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1 ABSTRACT

For application in TV transposers in band 4 and 5 (470 — 860 MHz) a wideband linear power amplifier has been designed
with two balanced transistors BLV57 coupled by means of 3 dB —90° hybrids. The class-A DC-setting of the transistors
is Ic =2 x 850 mA and Ve = 25 V. The main properties of the two prototypes are:

Table 1
470 - 860 MHz UNIT AMPLIFIER 2 AMPLIFIER 3
Gain (Pj =1 mW) dB 9.3+0.5 9+0.5
Return losses input dB =217 =16
Return losses output dB =19 =19
P, at 1 dB gain compression w =28 =28
P, at =55 dB intermod. (3-tone, =7, =8 and —16 dB) W >17.5 >17.5
Cross modulation at P, = 15 W % <9.4 <8.8

2 INTRODUCTION

For application in TV transposers for band 4 and 5 (470 — 860 MHz) a wideband linear power amplifier has been
designed with two transistors BLV57 in class-A. The BLV57 is a balanced transistor (two identical chips) in a single
envelope with a ceramic cap (SOT-161).

3 DESIGN OF THE AMPLIFIER
3.1 General remarks

The schematic line-up of the complete amplifier is given in Fig.1.
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Fig.1 Schematic line-up of the complete amplifier.

The amplifier consists of 2 balanced circuits, both equipped with a BLV57 and coupled in parallel by means of a wideband
3 dB -90° coaxial hybrid at the input and output. Each BLV57 has 2 input circuits (one for each chip) connected to a coax
balun (L1 and L1’) which splits a 50 Q unbalanced port (A) in two 25 Q ports (B and C). The phase-shift between B and C
is 180°. The baluns (L1 and L1’) are 50 Q semi-rigid coax cables, soldered over the whole length atop a transmission
line (I; or I1") of 2 mm width. To maintain circuit symmetry another shorted stub (I, or I,’) with the same length has been
added. For the amplifier a printed-circuit board has been applied of PTFE fibreglass with an g, = 2.74, copper clad on
both sides with a thickness of Y3, inch. To get a good contact between upper and lower side, rivets have been used at
several places and copper straps have been soldered at the edges of the board.

3.2 Bias circuit

Each transistor has its own bias unit to obtain a stable DC-setting (see Fig.4). This bias unit enables the adjustment of
the base current of each chip of the BLV57 by means of potentiometer Rg, to obtain equal collector currents. The
potentiometer R; adjusts both base currents simultaneous. After an accurate measurement of the values of resistors
R1> and Ry3 the collector currents of the BLV57, and the difference between them, can be determined easily by
measuring the voltage-drop over these resistors. The supply voltage of this bias unitis 28 V. Figure 5 shows the positive
copy of the printed-circuit board and the lay-out of the bias unit.

3.3  Some properties of the BLV57

For class-A operation the BLV57 is specified at Ic = 2 x 850 mA and V¢cg = 25 V. The typical gain, input and load
impedance of a half BLV57 (one chip) are given in Table 2.
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Table 2
FREQUENCY GAIN INPUT IMPEDANCE LOAD IMPEDANCE
(MHz) (dB) Q) Q)
470 13.13 1.11 +j2.62 9.75 +)6.52
507 12.57 1.13+)2.88 9.00 +6.29
547 12.02 1.14 +j3.17 8.26 +)5.99
590 11.49 1.16 +j3.47 7.52 +j5.60
636 10.98 1.18 +j3.80 6.80 +j5.14
686 10.49 1.21 +j4.16 6.10 +j 4.60
739 10.03 1.25+]4.55 5.44 +j3.99
797 9.60 1.30 +j 5.00 4.80 +3.29
860 9.20 1.37 +j5.50 4.20 +j2.52

3.4  Output network

The 25 Q of the balun has to be transformed into the optimum load for the half transistor (one chip), which is given in
Table 2. This is done by means of an L — C output network. The circuit has been calculated according to Ref. 1 and
submitted to a computer optimization program. Because the BLV57 is a balanced transistor with two identical chips, there
are two identical output circuits with a virtual ground between them. Figure 2 shows the calculated output circuit
connected to the balun, described in Section 3.1. Two capacitors of 2.2 pF and a resistor of 12 Q prevent oscillation at
higher frequencies.

1=17.7 mm
C6=
L9 22.8 pF I =46.3 mm 50 0
c
I1=3mm [1=88mm 1=152mm %E
E C4= L C5= L
E 101 pF T 46pFT 5,
pF
— 4
L9’ cé | =46.3 mm

MDA584

Fig.2 Calculated output circuit.
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The stripline Lg (width 3 mm) is the soldering place for the collector lead. The transistor is biased through the stripline L
(width 2 mm). This stripline has been connected to Lg and Lg at a distance of 3 mm from the transistor. Lg is a stripline
with a width of 3 mm and Lg with a width of 1.5 mm. C4 consists of a chip capacitor in parallel with a film dielectric trimmer.
Cs is a film dielectric trimmer and Cg is a chip capacitor.

3.5 Input network

In the frequency range of 470 — 860 MHz the gain of a half BLV57 (one chip) varies about 4 dB (see Table 2). To
decrease this gain slope an appropriate mismatch at the lower frequencies is necessary. The increasing insertion losses
of the network approximately compensate the increasing gain at the lower frequencies. This method is described in
Ref. 2. For the same reason as described in Section 3.4 there are two identical input circuits with a virtual ground
between them. Figure 3 shows the calculated input circuit after computer optimization connected to the coaxial balun,
described in Section 3.1.

L4 L5
4 ®
12.7 pF | =145 mm I=12.8 mm e
I=2mm| '~ 1 mm
C2= == C3= ==

55pF ] 13.6 pFT ; .
- _

| =48.8 mm c1 L2 L3 o

N

MDA585

Fig.3

The striplines L4 and Ls (width 3 mm) form together the soldering place of the base lead. The width of the striplines
L, and Lz is 1.5 mm. The capacitors C,, C,, and C3 are chip capacitors. The circuit of a complete branch (see Fig.1) is
given in Fig.6.

4 ADJUSTMENT OF THE AMPLIFIER
4.1  Output circuit

To obtain the highest possible output power it is essential that the transistor is given that load admittance which gives
the least distortion in the used frequency range. Therefore, for tuning, the transistor has to be replaced by a dummy
consisting of a resistor and a capacitor in parallel to represent the complex conjugate of the optimum load admittance.
The value of this dummy (soldered between the connection points of both collectors) has been calculated on
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39 Q//8.2 pF. With the help of this dummy the output circuit has to be adjusted for good return losses at the output of L1
by tuning the capacitors C,¢ and C17 and by shifting the capacitors C,3 and C14 on Ly and L,7 (see Fig.6). The position
of the capacitors C13 and C14 on the striplines determines the value of L; and L17. A typical curve of the return losses at
the output of L1q after tuning is given in Fig.7.

4.2  Input circuit

Before tuning the input circuit, the dummy has to be replaced by the transistor, with a DC-adjustment of Ic = 2 x 850 mA
and Vce = 25 V. To decrease the gain-slope of the branch the input circuit has a mismatch at lower frequencies (see
Section 3.5). To achieve a sufficient flat gain the capacitance of C;, C,, Cs, and C4 and also the position of C3 and C4
(see Fig.6) can be optimized in a sweep set-up under small signal conditions (P; = 1 mW). A typical gain curve of a
balanced branch (one BLV57) and the corresponding return losses are given in Figs 9 to 11. It is obvious that the worse
return losses at the lower frequencies are produced by the mismatch of the input circuit.

5 THE HYBRID COUPLED AMPLIFIER

In the previous section the adjustment of a balanced branch with one BLV57 has been discussed. The gain is made flat
at the cost of impermissibly high return losses. Therefore, in practice, two wideband branches are coupled in parallel by
means of two wideband 3 dB —90° coaxial hybrids. The properties of these hybrids reduce the return losses to at least
16 dB. The reflected power of the balanced branches is absorbed by a 50 Q resistance at the isolated port (see Fig.1).
Figure 12 gives a positive copy of the printed-circuit board of the complete amplifier. It also shows the lay-out of this
complete amplifier.

6 MEASURED PERFORMANCE
6.1  Small signal gain and return losses

Figures 13 to 15 show the gain and return losses as a function of the frequency, measured under small signal conditions.
Results:

Table 3
AMPLIFIER 2 AMPLIFIER 3
470 - 860 MHz UNIT
MIN. MAX. MIN. MAX.
Gain dB 8.8 9.8 8.5 9.5
Return losses input dB 17 30.5 16 30
Return losses output dB 17 39 18 40

6.2 Gain compression

Figures 16 and 17 show the measured P, versus P; curves at 600 MHz, which is the most critical frequency in the range.
Gain compression of 1 dB occurs at an output power of about 28 W for both amplifiers.

6.3  Intermodulation

In Fig.18 the output power (P, sync) is given as a function of the frequency at three intermodulation levels. It has been
measured according the 3-tone test method (vision carrier: —=8 dB, sound carrier: =7 dB and sideband signal: -16 dB).
Zero dB corresponds to the peak sync. level. The minimum output power at =60 dB intermodulation amounts to 12.4 W
for amplifier 2 and 12.2 W for amplifier 3.
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6.4 Cross modulation

Figure 19 shows the cross modulation as a function of the frequency at two Pq sync levels. It is a 2-tone measurement
(vision carrier: 0 dB and sound carrier: =7 dB). The amplitude of the vision carrier is changed from white level (-20 dB)
to peak sync level (0 dB). The observed change of the voltage amplitude of the sound carrier is called cross modulation.
Itis expressed as a percentage of the amplitude of the sound carrier (vision carrier at white level). It has been measured
with a spectrum analyser operating in linear mode. At a P sync level of 15 W the cross modulation of amplifier 2 varies
from 3.4 t0 9.4% and of the amplifier 3 from 4.1 to 8.8%.

7 CONCLUSIONS

Itis possible to build a linear power amplifier with excellent performance with two transistors BLV57. The main properties
of the two prototypes are shown in Table 4.

Table 4
BAND 4/5 UNIT AMPLIFIER 2 AMPLIFIER 3

Gain (Pj =1 mW) dB 9.3+0.5 9+0.5

Return losses input dB >17 >16

Return losses output dB =19 >19

P, at 1 dB gain compression W =28 =28

Po sync at =55 dB intermod. (3-tone, -7, -8 and —-16 dB) W =175 >17.5

cross modulation at P, = 15 W % <9.4 <8.8
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Table 5 Parts list of bias circuit (Fig.4)

C1 = 10pF 63 V electrolytic capacitor 2222 030 28109
C, =470 nF metallised film capacitor 4322 352 45474
C3 =100 nF metallised film capacitor 2222 352 45104
R1 =100 Q cermet potentiometer 2122 350 00066
R, =120Q CR 25 type 2322 211 13121
R3 =1500 Q CR 25 type 2322 211 13152

R4:R5:R6:4.7Q

enamelled wire-wound

2322 330 22478

R;=820Q

enamelled wire-wound

2322 330 22829

Rg=20Q cermet potentiometer 2122 350 00057
Rg=R130=39Q CR 25 type 2322 211 13399
R;1=10Q CR 25 type 2322 211 13109
Ri2 =R13=0.15Q wire-wound PM 10 type 2322 326 51157
D; = BY 206
T, =BD 140
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Table 6 List of components BLV57 branch

C1 = C, = 10 pF chip capacitor Philips NPO 2222 851 13109

C3 = 3.9 pF chip capacitor Johanson no. 500 R 15 N 3R9 CA
C4 = 12 pF chip capacitor Philips NPO 2222 851 13129

Cgs = C7 = C12 = C15 = 100 nF chip capacitor Philips NPO 2222 855 48104

Cg = Cg = 100 pF chip capacitor Philips NPO 2222 852 13101

Cg = 8.2 pF chip capacitor ATC 8R2J

C10=Cy17 =1 - 3.5 pF film dielectric trimmer Philips 2222 809 05001

Cq11 = C16 = 6.8 pF, 40V, electrolytic capacitor | Philips 2222 030 37688

C13 = Cy4 = 110 pF chip capacitor ATC 1113

C1g8 = Cy9 = 22 pF chip capacitor Philips NPO 2222 851 13229

Cyo = Cyq = 2.2 pF chip capacitor Johanson no. 500 R 15 N 2R2 BA
L1 =49 mm semi-rigid coax, 2.2 mm [ Zc=500Q PTFE dielectric, soldered on 2 mm stripline
L, = L1 = stripline Zc=57Q 14.5 x 1.5 mm

Lz = L3 = stripline Zc=570Q 12.8 x 1.5 mm

L4 = L14 = stripline Zc=36Q 2x3 mm

Ls = L35 = stripline Zc=36Q 1x3mm

Lg = L1g = stripline Zc=36Q 3x3mm

L; = L7 = stripline Zc=48Q 17.7 x 2 mm

Lg = L1g = stripline Zc=36Q 8.8 x 3 mm

Lg = Lqg = stripline Zc=57Q 15.2 x 1.5 mm

L1g = 46 mm semi-rigid coax, 2.2 mm [ Zc=50Q PTFE dielectric, soldered on 2 mm stripline
L1 = stripline Zc=50Q 49 x 2 mm

L, = stripline Zc=50Q 46 x 2 mm

Lo = Loy = 470 nH micro choke 4322 057 04771
R=12Q CR 25 type, 2322 211 13129
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Slovenia: see Italy

South Africa:  S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 7430 Johannesburg 2000,
Tel. +27 11 470 5911, Fax. +27 11 470 5494

South America: Al. Vicente Pinzon, 173, 6th floor,
04547-130 SAO PAULO, SP, Brazil,
Tel. +55 11 821 2333, Fax. +55 11 821 2382

Spain: Balmes 22, 08007 BARCELONA,
Tel. +34 3 301 6312, Fax. +34 3 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,
Tel. +46 8 632 2000, Fax. +46 8 632 2745

Switzerland: Allmendstrasse 140, CH-8027 ZURICH,
Tel. +41 1 488 2686, Fax. +41 1 488 3263

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2865, Fax. +886 2 2134 2874

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,
209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,
Tel. +66 2 745 4090, Fax. +66 2 398 0793

Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL,
Tel. +90 212 279 2770, Fax. +90 212 282 6707

Ukraine : PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel. +44 181 730 5000, Fax. +44 181 754 8421

United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800 234 7381

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD,
Tel. +381 11 625 344, Fax.+381 11 635 777

Internet: http://www.semiconductors.philips.com
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