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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 × 850 mA and VCE = 25 V. The main properties of the two prototypes are:

Table 1

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.

470 − 860 MHz UNIT AMPLIFIER 2 AMPLIFIER 3

Gain (Pi = 1 mW) dB 9.3 ±0.5 9 ±0.5

Return losses input dB ≥17 ≥16

Return losses output dB ≥19 ≥19

Po at 1 dB gain compression W ≥28 ≥28

Po at −55 dB intermod. (3-tone, −7, −8 and −16 dB) W ≥17.5 ≥17.5

Cross modulation at Po = 15 W % ≤9.4 ≤8.8
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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 Ω unbalanced port (A) in two 25 Ω ports (B and C). The phase-shift between B and C
is 180°. The baluns (L1 and L1’) are 50 Ω semi-rigid coax cables, soldered over the whole length atop a transmission
line (l1 or l1’) of 2 mm width. To maintain circuit symmetry another shorted stub (l2 or l2’) with the same length has been
added. For the amplifier a printed-circuit board has been applied of PTFE fibreglass with an εr = 2.74, copper clad on
both sides with a thickness of 1⁄32 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 R8, to obtain equal collector currents. The
potentiometer R1 adjusts both base currents simultaneous. After an accurate measurement of the values of resistors
R12 and R13 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 unit is 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 × 850 mA and VCE = 25 V. The typical gain, input and load
impedance of a half BLV57 (one chip) are given in Table 2.

Fig.1  Schematic line-up of the complete amplifier.
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Table 2

3.4 Output network

The 25 Ω 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 Ω prevent oscillation at
higher frequencies.

FREQUENCY
(MHz)

GAIN
(dB)

INPUT IMPEDANCE
(Ω)

LOAD IMPEDANCE
(Ω)

470 13.13 1.11 + j 2.62 9.75 + j 6.52

507 12.57 1.13 + j 2.88 9.00 + j 6.29

547 12.02 1.14 + j 3.17 8.26 + j 5.99

590 11.49 1.16 + j 3.47 7.52 + j 5.60

636 10.98 1.18 + j 3.80 6.80 + j 5.14

686 10.49 1.21 + j 4.16 6.10 + j 4.60

739 10.03 1.25 + j 4.55 5.44 + j 3.99

797 9.60 1.30 + j 5.00 4.80 + j 3.29

860 9.20 1.37 + j 5.50 4.20 + j 2.52

Fig.2  Calculated output circuit.
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The stripline L6 (width 3 mm) is the soldering place for the collector lead. The transistor is biased through the stripline L7
(width 2 mm). This stripline has been connected to L6 and L8 at a distance of 3 mm from the transistor. L8 is a stripline
with a width of 3 mm and L9 with a width of 1.5 mm. C4 consists of a chip capacitor in parallel with a film dielectric trimmer.
C5 is a film dielectric trimmer and C6 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.

The striplines L4 and L5 (width 3 mm) form together the soldering place of the base lead. The width of the striplines
L2 and L3 is 1.5 mm. The capacitors C1, C2, 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

Fig.3
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39 Ω//8.2 pF. With the help of this dummy the output circuit has to be adjusted for good return losses at the output of L10
by tuning the capacitors C10 and C17 and by shifting the capacitors C13 and C14 on L7 and L17 (see Fig.6). The position
of the capacitors C13 and C14 on the striplines determines the value of L7 and L17. A typical curve of the return losses at
the output of L10 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 × 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 C1, C2, C3, 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 (Pi = 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 Ω 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

6.2 Gain compression

Figures 16 and 17 show the measured Po versus Pi 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 (Po 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.

470 − 860 MHz UNIT
AMPLIFIER 2 AMPLIFIER 3

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
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6.4 Cross modulation

Figure 19 shows the cross modulation as a function of the frequency at two Po 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.
It is 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 Po sync level of 15 W the cross modulation of amplifier 2 varies
from 3.4 to 9.4% and of the amplifier 3 from 4.1 to 8.8%.

7 CONCLUSIONS

It is 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
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BAND 4/5 UNIT AMPLIFIER 2 AMPLIFIER 3

Gain (Pi = 1 mW) dB 9.3 ±0.5 9 ±0.5

Return losses input dB ≥17 ≥16

Return losses output dB ≥19 ≥19

Po at 1 dB gain compression W ≥28 ≥28

Po sync at −55 dB intermod. (3-tone, −7, −8 and −16 dB) W ≥17.5 ≥17.5

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

C1 = 10µF 63 V electrolytic capacitor 2222 030 28109

C2 = 470 nF metallised film capacitor 4322 352 45474

C3 = 100 nF metallised film capacitor 2222 352 45104

R1 = 100 Ω cermet potentiometer 2122 350 00066

R2 = 120 Ω CR 25 type 2322 211 13121

R3 = 1500 Ω CR 25 type 2322 211 13152

R4 = R5 = R6 = 4.7 Ω enamelled wire-wound 2322 330 22478

R7 = 82 Ω enamelled wire-wound 2322 330 22829

R8 = 20 Ω cermet potentiometer 2122 350 00057

R9 = R10 = 39 Ω CR 25 type 2322 211 13399

R11 = 10 Ω CR 25 type 2322 211 13109

R12 = R13 = 0.15 Ω wire-wound PM 10 type 2322 326 51157

D1 = BY 206

T1 = BD 140

Fig.4  Bias circuit.
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Fig.5  Printed-circuit board lay-out of the bias unit.
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Fig.6  Circuit of a BLV57 branch.
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Table 6 List of components BLV57 branch

C1 = C2 = 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

C5 = C7 = C12 = C15 = 100 nF chip capacitor Philips NPO 2222 855 48104

C6 = C8 = 100 pF chip capacitor Philips NPO 2222 852 13101

C9 = 8.2 pF chip capacitor ATC 8R2J

C10 = C17 = 1 − 3.5 pF film dielectric trimmer Philips 2222 809 05001

C11 = C16 = 6.8 µF, 40 V, electrolytic capacitor Philips 2222 030 37688

C13 = C14 = 110 pF chip capacitor ATC 111J

C18 = C19 = 22 pF chip capacitor Philips NPO 2222 851 13229

C20 = C21 = 2.2 pF chip capacitor Johanson no. 500 R 15 N 2R2 BA

L1 = 49 mm semi-rigid coax, 2.2 mm ∅ ZC = 50 Ω PTFE dielectric, soldered on 2 mm stripline

L2 = L12 = stripline ZC = 57 Ω 14.5 × 1.5 mm

L3 = L13 = stripline ZC = 57 Ω 12.8 × 1.5 mm

L4 = L14 = stripline ZC = 36 Ω 2 × 3 mm

L5 = L15 = stripline ZC = 36 Ω 1 × 3 mm

L6 = L16 = stripline ZC = 36 Ω 3 × 3 mm

L7 = L17 = stripline ZC = 48 Ω 17.7 × 2 mm

L8 = L18 = stripline ZC = 36 Ω 8.8 × 3 mm

L9 = L19 = stripline ZC = 57 Ω 15.2 × 1.5 mm

L10 = 46 mm semi-rigid coax, 2.2 mm ∅ ZC = 50 Ω PTFE dielectric, soldered on 2 mm stripline

L11 = stripline ZC = 50 Ω 49 × 2 mm

L20 = stripline ZC = 50 Ω 46 × 2 mm

L21 = L22 = 470 nH micro choke 4322 057 04771

R = 12 Ω CR 25 type, 2322 211 13129



1998 Mar 23 13

Philips Semiconductors

A Wideband hybrid coupled amplifier
(470 − 860 MHz) with 2 balanced transistors BLV57

Application Note
NCO8101

Fig.7  Tuning circuit of the output.
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Fig.8  Tuning of the output circuit.
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Fig.9  Gain of a BLV57 branch.
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Fig.11  Return losses of a BLV57 branch.
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Fig.12  printed-circuit board and lay-out of the BLV57 amplifier.
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Fig.13  Gain of the BLV57 amplifier.
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Fig.14  Return losses of the BLV57 amplifier.
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Fig.15  Return losses of the BLV57 amplifier.
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Fig.16  Gain compression of the BLV57 amplifier.
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Fig.17  Gain compression of the BLV57 amplifier.
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Fig.18  Output power Po sync of the BLV57 amplifier.
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Fig.19  Cross modulation of the BLV57 amplifier.
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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 GÜLTEPE/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

For all other countries apply to:  Philips Semiconductors,
International Marketing & Sales Communications, Building BE-p, P.O. Box 218,
5600 MD EINDHOVEN, The Netherlands, Fax. +31 40 27 24825

Argentina:  see South America

Australia:  34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213, Tel. +43 160 1010,
Fax. +43 160 101 1210

Belarus:  Hotel Minsk Business Center, Bld. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 200 733, Fax. +375 172 200 773

Belgium:  see The Netherlands

Brazil: see South America

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor,
51 James Bourchier Blvd., 1407 SOFIA,
Tel. +359 2 689 211, Fax. +359 2 689 102

Canada:  PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381

China/Hong Kong:  501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,
Tel. +852 2319 7888, Fax. +852 2319 7700

Colombia:  see South America

Czech Republic:  see Austria

Denmark:  Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN S,
Tel. +45 32 88 2636, Fax. +45 31 57 0044

Finland:  Sinikalliontie 3, FIN-02630 ESPOO,
Tel. +358 9 615800, Fax. +358 9 61580920

France:  51 Rue Carnot, BP317, 92156 SURESNES Cedex,
Tel. +33 1 40 99 6161, Fax. +33 1 40 99 6427

Germany:  Hammerbrookstraße 69, D-20097 HAMBURG,
Tel. +49 40 23 53 60, Fax. +49 40 23 536 300

Greece:  No. 15, 25th March Street, GR 17778 TAVROS/ATHENS,
Tel. +30 1 4894 339/239, Fax. +30 1 4814 240

Hungary: see Austria

India:  Philips INDIA Ltd, Band Box Building, 2nd floor,
254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,
Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia:  see Singapore

Ireland:  Newstead, Clonskeagh, DUBLIN 14,
Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel:  RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007

Italy:  PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel. +39 2 6752 2531, Fax. +39 2 6752 2557

Japan:  Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108,
Tel. +81 3 3740 5130, Fax. +81 3 3740 5077

Korea:  Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL,
Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia:  No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico:  5900 Gateway East, Suite 200, EL PASO, TEXAS 79905,
Tel. +9-5 800 234 7381

Middle East:  see Italy
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