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R,F. AMPLIFIER VHF FREQUENCY 144-146 MHz

~

ANIRUTH HUTANGKURA(HS 1 CVK)
MR, PRADIT VACHARPIBUL ADVISER.

ACADEMICS YEAR 1987

Abstack

-

This R.F. AMPLIFIER VHF FREQUENCY 144-146 MHz is modified
from the Re.F. pre-amplifier cifcuit and. R.F. power amplifier circuit
to be serve as the transmit and receive paths, and offerssevegalnadditional
features including an automatic changeover'system. A low noise R,F.
pre - amplifier using second general dual gate MOSFET device is
incorporated in the receive path, This provides very high gain, with
a very low noise figure of less than 3 dB. A single stage R.F power
amplifier is incorporated in transmit path and this uses a high gain.
This provice a sinmple alignment, OCn the output of R.F. power amplifier
is connected with S.W.R bridge meter to check Voltage Standing Wave Ratio,
The R.F, AMPLIFIER VHF is set the impedance of sc« on the output and
input terminals so that it need not to have the outside adapter. The
most benifit of this system is e2sily to connect with transceiver or
other telecommunication equipment for boost, low cost and also the
component are avaliable in the country. This project is also provide
a simple R.F. AMPLIFIER VHF FREQUENCY for the Amature Ham Radio to

develop ability of Communication.
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de ’ capital, capital lg, Vae ’

rms capital, lowercase 1, Vi, ,

ac instantaneous lowercase, lowercase Iey Vbe !
total instantancous Jowercase, capital ig, vaE

peak or maximum capital, lowercase with lems Viem l

additional subscript p or m
circhit elements capital R, C, l

transistor parameters layercase or capital re, Cu
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VHF Power Amplifiers

SELECTING THE OPTIMUM CONFIGURATION

The most important of the transistor parameters which limit the maximum RF
power output are:

Breakdown voltage.
PG vs. bias-power-gain varigtion with bias.
Ppimazy—allowable power dissipated at the collector junction.

These parameters and how they influence the choice of configuration are dis-
cussed here.

Breakdown Voltage. If ideal class B operation is assumed, the static operat-
ing point would exist as shown in Fig. 25.1. An arbitrary load line has been
constructed on a typical set of collector characteristics (either common base or
common emitter). The collector voltage for class B operation will have a minimum
of Eiminy (see Fig. 25.1) and a maximum of (2Vec — Eminy). Figures 25.2 and 25.3
illustrate the voltage and current waveforms for idealized class B operation.

Because it is necessary to stay within the normal operating region of the tran-
sistor, the breakdown voltage (common base or common emitter) limits the peak
voltage, Ep,

BV — Emin
EP = VCC - E(mi'n) é —_‘C—% (1)

where BV is the collector breakdown voltage.
The power output can be written as

_ Ep
2R
Thus, for a given Ry, and Emin fixed by other considerations, the breakdown volt-

age limits the available output power. The maximum output power can be found
by combining Egs. (1) and (2):

Po @)

BY¢ — Egmin)?
PO(mar) = ( L C 8RL( )) (3)




I, collector current

\y’— Static operating point
N 1 >
Vee BVC

V. collector voltage, volts

Figure 25.1

Power Dissipation from Thermal-stability Considerations. The maximum
allowable junction temperature T, limits the power that can be dissipated in a
transistor. However, in circuit configurations which have high thermal-stability
factors, thermal runaway may occur before T,z is reached. Thermal runaway
occurs when the increase in leakage current due to increasing temperature causes
power dissipation to increase, causing a further increase in temperature and leak-
age current. If this series of events becomes self-sustained, thermal runaway occurs.

In the common-base circuit, the thermal-stability factor is unity. The common-
emitter circuit may have a thermal-stability factor as great as the common-emitter
forward current gain hpg. A large thermal-stability factor may cause thermal
runaway to occur before the junction temperature reaches its maximum rated value
Timas. When this condition occurs, the power-dissipation rating of the common-
emitter circuit is decreased.

Additional information on thermal parameters appears in Sec. 4.4 and Chap. 7.

Power Gain vs. Bias. At relatively low frequencies (low compared to the cutoff
frequency-of the device under consideration), current and voltage swings are usu-
ally limited by such factors as breakdown voltage, saturation voltage, and maximum
power dissipation. As the operating frequency is increased, the variation in power

V. collector voltage, volts

Time

Figure 25.2



I, collector current

.

Time

Figure 25.3

gain becomes more important, and in some cases it is the dominant limitation.
Figure 25.4 illustrates the variation of power gain for the 2N1142 at 108 mc; this
graph shows the changes in power gain for various bias conditions. Small-signal
measurements were used to calculate the power gain shown in Fig. 25.4, with the
assumption that the transistor is unilateralized and conjugately matched at each

100
&
70 Ves

60 t (-30v)

V,
40 + CB
(-20v) Ves
30 | /- (-15v)
N r/f

Unilateralized common base power gain
—
S O NDODWVWO
™7 T
N

1 1 L ] A

0 10 20 30 40 50
I, collector current, ma

Fig. 25.4. Uniloteralized power gain vs. bios of the 2N1142 ot 108 mc¢ in common-base

configuration.



measurement point. If the short-circuit admittance parameters are used, then
power gain is given by

PG = Ll ()

" 46,162

The rapid decrease of power gain at low voltages and high currents (shown in Fig.
25.4) severely limits the maximum power output obtainable from the 2N1142.

A more graphic method of displaying this limitation is to construct curves of
constant power gain, using the collector voltage and collector current as coordinates.
Figure 25.5 shows these constructions for the 2N1142 at 108 mc with resistive load
line included. When power output is of prime importance, the instantaneous bias
point should be restricted to a point which has a power gain equal to or greater
than unity, because operation beyond this point requires a greater increase in input
signal than is obtained in the output. This causes a large decrease in efficiency
and an increase in harmonic distortion.

If the limit of unity power gain is accepted, then an optimum load line can be
established. The determination of the best load line may be accomplished by noting
that the locus of the minimum voltage, Eqniny, and the maximum current, /p, is the
unity-power-gain curve. This curve establishes a relationship between Egmin
and Ip:

Ip = f(Emin) (5)

70 -

P.G.=7db
P.G.=10db

60

50 |~
P.G.=13db
40 |-
P.G.=11.5db

30

1., collector current, ma

20 -

10

1 1 !
0 -5y -10v ' -15v -20v

Veg, collector-base voltage, volts

Fig. 25.5. Curves of constant unilateralized power gain of the 2N1142 ot 108 mc in common-
base configuration.



The peak voltage is
< BVC — E(min)

Ep= — [Same as Eq. (1)]
The output power may be expressed in terms of BV and Ejmin:
Po= THE = e TN [(F,,,,) 6)

By differentiating expression (6) with respect to Eiminy, the conditions for the maxi-
mum output power are obtained:

dP 1 ,
dE(m(:n) = ‘Z [(B Ve — E(min))f (‘é(min)) _f (E(min))] =0 (7)
Emin)
or Epminy = BVg — _[QM)__ 8
(min) AT/ P 8)

This value of Eniny is optimum, provided the power-dissipation rating is not
exceeded. .

Power Dissipation. The value of Einin given by Eq. (8) may result in power
dissipation in excess of the transistor rating. In this case Egnim is selected by
writing power dissipation in terms of E(nin. Power dissipation Pp = Ppumas,
where Ppgmar) is the maximum allowable dissipation of the transistor for the par-
ticular ambient temperature and heat-sink configuration. Power dissipation (see
Figs. 25.2 and 25.3) is given by

Pp= _21_ Lﬂ(lpEp sin @ + JpEmin sin 6 — IpEp sin?6) df ©)
v

R\=axlr GrbiilC LefP Jip Dmaz) (10)
7 T 4

Substituting Egs. (1) and (5) into (10),
Pp= f(_i‘:_‘ﬂ)_wvc(‘t — 1) + Emnin@ + 1] = Ppxmasy an

This equation gives the largest value of Eqminy which may be used.
Optimum Load Line. The load resistance, R;, may-be written as

Ep _ BVo — Egminy
]P 2_/‘(E(min))

The optimum value of Ry is obtained by substituting the smallest value of Enin
given by Eq. (8) or (11) into Eq. (12).

As stated previously, the above values of Emim. Ry, etc., are calculated to deliver
the maximum power output. If more gain is needed, instantaneous bias points
must be restricted to constant power-gain curves significantly greater than unity
(3- or 4-db gain curves). This decreases the variation in power gain, thus increasing
overall gain and decreasing harmonic distortion. The new power-gain curves are

Ry = (12)



used to obtain values of Emin and Ry, in exactly the same manner as previously
described.

25.2. MATCHING NETWORKS

Output Matching Networks. VHF transistor power amplifiers are usually
required to drive a load of approximately 50 ohms. A matching network must be
used to transform the 50-ohm load to the value given by Eq. (12) at the output of
the transistor. The matching network shown in Fig,. 25.6 is one of the more useful
of those commonly used. L, Cy, and C; are given by the following equations:

= (13)
1 R,
PRV R 9
Y IERA 1
LR by oG as)
where QO is the desired loaded Q of the circuit and
__ RiRoun
ey Ry + Reoun (16)
Riouny is the output resistance of the transistor at the operating conditions
2
RN Ro(woly) )

= R,2 + (wolyp)?

LY 1
€= R )

Rﬂ
WL (19)

It may be impractical to transform R, to R, for the desired value of Qy. In this
case, a second network can be used to transform R, to a lower value at the output
of the first network. This network is calculated exactly like the first, but with the

&nds reversed.
Another useful matching network is shown in Fig. 25.7. This network eliminates

L, =

o —/ TP -0

> L
Ry ,
{Cl C2 Ro

Nt

R {out)

N

pi-matching network
Figure 25.6




R(oul) T Cl L Ro
o O

Figure 25.7

a coupling capacitor; loaded Q's of ten or above are easily obtained. The equa-
tions for the circuit elements are:

G = w?;i,, 1 ( " %) 20)
Ry =22 @)
b5 e
e 1 (24)

T W RVRJR, = 1

Input Matching Section. Either of the above circuits may be used to match
the input. The circuit of Fig, 25.7 is recommended because a low input impedance
makes a high loaded @ difficult to obtain.
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w6080 (SILICON)
n6081

The RF Line

NPN SILICON RF POWER- TRANSISTORS

L]
.. . designed for 12.5 Volt VHF large-signal power amplifier applica-
tions required in military and industrial equipment operating 1o
300 MHz.

® Specified 12.5 Volt, 175 MHz Cheracteristics —
Output Power =4.0\W — 2N6080
15 W — 2N6081
Minimum Gain= 12 dB — 2N6080
6.3 dB8 — 2N6081
Efficiency = 50%

L d

¢ Balenced Emitter Construction to provide the designer with the
device technology that assures ruggedness and resisis transisior
damage caused by load mismatch

e Stripline Packzoing for lower lead inductance and better broad-
band cepeability

4.0and 15 W
175 MHz

RF POWER
TRANSISTORS

NPN SILICON

*MAXIMUM RATINGS

Rating Symbol 2N6080 ] 2N6081 Unit
Cotlector-Emitter Voltsge VCEO 18 Vde
Collector-Bese Volizge VeBO 36 Vdc
Emitter-Base Voliage VEBD 4.0 Vdc
Collecror Current — Continuous ic 1.0 25 Adc+
To1al Device Dissipztion € Tg = 25°C (2) Pp 12 31 Watts

Derate above 25°C 68.5 177 mWw/oC
Storage Temperature Range Tsig -65 10 +200 °oc
Stud Torquell) - 6.5 in. Ib.

“Indicstes JEDEC Registered Dats
(1) For repested assermnbly use £ in, Ib,

(2)These devices are Gesigned for RF operstion. The total device dissipestion rating
2pples only when the Gevices sre operatec &5 RF amplifiers.

1.4 108t !
! N ToEe
j Greb

[ K]

0307 l pz28 ~
PIN Y. EMITTER . 0085
2. BASE I I P 1718
3. EMITTER 03E5 .l G606 ) ¢
& COLLECTOR
0183
gorp -4 (B3]
008G L
i g2t
02
. £710
B3INE 24 1315
WRENCH L
FLATS l [ R
5.ISU

To convert inches 1o milir—eters motugly by 25 &

CASE 145401




2N6080, 2N6081 (continued)

&

*ELECTRICAL CHARACTERISTICS {Tc = 25°C uniless otherwise noted)

[ Characteristic ] Symbo! ] Min I Typ ] Max ] Unit j
OFF CHARACTERISTICS "
Cotlecior-Emitter Breahdown Voltage BVeeo Vdc
{ic=10mAdc, Ig =0} 2N6080 18 - -
{ic = 20 mAdc, Ig = 0} 2N6081 18 - -
Coltecior-Emirter Breakdown Voliage BVces Vdc
(Ig = 5.0 mAdc, Vgg = 0) R 2N6080 36 - -
g = 10 mAdc, Vgg = 0} 2NE081 36 - -
Emitter-Base Breskdown Voltage BVEgROD Vdce
{tg = 1.0mAdc, Ic = 0) 2N6080 4.0 - -
{lg =2.0 mAdc, Ic = 0) 2N6081 4.0 - -
Collector Cutoff Current ICES mAdc
(VcE = 15 Vde, Vge = 0, T = +55°C) 2N6080 - - 5.0
. 2N6081 . - - 8.0
Collector Cutoff Current iceo mAdc
(Veg = 15 Vde, Ig = D) 2N6080 - - 0.25
4 2N6081 - - 0.5
ON CHARACTERISTICS
DC Current Gain hrg -
(lc = 0.25 Adc, Vg = 5.0 Vdc) 2N 6080 5.0 - -
(Ic = 0.5 Ade, Vg = 5.0 Vdc) 2N6081 5.0 = -
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
{Veg = 15 Vdc, 1g = 0,1 = 0.1 WiH2) 2N6080 - 15 20
2N6081 - 70 85
FUNCTIONAL TEST
Common-Emitter Amphfier Power Gain Gpe dB
(Pour=4.0W, Voo = 12.5 Vde, f = 175 MHz) 2N 6080 12 - -
Pour=15W, Voo = 12.5 Vdc, f = 175 MHz) 2N6081 6.3 - -
Collecror Efficiency n %
{Poyt = 4.0W, Ve = 12.5 Vde, £ = 175 MHz} 2N6080 50 - -
(Pour=15W, Voo = 12.5 Vde, f = 175 MHz) 2N6081 50 - -
*Indicates JEDEC Registered Dats *
175 MHz TEST CIRCUIT
FIGURE 1 — 2N6080 FIGURE 2 — 2N6081
CLLS .08 5F, ARLO 462 or ecumonnt
€2 BDIELpF, AKLD 4L 0 pquivarent
125 vet S z,zx;::l,v B0 4FE o1 ecenpeem 126 Ver
é;és :‘L-:'Ef;'L:f'bol‘fzsb'wmnw'l -0 S lnppucsﬂ.n TIMTLIRTW 02 T _L —0
L2 t < 1. B AR Ferae Crore VK 200 2045 Ferroxcube . . 470
::: ;:lr:: Vo P12 24 14 Lo 1 1 TR AP FRO02.F AN .F " ”,:':,:,,;.“&::;,;:::!,gwm FRUNB AR ISR of szul

L2 Fecne Caone VE-200 20 < E Ferroncate

L3 050k b Teem #0F LWE 347 Lengrn, ANET 1D
L& 3am V17 Tune #IEAWE JAA° Leng 17271 0
RT 335 Ohens

44 350K 1 Tuer 16 AWG. T 14" Lengin, 18710 L3

1100 0 2 W
130 MW




2N6080, 2N6081 (continued)

‘ OUTPUT POWER versus INPUT POWER
FIGURE 3 — 2N6080 FIGURE 4 — 2N6081
7.0 l J 20
1 veo s 125V
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’ OUTPUT POLVER versus FREQUENCY
FIGURE 5 — 2N6080 FIGURE 6 ~ 26081
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2N6080, 2N6081 {(continued)

« PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY
FIGURE 8 — 2N6080 FIGURE 10 — 2N6081
10 T T 35 1 ]
vEe = 125 Vér—— T 1 ~

- EOP— Pour=40W = Y] vee = 12.5 Vo
z — £ z Four= 15W
£ s
Eg 50 \\ ég 25
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e (3
£ o £ py

[ 0

100 140 180 220 260 300 100 140 180 220
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PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY

FIGURE 11 — 2N6080 FIGURE 12 — 2N6081
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pA7800 SERIES

3-TERMINAL POSITIVE VOLTAGE REGULATORS

.

ENERAL DESCRIPTION — The pA7800 series of monolithic 3-Terminal Positive Voliage Regu-
tors is constructed using 1he Fairchild Planar® epitaxial process. These regulstors employ internal
srrent limiting, thermal shutdown snd safe area compensstion, making them essentially indestruc-
ble. 1f adequate hezt sinking is provided, they can deliver over 1 A output current. They are intended
 fixed voliage regulators in & wide range of applications including local {on card) regulation for
iminztion of distribution problems zssocizted with single point regulation. In addition to use as fixed
>itage reculators, these devices can te used with exiernal components 10 obtain adjusteble output
>ltapes end currents. .

OUTPUT CURRENT IN EXCESSOF 1 A .

NO EXTERNAL COMPONENTS = :
INTERNAL THERMAL OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT CURRENT LIMITING
OUTPUT TRANSISTOR SAFE AREA COMPENSATION
AVAILABLE IN THE TO-220 AND THE TO-3 PACKAGE
OUTPUT VOLTAGES OF 5,6, 8, 8.5, 12, 15, 18, AND 24 V

. FAIRCHILD LINEAR INTEGRATED CIRCUITS

.
*
ESOLUTE MAXIMUN RATINGS
Input Voltage (5 V through 18 V) 3BV
(24 V) 40 vV
Internz! Power Dissipetion Internally Limited
Storzoe Temperature Range —65°C 10 +150°C
Operating Junction Temperature Range  pA7800 —~55°C 10 +150°C
uA7800C 0°C 10 +150°C
Lead Temperature {Soldering, 60 s 1ime limi1} TO-3 Pzckage 300°C
{Scidering, 10 s ime limit) TO-220 Peckace 230°C
ECQUIVALENT CIRCUIT
~0 IWTUT 11y
RE e R12
109 106 104
2 "e 2 FiE 08 o D2
< WO 2 50 -
. o
LN
],/01ﬁ4 L' R21 4 617
a4
- N o1t SEG
iz F12 .
J/' WE w3
ow‘\/‘l kl ! 0 OUTPUT ()
Kma ot
os RIE j{no
15 . o- e
RE < 2
27:5 br 1
2: —-t on
R
5 g 3t
~O COMMON (3}

CONNECTION DIAGRAMS

T0-220 PACKAGE
(SIDE VIEW)

»
\—cowmon

ORDER INFORMATION

OUTPUT
VOLTAGE

SV  uA7805C  pA7805UC

6V uA7806C LAT7BOBUC

8V uA7808C  upA7808UC
85V uA7B85C  pA7885UC
12V uA7812C  pA7812UC
15V pA7815C  uA7815U
18V  ZA7818C  RA7818UC
24V pA7B24C  pA7524UC

TYPE PART NO.

TO-3 PACKAGE
(TOP VIEW)}

CONNON 13} "\ o
s ouUTPUT

O O

INPUT

ORDER INFORMATION

OUTPUT
VOLTAGE
5V uA7805 uA7BOSKM
6V pA7BOG EATBO6KM
BV  uA7BOB  uA7808KM
85V uA7885 #A78B5KM
12V pA7812  pA7812KM
15V pA7815 HATBISKM
18V  uA7818  pA7B18KM
24V uA7824 uATB24KM
5V  uA7805C wA7805KC
6V uA7BDBC  WAT7BOGKC
8V pA7B0BC  wA7BOBKC
85V uA7885C pA78B5KC
12V pA7812C  pA7812KC
15V pA7B15C  pA7B1SKC
18V  pA781BC  wATBIBKC
24V uA7824C  pA7824KC

TYPE PART NO.




FAIRCHILD ¢ uA7800 SERIES

HAT7805

.
ELECTRICAL CHARACTERISTICS: VN =10V, IgyT =500 mA, —55°C < T3 < 150°C, Cp = 0.33 uF, Couyt = 0.1 uF,
uniess otherwise specified.

4

CHARACTERISTICS -, ¢ CONDITIONS (Note 1) MIN TYP MAX | UNITS
Qutput Voliage X Ty=25°C 48 5.0 5.2 v’
. N e | 7Vevn<25V 3 50 mv
Line Regulation Ty=25C
BVEVNy<I12V 1 25 mv
Load Regulstion Ty=25°C SmA<lour<154 15 19 mv
250 mA € IpyT <. 750 mA 5 25 mV
8OVLEV|yN<20V
Output Voliage 5mA<IoyuT<1.0A 4.65 5.35 v
P<15W
Quiescent Current Ty =25°C 4.2 6.0 mA
A with line 8VEV|yN<25V 0.8 mA
Quiescent Current Change . =g 5mA< lguT < 1.0 A 0.5 mA
Output Noise Voliage Ta=25°C, 10 Hz € f < 100 kHz 8 40 |{#V/Voui
Ripple Rejection 1=120H2, BV Vin< 18V 68 78 dB
Dropout Voltage 7 louT=1.0A,Ty=25°C 2.0 25 \Y
Output Resistance f=1kHz 17 ms
Short Circuit Current Ty=25°C , V=35V 0.75 1.2 A
Pezk Output Current Ty=25°C 1.3 2.2 3.3 A
3 €
Average Temperature Coefficient of Output Voltage | loyT =5 mA —-550 L VAT LAY 0.4 mv/°c/
. +25°C < T) < +150°C 0.3 | Vourt
L]
uA7805C
ELECTRICAL CHARACTERISTICS: VN =10 V,IgyT =500 mA, 0°C < T; < 125°C, Cjpy = 0.33 pF, Coyut = 0.1 uF,
unless otherwise specified.
CHARACTERISTICS CONDITIONS (Note 1) MIN TYP MAX | UNITS
Output Vo'iage Ty=25°C 4.8 5.0 5.2 \Y
Line Rezuletion Ty=25°C T N 3 100 mv
8VEVineizV 1 50 mV
Losd Regulation Ty=25°C SmA<lour <154 1.5 190 mv
250 mA < IguT < 750 mA 5 50 mv
TV < Vin <20V
Output Voliage SmAK IgyT<1.0A 4.75 6.25 \4
P<15W
Quiescent Current Ty=25°C 4.2 8.0 mA
i with line IVEV|NK25YV 1.3 mA
Quiescent Current Change  —erpoey EmA<iguT<1.0A 05 mA
Ouiput Noise Voliage Ta=25°C,10Hz < { < 100 kHz 40 BV
Ripple Rejection f=120Hz, 8V V |y < 1BV 62 78 dB
Dropout Voliage lout=1.0A,Ty=25C 2.0 v
Output Resistance f=1kHz 17 mQ
Short Circuit Current Ty=25°C,Vin =35V 750 mA
Pesk Output Current Ty=25°C i 2.2 TA
Average Temperature Coefficient of Output Volage | IgyT = 5 mA, 0°C < Ty< 125°C -1.1 mv/°C

NOTE:

.

1. All characteristics except noise voltage end ripple rejection ratio are measured using pulse techniques (1, € 10 ms, duty cycle € 5%). Output

voliage changes due 10 changes in internal temperature must be taken into account sepsrately.
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