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Rf. Amplifier & High Frequency Switching Power Supply

Mr. Channasa .Panjunt
Mr. Swan Srikongrak
Mr. Supot Soommart,
Mr. Kitdakorn Xlomkarn Advisor, 1990
Abstract, ‘

These project are to design RF. Amplifier and High Frequency
Switching Power supply. Power of RF. Amplifier is 10 watts at 104
MHZ. High Frequency Switching Power Supply has 12 volts at 5
amps. Total power is 60 watts.

Designing of RF. Amplifier uses principle of maching
impedance circuit that is important thing Sunch as making of
amplifier section has to use maching of front and back section to
get the circuit for calculation.

Designing of High Frequency Switching Power Supply that.
have important section such as input rectifier, high frequency
inverter, control, output recpifier. By testing get high

effective thanh linear power supply.
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2N6080

v The RF Line B

NPN SILICON RF POWER TRANSISTOR

. designed for 12.5 Volt VRF large-signal power amplifier applica-
tions required in military and industrial equipment operating to
300 MHz.

« o Specified 12.5 Volt, 175 MHz Characteristics —
Output Power = 4.0W
Minimum Gain = 12 dB
Etficiency = 50%

® Characterized with Series Equivalent Large-Signa! Impedance
Parameters

*MAXIMUM RATINGS

Rating Symbo! Value Unit

Collector-Emittar Voltage Vceo PeE:) Vdc

Collector-Base Voltage Veso 36 Vdc

Emitter-Base Voltage VEBO 4.0 Vde

Coltecior Cutsent — Continuous Ic 1.0 Adc
Total Device Dissipation @ T¢ = 25°C (2) Po 12 Watts
Derste sbove 25°C . 68.5 mw/°c

Storage Temperature Range Tog -65 to +200 oc
Stud Torque (1} - 65 in lb.

*indicstes JEDEC Registerad Data,

{1) For repeated assembly use 5in Ib,

12} These devices are donigned for RF operstion The total device dissipstion rating spptiss
only when the devices are operated a3 RF amplifiers.

4,0 W — 175 MHz

RF POWER
TRANSISTOR

NPN SILICON
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s 7ol bt b
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¢ >
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STYLE T 8 r ? @ )9_
PIN'1 EMITTER
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3 EMITTER d
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NOTES
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2N6080

!
*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

I Characteristic ) Symbol |  Min 1 tve 1 Max 1 unit l
OFF CHARACTERISTICS
Collector-Emitter Breskdown Voltage V(BRICEO 18 - - Vdc
{1c ~ 10 mAdc, Ig = 0
Cot -Emitter Breakd Voltage VIBRICES 36 - - Vdc
{ic = 5.0 mAde, Vgg ® 0)
Emitier-Base Breakdown Voltage V(BRIEBO 4.0 - - Vde

tig = 1.0 mAde, Ig = 0)

Collector Cutofl Current Ices - - 5.0 mAdc
{Vge = 16 Vdc, Vge = 0, Te ® +55°C)

Colisctor Cutoft Current Iceo T - 025 mAdc
{Veg = 16 Vdc, Ig = 0}

ON CHARACTERISTICS

OC Current Gain heE 8.0 - - -
{1g ~ 0.28 Ade, Vg = 8.0 Vde)

DYNAMIC CHARACTERISTICS

Output Capscitsnce Cob - 15 20 pF
(Vcg = 16 Vdc, 1g = 0. = 0.1 MHz}

FUNCTIONAL TEST

Common-Emitter Amplitiesr Power Galn Gpe 12 - - dB8
{Poyy = 4.0W, Ve = 12,6 Vde, t = 175 MHz2)
Cotlector Efficiancy n 60 - - %

{Pouy ™ 4 0W, Vep = 128 Vdc, ! - 178 MHz)

*Indicates JE DEC Registered Data, 8

FIGURE 1 ~ 175 MHz TEST CIRCUIT

€106 5080 pf, ARCD 462 or equivalent

C2,C5 9.0180pF, ARCO 463
€3 2.0pf
LY 25aM, 1 Tutn #18 AWG, 144" Length, 1/4™ LO
L2 Fertive Choke VK 200 20/48
L3 150 nM, 8 Turns #18 AWG, 3/4°
L4 30nH, 1172 Turns, £18 AWG, 14" Longth, 1/4°4 0
R1 330 Ohms

o u
AF INPUT Yy

< ¢

"
AR 200pF  ZI002,F AN25.F 12,8 vdc

m 1 -
6 -

ﬁ( BF OUTPUT

L,

Y]
LAY
<
o
o
Y}
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Pout, OUTPUT POWE R (WATTS)

Pour, OUTPUT POWE S SRATTS)

i
FIGURE 2 — OUTPUT POWER versus INPUT POWER

FIGURE 3 — OUTPUT POWER versus FREQUENCY
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50 i E P I \\\X
E \ \\2\
¥ [ w
— g 30 \\ [ B
7 s ~ 0w
0 / 5 \\ \\ g
Y & L INGOBW, N\
0 a & < ~
X \\\ \
) AN
0 10 \
0 0.) 0.2 03 04 05 100 140 180 220 260 300

Py, INPUT POWE R (WATTS)

FIGURE 4 — QUTPUT POWER versus SUPPLY VOLTAGE

» 1, FREDUENCY (MH1)

FIGURE B — SERIES EQUIVALENT IMPEDANCE
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TECHNICAL DATA

2N6081
MRF221

[ The RF Line ]

NPN SILICON RF POWER TRANSISTORS

.. . designed for 12.5 Volt VHF farge-signal power amplifier applica-
tions required in commercial and industrial equipment operating 10
300 MHz.

® Specified 12.5 Volt, 175 MHz Characteristics —
Output Power = 15 W
Minimum Gain = 6.3 d8
Efficiency = 60%
e Characterized with Series Equivalent Large-Signa! Impedance
Parameters -

*MAXIMUM RATINGS

RAating Symbol Value Unit
Collector-Emitter Voltage VCEO 18 Vdc
Collecior-Base Voltage Vcso k1 Vdc
Emitier-Base Voltege VEBO 4.0 Vde
Collsctor Cusrent - Continuous e 25 Adc
Totsl Davice Dissipation ® T = 25°C (1) Pp 31 Watts

Derste stove 26°C 177 mw/°C
Storage Tempersture Range Tag -65 10 +200 °c
Stud Torque (2) - 6.5 in b,

*Indicates JEDEC Registered Date for 2N6081.

{1) These devices are designed for RF operation, The tots! device dhisipation rating spples
onty when the devices sre operated a3 RF amphifiers.

{2) For repested assembly use 5 in. tb.

15W — 175 MHz

RF POWER
TRANSISTORS

NPN SILICON
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2N6081, MRF221
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¢ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

Characteristic

[ symbol | Min T v [ mex

Uth

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
{ic* 20 mAdc, 1g= O

VIBRICEO 18 - -

Vdc

Collector-Emitier Breakdown Voltage
{tg = 10 mAdc, VBE = o)

V(BRICES 36 - -

Vdc

Emitier-Base Braskdown Voltege
{Ig = 2.0 mAdc, Ic= 0)

V(BRIEBO

Vdc

Collector Cutoff Current
{Vgg = 16 Vo, Vgg = 0, T¢ = +65°C)

lces - - 8.0

mAdc

Cottsctor Cutofl Current
{veg = 18 Ve, Ig= 0)

Ic80 - R 05

mAdc

ON CHARACTERISTICS

DC Current Galn
fig > 0.5 Ade, Veg « 60 Vo)

heE 6.0 - -

DYNAMIC CHARACTEZRISTICS

Output Capacitance
(Vg = 16 Vdc, 1g = 0, t = 0.1 MHz)

pF

FUNCTIONAL TEST

Common-Emitter Amplitier Power Gain
(Pgye = 18W, Veg= 12.6 Vdce, 1 = 176 MHz2)

Gpe 6.3 - -

dB

Collector Etticlency
Poyr = 18 W, Voo = 12,5 Vde, f = 175 MHz)

*Indicates JEDEC Registered Data for 2N6081.

FIGURE 1 - 176 MHz TEST CIRCUIT
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;(cz REC 4 =100 pF
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M 01 _| 1000 125 vdc
T £ T of
RFC lOOyFT ¥ #
2o n:
ouTRUT
o
\\
i
1
= AR00pF ;‘(CJ..

£1,2,3¢ 8080pF ARCO 4C?
L1 Straghs Wire, F14 AWG,
138" Long

_
T L2 1 Tutn, £16 AWG, J/B” 1D, Length Plus Leads » 17

RFC VK200 20748, FERROXCUBE
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Powt. OUTPUT POWER (WATTSH

Pour, OUTPUT POWER (WATTS)
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0
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE
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FIGURE 3 — OUTPUT POWER versus FREQUENCY
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FIGURE 8 — SERIES EQUIVALENT IMPEDANCE

N
<ICs 136 Wi L) 180 MH:Livove s, i
o 0" Lac,,
i T T vy
\? 130 MH1 5.0
- 180 MHz ]
et

- Froqueney | 21N 20.°*
E MH: Ohms Ohms
N b 130 | 1.64 +0.15 | 3.80-2.45
g: 120 173+0.44 | 4.03-2.16
m 150 1.80+0.76 | 4.12-1.88
nd 160 ]1.92+1.00 j 4.32-1.60
g 4 170 | 2024131 | 4.45-1.30
® 180 j2.12+1.62 | 4.60-1.00
'
m
7]
=g e - o -

*2g1 = Conjugste of the optimum losd imped Into which the devics output

opersiss ot a given output powet, voltage snd frequancy.
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MOTOROLA i
- SEMICONDUCTOR PSR
TECHNICAL DATA . 2N6082

[ The RF Line |

25W - 175 MHz
RF POWER

TRANSISTOR
NPN SILICON

NPN SILICON RF POWER TRANSISTORS

. designed for 12.6 Volit VHF large-signal amptifier applications
required in commercisi and industrial equipment operating 10
300 MHz. . :

® Specified 12.6 Volt, 176 MHz Characteristics —
Qutput Power = 26 W
Minimum Gain = 6.2 dB
Efficiency = 65%

~
-~
\ _{ T
c g 3|
€
A2 ‘
T SINACIA
WRLNCN FLAT
Q = 4
STIE Y
PN Y EMTTER —\
*MAXIMUM RATINGS 2.BASE '
3 EMITTER R Y]
Rsting Symbol Value Unht 4 COLLECTOR
Collector-Emitier Voltage VCEO 18 Vde — R
Collector-Bass Voltage vVcao 36 Vde NOTES
1 DIMENSIONING AND TOLERANCING PER ANS!
Emitter-Base Voltage VEBO 4.0 Vvdc Y14 5M, 1987
2 CONTROLLING DIMENSION INCH
Collector Current — Continuous Ic 5.0 Adc
Total Device Dissipstion @ T¢ = 25°C(2) Pp 65 Watts MILLUMETERS | INCHES
Derate above 25°C 37 wrC |oma | Wi | MAX | SN[ MAR
A & bl mn 8
Storage Tempersture Range T, -85 to +200 c 1) 370 | 03%
C 11 X §10
Stud Torquel1) -— 6.8 Inlb, D & i %
v N - .070 -
*Indicstes JEDEC Registered Dats for 2N6082. [X]] 00)_| 0007 |
(1}for Aspeated Ausembly Uss § in. Ib. v 1 ;-7! 4% =
(2)Thess devices sre deslgned for RF operstion. The totat device dlissipation rating spplies " S HOW 022 NO‘:AWO
only when the devices are opersted ss RF amplifiers, oy [¥Fil —
N 759 | 180 | 0299 | 0300
o | 4% | 0Y 17
19 ] 254 | 0083 | 0100
] 8H EEL) 03 132

CASE 145A-09

L
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2N6082

*ELECTRICAL CHARACTERISTICS (T¢ = 26°C uniess otherwise noted)

r Characteristic ] Symbol ] Min Typ Max Unit

OFF CHARACTERISTICS

Coltector-Emitter Breskdown Voltsge V(BRICEO 18 - - vdc
{Ic = 100 mAdc, tg = 0)

Colt -Emitter Breakck Voltage V(BR)CES 36 - - Vde
(1= 16 mAdc, Vgg = o)

Emitter-Bsm Breskdown Voltage V(BR)EBO 4.0 - - Vdc
{1g = 6.0 mAde, Ic = O}

Coltector Cutof! Current Ices - - 10 mAdc
{Veg = 15 Vde, Vpe = 0, Tg = +65°C

Collector Cutoff Current | Icso & - 1.0 mAdc
{(Vca = 18 Vdc, lg = 0

ON CHARACTERISTICS

OC Current Gein hgE 6.0 = - -
{ig = 1.0 Adc, Veg = 8.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 110 130 pf
{Vce = 15 Vde, Ig = 0,1 = 0.1 MHz)

FUNCTIONAL TEST

Common-Emitter Amplifier Powsr Gain Gpg 6.2 - - dB
{Pout= 26 W, Ve = 12.6 Vdc, f = 175 MHz)

Colector Efficlency n 65 - - %
(Pouy™ 26 W, Voo = 12.5 Vde, 1= 175 MHz2)

*indicates JE DEC Registered Data for 2N6082.

L
]
{ FIGURE 1 — 176 MH2 TEST CIRCUIT
+12 & Vde
W0pF FR 014 IR T REC
1000 p#
= sal ._/#v-\_jn
cy u

RF
INPUT

(cz RFC < 1< 100 pF

Al

AY|

r~ 100 pf 7!!:1

=

€124 5030pf ARCOAG?
L1 Stragm Ware, 114 AWG, 1 38 Lung

L2 tTurn #1CAWG, 38 (D, Length Plus Leads » 1
RIC VK200 2048, F ERROXCUBL
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2N6082

FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE

40

kL]

Pins80W
30 ° 175 MHz

!
FIGURE 2 ~ OUTPUT POWER versus INPUT POWER
©
E 25 MMe 150 MKz 175 MMz
i’ ’
/ 225 MH2
i / T
E by ] / ==
g y.
b él/ e — Vg 125 Ve
[
20 40 80 3.0 1

P, INPUT POWE A (WATTS)

Pout, OUTPUT POWER (WATTS)
2

50

§0 680 720

80 90 10 i1 12
VEC. SUPPLY VOLTAGE (VOLTS)

FIGURE 4 ~SERIES EQUIVALENT IMPEDANCE

= way,
0.49 oo CLENGTRy %5
W,
048 ) o.43 002 AT
2 OAD =
»at o-‘"“,.n“& AT TN Ty Geg 9o,
wel? X LT 0.4

oS
L

-

“u‘ :Av%\ ZO . '"°VCnv X
O L't 160 M, fac
. 5 130 My r lawg
»
-
v H .
% 411 vec = 125 vae d
h E Pout= 25 W P f
. Frequency Zin OZOL.
a MHz Ohms hms
H 130|132 +1.22 | 333 + A0
b 140 1290130 1330 + .87
g 150 125 ¢145 ] 325 «1.20
T 160 120 +180 ; 3.20 +175
3 170 115 +175 | 317 +2.39
:.',, 190 | 115 +187 ] 3.45 «2.60

£

201 = Conjugats of the apti

FTT g Pt LIS N

operstes st a given output power, voltage and frequency.

pedance Into which the device output *

13 14



@ MOTOROLA TL494

SWITCHMODE SWITCHMODE
PULSE WIDTH MODULATION PULSE WIDTH MODULATION
CONTROL CIRCUITS CONTROL CIRCUITS
The TL494 is a fixed frequency, pulse width modulation control SILICON MONOLITHIC
circuit designed primarily for Switchmode power supply control. INTEGRATED CIRCUITS

This device features:

o Complete Pulse Width Modulation Control Circuitry

e On-Chip Oscillator With Master Or Stave Operation

® On-Chip Error Amplifiers

® On-Chip 5 Volt Referance

¢ Adjustable Dead-Time Control

o Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

® Output Control For Push-Pull Or Single-Ended Operation

o Undervoitage Lockout

J SUFFIX
CERAMIC PACKAGE
CASE 620-10
Non:inv C jmm oy,
! .
input input
Inv E b @ Elnv $ o .
Input 2 vee _] npat f r
Compaen/
50V
P ?::,’,E REF Bv"‘
Dead FOMY b
Ourput
Tune -—{
Conwel E §gprvor
«GH e
Oscillator N SUFFIX
PLASTIC PACKAGE
n
' E _‘_llcz CASE 648 06
a2
Ground E E!Z
oG e
CRDERING INFORMATION
{top view} . I, Temperature
Device Range _ Pre 2
TL494CN 07t0 - 70C o
TL494CJ 0'to -70C ¢
Th‘o TL494C is specified over the .commercial 9petali{19 range TLA9AIN 25 10 -85C P
of 0°C to 70 C. The TL494I Is specifiad over the industrial range —
of - 2% C to 85°C. The TL494M i3 specified over the full military TLa941) 25 to +885C
range of -55°C to 125 C. TLA9SMJ 55 to -125C “2-

MOTOROLA LINEAR/INTERFACE DEVICES

3-312
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FIGURE 1 — BLOCK DIAGRAM
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TLAS4

Description

The TLA494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. {Sed Figure 1.} An internal-linear sawtooth oscil-
lator is frequency-programmable by two axtarnal com-
ponents, Ry and Ct. The approximate oscillator fre-
quency is determined by:

1.1

fosc ™ fre G

For more information refer to Figure 4.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
eapacitor Cy to mither of two contro! signals. The NOR
gates, which drive output transistors Q' and Q2, are
enabled only when the flip-ltop clock-input lingisinits
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.}

The control signals are external inputs that can be fed
\nto the dead-time control, the error amplifier inputs,
or the leedback input. The dead-time control compar-
ator has an effoctive 120 mV input offset which tints
the minimum output dead timesto approximately the
first 4% of tho sawtooth-cycle time, This would result
in 8 maximum duty cycle on a given outpul of 96% with
the output contro! grounded, and 48% with it connecled

-4.12-

The pulse width modulator comparator provides a
means for tha error amplifiers to adjust the output pulse
width from the maximum parcent on-time, estabhsheg
by the dead time controf input, down to 2ero, as tn2
voltage at the feedback pin varies from 0.5t03.5V. Botn
error amplifiers have a common-mode inputrange from
-0.3Vtolvee -2 V), and may be used to sense power-
supply output voltage and current, The arror-amphl.er
outputs are active high and are ORed together at tha
non-inverting input of the pulse-width modutator com.
parator. With this configuration, the amphfier that Je.
mands minimum output on time, dominates control cf
the loop.

When capacitor Ct is discharged. a positive pulse is
generated on the outpuf of the dead-time comparator,
which ctocks the pulsa-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With thg output-control
connected to the reference hine, the pulse-steerng thp.
fiop directs the modulated puises to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscii-
lator. Qutput drive can atso be taken from Q1 or Q2.
when single-ended operation with a maximum on-uime
of less than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur
rents are trequired for single-ended operation, Q1 ard
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the fhp-tlop Tre
output frequency wili now be equa! to that of the
oscillator. .,

‘' The TL494 has an internal 5 vV reforenca capable of
2>sourcing up to 10'mA of load current for external bias

10 the reference line. Additional dead time may be im- °§circuils. The reference has an internal accurdcy of
posed on the output by setting the dead time-control K‘ +1.5% with a gypical thermal drift of less than 50 mV
input to a fixed voltage, ranging between 0 to 33V. over an operaling temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input l_q_m -
Output Output Function fose
. Control - S .
I Grounded Singla ended PW.M, st Q1 and U2 1
At Viat Push-pull operation 0.5
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FIGURE 4 — OSCILLATOR FREQUENCY FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
500K TIT } A R SN O U 11 120 l
’ ¥ - | I : H l'% ) G I ; = 110
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F ™ L 100 —
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FIGURE 6 — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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NGURE 13 — COMMON-EMITTER CONFIGURATION
YEST CIRCUIT AND WAVEFORM
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FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL
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FIGURE 15 — ERROR-AMPLIFIER S

TL494
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 17 — SOFT-START CIRCUIT
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FIGURE 18 — OQUTPUT CONNECTIONS FOR SINGLE ENDED AND
PUSH-PULL CONFIGURATIONS
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ac S 18— SLAVING TWO OR MORE CONTROL CIRCUITS FIGURE 20 — OPERATION WITH Vi > 40 V USING
EXTERNAL ZENER
Viet
6 Rs vee
Ry O N—4
Master Vin 40V 12
' Ct 1N975Aq:
Ry cr vz =33V 5V
. :[ Ref
Viet
6 RY Stave =
5 {Additiona!
[ 4 Crrcunts)
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
V801020V
T O
120 v
47
0. vee - 0
2? 8 J ;m’
M o KPS
In 3
? q{-A L Comp 1and I
NI IUE SR 2 " 2wl so
) 3 32| 25v
‘l 16
| « OC VRgs DT €1 Ry Gnd ¢! €2 ’ =
13) 4 4f 5 6 7 gi 10 1N4934
3
aTk wh & sk
1 a7k 10 k‘i 0001
A capacton il
(1 —35mH @ 03A
11 — Pamary: 20T C Y. #28 AWG
Secondary. 1207 C.T #36 AWG
Core: Ferroxcube 1408P-100-3C8
TESY CONDITIONS RESULTS
Line Reguiation Vip = 10Vt 40V 14amv  0.28%
Load Regulation Vip = 28V.1Q = 1mAto YA 3.0mv  0.06%
Output Ripple Vin = 28V, ig = 1 0A 6 mvP.P PARD,
Shornt Circuit Current Vin = 28 V. R = 0.1 0 1.6 amps

Etticiency Vin = 28V.1g = 1A 1%
n [¢]
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER
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124
TEST CONDITIONS & : RESULTS
Line Regulation Vin = 801040V . i0mv  001%
Load Regulation Vin = 126V, lg = 0.2t0 200 mA somvV  0.02%
Output Ripple Vin = 126V.10 = 200 mA 40 mV p-P P.AR.D.
Shont Circuit Current Vin = 126V, R = 0102 250 mA
Efficiency Vin = 126 V. lg = 200 mA . 2%
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