ARFEERMDOIN D

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: grpbook@aol.com.

Table D.1. Resistors, inductors and capacitors
Table D.2. Iron and ferrite cores

Motorola - http: //mot2.indirect.com

1INS5817 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

MC78LO8BAC three-terminal low-current, positive-voltage regulator

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

LM386N-1 National Semiconductor low-voitage audio power amplifier
Philips - http://www.semiconductors. philips.com

1N4148 high-speed diode

SA602AN double-balanced mixer and oscillator
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Table D.1. Characteristics of the Resistors, Inductors and Capacitors in the

NorCal 40A.
Type +% Range ppm/°C Q Use

carbon film 5 1 Q-1 MQ -240 dividers,

resistor damping
inductors 5 220 nH-1 mH +1,200 50 at 7 MHz chokes, filters
small ceramic 5  10-1,000 pF —800 600 at 7 MHz RF filters
NPO ceramic 5  18-220 pF -30 800 at 2 MHz VFO resonator
large ceramic 20 1-47 nF -30,000 20at7 MHz RF bypass
polystyrene 5 100 pF-10nF 150 250 at 2 MHz VFO resonator
polyester film 5  1-470nF +900 240 at 1 kHz audio coupling
aluminum 20 220nF-10mF +2,000 6at1KkHz audio filtering,

electrolytic supply filtering
air variable 2-24 pF +50 1,000 at 2MHz VFO adjustment
ceramic 7-70 pF -1,600 200 at 7 MHz filter adjustment,

trimmer crystal oscillator
varactor 30-500 pF +500 150 at 2 MHz VFO tuning

MVAM108 (3 V bias)

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. “NP0” 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. The Cores in the NorCal 40A Transceiver.

Core A, nH/turn? a ppm/°C Material Paint Use
T37-2 4.0 (28 turns) 170 4100 iron powder red filter
T68-7 5.0 (60 turns) 200 +50 iron powder  white oscillator
FT37-43 160 (14 turns) 1 -30 nickel-zinc orange transformer
ferrite spot
FI37-61 66 (1 turns) 50 +500 nickel-zinc none tuned
ferrite 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 4, 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 i eiviesimis

Axial Lead Rectifiers i1N5817

... employing the Schottky Barrier principle in a large area metal-to—silicon 1 N581 8

power diode. State—of—the—-art geometry features chrome barrier metal,

epitaxial construction with oxide passivation and metal overlap contact. ideally 'l N581 9

suited for use as rectifiers in low—voltage, high—frequency inverters, free

wheeling diodes, and polarity protection diodes. 1NGS17 and INGS19 are
Motorola Preferred Devices

o Extremely Low vF

o Low Stored Charge, Majority Carrier Conduction
o Low Power Loss/High Efficiency SCHOTTKY BARRIER
Mechanical Characteristics RECTIFIERS

e Case: Epoxy, Molded 1 AMPERE

« Weight: 0.4 gram (approximately) 20, 30 and 40 VOLTS

¢ Finish: All External Surfaces Corrosion Resistant and Termina! Leads are
Readily Solderabie

¢ 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 “RL" suffix to the

part number
¢ Polarity: Cathode Indicated by Polarity Band
o Marking: 1N5817, 1N5818, 1N5819 CASE §9-04
MAXIMUM RATINGS
Rating Symbol | INS817 | 1N5818 | IN5819 | Unit
Peak Repetitive Reverse Voltage VRRM 20 30 40 v
Working Peak Reverse Voitage VRWM
DC Blocking Voltage VR
Non—Repetitive Peak Reverse Voltage VRSM 24 36 43 v
RMS Reverse Voltage VR(RMS) 14 21 28 \'4
Average Rectified Forward Current (2) lo 1.0 A
(VR(equgg £0.2 VR(dc), Ty = 90°C,
Rgya = 80°CW, P.C. Board Mounting, see Note 2, Ta = 55°C)
Ambient Temperature (Rated VR(dc), PE(av) = 0, Rgya = 80°C/W) TA 85 | 80 | 75 °c
Non-Repetitive Peak Surge Current IFSM 25 (for one cycle) A
(Surge appilied at rated load conditions, half~wave, single phase 60 Hz,
TL =70°C)
Operating and Storage Junction Temperature Range (Reverse Voltage applied) Ts Tstg —65to +125 °C
Peak Operating Junction Temperature (Forward Curvent applied) T(pk) 150 °C
THERMAL CHARACTERISTICS (2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Roga 80 °CW
ELECTRICAL CHARACTERISTICS (T|_ = 25°C unless otherwise noted) (2)
Characteristic Symbol | INS817 | IN5818 | IN5819 | Unit
Maximum Instantaneous Forward Voltage (1)  (iF = 0.1 A) VE 032 0.33 0.34 v
(iF=1.0A) 0.45 0.55 0.6
(Fr=3.0A) 0.75 0.875 09
Maximum instantaneous Reverse Current @ Rated dc Voitage (1) (T = 26°C) R 1.0 1.0 1.0 mA
(T = 100°C) 10 10 10

(1) Pulse Test: Pulse Width = 300 s, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32” from case.
Preferred devices are ded choices for future use and best overall value.

Rev3

(M) mororoLa

© Motorola, Inc. 1996
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1NB8817 1NS818 1INS819

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 VRwM. Proper derating may be accomplished by use of

equation (1).

Tamax) = Tymax) — ReJAPF(AV) ReJAPR(AV)

where To(max) = Maximum allowable ambien

Tymax) =

PRav) =

RgJA = Jundion—to—arnbiem thermal resistance
Figures 1, 2 and 3 permit easier use of equation (1) by taking re-
i | y into consi

Maximum ailowable ]unaion temperature
(125°C or the temperature at which thermal
runaway occurs, whichever is lowest)

Prav) = Average forward power dlssbation

power di

1and th

verse power di

I}
5

figures solve fora remoe temperature as detenmned by equation

@.

TR = Ty(max) ~ RaJAPR(AV)

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

TA(max) = TR — RgJAPF(AV)
Inspection of equations (2) and (3) reveals that TR is the ambient
temperature at which thermal runaway occurs or where T 5= 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 inthe rate of change ofthe slope in the vicinity of 115°C. The
data of Figures 1,2, and 3 are based upon dc conditions. For use in com-
monrectifier circuits, Table 1 indicates suggested factors for an equiv-
alent dc voltage to use for conservative design, that is:

VR(equiv) = Vin(PK) X F
The factor F is derived by considering the properties of the various rec-
tifier circuits and the reverse characteristics of Schottky diodes.

EXAMPLE:Find T,
usingabridge circuit

max)for 1N5818 operatedina 12-voltdcsupply
th capacitivefilter suchthatipc =0.4A(IF,
0.5 A), {Fm)Y(Av) = 10, Input Voltage = 10 V(pmg), RgyA = 80°Ci

Step 1. FIndVReun Read F = 0.85 from Table 1,

jiv) = (1.41}(10)(0.66) = 92V

SSNEIEEN:
Eus SIS
E = \\\\ <
% 105 ) \\\\\
g NN N
] o Raya (°CM) = 110 N N
V
g CIRANNAN
4 60
% 85
& ~N
n. The LT 30 40 50 70 10 15 20
VR, DC REVERSE VOLTAGE (VOLTS)
Figure 1. Maximum Reference Temperature
(4] 1N6817
® 125 =
O i N My N M S AN Mle B
g NSNS
5 105 \\\ K\
g RoJa (°CM) = 110 ] NN
E 95 80l 50l N
) § L
- N\
& N
& N
A% P 4 s 10 10 B0 20

VR, DC REVERSE VOLTAGE (VOLTS)
Figure 2. Maximum Reference Temperature

Step 2. Find Tr o bigire 2. Read TR = 106°C 1N5818
@ VR =9.2V and Rgya = 80°C/W.
Step 3. Find Pr(av) from Figure 4. *Read Pr(av) = 0.6 W 125 4°|
@—(—2 =10and IFay) = 05 A. & ~ jﬂ\\ [ |
15 NN 23
Step 4. Find TA(,,,,X) from equation (3). g S <<
TA(max) = 109 ~ (80) (0.5) = 69°C. % 05 p 5\ NN
(°CM) = 110 NN
**Values given are for the 1N5818. Power is slightly fower for the el Rasa ch o \\\ \\
1N5817 because of its lower forward votage, and higher for the = 80 N [N
1N5819. %‘ * 60 SOROROR
- ANQN
N N
% NN
- ~ \\
75,
40 50 70 10 15 20 30 40
VR, DC REVERSE VOLTAGE (VOLTS)
Figure 3. Maximum Reference Temperature
1N5819
Table 1. Values for Factor F
Circult Half Wave Full Wave, Bridge Full Wave, Center Tapped*{
Load Resistive Capacitive* Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 15 0.75 0.75 1.5 1.5
“Note that VR(py) ~ 2.0 VingPky T Use line 1o center tap voltage for Vi
2 Rectifier Device Data
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1N8817 1N5818 1N5819

F g,
g % r- T T E Ol Sne wave 111
2w BOTH LEADS TO HEATSINK, A 2 30f ipwy=n (Resistive Load)
3 EQUAL LENGTH | B 20l ian+—— ]
R0 —_ g LT NS 7
Z § o rame f o u
£ e ~ 2 10 Loads= dc
2 womn L~ | A" S o 20 :
= 50 - & o05 ard SQUARE WAVE
ui . 1 1
1~ TYPICAL g o3 e .ol 1
2 o - w03 A Ty~ 125°C
B L~ & ol gL
& < g B v
- e e ]
] 01 -
g 2 < -
-2 Z 007 b
20 d- g5l
= 1 18 14 3 12 58 ¥ 78 10 02 04 06 08 10 20 40
i L, LEAD LENGTH (INCHES) IF(Av), AVERAGE FORWARD GURRENT (AMP)
Figure 4. Steady-State Thermal Resistance Figure 5. Forward Power Dissipation
1N5817-19
B,
g 0.7 e
g o5
W 03 T
g 02 S ZgiL(p =ZouL * 1(h
- - [ | [ B
& P A
g o B o R |
2 0.07 TIME  squivalentsquars power pulse. 3
2 005 i - ]
¥ 8Ty <Prxe R 1D +11-D) 1ty + )+ -ty ]
E 003 ATy =the increase in junction temperature above the lead temperature T
w 002 fty= kzed value of ransient :‘.ﬁ!}\ﬂ,lmfms.lti o
3 ity +1p) vaue of transient attime,ty ¢4,
éom e
= 01 02 05 10 20 50 10 20 50 100 200 500 1.0k 20k 50k 10k
=
1, TIME (ms)
Figure 6. Thermal Response
NOTE 2 — MOUNTING DATA Mounting Method 1 Mounting Method 3
Data shown for thermal resistance junction-to—ambient (Rg ) for P.C. Board with P.C. Board with
the mountings shown are to be used as typical guideline values for pre- =12 x 1=112" 1-112" x 1-112"
liminary engineering, or in case the tie point temperature cannot be copper surface. copper surface.
measured. L=38”
TYPICAL VALUES FOR Rgya IN STILL AIR | Ll | L | 3“
Mounting Lead Length, L (in) B 3
Mothod 18 14 12 34 RoJA =
1 52 65 72 85 ‘cw BOARD GROUND
2 67 80 87 100 °CIN Mounting Method 2 PLANE
3 50 SCIW
] L
VECTOR PIN MOUNTING
Rectifier Device Data 3
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1N5817 1NSB18 1N5819

NOTE 3 — THERMAL CIRCUIT MODEL
(For heat conduction through the leads)

Use of the above model permits junction to lead thermal resistance  (Subscripts A and K refer to anode and cathode sides, respectively.)
for any mounting configuration to be found. For a given total lead  Values for thermal resistance components are:
length, lowest values occur when one side of the rectifier is brought  Rgy_ = 100°C/Wi/in typically and 120°C/W/in maximum
as close as possible to the heatsink. Terms in the model signify: Rgy = 36°C/W typically and 46°C/W maximum.

Ta = Ambient Temperature T = Case Temperature
Ty = Lead Temperature T4 = Junction Temperature
Rgs = Thermat Resistance, Heatsink to Ambient

Rgl = Thermal Resistance, Lead to Heatsink

Rg, = Thermal Resistance, Junction to Case

Pp = Power Dissipation
125 T T T 717171
& P~
" v E \\\ —» 1Cycle |=—
V4 E TL=70C TSR]
f=60H N
10 A 3 ™~
Il 3 105
70 &
sof— To= 100 == gss T
T
g, \ S g
E - \ /' é ‘_Swemlbdd
20 Rated Load Conditions
g w1 25°C 75 MU 2 bl
o 7 10 20 30 50 70 10 20 30 40 70 100
/ NUMBER OF CYCLES
1‘0 Il
2 o7 7 Figure 8. Maximum Nonrepetitive Surge Current
3 o5 Il
2 11 X ETiTse N
z 03 - =
% / g 15
£ 02 E 50 100°C = 3 e
s g 3~0 - _._I
. - -
01 ] § 20 75°C =
1 10
o0 g : ——
117 g 05 z ¥ —
00517 03 === %°C
/11 £ 0z ' ===t
o o i\
0.02 ! i
01 02 03 04 05 06 07 08 08 10 11 BT T —F — - — a9
vF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 0 40 80 12 18 20 4 B 2 B L
VR, REVERSE VOLTAGE (VOLTS)
Figure 7. Typical Forward Voltage Figure 9. Typical Reverse Current
4 Rectifier Device Data

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

APPENDIX D. COMPONENT DATA 361

1NS817 1N5818 1N3819
NOTE 4 — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of majority carri- 200
er conduction, itis not subject to junction diode forward and reverse re-
covery transients due to minority carrier injection and stored charge. - NN
Satisfactory circuit analysis work may be performed by using a model
consisting of anideal 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 at2.0 MHz, e.g., the | \
ratio of dc power to RMS power in the load is 0.28 at this frequency, kY [
whereas perfect rectification would yield 0.406 for sine wave inputs. Ty=25°C
However, in contrast to ordinary junction diodes, the loss in waveform 2 =1.0MHz N
efficiency is not indicative of power loss: it is simply a result of
current flow through the diode capacitance, which lowers the dc output
voltage.

70 1N§B17
1N5818 N
L} 1 A

1N5819

C, CAPACITANCE (pF)
8

10
04 06 0810 20 40 608010 20 40
VR, REVERSE VOLTAGE (VOLTS)

Figure 10. Typical Capacitance

Rectifier Device Data 5
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1NS817 1NS818 1N3819
PACKAGE DIMENSIONS

NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
JEDEC DO-41 OUTLINE SHALL APPLY.

2. POLARITY DENQTED BY CATHODE BAND.
3. LEAD DIAMETER NOT CONTROLLED WITHIN £
DMENSION.
—ta—D
K MLLMETERS [ _INCHES
| DT N | MAX |
AN
A 306} X
, 08 | 94 034,
sl — 110 —
K

CASE 59-04
ISSUEM

Motorola reserves the right to make changes without further notice to any p herein,
the suitability of its products for any particular purpose, nor does Motorolamum any Imblmymsing omoflheappllooﬂon or md-ny pmdudordrwn, and
speaﬁully dnsdmms any and all liabiity, i ing | or ges. “Typical™ px may be prwidod in Moimla
d do vary in diff i d actual y vary overtime. All
must be vali for each ication by ] ical experts. dmnoteonvcylnylbomund«m;memrghunormwrmof
otmm amnot i i or for use as Y lormiedlmplmtlmomobody or other
i sustain life, orforany ather applicati unwmehmehilunof product injury
ordeath may occur. Should Buyerpunchmor p forany ized applicati Buyenhall Indommfymd Motorola
and its officers, affiiates, and distrib k agamst all claims, eosts ges, and y fees
ammgoutof dwoctyormdwocﬂy any ciaim of personal injury or death iated with such or th evamfmdueuknslmsm
0! g the design or 1 of the part. ) and@ara demarks of Inc. . inc. is an Equal
Opp y afh Action Emp
Mfax is a trademark of Motorola, inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, 6F
P.O. Box 5405, Denver, Colorado 80217. 303-675-2140 or 1-800-441-2447 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 81-3-3521-8315
Mfax™: RMFAXO@email.sps.mot.com - TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 88 Tai Ping Industrial Park,
INTERNET: http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

@ MOTOROLA
1N3817/D
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MVAM108*
SILICON TUNING DIODES MVAM109*

*
... designed for electronic tuning of AM receivers and high capacitance, MVAMl' 15

high tuning ratio applications. MVAMIZS*

® High Capacitance Ratio — CR = 15 {Min),

MVAM108, 115, 125 CASE(’}'SOZ.ZOZZGIASC.I;YLE !
o Guaranteed Diode Capacitance — Cy = 440 pF (Min) —
560 pF (Max) @ VR = 1.0 VD¢, f = 1.0 MHz, MVAM108, MVAM115,
MVAM125
o Guaranteed Figure of Merit —
Q = 150 (Min) @ VR = 1.0 Vde, f = 1.0 MHz .
MAXIMUM RATINGS 2
Rating Symbol Value Unit o O e
Reverse Valtage MVAM108 Vi 12 Volts
MVAM109 R 15 TUNING DIODES
MVAM115 18 WITH VERY HIGH
MVAM125 28 CAPACITANCE RATIO
Forward Current g 50 mA
Power Dissipation @ Tp = 25°C P 280 mw *These are MotJor‘ola'
Derate above 25°C 28 mwrC designated p!
Operating and Storage Junction Ty T,tg -55t0 +125 *C
Temperature Range
ELECTRICAL CHARACTERISTICS (T = 26°C unless otherwise noted, Each Device)
Characteristic Symbol Min Typ Max Unit
Breakdown Voltage VIBRIR Vde
(iR = 10 nAdc) MVAM108 12 - —_
MVAM109 15 - -
MVAM115 18 — -—
MVAM125 28 —_ —
Reverse Current R nAdc
(VR = 8.0V) MVAM108 - - 100
{(VR = 9.0V} MVAM109 - -— 100
{VR = 15V} MVAM115 - - 100
Vg = 25V} MVAM125 — — 100
Diode Capacitance Temperatujre Coefficient (1) TCc -— 435 -— ppmi*C
(VR = 1.0 Vde, { = 1.0 MHz, To = -40°C to +85°C)
Case Capacitance _ 0.18 - pF
{f = 1.0 MHz, Lead Length 1/167}
Diode Capacitance (2) G oF
(VR = 1.0 Vdc, f = 1.0 MH2) MVAM108, 115, 125 440 500 660
MVAM109 400 460 520
Figure of Merit Q 150 —_ — -
{f = 1.0 MHz, Lead Length 1/16", VR = 1.0 Vdc)
Cepacitance Ratio -
if = 1.0 MHz) MVAM108 cics 15 — -
MVAM109 C1/C9 12 - —_
MVAM1I1S CuCi1s 15 — —
MVAM125 Ci/C25 15 - —_
NOTES:
1. The effect of increasing tempersture 1.0°C, at any opersting point, is i to & ing the effective tuning voltage 1.25.mV. The percent change of

capacitance per °C is nearly constant from - 40°C to +100°C.
2. Upon request, diodes sre svailable in matched sets. All diodes in » set can be matched for capacitance to 3% or 2.0 pF {whichever is greater) at il points
stong the specified tuning range.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

6-99
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MVAM108, MVAM109, MVAM115, MVAM125

FIGURE 1 — YYPICAL AM RADIO APPLICATION
*
To IF
AGC
LAY LAY
{¢ i€ - MVAM
MVAM xxx
o GD
D
3 I A
1L
Tuning Voltage | " —I-'
; 3 d it }/
n
MVAMxxx !D é
FIGURE 2 — CAPACITANCE versus REVERSE VOLTAGE FIGURE 3 — CAPACITANCE versus REVERSE VOLTAGE
1000 000
=
500 00 -
3 ™~ 3
g = NG | MVvAMie g - b MVAM103
§ 100 § 100
3 = 3 =
) 5 5
& & T
10 10
" 4 ] 1 3 5 ? 3
Vi, REVERSE VOLTAGE (VOLTS) Vi, REVERSE VOLTAGE (VOLTS)
FIGURE 4 — CAPACITANCE versus REVERSE VOLTAGE FIGURE 5 — CAPACITANCE versus REVERSE VOLTAGE
1000 1000
500 500 C
3 | £ N
: s PaEs
g N MVAM115 § 0 — MVAMI2S
3 \A‘ 3 ~
S0 = . 5
= ~ "
< \‘ © -
[~ [t
10 10
6 10 M 18 2 10 14 18 2 %
Vg, REVERSE VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS)

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
6-100
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA | Oy PNZZZZAD

Amplifier Transistors

NPN Silicon
P2N2222A

COLLECTOR
1

BASE

3
EMITTER

MAXIMUM RATINGS
Rating Symbol Value Unit 1
Gollector—Emitter Voltage VCEO 40 Vdc 2,
Collector—Base Voltay \'/ 75 Vdc
g cBo CASE 29-04, STYLE 17

Emitter—Base Voltage VEBO 6.0 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 600 mAdc

Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C

Total Device Dissipation @ T¢ = 25°C Pp 15 Watts
Derate above 25°C 12 mw/C

Operating and Storage Junction TJ Tstg -55 to +150 °C
Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Ambient RgJa 200 °CW

Thermal Resistance, Junction to Case ReJc 833 °C/W
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic L&/mbol Lmn I Max l Unit I

OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage V(BR)CEO 40 — Vde
(Ic =10 mAdc, I =0)
Collector—Base Breakdown Voltage V(BR)CBO 75 - Vde
(ic = 10 pAdc, Ig = 0)
Emitter—Base Breakdown Voitage V(BR)EBO 6.0 - Vdc
(I = 10 pAdo, I = 0)
Collector Cutoff Current ICEX - 10 nAdc
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc)

Collector Cutoff Current Icso pAdc
(Vep =60 Vde, Ig = 0) — 0.0t
{(VCB =60 Vdc, Ig = 0, TA = 150°C) _ 10

Emitter Cutoff Current leso - 10 nAdc
(VEB=3.0Vdc,Ic =0)
Collector Cutoff Current ICEO — 10 nAdc
(VCE=10V)

Base Cutoff Current IBEX - 20 nAdc
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc)

@ MOTOROLA
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P2N2222A
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) (Continued)
| Characteristic [ symbor | win | wax ] unit |
ON CHARACTERISTICS
DC Current Gain hfe —
(Ic = 0.1 mAdc, VGE = 10 Vdc) 35 -
(ic = 1.0 mAdc, Vg = 10 Vdc) 50 -
(Ic = 10 mAdc, Vg = 10 Vdo) 75 -
(Ic = 10 mAde, Vcg = 10 Vde, Té =-55°C) 35 —_
(ic = 150 mAdc, VGE = 10 Vde)(t) 100 300
(Ic = 150 mAdc, VoE = 1.0 vde)(1) 50 -
(Ic = 500 mAdc, VGE = 10 Vde)(1) 40 -
Collector—Emitter Saturation Voltage(1) VCE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) —_ 03
(Ic = 500 mAdc, Ig = 50 mAdc) - 10
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) 0.6 1.2
(ic = 500 mAdc, ig = 50 mAdc) - 20
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(2) fr 300 - MHz
(Ic = 20 mAdc, Vg = 20 Vde, f= 100 MHz)
Qutput Capacitance Cobo - 8.0 pF
(Ve = 10 Vdg, ig = 0, f= 1.0 MHz)
Input Capacitance Cibo -_ 25 pF
(VEB = 0.5 Vdc, I¢ =0, f= 1.0 MHz)
Input Impedance hie kQ
(¢ = 1.0 mAdc, Vo = 10 Vdg, f= 1.0 kHz) 20 8.0
(Ic = 10 mAde, Vo = 10 Vdc, = 1.0 kHz) 0.25 125
Voitage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) —_ 8.0
(ic = 10 mAdc, Vo = 10 Vdc, f = 1.0 kHz) — 40
Small-Signal Current Gain e _
(Ic = 1.0 mAdc, Voe = 10 Vde, f = 1.0 kHz) 50 300
(Ic = 10 mAdc, Vog = 10 Vde, f= 1.0 kHz) 785 375
Output Admittance hoe pmhos
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 5.0 35
(Ic = 10 mAdc, Vo = 10 Vdc, f = 1.0 kHz) 25 200
Collector Base Time Constant m'Ce - 150 ps
(I = 20 mAdc, Vep = 20 Vdc, f = 31.8 MHz)
Noise Figure Nf - 4.0 d8
(Ic = 100 pAdc, Vgg = 10 Vde, Rg = 1.0 k), f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Delay Time (Ve = 30 Vdc, Vpg(offy = ~2.0 Vdc, i - 10 ns
Rise Time Ic = 150 mAdc, Ig4 = 15 mAdc) (Figure 1) t — 25 ns
Storage Time (Vce =30 Vde, ic = 150 mAdc, ts — 225 ns
Fall Tme 181 = Ig2 = 15 mAdc) (Figure 2) ¥ — 0 s

1. Pulse Test: Pulse Width = 300 s, Duty Cycle < 2.0%.
2. fTis defined as the frequency at which |hie] extrapolates to unity.

2 Motorola Small-Signal Transistors, FETs and Diodes Device Data
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SWITCHING TIME EQUIVALENT TEST CIRCUITS

—» | 10t0100s,

+HeV DUTY CYCLE ~ 2.0%

—»| e 10t0100s,

+16V DUTY CYCLE = 2.0%

0 e 0 —.—
g -14V 1k 'l‘c <10
-2V * ] oF
—-l <2ns ___:Cs <10pF |<_<20ns et s
— Scope rise time <4 ns -4V
- *Total shunt capacitance of test jig,
connectors, and oscilloscope.
Figure 1. Tum-On Time Figure 2. Turn~Off Time
1000 -
700 ——
500 Ty=125°C
g 200 —— m—— ———
-y - - s
g -& T Tl
E 200 ﬁ—- —] y
é [ = 25°C - 4ol ]
100 } s ——
[ LI 17
70 o
b5 50 1 +—i—-55°C
w = I I N
U T T 1 T
= Vee=10V
2 Vee =10V
© T
0.1 02 03 05 07 10 20 30 506 70 10 20 XN 50 70 100 200 300 500 700 1.0k
I, COLLECTOR CURRENT (mA)
Figure 3. DC Current Gain
g o TTT
g‘ Ty=25°C
w
o 08
5
g
E 06 Ig=10mA 10mA 150 mA \ 500 mA
2 o \ \
'6 Py
3 0.2 . Ll
S N N N
;g 0 e
0.005 0.01 002 003 005 0.1 02 03 05 10 20 30 50 10 20 50
I, BASE CURRENT {mA)
Figure 4. Collector Saturation Region
Motorola Small-Signal Transistors, FETs and Diodes Device Data 3
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P2N2222A
g - X —— Vg =30V
q lcig = 10 %0 [ - ce”
100 D Tj=26°C N t 1cig = 10
70 200 Yg=tg- 184 IB1=1g2 -
S S t@Vec =3V Ty=25°C
50 J
Sk 4@ Veaon =20V 100 D o~
z® \ {6 @ VEB(om) * 0 0 ~ - e
§ » g % S\
[ N E 3
10 - ~N
70 < 2
50 ™ -
10 q 10
20 S\ = gg
750 70 10 20 30 5 70 100 200 300 500 "~ 507010 20 30 50 70 100 200 300 500
Ic, COLLECTOR CURRENT (mA) I, COLLECTOR CURRENT (mA)
Figure 5. Turn~On Time Figure 6. Turn-Off Time
10 T T T T 1777 10
LT T LT 11 s = oprmum ARAN
HH— CE f=10kHz
L Ht lc=10mARg=1500 | | SOWR [y
& SO TR s00pa Rg=2000 RESISTANCE o Ig=50 A
= H1 100 A, Rg = 2.0kQ 2 100 uA i/
L oot e g o Tomk
[red [rg - 4 i
g 40 4 40 -% A ,' A
e 2 \\ / / y a4
= ] A 1A I ayd
20 20 HN SRR 2 »
P .
o
, i il mimatiiiimana
001002 00501 02 05 10 20 50 10 20 50 100 50 100 200 500 1.0k 20k S50k 10k 20k 50k 100k
f, FREQUENCY (kHz) Rg, SOURCE RESISTANGE (OHMS)
Figure 7. Frequency Effects Figure 8. Source Resistance Effects
g 500 T
mmeN = VgE=20V
a e SRY 3 Ty=25C
»
[ Con g 300 - o v
— - ” N
5 ™ E 2w o h
S 10 g
2 u
% 70 § /V
3 50 S~ 5 w2
-
Cev| | 3
30 " = g 1
3
20 £ %
01 0203 050710 2030 507010 20 3¢ S0 10 20 30 50 70 10 20 3 50 70 100
REVERSE VOLTAGE (VOLTS) Ic. COLLECTOR CURRENT (mA)
Figure 9. Capacitances Figure 10. Current-Gain Bandwidth Product
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P2N2222A
0 05
Ty=25°C o [
B 7 T T Ot
o LI B e ° =)
— - o
B | Vee(sa) @ o/ = 10 e g s
3 il 1.0V g
S 06 S
w
§ o ViBE(on) @ VCE =10V é -1.0
. ii%g
z § -15 ]
02 v Lttt
-20 Rove for VBE
Vo - it
0 -2
0102 05 1020 50 10 20 50 100 200 500 1.0k 01 02 05 1020 60 10 20 50 100 200 500
I, COLLECTOR CURRENT (mA) I, COLLECTOR CURRENT {mA)
Figure 11. “On” Voltages Figure 12. Temperature Coefficients
Motorola Small-Signal Transistors, FETs and Diodes Device Data 5
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P2N2222A
PACKAGE DIMENSIONS
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
-—ﬁ A e °B Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
i 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
44 |s UNCONTROLLED.
R l 4. DIMENSION F APPLIES BETWEENP ANDL.
DIMENSION D AND J APPLY BETWEEN L AND K
T ) MHNIMUM. LEAD DIMENSION IS UNCONTROLLED
— - _1_ L IN P AND BEYOND DIMENSION K MINIMUM.
F
spfﬂc‘é‘e ¥k INCHES MILLIMETERS
] -]
l D i75 1 0205 | 4. 20
t 170 10210 1 4 .33
[ ¢ [0125 [0165 19
D | 0016 0. X ;
el b; @ J | F T oos {0019 o 4
f G | 0045 {0085 | 1. K7
—™H | H ) 0095 | 0105 | 2. .86 |
v SECTION X=X | J 10015 loo0 ] 0. .50
YT e Rt~} =
j_‘_ ] :o T [ 20| 2
1 N e " — Lol 254 |
J R [ons | — [ 23] —
N f— f o135 ] — T3] —
STYLEIT:
CASE 029-04 PINY. COLLECTOR
(TO-226AA) -
3. EMITTER
ISSUE AD
Motorola reserves the right to make changes without further notice to any p herein. makes no
the suitability of its p for any partk P nor does assume any Ilabulvty ansing out of the appllcnuon or ule of any product or cnrcunt and
specifically disclaims any and all liability, i ing without limi Typ-ca ......u may be p in
data sheets ificati d “Jvmy indiffi pplicati d y vary overtime. All including “Typicals”
must be vali for each on by S i expens Motorola does nat convey any license under its patent rights nor the rights of
others. are not desi ized for u for surgical implant into the body, or other
applications intended to support or sustain life, or for any othefappllcam in whnen the failure oflheMmoroia product could create a sltuatlon where peraonal injury
or death may occur. Should Buyer purchase or use p forany such Buyer shalli ify
and its officers, employ ies, affiliates, and distri against all claims, costs and and attorney fees
ansmg ou( of dnrecw or mdlrewy any claim of personat injury or death i with such of ized use, even if such claim alleges that
garding the design or of the part. and @ are regi of , Inc. Inc. is an Equal
Opp ity live Action Employ

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorols Ltd.; Tatsumi-SPD-JLDC, 6F Seil
P.O. Box 20912, Phoenix, Asizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com ~ TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconduciors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET. http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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MOTOROLA
- se%wgﬂ%%HCTOR [ -
T 2N3553

The RF Line
25W — 175 MHz

HIGH FREQUENCY

TRANSISTOR
HIGH- Y TRANSISTOR
NPN SILICON HIGH-FREQUENC S NPN SILICON
. . . designed for amplifier and oscillatos applications in military
and industrial equipment. Suitable for use as output, driver or pre-
driver stages in VHF equipment.
® Specified 176 MHz, 28 Vdc Characteristics ~
Output Power = 2.5 Watts
Minimum Gain = 10dB
Efficiency = 50%
i"‘ — 8 ._E i
*MAXIMUM RATINGS -
Rating Symbol | Value | uUnit i s S T A7
" Coliactor-Emitter Voltage Vceo 40 Vdo EJ F t 1 -
Collector-Base Voltage Ves 66 Vdc 2 '_ x
Emitter-Base Voltage VEg 4.0 Vde sme
L5
Collector Current ic 1.0 Adc PHLEMITER  —ofmepsn
Total Device Dissipation @ T = 25°C [ 70 Watts 20858 [{eixnnae @ 1] 2@ @)
Derste above 25°C 40 mW/oC i
Operating and Storage Junction T, Taeg | -85 to +200 oc &=l @ _l
Temperature Range o S
“indicates JEDEC Registered Data. “ >
NOTES: I
1. DIMENSIONING AND TOLERANCING PER ANSI
YILSM, 1962

zlcommmmmm

A

FIGURE 1 — OUTPUT POWER wersus FREQUENCY o
4. DWENSION © SHALL NOT VARY MORE THAN 0.26

0 109101 N ZONE A, THS 20N CONTROLLED FOR
- TTT1 _J ATOMATIC HANDLING.
vee=2vee | | |} 5. DIMENSION F APPLIES BETWEEN DIMENSION
T = 259C
\\\\
0 Pas05W
gw \\\ n
H \\\ W
g“ \ N \ 0.250W
g‘v \ \‘ N \\ ,\‘
g 0.050% NN
= [~ N
%, L L N N
a &V ‘\\ \ \h
0 | LTS
£ 5 700 E

100
1, FREQUENCY {MH2)

MOTOROLA RF DEVICE DATA
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2N3553
*ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Characteristic ] Symbol l Min I Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voliage (1) VCEO(sus) 40 - - Vde
({I¢ = 200 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage VBR)EBO 40 - - Vdc
{1g * 0.1 mAde, I = 0}
Collector Cutoff Current ICeo - - 0.1 mAdc
(Vg = 30 Vde, Ig = 0)
Collector Cutoff Current tCEX mAdc
(Vg = 30 Vde, Vag(ofi) = 1.5 Vdc, T = 200°C) - - 0
{VCE = 65 Vdc, VgE(off) = 1.5 Vdc! - -~ 1.0
Emitter Cutoff Current lego - - 0.1 mAdc
(Ve = 4.0 Vdc, ic = 0}
ON CHARACTERISTICS
OC Current Gain heg 10 - - -
{1 = 260 mAde, Vg = 5.0 Vdc)
Collector-Emitter Saturation Voltage VCE(sat} - - 10 Vde
{Ic = 250 mAdc, ig = 50 mAdc)
DYNAMIC CHARACTERISTICS !
Current-Gain—~Bandwidth Product T - 500 - MH2z
{1¢ = 100 mAdc, Vo = 28 Vdce, f = 100 MHz)
Output Capacitance Cob - 80 10 oF
{Veg = 30 Vdc, Ig = 0, f = 100 kH2)
FUNCTIONAL TESTS
Power Input Pin - - 025 Wart
(VCE = 28 Vdc, Poy, = 2.5 Watts, | = 175 MHz)
Common-Emitter Amplifier Power Gain Gpe 10 - - d8
(VCE = 28 Vde, Pg,¢ = 2.5 Watts, § = 175 MHz)
po!l.um Etficiency n S0 . — %
{VCE = 28 Vdc, Poyyp = 2.5 Watts, | = 175 MHz) .
*indicates JEDEC Registered Dats
(1) Pulsed thru a 25 mH inductor.
FIGURE 2 —~ 176 MHz TEST CIRCUT SCHEMATIC
1000 pF
.
l 008 uF 28 vdc
LY =2 Turns #16 AWG Wire 3/16" 1.D., 1/4” Long I I .
L2 —~ 2 Turne #16 AWG Wire 3/16 1.0., 1/4” Lo L2
L3 -3 Turne #16 AWG Wire 3/8” I.C., 38" Lonp
- RF Output

£ V.4
RF Input -

3.0-38 pF
3.0.38 pF 7)

3.0-38 pF

MOTOROLA RF DEVICE DATA
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 2N3908/D
General Purpose Transistors 2N3905
PNP Silicon 2N3906*
*Motorola Preferred Device
COLLECTOR
3
2
BASE
1
EMITTER
1
MAXIMUM RATINGS 2,
Rating Symbol Value Unit
Collector—Emitter Voltage VCEQ 40 vdc c:gf::m_" “fm'
Collector-Base Voltage VeBo 40 Vde
Emitter—Base Voltage VEBO 5.0 vde
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Ta = 25°C PD 625 mw
Derate above 25°C 5.0 mWrC
Totat Power Dissipation @ Ta = 60°C Pp 250 mw
Total Device Dissipation @ T¢ = 25°C Po 15 Watts
Derate above 25°C 12 mWrC
Operating and Storage Junction Ty Tstg ~5510+150 °C
Temperature Range
THERMAL CHARACTERISTICS(1)
Charactoristic Symbol Max Unit
Thermal Resistance, Junction to Reja 200 °CW
Ambient
Thermal Resistance, Junction to Case ReJc 833 °‘Cw
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
[ Characteristic L Symbol [ Min [ Max | Unit 1
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage (2) V(BRICEO 40 —_ vde
(Ic = 1.0 mAdc, I = 0)
Collector-Base Breakdown Voitage V(BR)CBO 40 - Vde
(Ic = 10 pAdc, Ig = 0)
Emitter—Base Breakdown Voltage V(BR)EBO 5.0 —_ vdc
(g = 10 pAde, Ic = 0)
Base Cutoff Current IBL -— 50 nAdc
(VCE = 30 Vdc, VEg = 3.0 Vdc)
Collector Cutoff Current ICEX - 50 nAdc
(VCE = 30 Vdc, VER = 3.0 Vdc)

1. Indicates Data in addition to JEDEC Requirements.
2. Puise Test: Pulse Width < 300 us; Duty Cycle < 2.0%.

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

REV 2

@Moronouu
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2N39035 2N3906
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)
| Characteristic | symbol [ min | wMax | uni
ON CHARACTERISTICS(1)
DC Current Gain hrE —
(Ic = 0.1 mAdc, Ve = 1.0 Vde) 2N3905 30 -
2N3906 60 -
(Ic = 1.0 mAde, Vg = 1.0 Vdc) 2N3905 40 —
2N3906 80 -
(Ic = 10 mAdc, VoE = 1.0 Vdc) 2N3905 50 150
2N3906 100 300
(Ic = 50 mAdc, VGE = 1.0 Vde) 2N3905 30 —
2N3906 60 —
(Ic = 100 mAdc, Vg = 1.0 Vdc) 2N3905 15
2N3906 30 —
Collector—Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) - 0.25
(Ic = 50 mAdc, Ig = 5.0 mAdc - 04
Base—Emitter Saturation Voltage VBE(sat) Vvde
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.85 0.85
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.85
SMALL~SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, VCE = 20 Vdc, f= 100 MHz) 2N3905 200 —
2N3906 250 —
Output Capacitance Cobo - 45
(VcB=5.0Vde, g =0, f= 1.0 MH2)
Input Capacitance Cibo — 10.0
(VEB = 0.5 Vde, I = 0, f= 1.0 MHz)
Input Impedance hie kQ
(ic = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 2N3805 05 8.0
2N3906 20 12
Voltage Feedback Ratio ve X 104
(Ic = 1.0 mAdc, VG = 10 Vdc, f = 1.0 kHz) 2N3905 0.1 5.0
2N3906 0.1 10
Smali-Signal Cutrent Gain hfe -—
(ic = 1.0 mAde, Vo = 10 Vde, f = 1.0 kHz) 2N3905 50 200
2N3906 100 400
Output Admittance hoe pmhos
(Ic = 1.0 mAdc, Vg = 10 Vdc, f= 1.0 kHz) 2N3905 1.0 40
2N3906 30 60
Noise Figure NF dB
(lc = 100 pAdc, VOE = 5.0 Vdc, Rg = 1.0 K Q, f = 1.0 kHz) 2N3905 - 5.0
2N3906 - 40
SWITCHING CHARACTERISTICS
Delay Time (Ve = 3.0 Vde, Vg = 0.5 Vdc, ta — 35 ns
Rise Time ic = 10 mAdc, Ig1=1.0 mAdc) tr —_ a5 ns
Storage Time 2N3905 s - 200 ns
2N3806 -_ 225
(Vee = 3.0 vde, Ic = 10 mAde,
Fall Time Ig1 = Ig2=1.0mAd 2N3905 ¥ - 60 ns
2N3906 - 7%

1. Pulse Test: Pulse Width < 300 us; Duty Cycle < 2.0%.

2 Motorola Smal—Signal Transistors, FETs and Diodes Device Data
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2N3903 2N3906
9y N I <lns
[e—<1ns
w.qu
- 0
106V,
] fe— 300ns = 10<11 <500 ps —
= = —>| ty la— 109V
DUTY CYCLE = 2% DUTY CYCLE = 2%
* Total shunt capacitance of test jig and connectors
Figure 1. Delay and Rise Time Figure 2. Storage and Fall Time
Equivalent Test Circuit Equivalent Test Circuit
TYPICAL TRANSIENT CHARACTERISTICS
— Ty=26°C
—— Ty=125°C
10 S000 T T T
| Veo=40V
3000
70 =
2000 Icig =10
- =t
g %0 SRR 2 100 At
w >
% clbO \\ 2 T00 7 e
530 . g 500 »
< '4\ Py
3 g 0 ] L4 P4
20 200 =
QALK
100 :
70 T
10 50 L1 1 1
01 0203 050710 2030 507010 20 3040 10 2030 507010 20 30 50 70 100 200
REVERSE BIAS (VOLTS) I, COLLECTOR CURRENT (mA)
Figure 3. Capacitance Figure 4. Charge Data
500 T T_] 500 ' TTT 1
200 RGN Mg =10 _| 300 N ch.-lwv_
B1=lg2
200 Y 200
N < Ighg =20
NN =
100 - = 2 10 4
T - — L 7
2 % tr@Vcc=3‘0V7 E 50
w 4
H N\ L 15V, 2 |
- % - 3 +—
20 NN P = Ichg =10 =
4V
10 St 20y 10
; 9@ Vop =0V-ITTTp=—= ;
10 20 30 507010 20 3 5070100 200 10 20 30 507010 20 3 5§ 701006 200
Ic. COLLECTOR CURRENT (mA) I, COLLECTOR CURRENT (mA)
Figure §. Turn=0On Time Figure 6. Fall Time
Motorola Small-Signal Transistors, FETs and Diodes Device Data 3
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2N3903 2N3906
TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
(VCE =-5.0 Vdc, Tp = 25°C, Bandwidth = 1.0 Hz)
50 ———T— T T T TT]]
| SOURCE RESISTANCE =200Q L f=1.0kHz Ic=10mA
/Ic=1.0rl'lA 10 AT
4.0 =
g SOURCE RESISTANCE = 200Q g ic=05mA v i
g ic=05mA g8 aniv .
A aagn =1 N
2 ¥ T ' SOURCE RESISTANCE = 20k 2 /
o uy /o= 30w TN .
2 20 % AN h P P
E 77 T L z vipPa /) I =50 pA
1wk Iso:;xe;esusmc&z.ok oIS e 11 Mg =100 pA
| Ic [IENET]
oL LIUIIL] 0 | LT
01 02 04 10 20 40 10 20 40 100 01 02 04 10 20 40 10 20 40 100
1, FREQUENCY {kHz) Rg, SOURCE RESISTANCE {k OHMS)
Figure 7. Figure 8.
h PARAMETERS
(VCE =-10 Vdc, f = 1.0 kHz, TA = 25°C)
300 100
g 70
2
= 5
§m g
3 30
& o % 4
3 100 2
Q 5
.0 % P%q
£ 10 o
5 2
7
0 5
01 02 03 0507 10 20 30 50 70 10 01 02 03 05 07 1.0 20 30 5070 10
Ic, COLLECTOR CURRENT (m&) I¢, COLLECTOR CURRENT (mA)
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Figure 11. input Impedance Figure 12. Voltage Feedback Ratio
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2N39038 2N3906
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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Figure 15. “ON” Voltages Figure 18. Temperature Coefficients
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2N3905 2N3906
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 2N4123/D
a
General Purpose Transistors
NPN Silicon 2N4123
COLLECTOR
3
2
BASE
1
EMITTER 1
2,
MAXIMUM RATINGS
Rating Symbol | 2N4123 [ 2N4124 | Unit CASE 29-04, STYLE 1
TO-92 (TO-226AA)
Collector—Emitter Voltage Vceo 30 25 Vde
Collector—-Base Voltage VcBoO 40 30 Vde
Emitter—Base Voltage VeBo 5.0 Vde
Collector Current — Continuous ic 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mWrC
Total Device Dissipation @ T¢ = 25°C PD 15 Watts
Derate above 25°C .12 mwW/rC
Operating and Storage Junction T Tsig -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient | Rgya 200 °CW
Thermal Resistance, Junction to Case RgJyc 833 °CW
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
v Characteristic | symbol | Min T Max | unit ]
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage(1) V(BRICEO vde
(Ig = 1.0 mAdc, Ig = 0) 2N4123 30 —
2N4124 25 —
Collector—Base Breakdown Voltage V(BR)CBO Vdc
{ic = 10 pAdc, Ig = 0) 2N4123 40 —
2N4124 30 —
Emitter—Base Breakdown Voltage V(BR)EBO 5.0 - Vde
(IE = 10 pAdc, I = 0)
Collector Cutoff Current Iceo - 50 nAdc
(VcB=20Vde, Ig =0)
Emitter Cutoff Current lEBO - 50 nAdc
(VEB = 3.0 Vde, ic = 0)

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

@ MOTOROLA

© Motorola, Inc. 1996

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

380 APPENDIX D. COMPONENT DATA

2N4123 2N4124
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)
l Characteristic Symbot | Min | Max [ umt |
ON CHARACTERISTICS
DC Current Gain{1) hFE -
(Ic = 2.0 mAde, VGE = 1.0 Vde) 2N4123 50 150
2N4124 120 360
{lc =50 mAdc, Vg = 1.0 Vde) 2N4123 25 -—
2N4124 60 —
Collector~Emitter Saturation Voltage(1) VCE(sat) — 03 Vde
(Ic = 50 mAdg, Ig = 5.0 mAdc)
Base—Emitter Saturation Voitage(1) VBE(sat) —_ 0.95 Vde

(Ic = 50 mAde, Ig = 5.0 mAde)
SMALL-SIGNAL CHARACTERISTICS

Current—Gain — Bandwidth Product fr MHz
{ic = 10 mAdc, VCE = 20 Vde, f = 100 MHz) 2N4123 250 —
2N4124 300 —
Input Capacitance Cibo — 8.0 pF
(VER = 0.5 Vde, I =0, 1 = 1.0 MHz)
Collector-Base Capacitance Ceb _ 4.0 pF
(lg=0.VoB=5.0V,f=1.0MHz)
Small-Signal Current Gain hte —
(lc =2.0 mAdc, VCg = 10 Vde, Rg = 10 k ohm, f = 1.0 kMz) 2N4123 50 200
2N4124 120 480
Current Gain — High Frequency {hfel -
(Ic = 10 mAde, VGE = 20 Vde, t = 100 MHz) 2N4123 25 —
2N4124 3.0 —_
(Ic=2.0mAdc, VCE =10V, f= 1.0 kHz) 2N4123 50 200
(Ic =2.0 mAdc, Veg = 10V, f= 1.0 kHz) 2N4124 120 480
Noise Figure NF dB
(Ic = 100 pAde, VCE = 5.0 Vdc, Rg = 1.0 k ohm, 2N4123 — 6.0
f=1.0 kHz) 2N4124 - 5.0

1. Pulse Test: Pulse Width = 300 s, Duty Cycle = 2.0%.
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3 20 Com ™ AN at

. i Voo =3V N 1

NG 10.0— cC —
- [ Ic/ig=10
70f— VEBoif) =05V
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01 0203 050710 2030 507010 20 30 40 10 20 30 5070 10 20 30 50 70100 200
REVERSE BIAS VOLTAGE (VOLTS) Ig, COLLECTOR CURRENT (mA)
Figure 1. Capacitance Figure 2. Switching Times
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2N4123 2N4124
AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE
(VCE = 5 Vdc, Ta = 26°C)
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Figure 3. Frequency Variations Figure 4. Source Resistance
h PARAMETERS
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Figure 5. Current Gain Figure 6. Output Admittance
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Figure 7. Input Impedance Figure 8. Voltage Feedback Ratio
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2N4123 2N4124
STATIC CHARACTERISTICS
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Figure 9. DC Current Gain
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Figure 10. Collector Saturation Region
T LI T g ' [
- Ty=25°C Tt g i
10 VBE(sat) @ IcB = 10 E 05 - m"c —
1 ]
2 0 | § o[l OVl Vok(a 1 1]
3 B o I 2 el -55°C10+25°C
= VBE@ VeE =1V E
4 o6 8 -05 —
3 % € 55°C 10425°C |
Z o4 Vi g -10 s
VeE(sa) @ Icg = 10, W +25°C104125°C —
=
0.2 — E_ 15 { ovE '“VB‘E(SSI)I
0 s -20 ||
10 20 50 10 20 50 100 200 0 20 40 60 80 100 120 140 160 180 200
I¢, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA)
Figure 11. “On” Voltages Figure 12. Temperature Coefficients
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2N4123 2N4124
PACKAGE DIMENSIONS
NOTES:
1. DMENSIONNG A0 TOLERANGHG PER A
— A | rB 2. CONTROLLING DMENSION: INGH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
R N1 l 4. DIMENSION F APPLIES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEENL AND K
p ¥ MINIMUM, LEAD DIMENSION 15
; M- L INP AND BEYOND DIVENSION K MINBALM.
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2N4123 2N4124
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MOTORO"A Order this document
SEMICONDUCTOR TECHNICAL DATA by J308/D
¥ 1]
JFET VHF/UHF Amplifiers J308
N-Channel — Depletion
Channe epletio  ORAN J309
3 Motorola Preferred Devices
GATE
2SOURCE
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain~Source Voltage Vps 25 Vde i
3
Gate—Source Voltage vas 25 Vde
Forward Gate Current IGF 10 mAdc CASE 29-04, STYLE S
Total Device Dissipation @ T = 25°C "D 350 e T0-92(TO-226AA)
Derate above 25°C 2.8 mW-rC
Junction Temperature Range Ty -65t0 +125 °C
Storage Temperature Range Tsig -6510 +150 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise noted)
Characteristic Symbol | Min [ we | max | unit |
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage V(BR)GSS ~25 - - Vdc
(Ig =-1.0 pAde, Vpg = 0)
Gate Reverse Current lass
(Vas =-15 Vde, Vpg = 0, T = 26°C) — —_— -1.0 nAdc
(Vas =-15 Vdc, Vpg =0, Ta = +125°C) — — -1.0 uAdc
Gate Source Cutoff Voltage VGS(off) Vde
(Vps = 10 Vdc, Ip = 1.0 nAdc) J308 -1.0 - -65
J309 -1.0 —_ -4.0
J310 -20 —_ -6.5
ON CHARACTERISTICS
Zero—-Gate—-Voltage Drain Current(1) Dss mAdc
(VDs = 10 Vde, Vag = 0) J308 12 - 60
J309 12 - 30
J310 24 _ 60
Gate-Source Forward Voltage VGs(h) —_ —_ 1.0 Vde

(Vps =90, Ig = 1.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS

Common-Source Input Conductance Re(yis) mmhos
(VDS = 10 Vdc, Ip = 10 mAdc, f = 100 MHz) Jaos - 07 —
Jaos — 0.7 —_
J310 —_ 0.5 -
Common-Source Output Conductance Relyos) — 0.25 — mmhos
(Vps = 10 Vdc, Ip = 10 mAdc, f = 100 MHz)
Common-Gate Power Gain Gpg - 16 - dB

(VDS = 10 Vdc, Ip = 10 mAde, f = 100 MHz)
1. Pulse Test: Puise Width < 300 ps, Duty Cycle < 3.0%.

@ MOTOROLA

© Motorola, Inc. 1997

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

3868 APPENDIX D. COMPONENT DATA

J308 J309 J310
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) (Continued)
| Characteristic [ symbot | 'Min T Typ | Max ] uar |
SMALL-SIGNAL CHARACTERISTICS (continued)
Common-Source Forward Transconductance Re(yts) - 12 — mmhos
(VDs = 10 Vdc, Ip = 10 mAdc, f = 100 MHz)
Common-Gate Input Conductance Re(yig) — 12 —_ mmhos
(VDs = 10 Vdc, Ip = 10 mAdc, f = 100 MHz)
Common-Source Forward Transconductance Ofs pumhos
(Vps = 10 Vdc, Ip = 10 mAdc, f = 1.0 kHz) J308 8000 — 20000
J309 10000 — 20000
4310 8000 — 18000
Common-Source Qutput Conductance Gos — — 250 umhos
(VDs = 10 Vdc, ip = 10 mAdc, f = 1.0 kHz)
Common—Gate Forward Transconductance %y pmhos
(Vps = 10 Vdc, ip = 10 mAdc, f = 1.0 kHz) Jaos - 13000 -
J309 - 13000 —_
J310 —_ 12000 -
Common-~Gate Output Conductance Gog pmhos
(Vps = 10 Vdc, Ip = 10 mAdc, = 1.0 kHz) Ja08 - 150 -
J309 - 100 -
J310 — 150 -
Gate—Drain Capacitance Cga — 18 25 pF
(Vps =0, Vgs =10 Vde, f = 1.0 MHz)
Gate—Source Capacitance Cgs — 43 5.0 pF
(VDS =0, Vs =-10 Vdc, f = 1.0 MH2)
FUNCTIONAL CHARACTERISTICS
Noise Figure NF — 15 - dB
(Vpg = 10 Vde, Ip = 10 mAdc, f = 450 MHz)
Equivalent Short-Circuit Input Noise Voltage en — 10 -
(VDS = 10 Vde, Ip = 10 mAdc, 1 = 100 Hz) nv/ iz
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J308 J309 J310
0Q o~ W w0 , 50Q
A Y
SOURCE o W}l L2p 25 OAD
ueeizd || c2
| c4
C5, | l C6
m m o m
10k
0 RFC
+VpD
Ct =C2=0.8-10 pF, JFD #MVMO10W.
C3 = C4 = 8.35 pF Erie #539-002D.
C5 = C6 = 5000 pF Erie (2443-000).
C7 = 1000 pF, Allen Bradley #FASC.
RFC = 0.33 uH Miller #9230--30.
L1 = One Turn #16 Cu, 1/4” |.D. (Air Core).
L2p = One Turn #16 Cu, 1/4” |.D. (Air Core).
L2g = One Turn #16 Cu, 1/4” 1.D. (Air Core).
Figure 1. 450 MHz Common-Gate Ampilifier Test Circuit
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Figure 2. Drain Current and Transfer Figure 3. Forward Transconductance
Characteristics versus Gate-Source Voltage versus Gate-Source Voltage
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Figure 4. Common-Source Output Figure 5. On Resistance and Junction
Admittance and Forward Transconductance Capacitance versus Gate—Source Voltage
versus Drain Current
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J308 J309 J310
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Figure 6. Common-Gate Y Parameter
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Figure 7. Common-Gate S Parameter
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J308 J309 J310

Bw (3dB) - 36.5 MHz

Ip - 10 mAdc

Vps - 20 Vde

Device case grounded

1M test tones — 11 = 449.5 MHz, 12 = 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 ampilifier 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 ——————T—T—T
U310 JFET 3RD ORDER INTERCEPT POINT-_*
T +20] Vps=20Vde
g Ip = 10 mAde wd /
g O} Fi=4495MHz y,
<] F2 = 450.5 MHz W /
@ I I /
§ « FUNDAMENTAL OUTPUT /
] / Example of intercept point plot use:
P 60 Assume two in-band signals of ~20 dBm at the amplifier input.
!é They will result in a 3rd-order IMD signal at the output of
80 7 -90 dBm. Also, each signal level at the output will be

§ 3RD ORDER IMD OUTPUT/ -11 dBm, showing an amplifier gain of 8.0 dB and an

100 l | | | V intermodulation ratio (IMR) capabiity of 79 dB. The gain and

120 IMR values apply only for signal levels below comparison.

-120 -100 -80 -60 —40 -20 0 +20
INPUT POWER PER TONE (dBm)
Figure 13. Two-Tone 3rd-Order Intercept Point
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J308 J309 J310
PACKAGE DIMENSIONS

NOTES:
. DIMENSIONING AND TOLERANCING PER ANSI
A le— 8 Y14.5M, 1982,

CONTROLLING DIMENSION: INCH.
CONTOUR OF PACKAGE BEYOND DIMENSION R
5

UNCONTROLLED.
DIMENSION F APPLIES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM. LEAD DIMENSION 1S UNCONTROLLED
IN P AND BEYOND DIMENSION K MINIMUM.
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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
MC78MO0O Series cousins, these regulators feature internal current limiting
and thermal shutdown making them remarkably rugged. No extemal
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

Order this document by MC78L00/D

MC78L0OO, A

® Low Cost
Internal Short Circuit

Current Limiting

Internal Thermal Overload Protection

Complementary Negative Regulators Offered (MC79L00 Series)

-
Series
P SUFFIX
CASE 29
Pin 1. Output
2. GND
1
3. input 2]
D SUFFIX
PLASTIC PACKAGE
s CASE 751
1 (SOP-8)*
Pin 1. Vo 5. NC
2. GND 6. GND
3. GND 7. GND
4. NC 8. Vip

*
L )
¢ No External Components Required
[
[ ]

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

* SOP-8 is an internally modified SO-8 package.
Pins 2, 3,6,and 7 are electrically commonto the die

attach flag. This intermal iead frame modification
Representative Schematic Diagram decreases package thermal resistance and
increases power dissipation capability when
1 ' o appropriately mounted on a printed circuit board.
L i Input SOP-8 conforms to all extemnal dimensions of the
S 15 @ 5 standard SO-8 package.
Q12
Q1
o1
38K 50k S 30 Qutput Standard Application
g —~—0
UL § 0-25
19K
%
c Q9
Eu Q2 Qs 285 A common ground is required between the input
! and the output voltages. The input voltage must
Q7 remaintypicaily 2.0V above the outputvoltage even
420 during the low point on the input ripple voltage.
1k Ground *Cin is required if regulator is located an
T : ° appreciable distance from power supply filter.
hl *Co is not needed for stability, however, it does
improve transient response.
ORDERING INFORMATION
Operating
Device Temperature Range Package DEVICE TYPE/NOMINAL VOLTAGE
MC78LXXACD* SOP-8 10% 5% Voltage
MC78LXXACP Tg=0°to +125°C Plastic Power MC78L0SC MC78LOSAC 5.0
" MC78L08C MC78LOSAC 8.0
MCT8LXXCP Plastic Power MC78L09C MCT8LOSAC 9.0
MCT78LXXABD* SOP-8 MCT78L12C MCT78L12AC 12
Ty =-40° to +125°C MC78L15C MC78L15AC 15
MC78LXXABP* Plastic Power MC78L18C MC78L18AC 18
XX indicates nominal voltage MC78L24C MC78L24AC 24
*Available in 5, 8, 9, 12 and 15 V devices,
© Motorola, Inc. 1996 Rev3

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press



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

392 APPENDIX D. COMPONENT DATA

MC78L00, A Series
MAXIMUM RATINGS (T = +1256°C, unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (2.6 v—8.0 V) \ 30 Vdc

(12v-18Vv) 35

(24 V) 40
Storage Temperature Range Tstg —85to +150 °C
Operating Junction Temperature Range Ty 0to +150 °C

ELECTRICAL CHARACTERISTICS (V| = 10V, Io = 40 mA, Cy = 0.33 uF, Co = 0.1 uF, —-40°C < T, < +126°C (for MC78LXXAB),
0°C < T < +125°C (for MC78LXXAC), unless otherwise noted.)

MC78LOSAC, AB MC78L05C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voitage (T, = +25°C) Vo 48 5.0 5.2 46 5.0 5.4 Vdc
Line Regutation Regjine mv
(Ty=+25°C, lo = 40 mA)
7.0 Vdc < Vj <20 Vde - 55 150 - 55 200
8.0 Vde < V) <20 Vde - 45 100 - 45 150
Load Regulation Regioad mv
(Ty=+25°C, 1.0 mA <lp s 100 mA) - 1 60 - 1" 60
(Ty=+25°C, 1.0 mA < I <40 mA) - 50 30 - 50 30
Output Voltage vo Vvdc
(7.0 Vdc S V| <20 Vdc, 1.0 mA < I S 40 mA) 475 - 5.25 45 - 55
M =10V, 1.0mA<Iip s 70 mA) 475 - 5.25 45 - 55
Input Bias Current [IT: mA
(Ty=+25°C) - 38 6.0 - 38 6.0
(Ty = +125°C) - - 55 - - 5.5
Input Bias Current Change Alg mA
(8.0 Vdc < V| < 20 Vdc) - - 15 - - 1.5
(1.0mA 1o <40 mA) - - 0.1 - - 0.2
Output Noise Voltage Vn - 40 - - 40 - uv
(Ta = +26°C, 10 Hz < f< 100 kHz)
Ripple Rejection (Ig = 40 mA, RR 41 49 - 40 49 - dB
=120 Hz, 8.0 Vdc < V< 18V, T = +25°C)
Dropout Voltage (T, = +25°C) Vi-Vo - 1.7 - - 1.7 - Vdc

ELECTRICAL CHARACTERISTICS (V| = 14 V, i = 40 mA, C| = 0.33 uF, Co = 0.1 uF, ~40°C < Ty < +125°C (for MC78LXXAB),
0°C < T < +125°C (for MC78LXXAC), unless otherwise noted.)

MCT78LOSBAC, AB MC78L08C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 77 8.0 8.3 7.36 8.0 8.64 Vdc
Line Reguiation Regjine mv
(Ty = +25°C, ig = 40 mA)
10.5 Vde <V} <23 Vde - 20 175 - 20 200
11 Vde s Vi <23 Vde - 12 125 - 12 150
Load Regulation Regjoad mv
(T)=+25°C, 1.0 mA <o < 100 mA) - 15 80 - 15 80
(Ty=+25°C, 1.0 MA < I < 40 mA) - 8.0 40 - 6.0 40
Qutput Voltage Vo Vde
{10.5Vdc <V} $23 Vde, 1.0 mA < ig <40 mA) 76 - 84 7.2 - 8.8
V=14V, 1.0mA<ig <70 mA) 76 - 8.4 7.2 - 8.8
input Bias Current B mA
(Ty = +25°C) - 3.0 6.0 - 3.0 6.0
(Ty =+125°C) - - 5.5 - - 5.5
Input Bias Cuent Change Alig mA
(11 Vdc < V) £23 Vdc) - - 1.5 - - 1.5
(1.0mA<iQgs40mA) - - 0.1 - - 0.2
Output Noise Voltage Vi - 60 - - 52 - w
(Ta = +25°C, 10 Hz < f< 100 kHz)
Ripple Rejection (o = 40 mA, RR 37 57 - 36 55 - d8
f=120 Hz, 12V s V<23V, T = +25°C)
Dropout Voltage (T, = +25°C) Vi-Vo - 1.7 - - 1.7 - Vde
2 . MOTOROLA ANALOG IC DEVICE DATA
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MC78L00, A Series

ELECTRICAL CHARACTERISTICS (V= 15V, Ig = 40 mA, C = 0.33 uF, Co = 0.1 uF, ~40°C < T, < +125°C (for MCTBLXXAB),
0°C < Ty < +125°C (for MCTBLXXAC), unless otherwise noted.)

MC78LOSAC, AB MC78L09C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Output Voitage (T = +25°C) Vo 86 9.0 94 8.3 9.0 97 Vdc

Line Regulation Regiine mv
(Ty = +25°C, 1o = 40 mA)
11.5 Vde < V) < 24 Vde - 20 175 - 20 200
12 Vdc < V| s 24 Vde - 12 125 - 12 150

Load Regulation Reglgad mv
(Ty= +25°C, 1.0 mA < g < 100 mA) - 15 90 - 15 90
(Ty=+25°C, .0 MA < I <40 mA) - 8.0 40 - 6.0 40

Output Voitage vo Vvde
(11.5 Vde < V) < 24 Vde, 1.0 mA S o) < 40 mA) 8.5 - 9.5 8.1 - 9.9
V=15V, 1.0mA<IgS70mA) 8.5 - 9.5 8.1 - 9.9

Input Bias Current e mA
(Ty = +25°C) - 3.0 6.0 - 3.0 6.0
(Ty = +125°C) - - 5.5 - - 55

input Bias Current Change Al mA
(11 Vde < V) s 23 Vdce) - - 15 - - 1.5
(1.0 A s lg <40 mA) - - 0.1 - ~ 0.2

Output Noise Voltage Vn - 60 - - 62 - v
(Ta = +25°C, 10 Hz < f< 100 kHz)

Ripple Rejection (I0 = 40 mA, RR 37 57 - 36 55 - dB
f=120Hz, 13V V| <24V, T = +25°C)

Dropout Voltage Vi~Vo - 17 - - 17 - Vdc
(Ty=+25°C)

ELECTRICAL CHARACTERISTICS (v;= 19V, 10 =40 mA, C| = 0.33 pF, Co = 0.1 uF, ~40°C < T < +125°C (for MC78LXXAB),
0°C < Ty < +125°C (for MC78LXXAC), unless otherwise noted.)

MC78L12AC, AB MC78L12C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T4 = +25°C) Vo 15 12 125 111 12 129 vde

Line Regulation Regjine mv
(Ty=+25°C, Ig = 40 mA)
14.5 Vdc < V5 27 Vde - 120 250 - 120 250
16 Vdc < V) <27 Vde - 100 200 - 100 200

Load Regulation Regioad mv
(Ty=+25°C, 1.0 mA <lg < 100 mA) - 20 100 - 20 100
(Ty=+25°C, 1.0 mA < g <40 mA) - 10 50 - 10 50

Output Voltage Vo vdc
(14.5 Vdc £ V) £ 27 Vdc, 1.0 mA Sl < 40 mA) 1.4 - 126 10.8 - 132
V=19V, 1.0mA <10 <70 mA) 114 - 128 10.8 - 132

Input Bias Current [IT:3 mA
(Ty = +25°C) - 42 6.5 - 42 6.5
(Ty=+125°C) - - 6.0 - - 6.0

Input Bias Current Change Al mA
(16 Vdc < V} £ 27 Vdc) - - 1.5 - - 15
(1.0 A <ig <40 mA) - - 0.1 - - 0.2

Output Noise Voltage Vn - 80 - - 80 - uv
(Ta = +25°C, 10 Hz < f< 100 kH2)

Ripple Rejection: (1o = 40 mA, RR 37 42 - 36 42 - dB
f= 120 Hz, 15V V<25V, Ty = +25°C)

Dropout Voltage V| -Vo - 1.7 - - 1.7 - vde
(Ty = +25°C)

MOTOROLA ANALOG IC DEVICE DATA 3
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MC78L.00, A Series

ELECTRICAL CHARACTERISTICS (V| = 23V, Ig = 40 mA, C) = 0.33 uF, Co = 0.1 uF, -40°C < Ty < +125°C (for MC78LXXAB),
0°C < T < +125°C (for MC78LXXAC), unless otherwise noted.)

MC78L1SAC, AB MC78L15C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T ) = +25°C) Vo 144 15 1568 138 15 16.2 Vde

Line Regulation Regline mv
(Ty=+25°C, I = 40 mA)
17.5 Vde < V) €30 vde - 130 300 - 130 300
20 Vdc < V<30 Vde - 110 250 - 110 250

Load Regulation Regioad mv
(Ty = +25°C, 1.0 mA 5 Ig < 100 mA) - 25 150 - 25 150
(Ty=+25°C, 1.0 mA < lp <40 mA) - 12 75 - 12 75

Output Voltage Vo Vdc
(17.5 Vdc <V} £30 Vdc, 1.0 mA < g <40 mA) 1426 - 15.76 135 - 16.5
V=23V, 1.0mA<1lg <70 mA) 14.25 - 15.75 135 - 16.5

Input Bias Current B mA
(Ty = +25°C) - 44 6.5 - 4.4 65
(Ty=+125°C) - - 6.0 - - 6.0

Input Bias Current Change Al mA
(20 Vdc s V; < 30 vde) - - 1.5 - - 15
(1.0 mA < Ig < 40 mA) - - 0.1 - - 0.2

Output Noise Voltage Vn - 90 - - 90 - nw
(TA=+25°C, 10 Hz < f< 100 kH2) -

Ripple Rejection (o = 40 mA, RR 34 39 - 33 39 - daB
f=120Hz, 185V V<285V, T = +25°C)

Dropout Voltage Vi-Vo - 1.7 - - 17 - Vdc
(Ty = +25°C)

ELECTRICAL CHARACTERISTICS (V| = 27 V, Io = 40 mA, C| = 0.33 uF, Co = 0.1 uF, 0°C < T < +126°C, unless otherwise noted.)

MC78L18AC MC78L.18C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 173 18 18.7 16.6 18 194 vde
Line Regulation
(Tg=+25°C, |p = 40 mA)
21.4 Vdc < V) < 33 Vde ) -
20.7 Vdc < V| < 33 Vdc Regline - 45 325 %2 325 mv
22 Vde < V| <33 Vde -
21 Vde <) <33 Vdc - 3 | 275 G A
Load Regulation Regjoad mv
(T)=+25°C, 1.0 mA < g < 100 mA) - 30 170 - 30 170
(Ty=+25°C, 1.0 mA < I £ 40 mA) - 15 85 - 15 85
Output Voltage Vo Vdc
(21.4 Vdc s V| $33 Vdc, 1.0 mA < 1o <40 mA) 16.2 - 19.8
(20.7 Vdc <V} £ 33 Vdc, 1.0 mA < 1o < 40 mA) 171 - 189
Vi=27V,1.0mA< I S 70 mA) 16.2 - 19.8
V=27V, 1.0mA<ig s 70 mA) 171 - 189
Input Bias Current B mA
(T = +25°C) - 31 6.5 - 31 65
(Ty = +125°C) - - 6.0 - - 6.0
Input Bias Current Change Ay mA
(22 Vdc < V| £33 Vde) - - 15
(21 Vde < V) <33 Vde) - - 15
(1.0mA <l <40 mA) - - 0.1 - - 02
Output Noise Voltage Vn - 150 - - 150 - nv
(Ta=+25°C, 10 Hz < f< 100 kH2)
Ripple Rejection (10 = 40 mA, RR 33 48 - 32 46 - dB
f= 120 Hz, 23V<V <33V, T = +25°C)
Dropout Voltage VI-Vo - 17 - - 1.7 - Vde
(Ty=+25°C)
4 MOTOROLA ANALOG IC DEVICE DATA
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MC78L00, A Series
ELECTRICAL CHARACTERISTICS (V| =33V, lg =40 mA, C) = 0.33 uF, Co = 0.1 pF, 0°C < T < +125°C, unless otherwise noted.)
MC78L24AC MC78L24C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 23 24 25 22,1 24 259 | wVdc
Line Regulation Regline mv
(Ty=+25°C, Ig = 40 mA)
27.5Vde s V<38 Vde - - - - 35 350
28 Vdc < V| <80 Vde - 50 300 - 30 300
27 Vdc < V| < 38 Vde - 80 350 - - -
Load Regulation Regjoad mv
(Ty = +25°C, 1.0 mA < lp < 100 mA) - 40 200 - 40 200
(T) =+25°C, 1.0 mA < lg S 40 mA) - 20 100 - 20 100
Output Voltage Vo Vdc
(28 Vdc < V| < 38 Vdc, 1.0 mA £ 10 < 40 mA) 216 - 264
(27 Vdc < V| < 38 Vdc, 1.0 mA < I < 40 mA) 228 - 252
(28 Vdc S V| = 33 Vdc, 1.0MA <10 £ 70 mA) 216 - 264
(27 Vdc < V1 £33 Vde, 1.0 mA < |0 S 70 mA) 228 - 252
Input Bias Current s mA
(T = +25°C) - 3.1 65 - 31 65
(Ty = +125°C) - - 6.0 - - 6.0
Input Bias Current Change Al mA
(28 Vdc < V| < 38 Vdc) - I - 15 - - 1.5
(1.0mA <ig <40 mA) - - 0.1 - - 0.2
Output Noise Voltage Va - 200 - - 200 - Y,
(TA = +25°C, 10 Hz < < 100 kHz)
Ripple Rejection (Io = 40 mA, RR 3 45 - 30 43 - dB
f=120Hz, 29V < V<35V, T = +25°C)
Dropout Voltage Vi-Vo - 17 - - 17 - Vdc
(Ty = +25°C)
MOTOROLA ANALOG IC DEVICE DATA s
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MC78L00, A Series
Figure 2. Dropout Voltage versus
Figure 1. Dropout Characteristics s Junction Temperature
80 w 25
L Q
,Vmcwgogs '8 lo=70mA
ut ® 9. g 20 \
g 80| Ty=25°C é ——t— \
5 15 3
2 10=10mA g
40 I \ s
§ a 10 |Q =40mA 'L
> 1 = 40 mA o= 100mA g [ lo=10mA
£20 3 o5 _Dropwl:mlaﬁmis
I ;‘ Vo= 2% of Vo
0 < 0 Lt 1 1
0 20 40 60 80 10 £ o % 50 75 100 125
V), INPUT VOLTAGE (V) 5 T3, JUNCTION TEMPERATURE (°C)
Figure 3. Input Bias Current versus Figure 4. Input Bias Current
Ambient Temperature versus Input Voitage
42 50
40 ——
g« — g 40 "1
g 38 g
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338 . 330 v”°7i'§°53
w‘ .|
g 2 10 = 40mA
5 34 < g 20 Ty=25C
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J—lp=40mA
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Ta, AMBIENT TEMPERATURE (°C) Vy, INPUT VOLTAGE (V)
Figure 8. SOP~8 Thermal Resistance and Maximum
Figure 5. Maximum Average Power Dissipation versus
Amblent Temperature — TO-82 Type Package Power Dissipation versus P.C.B. Copper Length
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[] MOTOROLA ANALOG IC DEVICE DATA

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

APPENDIX D. COMPONENT DATA 397

MC78L00, A Series
APPLICATIONS INFORMATION

Design Considerations

The MC78LO0 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 fitter with long wire
lengths, or if the output load capacitance is large. The input

Figure 7. Current Regulator

Input MCT8L0S
0.33yF I Constant
— Current to
- —  Grounded Load

lo

The MC78L00 regulators can aiso be used as a current source
when connected as above. In order to minimize dissipation the
MC78L0SCis chosen in this application. Resistor R determines
the cument as follows:

ljg = 3.8 mA over line and load changes

For example, a 100 mA current source would require Rtobe a
50 Q, 1/2 Wresistor and the output voltage compliance would be
the input voitage less 7 V.

bypass capacitor should be selected to provide good
high-frequency characteristics to insure stable operation
under all load conditions. A 0.33 pF or larger tantalum, mylar,
or other capacitor having low intemal 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 8. + 16 V Tracking Voltage Regulator

Figure 9. Positive and Negative Regulator
*o—¢—o{ weraua T 0 o
0.33yF T Q T 0WF
hd 1
A J_ =
0.33uF 0.uF
..vo

MOTOROLA ANALOG IC DEVICE DATA

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

398 APPENDIX D. COMPONENT DATA

MC78L00, A Serles
OUTLINE DIMENSIONS
P SUFFIX
PLASTIC PACKAGE
CASE 29-04
\SSUE AD NoTES:
ol A e B 1. OMESNING AND TOLERAKCING PR AYS
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LM386

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.

&National Semiconductor

Low Voltage Audio Power Amplifier

Features
& Battery operation

September 1997

® Minimum external parts

® Wide supply voltage range:  4V-12V or 5V-18V
B Low quiescent current drain: 4 mA

® Voltage gains from 20 to 200

8 Ground referenced input

& Seif-centering output quiescent voltage

&8 Low distortion

= Available in 8 pin MSOP package

Applications

8 AM-FM radio amplifiers
& Portable tape player amplifiers

» Intercoms

a TV sound systems
® Line drivers

= Ultrasonic drivers
& Small servo drivers
® Power converters

Equivalent Schematic and Connection Diagrams

—OVs

1]
O Vour

AAA
WA/
H

GNO
DS008076-1

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

N .

[ —'1 cam
—meur =3 }'—. ovrass

anrr -2 v,
anp =t L. Vour
080009782
Top View

Order Number LM386M-1,
LM386MM-1, LM386N-1, LM386N-3
or LM386N-4
See NS Package Number
MO8A, MUAOSA or NOSE

© 1997 National i C: i O

www.national.com
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Absolute Maximum Ratings mote 2)

If Military/A P specified devi are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Dual-In-Line Package
Soldering (10 sec)
Small Outline Package
(SOIC and MSOP)

+260 C

Supply Voltage

{LM386N-1, -3, LM386M-1)
Supply Voltage (LM386N-4)
Package Dissipation (Note 3)

Vapor Phase (60 sec)

15V Infrared (15 sec)

+215C
+220C

22V See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

surface mount devices.

{LM386N) 1.2W  Thermal Resistance
(LM386M) 0.73W 9, (DIP) 37 CW
{LM386MM-1) 0.595W 9, (DIP) 107 CW
input Voltage *04v 9,c (SO Package) 35 CW
Storage Temperature 65Cto+150C 9, (SO Package) 172 CW
Operating Temperature 0Cto+70C 0, (MSOP) 210 CW
Junction Temperature +150 C 0,c (MSOP) 56 C/W
Soldering Information
Electrical Characteristics(Notes 1, 2)
To=25C
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (V)
LM386N-1, -3, LM386M-1, LM386MM-1 4 12 v
LM386N-4 5 18 \
Quiescent Current (Io) Vg =68V,Vy=0 4 8 mA
QOutput Power (Poy1)
LM38EN-1, LM386M-1, LM386MM-1 Vg = 6V, R, = 8Q, THD = 10% 250 325 mw
LM386N-3 Vg = 9V, R = 80, THD = 10% 500 700 mw
LM386N-4 Vg = 16V, R_ = 3202, THD = 10% 700 1000 mw
Voltage Gain (A,) Vg =8V, f=1kHz 26 dB
10 yF from Pin 1to 8 46 a8
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg =6V, R_ = 8Q, Poyr = 126 mW 0.2 %
f = 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vg = 8V, =1 kHz, Cgypags = 10 HF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (R,) 50 kQ
Input Bias Cument (Igas) Vs = 6V, Ping 2 and 3 Open 250 nA

tional, but do not guarantee specific

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.
Note 2: Absolute Maximum Ratings indicate l:mns beyondwhch damage to the device may occur. Operatmg Ramgs indicate conditions for which the device is func-

Note 3: For in ambient

antee specific performance limits. This assumes that the device is within the O
given, however, the typical value is a good indication of device performance.

state DC and AC
Ratings.

test conditions which guar-

are not g

for

where no limit is

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 smalt outline package.

www,national.com
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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 1.35 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 extemal 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 § (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 kQ2 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 PF capacitor or
a short to ground depending on the dc source resistance on
the driven input.

www.national.com
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Typical Performance Characteristics
Quiescent Supply Current Power Supply Rejection Ratio Peak-to-Peak Output Voitage
vs Supply Voltage {Referred to the Output) Swing vs Supply Voltage
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

Vs
e,

Amplifier with Bass Boost

DS000976-8

Amplifier with Gain = 200

10uF

ELOEMA
crsns | © Vo
R
W-15mA = t
0.05.F =
tx1kHz
DS00Ee76-7
[A

AA
\ A4
-

1=1kHz

DS006976-8
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Typical Applications (continued)

Frequency Response with Bass Boost

27
%
25
S 2 \
®
S 23 \
w 2
Q
=2
]
S 2 ~
19
18
”
20 50 100200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)
DS006976-10
AM Radio Power Amplifier
cc
FROM
DETECTOR
v‘°l FERRITE
BEAD +m;
m—l
ANy [
o _[+ SPEAKER
| Iusur
D3000976-11

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

Note 5: Twist speaker lead and ground very tightly.

Note 6: Femite bead in Ferroxcube K5-001-001/3B with 3 tums of wire.
Note 7: R1C1 band limits input signals.

Note 8: All components must be spaced very closely to IC.

www.national.com 6
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Physical Dimensions inches (mitimeters) unless otherwise noted
0.188-0.197
14005084
8 7T 5 5
‘,- ]fi Af A
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{0.254--0.508) l .‘.u "‘é“n"' m:m)
} I HEETED sere
b o’ f -
B e o lgmem SRR S
TP ase x-i e
SO Package (M)
Order Number LM386M-1
NS Package Number MOSA
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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S
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0.007£0.002

(0.1820.05] T'*
8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAOSA

MUAOBA (REV B)
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Physical Dimensions inches (mitimeters) unless otherwise noted (Continued)
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Dual-In-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4
NS Package Number NOBE
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- 2. A critical component in any component of a life support

tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b) support or sustain life, and whose fail- sonably expected to cause the failure of the life support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Ewope Asia Pacific Customer Japan Ltd.

Americas Fax: +49 (0) 1 80-530 85 88 Response Group Tel: 81.3.5620-6175

Tel: 1-800-272-905¢ Email: europe.supporg@nsc.com Tol: 85-2544486 Fax 81-3-5620-617¢

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax 65-2504486

Email: support@nsc.com English Tei: +49 (0) 1 80-532 78 32 Emall: sea.support@nsc.com
Francais Tel: +49 (0) 1 80-532 93 58

www.national.com Haliano  Tel: +49 (0) t 80-534 16 80

Netionsl does not sssume any responsibility for use of sny circuilly described, no circuit patent kosnses are implied and Nationsl reserves the fight st any time without notice to change said circuitry end specifications.

https://doi.org/10.1017/CB0O9780511817502.02ramnbdd geirB op&anniaen@&amesdge University Press


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

408 APPENDIX D. COMPONENT DATA

DISCRETE SEMICONDUCTORS

DATA SREET

f

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

Product specification 1996 Sep 03
Supersedes data of April 1996
File under Discrete Semiconductors, SCO1

O ctrs PHILIPS
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4446; 1N4448

FEATURES

+ Hermetically sealed leaded glass
S0D27 (DO-35) package

High switching speed: max. 4 ns
General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 75V

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
S0D27 (DO-35) packages.

MAM246

The diodes are type branded.

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

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 75 \")
VR continuous reverse voltage - 75 v
'3 continuous forward current see Fig.2; note 1 - 200 mA
lerm repetitive peak forward current - 450 mA
lesm nonrepetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4
t=1us - 4 A
t=1ms - 1 A
t=1s - 05 [A
Piot total power dissipation Tamb = 25 °C; note 1 - 500 mw
Tetg storage temperature -85 +200 °C
Tj junction temperature - 200 °C
Note

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

1996 Sep 03
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Philips Semiconductors Product specification

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

ELECTRICAL CHARACTERISTICS
Tj = 25 °C, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Ve forward voitage see Fig.3
1N4148 lr=10 mA - 1.0 |V
1N4446 Ir =20 mA - 10 |V
1N4448 lF=5mA 0.62 072 |V
I =100 mA - 1.0 |V
Ir reverse current VR =20V, see Fig.5 25 nA
Vg =20V, T = 150 °C; see Fig.5 - 50 pA
Ir reverse current, 1N4448 Vg =20V, T;= 100 °C; see Fig.5 - 3 A
Cq diode capacitance f=1MHz; Vg = 0; see Fig.6 4 pF
tr reverse recovery time when switched from Ir = 10 mAto 4 ns
lr =60 mA; R =100 Q;
measured at Ig = 1 mA, see Fig.7
Vg forward recovery voltage when switched from I = 50 mA; - 25 v
tr =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE | UNIT
Rin jtp thermal resistance from junction to tie-point | lead length 10 mm 240 KW
R j-a thermal resistance from junction to ambient | lead length 10 mm; note 1 350 Kw
Note

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

1996 Sep 03
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Philips Semiconductors Product specification
High-speed diodes 1N4148; 1N4446; 1N4448
GRAPHICAL DATA
MBG4S1 MBG464
300 600
! 13
(mFA) (mA)
200 400 I] /
4 y,
N asfe /e
\\ ’ 4
~N 7
N A/
100 200 7
~N . [ /]
A 4
\ / /
) 0 il
0 100 Tamb °c) 200 0 1 Ve 2

(1) T;=175°C; typical values.
Device mounted on an FR4 printed-circuit board; jead length 10 mm. () T;=25°C; typical values.
(3) Tj=25°C; maximum values.
Fig.2 Maximum permissible continuous forward

current as a function of ambient Fig.3 Forward current as a function of forward
temperature. voltage.
102 MBG704
IFsm
(A)
10
B L —
et L[]
1
107!
1 10 102 10° to (us) 104

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

Fig.4 Maximum permissible nonrepetitive peak forward current as a function of pulse duration.
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High-speed diodes 1N4148; 1N4446; 1N4448
' 103 MGD290 12 MGDOO4
R c
(WA) d
102 (PF)
7 1.0
1 // 2
10 [D )
v - [=——
~ 08
1
Vv 4
21
06
107!
102 0.4
[} 100 200 .
T ©c) 0 10 VR V) 20
(1) VR=75V: typical vaiues.
{2) VR =20V, typical values. =1 Mz, Ty= 25 °C.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse
temperature. voltage; typical values.
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High-speed diodes 1N4148; 1N4446; 1N4448
:_ ________ 1 t t
o 5 I—“l r P ‘
- : T - 10% T
Rg=50Q | *lp tr
- 0SOULOSCOPE 4 I
VaVp+lpxRg Ry=50 0
| —I Vi 0% y o
MGASSt R
input signal output signat
(1) lk=1mA
Fig.7 Reverse recovery voltage test circuit and waveforms.
1.  1ke 450 0 v [
90%
Re=50Q
S BT, OSCILLOSCOPE Vi
I | R;=50Q
| 10%
MGASE2 |
——I tr 4——1,—- ! !
input output
signal signal
Fig.8 Forward recovery voltage test circuit and waveforms.
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PACKAGE OUTLINE
J:ngi L L— 25.4min 425 25.4 min —J MLAe2s -1

Dimensions in mm.

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 (IEC 134). 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
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RF COMMUNICATIONS PRODUCTS

DATA SRIEET

SA602A

Double-balanced mixer and oscillator

Product specification
Replaces datasheet of April 17, 1990

IC17 Data Handbook

1997 Nov 07

Philips Semiconductors

PHILIPS
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Double-balanced mixer and oscillator SA602A

DESCRIPTION PIN CONFIGURATION
The SAG02A is a low-power VHF monolithic double-balanced mixer
with input amplifier, on-board oscillator, and voltage regutator. Itis 0 and N Packages
intended for high performance, low-power communication systems.
The guaranteed parameters of the SAG02A make this device a7 ] (8] vee
particularly well suited for cellutar radio applications. The mixeris a

“Gilbert cell” multiplier configuration which typically provides 18dB of e 2] 7] osce
gain at 45MHz. The oscillator will operate to 200MHz. It can be GND [ 3] [¢] oscp
configured as a crystal oscillator, a tuned tank oscillator, or & buffer oura [7] 5] oure
for an external LO. For higher frequencies the LO input may be

extemally driven. The noise figure at 45MHz is typically less than
§dB. The gain, intercept performance, low-power and nolse SR00058
characteristics make the SA602A a superior choice for Figure 1. Pin Configuration
high-performance battery operated equipment. |t is available in an

8-lead dual in-line plastic package and an 8-lead SO (surface-mount APPLICATIONS

miniature package).

FEATURES

©® Low current consumption: 2.4mA typicat

® 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
® SAB02A meets cellular radio specifications

® Cellular radio mixer/oscillator

® Portable radio

® VHF transceivers

© RF data finks

® HF/VHF frequency conversion

© |nstrumentation frequency conversion
© Broadband LANs

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Dual In-Line Plastic (DIP) -40 to +85°C SA602AN SOT97-1
8-Pin Plastic Small Outiine (SO) package (Surface-mount) -40 to +85°C SA602AD SOT96-1

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Voo Maximum operating voitage 9 \
Tsre Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range SA602A -40 to +85 °C
TS Thermal impedance D package 90 °C/W
N package 75 °C/W

1997 Nov 07 2 853-1424 18662
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Philips Semiconductors Product specification
Double-balanced mixer and oscillator SA602A
BLOCK DIAGRAM
SAD0069
Figure 2. Block Diagram
AC/DC ELECTRICAL CHARACTERISTICS
Ve = +6V, Ta =25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS SAB02A UNITS
MIN | TYP | MAX
Voo Power supply voltage range 45 8.0 v
DC current drain 24 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figure at 45MHz _ 5.0 55 dB
Third-order intercept point RPN = 45"3"‘};‘==:5"f&““‘;,‘_fz a3 | s | dem
Conversion gain at 48MHz 14 17 dB
Rin RF input resistance 1.5 kQ
Cin RF input capacitance 3 35 pF
Mixer output resistance (Pin 4 or 5) 1.5
DESCRIPTION OF OPERATION Besides excellent low-power performance well into VHF, the

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 SAG02A is designed for op low-power perfc

When used with the SA604 as a 45MHz ceflular 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 approxumateiy +5dBm output intercept because of the RF gain).
The sy designer must be cogni of this large signal
Iumltanon When designing LANS or other closed systems where
transmission levels are high, and small-signat or signal-to-noise
issues are not critical, the input to the SA602A should be
appropriately scaled.

1997 Nov 07

SA602A is designed to be flexible. The input, RF mixer output and
oscillator ports can support a variety of configurations provided the

designer und ds certain cor , which will be explained
here.
The RF Inputs (Pins 1 and 2) are biased Imemally They are

The equivalent AC input i ce is app y

1 5k It 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 1.5kQ
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.
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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

osciilation at the crystal fund tal fre y. In the fundar

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 signa! 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 22k resistor from Pin 7 to ground will
increase the DC bias current of the oscillator transistor. This

mode, the suppression network is omitted.

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

the AC operating characteristic of the transistor and
should help the oscillator to start. A 22k resistor will not upset the
other DC biasing infernal to the device, but smaller resistance
values should be avoided.

05t0 1.3uH 2pF
L_nm._1~> ] “To4.545MHz THIRD OVERTONE CRYSTAL
vee ;ﬁ = tnF 10pF
= L joeF — ) |
T 1 T [0 [7] [®] [
150pF
ouTPUT
D 6024 .‘.&;‘,’é?
330pF |
1 Tz [ 3] 7 ]
7ok =
INPUT T 0.209 to 0.283uH
2200 | +
100nF
i SA00070
Figure 3. Test Configuration
1997 Nov 07
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Double-balanced mixer and oscillator SAG02A

BUFFER ® 1.0

1.5k

AAA

IN—vWA—
lll—'\:\/‘
?
g

3
S
L

= B
GND Sro0071
Figure 4. Equivalent Circuit
) - ) -
D ooz
T m L.‘_I
WNPUT r 2
'r__i_ = ?—i T
I = il =
a. Single-Ended Tuned input b a:uwm(suw e mmum%m

Figure 5. input Configuration
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rEu —_T_‘ _i

| R A bSsIA
a. Single-Ended Ceramic Filter T

b. Single-Ended Crystat Filter

—H

>MFE_

¢. Single-Ended IFT d.. Balsnced Output Shoo07s
Figure 6. Output Configuration
£L N4 e r—
M e T = i
e T L e
- )}} )1'7__ = - l
=alhidn s B ) M 7 e [ M oh ;I 5]
U 2 o0 LI B R N ) — 2] 31 g
mcorlm&kum b. Colpitts L/C Tank Osciilator ©. Hartiey L/C Tank Osciiistor e
Figure 7. Osclilator Circuits
1897 Nov 07 6
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Double-balanced mixer and oscillator SA602A
B.SuH
[
b o P B
Toe T
g i *
1000pF T~
[ s r—‘iw Pl
e 3t %
I
2NN
—— o o
TO SYNTHESIZER
= SRO0075
Figure 8. Colpitts Osclilator Suitable for Synthesizer Applications and Typical Buffers
0.53t0 1.3uH =
__l:__n-_r’r\_“_'."mF T54.545Mz THIRD OVERTONE CRYSTAL
voe AR b |?’F I
RS I I H
T T "™ Tee (o [T [ %]
> 602A
e e el -
4TpF = -
INPUT T 0.200 to 0.283uH I
WT = =
lim
= SRO0078

Figure 9. Typical Application for Celiutar Radio
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350
328 [
- |t
)”»-0' Q
300 ° v 8 V. asv
i L+ o $ 7] o s
g 278 ’/"r__ o 48V g 8 /, o a5y
g
O 2% —— —— 5 /,/'/
226 e 47 -
1 |t L~
200 45 y
T«/ o
150t T T T
40 -30-20-10 0 10 20 30 40 80 60 70 80 90
40 -30-20-10 O 10 20 3 40 50 00 70 80 90
TEMPERATURE OC TEMPERATURE OC
SR00077
Figure 13. Noise Figure
Figure 10. Icc vs Supply o
Voltage
RF{ u ASMHz, IF = 458Kz, AF2 = 45.00MHz
200 e oot racooer 7
195 2 p
_ 100 yay
8185
1 —_— A v ° Y’
175 = ° 8sv £ 7
ol Pt o asv § P4
wel—1 b4
185 - -20 | FUND. LTS
1690 et P y
1 LA /
150 E"“ 4
“s e » I
140 _an| rd
40 -3 -20-10 0 10 20 30 40 80 8 70 80 %0 V i
TEMPERATURE 9C 7
J4
SRO0078 40 60 40 -20 [] 2
RF INPUT LEVEL (dBm|
Figure 11. Conversion Gain vs Supply Voltage (oo 5R00081
Figure 14. Third-Order Intercept and Compression
e T -
§ s P -
-12¢0 o 2 —
128 - § -3 Va
E 130 g 1 /
138 7
E =14.0 4 -8
145
E s -18
155 -17
-1
185 -18
~170
40-30-20-10 0 10 20 30 40 80 60 70 80 90 P PR 7 o P
TEMPERATURE OC Vo (VOLTS)
S5A00079 SRo00s2
Figure 12. Third-Order intercept Point Figure 15. Input Third-Order intermod Point ve Ve
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S08: plastic small outline package; 8 leads; body width 3.9mm SOT96-1
D E {A]

| 7

: J

- cg : \\ /
] | =k,

'l BlA B
| , *

1 Q
. —r A2
[t %]
pin 1index ' 1 {
VA o
L . * [ Ly [ 7
ﬁ % H : -
(] ~U—E w®
[1] 25 5 mm
| MU S S R |
scale
DIMENSIONS (inch are derived from the original mm dimensions)
UNIT mf,_ Ay | A A3 | By c [DMIERI o [Hg | L | @] v wiy j2zWfoe
025 | 1.45 049 | 025 | 50 | 40 62 10 | 07 (X3
™ 475 010 | 125 [ %% | 036 [ o010 | 48 | 38 |27 58 || 04 | 06 |O%25| 0B | 01 | g3 | 4
. 0.0098| 0.057 0.019 |0.00%8| 020 | 0.16 0.24 0.039 | 0.028 0028 ©°
inches | 0.089 o.mlo.m 001 | 5014 [0.0078| 0.18 | 0.16 | %9%[ 0.23 | %941} o016 | 0.02¢ | 001 | 001 | 0004} 5505
Nows
1. Plastic or metal p of 0.15 mm i per side are not included.
2. Plastic or metal p of 0.25 mm per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION 1EC JEDEC EAY PROJECTION
SOT96-1 078E038 MS-012AA == @ ———
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DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1

D Mg —

|~ seating plane
-]
i
"
bt > —t{
r“a—

p ST

P
=
T
5

] ©)
A

1 4
[} S 10 mm
et ot i
scale
DIMENSIONS (inch dimensions are derived from the original mm )
A )
UNT | A T AL 2l b | by b | o [OM]EM| o | o | L | Me|my]| w |20
173 | 058 | 107 | 038 | 98 | 648 360 | 8.25 | 100
mm o 42 1081 32 | 440|038 | 069 | 023 | 92 | 620 | 2% ] 702! 505 | 780 | 83 | %254 W15
inchos 0.068 | 0.021 | 0.042 | 0.014 | 038 | 026 014 | 032 | 030
017 [ 00201 013 | 45 | 6015 | 0.035 | 0.009 | 036 | a2a | %10 | 930 | g5 | ga1 | 053 | OO [ 0045
Note
1. Plastic or metal i of 0.25 mm maxi per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION o s 2 PROJECTION | [SSUEDATE
ey
SOTO?1 050G01 MO-001AN =& 950204
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DEFINITIONS

Data Sheet identification Product Status Definition
Otjective Specification Formative or In Design ,Tn':;;m;hwm:mm“ y product
Pro#minary Specification Preproduction Product Somo right to make changes at any inorde l;hnp“f;l:m
and supply the best possible product,
Product Specification Ful Production :u;m:mmmm mmuwwmmwmmwpmu;;m e

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

. uctors assumes no respongibiiity or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right {o 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

onty. Philips iconduct akes no rep tation or warranty that such applications will be suitabie for the specified use without further testing
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 wheremalfunction of a Philips Semiconductors and Philips Electronics North America Corporation Product can reasonably be e:

to result in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or sefling 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 Semiconductors © Copyright Philips Electronics North America Corporation 1997
811 East Arques Avenue All rights reserved. Printed in U.S.A.
P.O. Box 3409

Sunnyvale, Callfornia 94088-3409
Telephone 800-234-7381

Lot make things bettr
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