDIX D. COMPONENT DATA 3 B 5

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
byJ308/D

JFET VHF/UHF Amplifiers
N-Channel — Depletion

1 DRAIN

3

GATE

J308
J309
J310

Motorola Preferred Devio

2SOURCE

MAXIMUM RATINGS

Rating

Drain-Source Voltage

Gate-Source Voltage

Forward Gate Current

Total Device Dissipation @ TA = 25°C
Derate above 25°C

Junction Temperature Range

Storage Temperature Range

Symbol

vDs

VGS

IGF

PD

Tj

Tstg

Value

25

25

10

350
2.8

-65 to+125

- 6 5 to+150

Unit

Vdc

Vdc

mAdc

mW
mW/°C

°C

°C

CASE 29-04, STYLE 5
TO-92(TO-226AA)

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Characteristic

OFF CHARACTERISTICS

Gate-Source Breakdown Voltage
(lG = -1.0 nAdc, VDS = 0)

Gate Reverse Current
( V Q S s "15 Vdc, V Q S = 0, T A = 25°C)
(VGS- — 1 5 Vdc, V D S = 0, TA = +125°C)

Gate Source Cutoff Voltage
(VQS=10Vdc, I D = 1.0nAdc) J308

J309
J310

Symbol

V(BR)GSS

>GSS

VGS(off)

Min

-25

-1.0
-1.0
-2.0

Typ

-

Max

—

-1.0
-1.0

-6.5
-4.0
-6.5

Unit

Vdc

nAdc
uAdc

Vdc

ON CHARACTERISTICS

Zero-Gate-Voltage Drain CurrentO)
( V D S - 1 0 V d c , V G s = 0 ) J308

J309
J310

Gate-Source Forward Voltage
(VDS=0, I Q = 1.0 mAdc)

«DSS

VGS(f)

12
12
24

—

-

—

60
30
60

1.0

mAdc

Vdc

SMALL-SIGNAL CHARACTERISTICS

Common-Source Input Conductance
( V D S = 10 Vdc, I D = 10 mAdc, f » 100 MHz) J308

J309
J310

Common-Source Output Conductance
(VDS = 10 Vdc, I D - 10 mAdc, f = 100 MHz)

Common-Gate Power Gain
(VDs = 10 Vdc, ID = 10 mAdc, f =100 MHz)

Re(yjs)

Re(yos)

Gpg

-

—

—

0.7
0.7
0.5

0.25

16

—

—

—

mmhos

mmhos

dB

1. Pulse Test: Pulse Width £ 300 us, Duty Cycle s 3.0%.

©Motorola, Inc. 1997
MOTOROLA
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J308 J309 J310

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (Continued)

Characteristic | Symbol Min Typ Max Unit

SMALL-SIGNAL CHARACTERISTICS (continued)

Common-Source Forward Transconductance
(VQS =10 Vdc, ID = 10 mAdc, f » 100 MHz)

Common-Gate Input Conductance
( V D S =10 Vdc, I D =10 mAdc,f = 100 MHz)

Common-Source Forward Transconductance
(VQS=10Vdc,ID=10mAdc,f-1.0kHz) J308

J309
J310

Common-Source Output Conductance
( V D S = 10 Vdc, I D = 10 mAdc, f - 1.0 kHz)

Common-Gate Forward Transconductance
(VDS = 10Vdc, I D =10 mAdc, f = 1.0 kHz) J308

J309
J310

Common-Gate Output Conductance
(VDS = 10 Vdc, I D = 10 mAdc, f = 1.0 kHz) J308

J309
J310

Gate-Drain Capacitance
(VDS = o, V Q S = -1o vdc, f = 1.0 MHZ)

Gate-Source Capacitance
(VDS - 0, VQS = -10 vdc, f = 1 .0 MHZ)

Re(yfe)

Re(yig)

9fs

9os

9fg

9og

Cgd

Cgs

—

—

8000
10000
8000

—

-

-

—

—

12

12

-

—

13000
13000
12000

150
100
150

1.8

4.3

—

—

20000
20000
18000

250

-

-

2.5

5.0

mmhos

mmhos

nmhos

nmhos

limhos

limhos

pF

PF

FUNCTIONAL CHARACTERISTICS

Noise Figure
(VDS = 10 Vdc, I D = 10 mAdc, f = 450 MHz)

Equivalent Short-Circuit Input Noise Voltage
( V D S = 10 vdc, I D = 10 mAdc, f = 100 Hz)

NF

«n

—

—

1.5

10

—

—

dB

nV/THz
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50£2
SOURCE

C1 = C 2 = 0 . 8 - 1 0 p F , JFD#MVM010W.
C3 = C4 = 8.35 pF Erie #539-0020.
C5 = C6 = 5000 pF Erie (2443-000).
C7 = 1000 pF, Allen Bradley #FA5C.
RFC = 0.33 \iH Miller #9230-30.
L1 = One Turn #16 Cu, 1/4" I.D. (Air Core).
L2p = One Turn #16 Cu, 1/4" I.D. (Air Core).
L2s = One Turn #16 Cu, 1/4" I.D. (Air Core).

Figure 1.450 MHz Common-Gate Amplifier Test Circuit

J3O8J3O9 J 3 1 0

s\ . Vnc 1
\

ss

ov

i 25°**

sX

/»

j /

' /

V T A - - 5 5 ° C

/
f

*
-55°5

A

A' J

/

*
2 5 C -

y~Z.s
1

50°C-

70

60

50

40

•>n

n
-5.0 -4.0 -3.0 -2.0 -1.0

ID - VQS. GATE-SOURCE VOLTAGE (VOLTS)

'DSS - VGS. GATE-SOURCE CUTOFF VOLTAGE (VOLTS)

Figure 2. Drain Current and Transfer
Characteristics versus Gate-Source Voltage

J 35

Z 25

20

15

; 10

i so

— -
DS=10V -

r1.0MHZ -

^ ^

/
/ /

/
/

' y
/ *

y
MX,

-*l /
- 5 5 ° c y y

J

C !«*
* ~)

/

50°C

5.0 4.0 3.0 2.0 1.0

VGS, GATE-SOURCE VOLTAGE (VOLTS)

Figure 3. Forward Transconductance
versus Gate-Source Voltage

f 100k

10 k

1Ok

100

m

T

|
Ft

Y

?-•

"GS(off

VGS(o«

is «i

P) - - 2 . 3

t

f'-'-Tm

0.01

1.0k

100c,

1.0
0.10.20.3 0.5 1.0 2.03.05.0 10 20 30 50 100

IQ, DRAIN CURRENT (mA)

Figure 4. Common-Source Output
Admittance and Forward Transconductance

versus Drain Current

i
7.0

' 4.0

1
RDS/

J1
•Cgr

120

96

24

8

10 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

V Q S . GATE SOURCE VOLTAGE (VOLTS)

Figure 5. On Resistance and Junction
Capacitance versus Gate-Source Voltage
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J308 J309 J310

24

- 1 8

-£• 12

6.0

0
100

V D S = I O V

" lD = 10mA
TA =

= =
•• —
1 - •—

• • —

— -

Y21

V 2 2 ^

p a

"12

l

/

/

i

- 3 .0

1

• 2.4

1.8

1.2>

/ 0 . 6

200 300 500 700 1000
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Figure 6. Common-Gate Y Parameter
Magnitude versus Frequency
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Figure 7. Common-Gate S Parameter
Magnitude versus Frequency
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Rgure 8. Common-Gate Y Parameter
Phase-Angle versus Frequency
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Figure 9. S Parameter Phase-Angle
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Figure 10. Noise Figure and
Power Gain versus Drain Current

7.0

6.0

f 5 . 0

i<°
§ 3'°
£ 2.0

1.0

0

•vD
• I D =

• CIF

5=
12

• 25

cu

OV
mA

X

TINF IGURE 1

••
•*

> > t

/

26

-22

18

•14

• 10

6.0

2.0

f

50 100 200 300 500 700 1000

f, FREQUENCY (MHz)

Figure 11. Noise Figure and Power Gain
versus Frequency
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J308J309J310

SHIELD

BW(3dB)-36.5MHz
lD-10mAdc
V D s - 2 0 V d c
Device case grounded
IM test tones - f1 = 449.5 MHz, f2 = 450.5 MHz

C1 = 1-10 pF Johanson Air variable trimmer.
C2, C5 =100 pF feed thru button capacitor.
C3, C4, C6 = 0.5-6 pF Johanson Air variable
trimmer.

L1 «1/8" x 1/32" x 1-5/8" copper bar.
L2, L4 = Ferroxcube Vk200 choke.
L3 = 1/8"x 1/32"x 1-7/8" copper bar.

Figure 12.450 MHz IMD Evaluation Amplifier

Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with C4 and
C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point (IP) value is
29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower IP values. For
example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm.

+40

+20

0 •

-20

-40

: -80

' -100

-120

U310JFET

Vns-20Vdc •

l D = 10mAdc

• F 1 = 449.5 M

F2= 450.5 N

FUNDAME.NTA

S
3R[

3RD ORDER INTERCEPT POINT-

LOUTPU"

1
) OR)ER IMD XJTHJT,

V
1

/
/

I

t

/

-120 -100 - 8 0 - 6 0 - 4 0 - 2 0

INPUT POWER PER TONE (dBm)

+20

Example of intercept point plot use:

Assume two in-band signals of - 2 0 dBm at the amplifier input.

They will result in a 3rd-order IMD signal at the output of

- 9 0 dBm. Also, each signal level at the output will be

- 1 1 d B m , showing an amplifier gain of 9 .0 dB and an

intermodulation ratio (IMR) capability of 79 dB. The gain and

IMR values apply only for signal levels below comparison.

Figure 13. Two-Tone 3rd-Order Intercept Point
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J308 J3O9 J310

PACKAGE DIMENSIONS

SECTION X-X

CASE 029-04
(TO-226AA)
ISSUE AD

NOTES:
1. DIMENSIONING AND TOLERANCINQ PER ANSI

YU.5M, 1962.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. DIMENSION FAPPLIES BETWEEN P AND L.

DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K MINIMUM.

DM
A,
e
c
p
f
<)
H
J
K
L
N

R
Y

INCHES
MM

0.175
0.170
0.125
0.016
0.016
0.045
0.095
tsns
0500
OiSO
0.060

0.115
0.135

MAX

wo
0.022
0.019

»«5
0.105
0020

—
—

°i°S
0.100

—

LJMETERS

4.45
4.32
3.18
0.41
0.41
1.15
2.42
039

12.70
6.35
2.04

2.93
3.43

MAX
5.20
5.33
4.19
0.55
0.48
1.39
2.66
0.50
—
—
2 .
2 54

—

STYLE S:
PIN1. DRAIN

2. SOURCE
3. GATE
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MOTOROLA

Three-Terminal Low Current
Positive Voltage Regulators

The MC78L00, A Series of positive voltage regulators are inexpensive,
easy-to-use devices suitable for a multitude of applications that require a
regulated supply of up to 100 mA. Like their higher powered MC7800 and
MC78M00 Series cousins, these regulators feature internal current limiting
and thermal shutdown making them remarkably rugged. No external
components are required with the MC78L00 devices in many applications.

These devices offer a substantial performance advantage over the
traditional zener diode-resistor combination, as output impedance and
quiescent current are substantially reduced.

Wide Range of Available, Fixed Output Voltages

Low Cost

Internal Short Circuit Current Limiting

Internal Thermal Overload Protection

No External Components Required

Complementary Negative Regulators Offered (MC79L00 Series)

Available in either ±5% (AC) or ±10% (C) Selections

ORDERING INFORMATION

Device

MC78LXXACD*

MC78LXXACP

MC78LXXCP

MC78LXXABD*

MC78LXXABP*

Operating
Temperature Range

Tj = 0°to+125°C

Tj = -40° to +125°C

Package

SOP-«

Plastic Power

Plastic Power

SOP-8

Plastic Power

Order this document by MC78L00/D

MC78L00, A
Series

P SUFFIX
CASE 29

Pin 1. Output
2. GND
3. Input

Pin 1. Vout
2. GND
3. GND
4. NC

D SUFFIX
PLASTIC PACKAGE

CASE 751
(SOP-8)*

5. NC
6. GND
7. GND
8-Vjn

• S O P - 8 is an internally modified SO-8 package.
Pins2,3,6,and7are electrically common to thedie
attach flag. This internal lead frame modification
decreases package thermal resistance and
increases power dissipation capability when
appropriately mounted on a printed circuit board.
SOP-8 conforms to all external dimensions of the
standard SO-8 package.

Input •jo-jMC

Standard Application

Input

0.33tiF I

MC78LXX -o-»« Out

' T Co-

Output

A common ground is required between the input
and the output voltages. The input voltage must
remain typically 2.0Vabove the output voltage even
during the low point on the input ripple voltage.

*Cjn is required if regulator is located an
appreciable distance from power supply filter.

" C o is not needed for stability; however, it does
improve transient response.

DEVICE TYPE/NOMINAL VOLTAGE

XX indicates nominal voltage
'Available in 5, 8, 9.12 and 15 V devices.

10%

MC78L05C
MC78L08C
MC78L09C
MC78L12C
MC78L15C
MC78L18C
MC78L24C

5%

MC78L05AC
MC78L08AC
MC78L09AC
MC78L12AC
MC78L15AC
MC78L18AC
MC78L24AC

Voltage

5.0
8.0
9.0
12
15
18
24

e Motorola, Inc. 1996
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MC78L00, A Series

MAXIMUM RATINGS (TA = +125°C, unless otherwise noted.)

Rating

Input Voltage (2.6 V-8.0V)
(12V-18V)
(24 V)

Storage Temperature Range

Operating Junction Temperature Range

Symbol

V|

Tstg

T j

Value

30
35
40

-65 to+150

0 to+150

Unit

Vdc

°C

°C

ELECTRICAL CHARACTERISTICS (V| = 10 V, l0 = 40 mA, C| *
0°C < T j < +125X (for MC78LXXAC), unless otherwise noted.)

Characteristics

Output Voltage (Tj = +25°C)

Line Regulation
(Tj = +25°C, l o • 40 mA)
7.0Vdc$V\<,20Vdc
8.0Vdc<!V|<;20Vdc

Load Regulation
(Tj « +25°C, 1.0 mA < lo S100 mA)
(Tj = +25°C, 1.0 mA £ l o £40 mA)

Output Voltage
(7.0 Vdc S V| $ 20 Vdc, 1.0 mA < lo S 40 mA)
(V|=10V, 1.0mA<,lo£70mA)

Input Bias Current
(T j -+25°C)
(Tj=+125°C)

Input Bias Current Change
(8.0VdC£V|£20Vdc)
(1.0mA<;los40mA)

Output Noise Voltage
( T A • + 2 5 ° C , 10Hz< f< 100 kHz)

Ripple Rejection ( lo = 40 mA,
f = 120 Hz, 8.0 Vdc<. V| £ 18 V, T j = +25°C)

Dropout Voltage (Tj = +25°C)

Symbol

vo
Regiine

Regioad

vo

•IB

AI|B

Vn

RR

v , - v 0

0.33 HF, CO-ttid - 40°C<Tj <

MC78L05AC,AB

Min
4.8

-

-

4.75
4.75

-

-

—

41

-

TVP
5.0

55
45

11
5.0

-

3.8

-

40

49

1.7

Max

5.2

150
100

60
30

5.25
5.25

6.0
5.5

1.5
0.1

-

—

-

T j < +125°C (for MC78LXXAB),

MC78L05C

Min

4.6

-

-

4.5
4.5

-

-

—

40

-

Typ
5.0

55
45

11
5.0

-

3.8

-

40

49

1.7

Max

5.4

200
150

60
30

5.5
5.5

6.0
5.5

1.5
0.2

—

—

-

Unit

Vdc

mV

mV

Vdc

mA

mA

uV

dB

Vdc

ELECTRICAL CHARACTERISTICS (V| « 14 V, l 0 - 40 mA, C| » 0.33 nR CO s 0.1 nF, -40°C < T j < +125°C (for MC78LXXAB),
0°C < T j < +125X (for MC78LXXAC), unless otherwise noted.)

Characteristics

Output Voltage (Tj * +25°C)

Line Regulation
(Tj • +25°C, IQ = 40 mA)
10.5 Vdc < V | * 23 Vdc
11 Vdc£V|£23Vdc

Load Regulation
(Tj * +25°C, 1.0 mA < I Q < 100 mA)
(Tj *+25°C, 1.0 mA £ \Q £ 40 mA)

Output Voltage
(10.5 Vdc < V| £ 23 Vdc, 1.0 mA s \ Q Z 40 mA)
(V| = 14V,1.0mA<. l o£70mA)

Input Bias Current
(Tj = +25°C)
(Tj - +125°C)

Input Bias Current Change
(11 Vdc<;V|£23Vdc)
(1 .0mA<lo£40mA)

Output Noise Voltage
(TA = +25°C, 10 Hz £ f £ 100 kHz)

Ripple Rejection ( lo = 40 mA,
f = 120 Hz, 12 V < V| £ 23 V, T j = +25°C)

Dropout Voltage (Tj = +25°C)

Symbol

vo
Regime

Regioad

Vo

(IB

AI|B

Vn

RR

v , - v 0

MC78L08AC,AB

Mln

7.7

-

-

7.6
7.6

-

-

37

-

TVP
8.0

20
12

15
8.0

-

3.0

-

60

57

1.7

Max

8.3

175
125

80
40

8.4
8.4

6.0
5.5

1.5
0.1

—

-

MC78L08C

Mln

7.36

-

-

7.2
7.2

-

-

36

-

Typ
8.0

20
12

15
6.0

-

3.0

-

52

55

1.7

Max

8.64

200
150

80
40

8.8
8.8

6.0
5.5

1.5
0.2

-

Unit

Vdc

mV

mV

Vdc

mA

mA

uV

dB

Vdc
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MC78L00, A Series

ELECTRICAL CHARACTERISTICS (V, = 15 V, l 0 - 40 mA, C|«0.33\iF,Cos0.1nF, -
0°C < T j < +125°C (for MC78LXXAC), unless otherwise noted.)

Characteristics

Output Voltage (Tj * +25°C)

Line Regulation
(Tj = +25°C,lo = 40mA)
11.5 Vdc£V|<24 Vdc
12Vdc*V|£24Vdc

Load Regulation
(Tj • +25°C, 1.0 mA £ l0 s 100 mA)
(Tj * +25°C, 1.0 mA < lo S 40 mA)

Output Voltage
(11.5 Vdc < V| < 24 Vdc, 1.0 mA slo<40mA)
(V|= 15V, 1.0mA<;lo*70mA)

Input Bias Current
<Tj«+25«C)
(Tj=+125°C)

Input Bias Current Change
(11 Vdc£V|*23Vdc)
(1.0 m A s l o < 40 mA)

Output Noise Voltage
(TA = +25°C, 10 Hz £f <100 kHz)

Ripple Rejection ( l 0 = 40 mA,
f = 120 Hz, 13 V i V| £ 24 V, Tj » +25°C)

Dropout Voltage
(Tj = +25°C)

Symbol

vo

Regijne

Regioad

vo

"IB

AIIB

V n

RR

V|-V0

0.33 \iF, Co s 0.1 nF, -40°C <

MC78L09AC,AB

Min

8.6

-

_

8.5
8.5

-

—

37

-

iyP

9.0

20
12

15
8.0

-

3.0

-

60

57

1.7

Max

9.4

175
125

90
40

9.5
9.5

6.0
5.5

1.5
0.1

-

-

-

T j < +125°C (for MC78LXXAB),

MC78L09C

Mln

8.3

-

-

8.1
8.1

_

-

—

36

-

TVP
9.0

20
12

15
6.0

:

3.0

:

52

55

1.7

Max

9.7

200
150

90
40

9.9
9.9

6.0
5.5

1.5
0.2

-

-

-

Unit

Vdc

mV

mV

Vdc

mA

mA

nv

dB

Vdc

ELECTRICAL CHARACTERISTICS (V, = 19 V, l 0 = « mA, C| =
0°C < T j < +125°C (for MC78LXXAC), unless otherwise noted.)

Characteristics

Output Voltage (Tj • +ZSX)

Line Regulation
(Tj = +25°C, lo s 40 mA)
14.5 Vdc <V|<, 27 Vdc
16Vdc<SV|<27Vdc

Load Regulation
(Tj = +25°C, 1.0 mA < IQ i 100 mA)
(Tj =+25°C, 1.0 mA < IQ S 40 mA)

Output Voltage
(14.5 Vdc < V| < 27 Vdc, 1.0 mA £ IQ £ 40 mA)
(V| * 19V, 1.0mA<.lo*70mA)

Input Bias Current
(Tj = +25°C)
(Tj=+125°C)

Input Bias Current Change
(16Vdc<V|<27Vdc)
(1.0mA<los40mA)

Output Noise Voltage
(TA - +25°C, 10 Hz < f £ 100 kHz)

Ripple Rejection (lo = 40 mA,
f*120Hz, 15V<V|£25V,Tj = +25°C)

Dropout Voltage
(Tj * +25°C)

Symbol

vo
Regime

Regioad

Vo

'IB

AI|B

Vn

RR

V|-V0

0.33nF,Co-0.1nF,-40°C«

MC78L12AC,

Min

11.5

-

-

11.4
11.4

_

-

-

37

-

TVp

12

120
100

20
10

-

4.2

-

80

42

1.7

AB

Max

12.5

250
200

100
50

12.6
12.6

6.5
6.0

1.5
0.1

—

-

-

Tj < +125°C (for MC78LXXAB),

MC78L12C

Mln

11.1

-

-

10.8
10.8

_

-

-

36

-

Typ

12

120
100

20
10

:

4.2

:

80

42

1.7

Max

12.9

250
200

100
50

13.2
13.2

6.5
6.0

1.5
0.2

—

-

-

Unit

Vdc

mV

mV

Vdc

mA

mA

|iV

dB

Vdc
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APPENDIX D. COMPONENT DATA

ELECTRICAL CHARACTERISTICS (V| = 23 V, l 0 « 40 mA, C|
0°C < T j < +125°C (for MC78LXXAC), unless otherwise noted.)

MC78L00, A Series

0.33 nF. CO - 0.1 (iF, U < T j < +125°C (for MC78LXXAB),

Characteristics

Output Voltage (Tj = +25°C)

Line Regulation
(Tj = +25°C,IQ•40mA)
17.5 Vdc <V|< 30 Vdc
20Vdc<V|*30Vdc

Load Regulation
(Tj = +25°C, 1.0 mA < lo S100 mA)
(Tj = +25°C, 1.0 mA i LO 140 mA)

Output Voltage
(17.5VdcsV|£30Vdc, 1.0mA<IQ<•40mA)
(V| = 23V, 1.0 mAsloS 70 mA)

Input Bias Current
(Tj=+25°C)
(Tj*+125°C)

Input Bias Current Change
(20Vdc£V|<30Vdc)
(1.0mAslos40mA)

Output Noise Voltage
(TA - +25°C, 10Hz<,f<; 100 kHz)

Ripple Rejection (lo = 40 mA,
f • 120 Hz, 18.5 V £ V| < 28.5 V, Tj = +25°C)

Dropout Voltage
(Tj • +25-C)

Symbol

VO

Regime

Regioad

Vo

•IB

Al,B

Vo

RR

V|-V0

MC78L15AC.AB

Min

14.4

-

-

14.25
14.25

-

-

34

—

i y p

15

130
110

25
12

-

4.4

-

90

39

1.7

Max

15.6

300
250

150
75

15.75
15.75

6.5
6.0

1.5
0.1

—

-

—

MC78L15C

Min

13.8

-

-

13.5
13.5

-

-

-

33

-

Typ

15

130
110

25
12

-

4.4

-

90

39

1.7

Max

16.2

300
250

150
75

16.5
16.5

6.5
6.0

1.5
0.2

—

—

-

Unit

Vdc

mV

mV

Vdc

mA

mA

uV

dB

Vdc

ELECTRICAL CHARACTERISTICS (V, = 27 V, l0 •

Characteristics

Output Voltage (Tj = +25°C)
Line Regulation

(Tj = +25°C,lo = 40mA)
21.4Vdc<V|<33Vdc
20.7 Vdc <V|< 33 Vdc
22Vdc<V|<33Vdc
21 Vdc£V|£33Vdc

Load Regulation
(Tj = +25°C, 1.0 mA < lo < 100 mA)
(Tj = +25°C, 1.0 mASIoS 40mA)

Output Voltage
(21.4 Vdc < V| < 33 Vdc, 1.0 mA < LO < 40 mA)
(20.7 Vdc < V| < 33 Vdc, 1.0 mA < lo < 40 mA)
(V| = 27 V, 1.0 mA < I Q s 70 mA)
(V| = 27 V, 1.0 mA s lo < 70 mA)

Input Bias Current
(Tj = +25°C)
(Tj = +125°C)

Input Bias Current Change
(22Vdc<Vj<33Vdc)
(21 VdcsV|S33Vdc)
(1.0mAsloS40mA)

Output Noise Voltage
(TA = +25°C,10Hz<f< 100kHz)

Ripple Rejection (lo - 40 mA,
f = 120 Hz, 23 V < V| < 33 V, Tj = +25°C)

Dropout Voltage
(Tj = +25X)

40 mA, C| =

Symbol

vo

Regiine

Regioad

vo

I|B

AI|B

Vn

RR

V | - V 0

0.33 nF, Co ~ 0.1 nF, 0°C < T j < +125°C, unless otherwise noted.)

MC78L18AC

Min

17.3

-

-

17.1

17.1

-

-

-

33

—

Typ

18

45

35

30
15

-

3.1

-

150

48

1.7

Max

18.7

325

275

170
85

18.9

18.9

6.5
6.0

1.5
0.1

-

-

—

MC78L18C

Min

16.6

-

-

16.2

16.2

-

-

-

32

-

Typ

18

32

27

30
15

-

3.1

-

150

46

1.7

Max

19.4

325

275

170
85

19.8

19.8

6.5
6.0

1.5

0.2

-

-

—

Unit

Vdc

mV

mV

Vdc

mA

mA

HV

dB

Vdc
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MC78L00, A Series

ELECTRICAL CHARACTERISTICS (V, = 33 V, l 0 •

Characteristics

Output Voltage (Tj s +25°C)

Line Regulation
(Tja+25°C,lo*40mA)
27.5 Vdc <V|< 38 Vdc
28Vdc<V|<80Vdc
27VdcsV|<38Vdc

Load Regulation
(Tj = +25°C, 1.0 mA < l 0 £ 100 mA)
(Tj =+25°C, 1.0 mA < lo S 40 mA)

Output Voltage
(28 Vdc < V| £ 38 Vdc, 1.0 mA s \Q S 40 mA)
(27 Vdc s V| < 38 Vdc, 1.0 mA < IQ < 40 mA)
(28 Vdc s V | = 33 Vdc, 1.0 mA £ lo * 70 mA)
(27 Vdc < V| < 33 Vdc, 1.0 mA < lo £ 70 mA)

Input Bias Current
(Tj = +25°C)
(Tj=+125°C)

Input Bias Current Change
(28VdcsV|S38Vdc)
(1.0mA<lQ<40mA)

Output Noise Voltage
(TA - +25°C, 10 Hz S f <100 kHz)

Ripple Rejection (lo = 40 mA,
f=120Hz,29V£ V|<,35V, Tj=+25°C)

Dropout Voltage
(Tj = +25°C)

• 40 mA, C| -

Symbol

v0

Regiine

Regioad

vo

I|B

AI|B

Vn

RR

V | - V 0

0.33 ^F, CO = 0.1 (iF.O-CtT

MC78L24AC

Mln

23

-

:

22.8

22.8

_

-

-

31

—

iyp
24

50
60

40
20

-

3.1

:

200

45

1.7

Max

25

300
350

200
100

25.2

25.2

6.5
6.0

1.5
0.1

—

-

—

j < +125°C, unless otherwise noted.)

MC78L24C

Min

22.1

-

-

21.6

21.6

-

—

30

-

iyP
24

35
30

40
20

-

3.1

:

200

43

1.7

Max

25.9

350
300

200
100

26.4

26.4

6.5
6.0

1.5
0.2

—

-

—

Unit

Vdc

mV

mV

Vdc

mA

mA

dB

Vdc
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MC78L00, A Series

Figure 1. Dropout Characteristics
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Figure 2. Dropout Voltage versus
Junction Temperature
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Figure 3. Input Bias Current versus
Ambient Temperature
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MC78L00, A Series

APPLICATIONS INFORMATION

Design Considerations
The MC78L00 Series of fixed voltage regulators are

designed with Thermal Overload Protection that shuts down
the circuit when subjected to an excessive power overload
condition. Internal Short Circuit Protection limits the
maximum current the circuit will pass.

In many low-current applications, compensation
capacitors are not required. However, it is recommended that
the regulator input be bypassed with a capacitor if the
regulator is connected to the power supply filter with long wire
lengths, or if the output load capacitance is large. The input

bypass capacitor should be selected to provide good
high-frequency characteristics to insure stable operation
under all load conditions. A 0.33 JIF or larger tantalum, mylar,
or other capacitor having low internal impedance at high
frequencies should be chosen.The bypass capacitor should
be mounted with the shortest possible leads directly across
the regulators input terminals. Good construction techniques
should be used to minimize ground loops and lead resistance
drops since the regulator has no external sense lead.
Bypassing the output is also recommended.

Figure 7. Current Regulator Figure 8. ± 15 V Tracking Voltage Regulator

Input T1
0.33(iF.-p

MC78L05
+20V
0.33uF

Constant
- • Current to
• Grounded Load

The MC78L00 regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC78L05Cischoseninthisapplication. Resistor R determines
the current as follows:

- f -O- | HC78L18 \-O+

i

4 \ _

2

3

"I
V MPSA70

MPSU55

O + V 0

10k

: 10k

-O-VQ

I|B = 3.8 mA over line and load changes

For example, a 100 mA current source would require R to be a
50 U 1 a W resistor and the output voltage compliance would be
the input voltage less 7 V.

Figure 9. Positive and Negative Regulator

o+v0
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MC78L00, A Series

OUTLINE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE

CASE 29-04
ISSUE AD

SECTION X-X

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M.1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. DIMENSIONFAPPLIESBETWEENPANDL

DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K M

WM
n
>
C
D
f
0
H
^

ii
•
V

MCHU

•W

0.170
0.125
0.016
0.016
0.045
0.095
0.015
0.500
0.250
0.080

—
0.115
0.135

MAX
O,JW
0.210
0.165
0.022

Otir
0.055
0.105
0.020

0.105
0.100

—

M L U K T B B
UN
4.45
4.32
3.18
0.41
0.41

2.42
0.39

12.70

ex
2.04

2.93
3.43

MM
5.20
5.33

4 It
0.55
0.48

1-»
?«?
0.50

2 .
254

—

D SUFFIX
PLASTIC PACKAGE

CASE 751-05
(SOP-8)
ISSUER

NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M.1994.
2. DIMENSIONSAREINMILLIMETERS.
3. DIMENSION D AND E DO NOT INCLUDE MOLD

PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
5. DIMENSION S DOES NOT INCLUDE MOLD

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL W EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

|0|O25®|C|B ©|A©|

A
A1
B
C
P
E
•
N
h
L
9

mini
MIN
1 .
0.10
0.35
0.18
4.80
3.80

1.27

5 .
0.25
0.40

1.75
0.25
0.4
0,25
5,00
4,00

win
1.25

7«
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National Semiconductor

LM386
Low Voltage Audio Power Amplifier

September 1997

General Description
The LM386 is a power amplifier designed for use in low volt-
age consumer applications. The gain is internally set to 20 to
keep external part count low, but the addition of an external
resistor and capacitor between pins 1 and 8 will increase the
gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features
• Battery operation
• Minimum external parts
• Wide supply voltage range: 4V-12V or 5V-18V
• Low quiescent current drain: 4 mA
• Voltage gains from 20 to 200
• Ground referenced input
• Self-centering output quiescent voltage
• Low distortion
• Available in 8 pin MSOP package

Applications
• AM-FM radio amplifiers

• Portable tape player amplifiers
• Intercoms
• TV sound systems
• Line drivers
• Ultrasonic drivers
• Small servo drivers
• Power converters

I

Q.
5"

>
3

Equivalent Schematic and Connection Diagrams

Small Outline,
Molded Mini Small Outline,
and Dual-ln-Line Packages

Top View
Order Number LM386M-1,

LM386MM-1, LM386N-1, LM386N-3
or LM386N-4

See NS Package Number
M08A, MUA08AorN08E

0 1 0 9 7 National Semiconductor Corporation DS006978 www.national com
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Absolute M a x i m u m Ratings (Note 2) Dual-ln-Line Package
If Military/Aerospace specified devices are required, Soldering (10 sec) +260 C

please contact the National Semiconductor Sales Office/ Small Outline Package

Distributors for availability and specifications. (SOIC and MSOP)

Supply Voltage VaP°r Phase <60 sec) +215 C

(LM386N-1,-3, LM386M-1) 15V M™«* (15 sec) +220 C

Sunniv Voltaae fLM386N 4) 22V S e e AN-450 "Surface Mounting Methods and Their Effect

P ^ T T 3 J « W W ^ « on Product Reliability for other methods of soldering

Package Dissipation (Note 3) surface mount devices.

(LM386N) 1.25W T h e r m a l Resistance

(LM386M) 0.73W 6 j c (DIP) 37 C/W

(LM386MM-1) 0.595W 8 j A ( D I P ) 1 0 7 C / W

Input Voltage ±0.4V eJC (SO Package) 35 C/W

Storage Temperature 65 C to+150 C eJA (SO Package) 172 C/W

Operating Temperature 0Cto+70C 0JA (MSOP) 210 C/W

Junction Temperature +150 C Qjc (MSOP) 56 C/W

Soldering Information

Electrical Characteristics(Notes 1, 2)
TA = 25 C

Parameter

Operating Supply Voltage (Vs)

LM386N-1, -3, LM386M-1, LM386MM-1

LM386N-4

Quiescent Current (IQ)

Output Power (P O UT)

LM386N-1, LM386M-1, LM386MM-1

LM386N-3

LM386N-4

Voltage Gain (Av)

Bandwidth (BW)

Total Harmonic Distortion (THD)

Power Supply Rejection Ratio (PSRR)

Input Resistance (R,N)

Input Bias Current (IBIAS)

Conditions

V s = 6V, VIN = 0

V s = 6V, RL = 8Q, THD = 10%

V s = 9V, RL = 8fl, THD = 10%

V s = 16V, RL = 32Q, THD = 10%

V s = 6V, f = 1 kHz

10 uF from Pin 1 to 8

V s = 6V, Pins 1 and 8 Open

V s = 6V, RL = 8Q, POUT = 125 mW

f = 1 kHz, Pins 1 and 8 Open

V s = 6V, f = 1 kHz, CBYPASS = 10 UF

Pins 1 and 8 Open, Referred to Output

V s = 6V, Pins 2 and 3 Open

Min

4

5

250

500

700

Typ

4

325

700

1000

26

46

300

0.2

50

50

250

Max

12

18

8

Units

V

V

mA

mW

mW

mW

dB

dB

kHz

%

dB

kO

nA

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.
Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.
Note 3: For operation in ambient temperatures above 25 C, the device must be derated based on a 150 C maximum junction temperature and 1) a thermal resis-
tance of 80 C/W junction to ambient for the dual-in-line package and 2) a thermal resistance of 170 C/W for the small outline package.
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Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capacitor
is put from pin 1 to 8, bypassing the 135 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.
Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a series
RC from pin 1 to 5 (paralleling the internal 15 kQ resistor).
For 6 dB effective bass boost: R = 15 kQ, the lowest value
for good stable operation is R = 10 kQ if pin 8 is open. If pins
1 and 8 are bypassed then R as low as 2 kQ can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the LM386
is higher than 250 kQ it will contribute very little additional
offset (about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 kQ, then shorting the
unused input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by put-
ting a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This is done with a 0.1 uF capacitor or
a short to ground depending on the dc source resistance on
the driven input.
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Typical Performance Characteristics

Quiescent Supply Current
vs Supply Voltage

! * ,*—'
**•

SUPPLY VOLTAGE (VOLTS)

Voltage Gain vs Frequency

Device Dissipation vs Output
Power—4Q Load

I "

/

/s * " v , - n

i J
Li IKTHO

X T H 0

1 .1 U «1 M u
OUTPUT nmtniwi

Power Supply Rejection Ratio
(Referred to the Output)
vs Frequency

IN II III

f REOUCMV Mil

Distortion vs Frequency

it

Device Dissipation vs Output
Power— 8Q Load

!l

IJ

I I

I "
I "
I "

\
|v

-v

1
1.-10V

\

V | - 12V

•«v 4—
IBB

LEVEL

•
T
J_

MTHO
LEVEL

TT
I 0.1 M U M II U 0.7 I I I I 10

OUTPUT pmcn on

DSOO6976-18

Peak-to-Peak Output Voltage
Swing vs Supply Voltage

I >•

I '
*-•

A
/ •

it

% ( 7 0 • 10 11 12

SUPPLY VOLTAGE (VOLTS)
DS006976-5

Distortion vs Output Power

POWER OUT (WATTS)
DSO06976-16

Device Dissipation vs Output
Power—16Q Load

XTHD
riEVEL"

1KTHD
lEVil

I U M U U 1.1 \2 1.4 \% 1.1 2.0

OUTPUT PO
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

Amplifier with Ga in=50

IT

Amplifier with Bass Boost

Amplifier with Gain * 200
tOwF

Low-Distortion Power Wienbridge Oscillator

ElOCN/U
CFM1U I

IM

-OVo

Square Wave Oscillator

-O*«

> 10
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Typical Applications (Continued)

Freque

27

26

25

1 24
ae „
< "

2 22

1 «
g 20

10

18

ncy Response with Bass Boost

Xr

\
\\

•iiia

20 50 100 200 500 Ik 2k 5k 10k 20k

FREQUENCY (Hz)

AM Radio Power Amplifier

Note 4: Twist Supply lead and supply ground very tightly.

Note 5: Twist speaker lead and ground very tightly.

Note 6: Ferrite bead in Ferroxcube K5-001-001/3B with 3 turns of wire.

Note 7: R1C1 band limits input signals.

Note 8: All components must be spaced very closely to IC.
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Physical D imens ions inches (millimeters) unless otherwise noted

OMt-1,244
(S.791-I.1M)

i • • « - » « ' .

K.IM-IOKI

I 7 I S

ft ft ft ft

JJffo

ll.Hi-l.T

i

I . ».ro-«.w (MHI .^S. »1

SO Package (M)
Order Number LM386M-1

NS Package Number M08A
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Physica l D imens ions inches (millimeters) unless otherwise noted (Continued)

0.118±0.004
— [3*0.1] —

nnnn
TTTT

0.11810.00*
[310.1]

(0.189)
[4.8]

(0.040) T
[1.02] T Y P ^

(O.O256)|TYP
[0-65]

[0.65]

LAND PATTERN RECOMMENDATION

0.043
[1.09] M A X

Q | 0.002 [0.05] * l T
0.002-0.006 TYp
[0.06-0.15] T T P "

f
i-d-d-

1 1 O 'O I 2"»O- .°»C
4 | I

' (0.034)
[0.86]

GAGE
PLANE

1 [0.953]

\ _ 0.007±0.002

0 ° - 6 ° TYP-

SEATING PLANE

|-e- |0.002 [0.05](B)| B® I C®]

' [0.18±0.05]

8-Lead (0.118" Wide) Molded Mini Small Outline Package
Order Number LM386MM-1

NS Package Number MUA08A
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Q)

"5.
<

<0

<

O)

5

P h y s i c a l D i m e n s i o n s inches (millimeters) unless otherwise noted (Continued)

0.373-0.400

8

—•»

0.0M-0.01S

(0.22)-0.301|

(7.112| ™

0.300-0.320

(7.62-8.128)

{ ^ " 1

„ „ , +0.140
0 3 2 5-0.015

" • " a r a o .
(0.7ea

' j
—T

OIA

NOM

+ 1.016\

- 0 . 3 0 1 /

MS.
(1.551)

0.04S±0.01» ,

(1.143±0.381)

o.oato.o.5 JUGl
| ^ ^ I /

^s /

M60
p ^ (1.524)

DuaMn-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4

NS Package Number N08E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:
1. Life support devices or systems are devices or sys-

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: supportQnsc.com

www.national.com

Fax+ 4 9 (0) 1 80-530 85 86
Email: europe.suppoiiensc.com

Deutsch Tel: - 4 9 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Francais Tel: +49(0) 1 80-53293 58
Italiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor

ASM P K M c Customer

Response Group
Tel: 65-2544466
Fax 65-2504466

Email: sea.supportQnsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5620-6175
Fax 81-3-5620-6179

» any responsibility (w us* of any circuitry described, no circuit patent LICENSE* wn impN«4 «nd National reserves Itw light at any time without notice to etiangt Mid circuitry and specifications
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DISCRETE SEMICONDUCTORS

\Tt if

1N4148;1N4446;1N4448
High-speed diodes

Product specification
Supersedes data of April 1996
File under Discrete Semiconductors, SC01

1996SepO3

Philips
Semiconductors PHILIPS
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

FEATURES

• Hermetically sealed leaded glass
SOD27 (DO-35) package

• High switching speed: max. 4 ns

• General application

• Continuous reverse voltage:
max. 75 V

• Repetitive peak reverse voltage:
max. 75 V

• Repetitive peak forward current:
max. 450 mA.

APPLICATIONS

• High-speed switching.

DESCRIPTION

The 1N4148,1N4446,1N4448 are high-speed switching diodes fabricated in
planar technology, and encapsulated in hermetically sealed leaded glass
SOD27 (DO-35) packages.

CD*

The diodes are type branded.

Fig.1 Simplified outline (SOD27; DO-35) and symbol.

LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC134).

SYMBOL

VRRM

VR

IF

'FRM

•FSM

Ptot

Tstg

Tj

PARAMETER

repetitive peak reverse voltage

continuous reverse voltage

continuous forward current

repetitive peak forward current

nonrepetitive peak forward current

total power dissipation

storage temperature

junction temperature

CONDITIONS

see Fig.2; note 1

square wave; Tj = 25 ° C prior to

surge; see Fig.4

t = 1 us

t = 1 ms

t = 1 s

Tamb = 25 °C; note 1

MIN.

-
-
-
-

-

-
-65

-

MAX.

75
75

200
450

4

1

0.5

500
+200

200

UNIT

V
V

mA
mA

A

A

A

mW
°C
°C

Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm.

1996 Sep O3
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

ELECTRICAL CHARACTERISTICS

Tj = 25 °C; unless otherwise specified.

SYMBOL

vF

IR

IR

cd
trr

Vfr

PARAMETER

forward voltage

1N4148

1N4446

1N4448

reverse current

reverse current; 1N4448

diode capacitance

reverse recovery time

forward recovery voltage

CONDITIONS

see Fig.3

LF = 10 mA

IF = 20 mA

IF = 5 mA

IF = 100 mA

VR = 20 V; see Fig.5

VR = 20 V; Tj = 150 °C; see Fig.5

VR = 20 V; Tj = 100 °C; see Fig.5

f = 1 MHz; VR = 0; see Fig.6

when switched from IF = 10 mA to
lR = 60mA;R L =100 f t ;
measured at IR = 1 mA; see Fig.7

when switched from IF = 50 mA;
t, = 20 ns; see Fig.8

MIN.

0.62

-
-

-

MAX.

1.0

1.0

0.72

1.0

25
50
3
4
4

2.5

UNIT

V

V

V

V

nA

MA
MA

PF
ns

V

THERMAL CHARACTERISTICS

SYMBOL

Rthj-tp

Rthj-a

PARAMETER

thermal resistance from junction to tie-point

thermal resistance from junction to ambient

CONDITIONS

lead length 10 mm

lead length 10 mm; note 1

VALUE

240
350

UNIT

K/W
K/W

Note

1. Device mounted on a printed circuit-board without metallization pad.

1996SepO3
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

GRAPHICAL DATA

300

'F
(mA)

200

100

0

Device me

Fig.2

MBG451

N
\

S

\
3 100 j I ° Q \ 200

unted on an FR4 printed-circuit board; lead length 10 mm.

Maximum permissible continuous forward
current as a function of ambient
temperature.

'F

(mA)

200

200

MBG464

- '

1
1

1

(1)

/

/

/

If

7
/
/
/

/

/
/
2)

/

A
/

0 1 V F ( V ) 2

(1) Tj= 175 °C; typical values.
(2) Tj = 25 °C; typical values.
(3) Tj = 25 °C; maximum values.

Fig. 3 Forward current as a function of forward
voltage.

102

•FSM

(A)

10

1

10~1

~ — • —

— •

— = =
— - — _

— -

— — — — _

, .

- • ' ' " — — '

MBG704

• s

1 10 102 10= ^ m 10'

Based on square wave currents.
Tj = 25 °C prior to surge.

Fig.4 Maximum permissible nonrepetitive peak forward current as a function of pulse duration.

1996SepO3

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


2 APPENDIX D. COMPONENT DATA

Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

/ /

/

7

/

(1) VR = -'5 V; typical values

(2) VR = 2>0 V: typical values.

Fig. 5 Reverse current as a function of junction
temperature.

1.2

<pF)

1.0

0.8

0.6

04

f=1MHz

Fig.6

MQD004

» 1 0 V ( V ) 2 0

Tj = 25 °C.

Diode capacitance as a function of reverse
voltage; typical values.
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

(1) lR=1mA.

Rs'

"L
V-VRt

p»

7
lFxRs

r1 „

I S

o r r > o~i
M D.U.T. ] " *
?»F 1

J SAMPLING
OSCILLOSCOPE

R^SOll

T "

input signal

Fig.7 Reverse recovery voltage test circuit and waveforms.

' r r " I
1 t

d)

output signal

' . 1kQ 450 Q

s

_r~L
OSCILLOSCOPE

input
signal

Fig.8 Forward recovery voltage test circuit and waveforms.

output
signal
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4446; 1N4448

PACKAGE OUTLINE

Dimensions in mm.

—^max
MLA428-1

Fig.9 SOD27 (DO-35).

DEFINITIONS

Data Sheet Status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale

1996SepO3
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RF COMMUNICA TIONS PRODUC TS

SA602A
Double-balanced mixer and oscillator

Product specification
Replaces datasheet of April 17,1990
IC17 Data Handbook

1997Nov07

Philips Semiconductors

PHILIPS
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Philips Semiconductors Product specification

Double-balanced mixer and oscillator SA602A

DESCRIPTION
The SA602A is a low-power VHF monolithic double-balanced mixer
with input amplifier, on-board oscillator, and voltage regulator. It is
intended for high performance, low-power communication systems.
The guaranteed parameters of the SA602A make this device
particularly well suited for cellular radio applications. The mixer is a
"Gilbert cell" multiplier configuration which typically provides 18dB of
gain at 45MHz. The oscillator will operate to 200MHz. It can be
configured as a crystal oscillator, a tuned tank oscillator, or a buffer
for an external LO. For higher frequencies the LO input may be
externally driven. The noise figure at 45MHz is typically less than
5dB. The gain, intercept performance, low-power and noise
characteristics make the SA602A a superior choice for
high-performance battery operated equipment. It is available in an
8-lead dual in-line plastic package and an 8-lead SO (surface-mount
miniature package).

FEATURES
• Low current consumption: 2.4mA typical

• Excellent noise figure: <4.7dB typical at 45MHz

• High operating frequency

• Excellent gain, intercept and sensitivity

• Low external parts count; suitable for crystal/ceramic filters

• SA602A meets cellular radio specifications

PIN CONFIGURATION

Figure 1. Pin Configuration

APPLICATIONS
• Cellular radio mixer/oscillator

• Portable radio

• VHF transceivers

• RF data links

• HF/VHF frequency conversion

• Instrumentation frequency conversion

• Broadband LANs

ORDERING INFORMATION
DESCRIPTION

8-Pin Plastic Dual In-Line Plastic (DIP)

8-Pin Plastic Small Outline (SO) package (Surface-mount)

TEMPERATURE RANGE

-40to+85°C
-40to+85°C

ORDER CODE

SA602AN

SA602AD

DWG*

SOT97-1

SOT96-1

ABSOLUTE MAXIMUM RATINGS
SYMBOL

Vcc
TsTG

TA

eJA

PARAMETER

Maximum operating voltage

Storage temperature range

Operating ambient temperature range SA602A

Thermal impedance D package

N package

RATING

9
-65to+150
-40 to +85

90
75

UNITS

V

°c
»c

°c/w
°c/w

1997Nov07 853-1424 18662
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Philips Semiconductors Product specification

Double-balanced mixer and oscillator SA602A

BLOCK DIAGRAM

m m m m

I D I 2 l LJJ LJJ

Figure 2. Block Diagram

AC/DC ELECTRICAL CHARACTERISTICS
Vcc = +6V, TA = 25°C; unless otherwise stated.

SYMBOL

Vcc

f|N

fosc

RIN

C|N

PARAMETER

Power supply voltage range

DC current drain

Input signal frequency

Oscillator frequency

Noise figure at 45MHz

Third-order intercept point

Conversion gain at 45MHz

RF input resistance

RF input capacitance

Mixer output resistance

TEST CONDITIONS

RF|N = -45dBm: f, = 45.0MHz
f2 = 45.06MHz

(Pin 4 or 5)

LIMITS

SA602A

MIN

4.5

14

1.5

TYP

2.4

500

200

5.0

-13

17

3

1.5

MAX

8.0

2.8

5.5

-15

3.5

UNITS

V

mA

MHz

MHz

dB

dBm

dB

kfl

PF
kQ

DESCRIPTION OF OPERATION
The SA602A is a Gilbert cell, an oscillator/buffer, and a temperature
compensated bias network as shown in the equivalent circuit. The
Gilbert cell is a differential amplifier (Pins 1 and 2) which drives a
balanced switching cell. The differential input stage provides gain
and determines the noise figure and signal handling performance of
the system.

The SA602A is designed for optimum low-power performance.
When used with the SA604 as a 45MHz cellular radio second IF and
demodulator, the SA602A is capable of receiving -119dBm signals
with a 12dB S/N ratio. Third-order intercept is typically -13dBm (that
is approximately +5dBm output intercept because of the RF gain).
The system designer must be cognizant of this large signal
limitation. When designing LANs or other closed systems where
transmission levels are high, and small-signal or signal-to-noise
issues are not critical, the input to the SA602A should be
appropriately scaled.

Besides excellent low-power performance well into VHF, the
SA602A is designed to be flexible. The input, RF mixer output and
oscillator ports can support a variety of configurations provided the
designer understands certain constraints, which will be explained
here.

The RF inputs (Pins 1 and 2) are biased internally. They are
symmetrical. The equivalent AC input impedance is approximately
1.5k II 3pF through 50MHz. Pins 1 and 2 can be used
interchangeably, but they should not be DC biased externally.
Figure 5 shows three typical input configurations.

The mixer outputs (Pins 4 and 5) are also internally biased. Each
output is connected to the internal positive supply by a 15kD
resistor. This permits direct output termination yet allows for
balanced output as well. Figure 6 shows three single-ended output
configurations and a balanced output.

1997Nov07

Cambridge Books Online © Cambridge University Presshttps://doi.org/10.1017/CBO9780511817502.020 Published online by Cambridge University Press

https://doi.org/10.1017/CBO9780511817502.020


4 1 B APPENDIX D. COMPONENT DATA

Philips Semiconductors Product specification

Double-balanced mixer and oscillator SA602A

The oscillator is capable of sustaining oscillation beyond 200MHz in
crystal or tuned tank configurations. The upper limit of operation is
determined by tank "Q" and required drive levels. The higher the
"Q" of the tank or the smaller the required drive, the higher the
permissible oscillation frequency. If the required LO is beyond
oscillation limits, or the system calls for an external LO, the external
signal can be injected at Pin 6 through a DC blocking capacitor.
External LO should be at least 200mVP.p.

Figure 7 shows several proven oscillator circuits. Figure 7a is
appropriate for cellular radio. As shown, an overtone mode of
operation is utilized. Capacitor C3 and inductor L1 suppress
oscillation at the crystal fundamental frequency. In the fundamental
mode, the suppression network is omitted.

Figure 8 shows a Colpitts varactor tuned tank oscillator suitable for
synthesizer-controlled applications. It is important to buffer the

output of this circuit to assure that switching spikes from the first
counter or prescaler do not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isolation with low current.
The FET offers good isolation, simplicity, and low current, while the
bipolar transistors provide the simple solution for noncritical
applications. The resistive divider in the emitter-follower circuit
should be chosen to provide the minimum input signal which will
assure correct system operation.

When operated above 100MHz, the oscillator may not start if the Q
of the tank is too low. A 22kft resistor from Pin 7 to ground will
increase the DC bias current of the oscillator transistor. This
improves the AC operating characteristic of the transistor and
should help the oscillator to start. A 22kQ resistor will not upset the
other DC biasing internal to the device, but smaller resistance
values should be avoided.

vcc
| | . 5 4 5 M H z T H I R D OVERTONE CRYSTAL

1nF I 10pF

1 i - 100nF-

602A

__150pF

OUTPUT

Figure 3. Test Configuration
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Figure 4. Equivalent Circuit

_ I
I t

a. Slnglt Cnctod Twwd Input b. Btfanowi lopw (Foe n u a t i o n
f S K M P l t o )

c. Single-EndMiUntunad Input

smxm
Figure5. Input Configuration
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T

T T
T

a. Single-EndedCeramic Filter b. Single-Ended C

m

T f

c. Single-Ended IFT d.. Balanced Output

Figure6. Output Configuration

f^™ )l

m n

)

—)r—

602A

LXTAL

n m

I 1 I I 2 I I 3 I I 4 I

a. CoJprttsCrystalOwHIIator
(Overtone Mode)

r'h
I T I [~6~i m m r r i

b. Colpitts L/C Tank Oscillator c. HartleyL/CTankOscillator

Figure 7. Oscillator Circuits
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&5|tH

•H

if

•r-
7pF ^ 1

BUFFER

IOOOpF1

MV2I0S
OR EQUIVALENT

TO SYNTHESIZER

330

1.0nF

TO SYNTHESIZER

Figure 8. Colpitts Oscillator Suitable for Synthesizer Appiications and Typical Buffers

»cc

(UtoiJi iH j L a

p [ s i 1 7 1 r e
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47PF±
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^
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Figure 9. Typical Application for Cellular Radio
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SO8: plastic small outline package; 8 leads; body width 3.9mm SOT96-1

=4*̂v®|A|

R !H

—-+—f
phi Index J

DMENSI0N8 (Inch dinwrolofw <w dtrivod from ttw ort0inAl inin dinwiwlons)

UNfT

mm

inches

A
max

1.75

0.069

Ai

0.25
0.10

0.0098
0.0038

A8

1.45
1.25

0.057
0.048

A *

0.25

0.01

•>»
0.49
0.36

0.019
0.014

e

0.25
0.19

0.0098
0.0076

D(D

5.0
4.8

0.20
0.18

E «

4.0
3.8

0.16
0.16

a

1.27

0.050

HE

6.2
5.8

0.24
0.23

L

1.05

0.041

1.0
0.4

0.039
0.016

Q

0.7
0.6

0.028
0.024

V

0.25

0.01

W

0 .25

0.01

y

0.1

0.004

Z«>

0.7
0.3

0.028
0.012

«

8°
0 °

1. Plastic or metal protrusions of 0.15 mm maxim um per side are not included.

2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

OUTLINE
VERSION

SOT96-1

REFERENCES

IEC

076E03S

JEDEC

MS-012AA

EIAJ

EUROPEAN
PROJECTION ISSUE DATE

95-02-04
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DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1

-<->z

j^m I HKWX

DIMENSIONS (inch dlmenalona are derlvd from *n original mm dimension*)

UNIT

ram

inches

A
max.

4.2

0.17

Ai
mln.

0.51

0.020

A2
max.

3.2

0.13

b

1.73
1.14

0.068
0.045

*>1

0.53
0.36

0.021
0.015

»z

1.07
0.89

0.042
0.035

o

0.36
0.23

0.014
0.009

D«>

9.8
9.2

0.39
0.36

E dl

6.48
6.20

0.26
0.24

a

2.54

0.10

et

7.62

0.30

L

3.60
3.05

0.14
0.12

M E

8.25
7.80

0.32
0.31

M H

10.0
8.3
0.39
0.33

W

0.254

0.01

Z(D
max

1.15

0.045

1. Hastic or metal protrusions of 0.25 mm maximum per side are not included.

OUTLINE
VERSION

SOT97-1

REFERENCES

ec
050G01

JEDEC

MO-001AN

BAJ
EUROPEAN

PROJECTION

95-02-04
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DEFINITIONS

Data SIMM Identification

Obj»cttvmSp*cmcatk)n

n«mtm,8p*Mc*leo

Product Status

FormativeorInDMign

Praproduction Product

Full Production

Definition

TW(t t la» l i^cor iu l iwlb«cles l8nBfo«orgoalsp«i (kat tont torpro* ja ( )««topm»nl SpMffcations

may change in any manner without notice.

This datasheet contains preliminary data, and supplementary data wiN be publishedatalater date. Philips
Semiconductors reserves the right to make changes at any time without notice in order to improve design
and supply the best possible product.

This data sheet contains Final Specifications. Philips SemkxxKKictors reserves the n ^ to make changes
at any time without notice, in order to improve design and supply the best possible product.

Philips Semiconductors and Philips Electronics North America Corporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified. Applications that are described herein for any of these products are for illustrative purposes
only. Philips Semiconductors makes no representation or warranty that such applications will be suitable forthe specified use without furthertesting
or modification.

LIFE SUPPORT APPLICATIONS
Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems where malfunction ofaPhilips Semiconductors and PNIips Electronics North America Corporation Product can reasonably be expected
to result in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resulting from such improper use or sale.

Philips Semico ucto
811 East Arquss Avenue
P.O. Box 3409
Sunnyvale, California 94088-
Telephone 800-234-7381

© Copyright Philips Electronics North America Corporation 1997
All rights reserved. Printed in U.S.A.
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