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Abstract

BFG21W, the new g generation transistor from Philips Semiconductors, is well suited for PA driver
applications in AMPS, TDMA, CDMA and GSM systems. BFG21W's performance is superior at 800MHz,
3.0V applications. Under CW mode, the part is capable of P1dB=25dBm, efficiency of 70% and G, of 17dB.
BFG21W delivers 23dBm of linear output power under TDMA with G, of 18dB and efficiency of over 50%.
Under CDMA mode, BFG21W delivers 19dBm of linear output power with G, of 19 dB and efficiency of
35%.
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INTRODUCTION

BFG21W is Philips Semiconductors’ 5™ generation silicon bipolar RF wideband transistor in
SOT343R plastic SMD package. The transistor delivers superior performance at frequencies
below 3 GHz. Itis manufactured according to the double poly process and characterised by high
transition frequency (fr > 20 GHz) at low sub 3 Volt supply voltages. This application notes
describes BFG21W performance at 800MHz operation under CW, 2 Tone, TDMA and CDMA

conditions.
PERFORMANCE OVERVIEW
The table below summarises BFG21W performance capabilities under different modes of
operation.
P1dB or Plinear* Efficiency***
System | Vsupply dBm %
lcg=10mA | Icq=20mA | lcq=10mA | lcg=20mA || Icg=10mA | Icq=20mA
cW 3.0 Volts 24 24.5 18 18.2 66 68
3.5Volts | 245 25 18.8 19 60 63
3.0 Volts 19 19 19 195 43 41
2Tone e voiis | 205 | 205 | 195 | 199 | 43 40
3.0 Volts 21 23 18.9 18.2 48 60
TDMA 3.5Volts 23 24 19.4 18.8 52 o7
3.0 Volts 17 19 18.8 19 33 39
CDMA 3.5Volts | 19.5 20 19.2 19.5 35 38

Table 1:

BFG21W 800MHz PA driver performance summary

*-  CW - load power @ P1dB

2Tone - load power represents linear average power @ IMD levels reaching —28dBc.

TDMA - load power represents linear average power @ ACPR levels reaching —26dBc or ALT levels reaching —45dBc.
CDMA load power represents linear average power @ ACPR levels reaching —44dBc with 885kHz channel offset or -56dBc with
1.98MHz channel offset, 1.25MHz channel bandwidth and 30KHz Adjacent Channel bandwidth
** . typical Gain at P1dB for CW or Plinear for 2Tone, TDMA, CDMA signals
*** _ typical Efficiency at P1dB for CW or Plinear for 2Tone, TDMA, CDMA signals.
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CIRCUIT DESCRIPTION

Figure 1 shows circuit diagram of 800MHz PA driver with BFG21W. Appendix 1 includes the part list of the
demo board. Red ground represents a common point.

BFG21W, 836MHz demoboard

PMBT3904

c11 ‘— —L_cs

§ R1
1lohm
22 uF T 1onF

c4

BFG21W
: 1.8pF
c1
33pF
c10 c2
2.2pF 6.8pF

Figure 1: Circuit diagram of the 800MHz PA driver demo board.
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BOARD LAYOUT
Figure 3 shows the layout of the PCB, which has the following properties:

type: FR4 bilayer (backside ground)
h=0.71 mm

t = 35 um (Cu cladding, not coated)
e=4.6

tand = 0.02
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Figure 3: Layout of the 800MHz BFG21W PA driver.

All resistors and capacitors used are Philips 0603 SMD types, with exception of C11 and C12. C11 and
C12, used for 2Tone and CDMA performance enhancement, are tantalum types. Appendix 1 contains the
part list of the demo board. The position of components C2, C3, C5 and C10 is critical. Appendix 2 contains
Spice model for BFG21W.
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PERFORMANCE

BFG21W was evaluated under 4 different modes of operation. Each mode of operation is
summarised below. All measurements were taken with 100% duty cycle signal.

CW

BFG21W under CW at 836 MHz and 25 deg. C

-696 5 316 11.96 11.01 821 873 15} 316 11.73 1112 948
-4.29 10 10.00 14.29 2064 13.84 -4.00 10 10.00 14.09 209 1595
-1.38 15 31.62 16.38 38.89 2323 =129 15 31.62 16.29 3925 26.86
205 20 100.00 17.95 7336 3895 253 20 100.00 17.47 7374 4520
352 22 15840 1848 9378 4820 4234 22 15249 1zaa | ag22 5401
597 24 25119 1803 123 5335 65856 24 25119 1714 12492 703

4 25 31623 174 140 6454 29 25 31623 1603 14604 218
Q36 26 20811 16684 16252 5900 | 1205 26 20811 1305 1838 2220
1304 27 50119 1304 20026 2151 1424 2627 | 40364 1203 1036 2110

=11234 D 316 1634 1351 £69 =1093 2 316 1593 1343 285
=128 10 1000 1728 232 1232 686 10 1000 1636 2311 1442
=329 15 31,62 1820 41.056 21.74 -2.88 15 31,62 1788 4153 2538
081 20 100.00 1919 75.69 3775 133 20 10000 1867 76 43 86
256 22 15849 1944 962 4707 337 22 15849 1863 97 .41 D423
83 24 25119 187 1245 8765 628 24 25119 17.72 12771 6556
682 25 31623 1818 14172 6375 856 25 31623 1644 1469 71.76
288 26 39811 1712 16355 6955 129 26 30811 131 1874 7081
1272 27 2501190 1428 20126 2094 1414 2632 42855 12183 20168 023

m\A/att

1228 5 216 1724 1614 560 1203 5 214 1708 1629 a4
=222 10 10.00 1223 1| 20273 11232 222 10 1000 1222 2521 121

-3.96 15 31.62 1896 4338 2083 =381 15 31.62 1881 432 24.40
059 20 100,00 10417 7651 3734 1.1 20 10000 189 7712 4322
234 22 15849 1066 98369 4588 309 22 158.49 1391 9859 5359
513 24 25119 1387 1261 5691 599 24 25119 13.01 12683 66.02
653 25 31623 1847 141,68 6377 837 25 31623 1663 143815 7115
867 26 30811 1733 16357 6954 124 26 39811 136 18441 71.96
12.43 27 50119 1457 2009 21.28 1395 2631 427,56 12.36 2018 2062

1461 5 318 10481 24.52 263 =1453 S 216 1953 2322 454
Q07 10 1000 1057 23125 Q14 03 10 1000 1923 2961 1126 1
482 15 2162 10 22 47123 1017 A58 15 21.62 1908 A5.24 2228
03 20 10000 19 Z23 74 36 29 079 20 10000 1921 25 42 46

2 22 15240 20 100 4528 2904 22 15349 1908 Q0 44 5313
423 24 25110 1017 12788 D827 574 24 251190 1328 12736 1 65 74
633 25 31623 18367 14354 62,94 827 25 31623 1673 14937 2057
838 26 39811 1762 16452 6914 12.26 26 39811 1374 18532 7161
1137 27 250119 1513 1035 214 1414 2636 43251 1222 206 22 590 |

It=Ic+lb. total current draw.
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CW

Gain vs. Pout, BFG21W CW @ 3.5V

Efficiency vs. Pout, BFG21W CW @ 3.5V
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2 TONE

BFG21W under 2tone at 836 MHz and 25 deg. C

3rd low 3rd high 5th low 5th high

-13.2 5 3.16 182 -43 43 57 -57 16.3 5.54
-8.6 10 10.00 18.6 -38 -38 -52 -52 25 11.43
4.4 15 31.62 19.4 -37 =37 -48 -48 41 22.04
-2.4 17 50.12 19.4 -37 -37 A7 A7 51 28.08
-0.5 19 79.43 19.5 -37 -36 43 -43 63 36.02
0.55 20 100.00 19.45 =34 -33 -40 -40 71 4024
1.65 21 125.89 19.35 -29 -29 =37 -37 79 45.53
42 23 199.53 188 =21 -20 -38 -37 101 56.44

3rd low 3rd high 5th low 5th high
2148 5 3.16 198 -49 -48.5 -59 -59 25 3.61
-9.6 10 10.00 19.6 -43 -42 -60 -59 31.6 9.04
-5 15 31.62 20 -41 -40 -50 -50 47 19.22
-3.1 17 50.12 20.1 -43 -43 47 -47 56 25.57
-0.95 19 79.43 19.95 -46 -45 -44 -43 67 33.87
0.1 20 100.00 19.9 -35 -35 41 -41 74 38.61
1.22 21 125.89 19.78 -29 -29 -39 -39 83 43.34
4 23 199.53 19 -21 -21 -41 -40 103 55.35

3rd low 3rd high 5th low 5th high
-12.8 5 3.16 17.8 -40 -40 -56 -55 16 6.59
-8.3 10 10.00 18.3 -35 -35 -52 -52 23.6 14.12
=412 15 31.62 1012 =34 =34 47 =47 40 2635
2.2 17 5012 192 =33 =32 43 =43 49 34.00
0 19 79.43 19 =30 =30 =37 37 62 4271
11 20 100,00 189 27 =26 =35 =35 69 4831
2.4 21 125.89 18.6 =23 23 35 =34 79 5312
b6 23 199,53 17.4 =15 =16 =30 =30 103 6457

3rd low 3rd high 5th low 5th high
-14.55 15 316 1955 =50 =49 -89 =58 24 4.39
=946 10 10.00 1046 =43 =43 -89 =09 30 1111
-4.8 15 31,62 19.8 =45 =45 =48 =48 44 2396
2.6 17 5012 196 =55 -85 =46 =46 D4 3094
05 19 7943 195 =34 34 240 240 65 4073
08 20 100,00 192 =28 =28 -38 =38 74 45.05
2.03 21 125.89 1897 24 23 -39 =39 82 5118
53 23 19953 177 =16 =16 =33 =32 105 63.34

It=Ic+lb, total current draw.
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2 TONE

Gain vs. Pout, BFG21W 2 Tone @ 3.5V

Efficiency vs. Pout, BFG21W 2 Tone @ 3.5V
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TDMA

BFG21W under TDMA at 836 MHz and 25 deg. C

ACPR low ACPR high  1stALTlow 1stALT high 2nd ALTlow 2nd ALT high

dB dB dB

-12.93 S 3.16 1793 -36.8 -36 =705 -70.1 -66.9 -66 174 5.19
-8.63 10 10.00 18.63 -36.1 -33.4 -64.8 -66.2 -68.2 -67.9 25 1143
-4.44 15 31.62 19.44 -37.3 -37.1 -59.5 -60.9 -70 -70 42.88 21.07
0.43 20 100.00 19.57 -35.5 -36.9 -55.9 -56.9 -68.2 -68.4 75.75 37.72
2.45 22 158.49 19.55 -32.3 -31.9 -51.2 -51.9 -65.2 -65.6 97.8 46.30

3.6 23 19953 104 -29.3 -29.3 -50.8 -51.5 -60.4 -60.7 108.43 5258
5.21 24 25119 18.79 -26 =253 -50.3 -50.9 573 -58.1 124,48 57.65
7.04 25 316.23 17.96 =229 -23 -45.8 -45.8 -56.3 -56.9 14108 63.64

ACPR high
-14.22 5 3.16 19.22 -35.1 -35.6 536 -54.7 -63.2 -65.8 2242 4,03
93 10 10.00 103 -36.8 354 544 -54.2 61,0 63 206 9.65
475 15 31.62 1975 352 -36.6 -60.3 -61.7 705 70,9 4634 1950
0.08 20 10000 | 1902 355 343 551 -56.3 -60.6 -68.7 77.9 36,68
2.22 22 15849 | 1978 321 316 -50.9 514 -64.5 -65.1 98.6 4593
3.54 23 19953 | 1946 281 287 -49.9 -50.3 -60.1 595 111 51.36
52 24 25110 | 188 269 267 534 -53.9 -58.8 59.3 1256 | 5714
6.88 25 31623 | 1812 232 230 -46.8 47 57.8 582 1429 | 6323

ACPR high  1st ALT low 2nd ALTlow 2nd ALT high
dB dB dB dB
-8.16 10 10.00 18.16 -36.8 -36.3 -63.8 -64.1 -67.5 -67.4 25 1333
-4.01 15 31.62 19.01 -36.4 -35.3 -59.9 -62 -69.2 -69.5 42,57 24.76
0.93 20 100.00 19.07 =34 -33.6 -51.2 -52.2 -68.6 -69.5 75.34 44.24
3.54 22 158.49 18.46 -28.1 -28 -48.6 -48.9 -59.7 -59.5 97.5 54.18
5.14 23 19053 17.86 =253 -24.8 -48.7 -48.1 -56.7 575 111 59.92
7.13 24 25119 16.87 =215 -21.4 -40.6 -40.1 -54.6 =549 1293 64.76
10.06 25 316.23 1494 2199 2194 -34.6 -34 -48.2 S47.8 1553 67.87

ACPR low ACPR high ALT low 2nd ALTlow 2nd ALT high
dB dB dB dB
-13.79 S 3.16 18.79 -36.2 -36.1 -53 -53.1 -60.5 -61.8 1913 5.51
-8.87 10 10.00 18.87 -37.3 -36.5 649 -65.5 -68.5 -68.8 26.89 12.40
-4.26 15 31.62 10.26 37 37 -59.8 -60.4 -69.9 -70.1 44,14 23.88
0.65 20 100.00 19.35 -34.5 -34.1 -52 -53 -67.4 -67.9 76.46 43.60
3.2 22 158.49 188 -29.4 -28.8 -50.6 -50.6 -60.1 -60 97.56 54.15
4.81 23 199.53 18.19 -26.1 -25.9 -51.1 -515 -58.4 -58.7 111.56 59.62
6.82 24 251.19 17.18 -22.9 -22.4 -43.2 -42.2 -57.2 -57.3 129.42 64.70
9.67 25 316.23 1533 -20 -20 -34.7 -34.6 -50.7 -49.8 153.52 68.66

It=Ic+Ib, total current draw.
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TDMA

Gain vs. Pout, BFG21W TDMA @ 3.5V Efficiency vs. Pout, BFG21W TDMA @ 3.5V
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CDMA

BFG21W under CDMA at 836 MHz and 25 deg. C

Gain ACPR low ACPR high  1st ALTlow 1stALT high
dB dB dB
-13.14 5 3.16 18.14 -59.83 -60.35 -71.23 -71.24 16.3 5.54
-8.36 10 10.00 18.36 -54.86 -55.19 -72.27 -72.51 25 11.43
-4.04 15 31.62 19.04 -54.19 -54.44 -70.22 -70.75 42 21.51
-1.2 18 63.10 19.2 -53.5 -53.5 =649 -65.5 58 31.08
-0.23 19 79.43 19.23 -50.6 -51.2 -61.4 -61.8 65.5 34.65
0.75 20 100.00 19.25 -45.69 -46.05 -59.32 -59.29 745 38.35
3.1 22 158.49 189 -37.6 -38 57 -58 95 47.67

ACPR low ACPR high = 1st ALTlow 1stALT high
dB dB dB dB
-14.53 5 3.16 19.53 -65.81 -65.42 -72.42 -72.42 2341 3.86
-9.36 10 10.00 19.36 -60.63 -60.46 -74.97 -74.97 30.25 9.45
-4.95 15 31.62 19.95 -62.19 -61.29 -70.81 -70.92 45.6 1981
-1.5 18 63.10 19.5 -61 -61.2 -66.2 -66.4 61 29.55
-0.5 19 79.43 19.5 -53.6 -54.2 -63.5 -66.7 68 33.38
0.45 20 100.00 19.55 -46.23 -46.25 -60.71 -60.29 76.14 3752
2.94 22 158.49 19.06 -38.3 -38.4 -61 -62 96 47.17

Gain ACPR low ACPR high  1st ALTlow 1stALT high
dB dB dB
-12.46 5 3.16 17.46 -57.69 -57.99 -71.3 -71.3 156 6.76
-8.19 10 10.00 18.19 -52.7 -53.19 -72.76 -72.72 24 13.89
-3.98 15 31,62 18908 =50 -50.87 -67.84 -67.79 4] 2571
-0.65 18 6310 18.65 472 477 =589 -58.9 577 3645
045 19 7943 18.55 2438 443 57 571 66 4012
1.23 20 100,00 1877 -39.18 -39.23 -56.1 -56.15 739 4511
454 22 158,49 17246 =333 =331 =494 =493 973 54,30

ACPR low ACPR high  1st ALTlow 1stALT high
dR dR dR dR
=139 15 316 189 -64.91 -6457 -71.62 -71.62 2039 517
=911 10 10.00 1911 -61.73 -61.53 132 -73.21 277 12.03
419 15 3162 1919 653 6486 647 -64.49 43.44 2427
-1 18 63.10 191 511 515 622 625 605 3476
o) 19 7943 19 2458 2463 -602 -606 67 3952
1.06 20 100,00 1894 -39.99 =399 -58.79 -58.56 7547 4417
428 22 158,49 17272 =335 =335 =507 =508 98 5391

It=Ic+Ib, total current draw.
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CDMA

Gain vs. Pout, BFG21W CDMA @ 3.5V Efficiency vs. Pout, BFG21W CDMA @ 3.5V
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APPENDIX 1: Part list for BFG21W 800MHz PA driver

Resistors

R1 11w Philips 0805, 0.1W metal film resistor.

R2 11w Philips 0805, 0.1W metal film resistor.

R3 2 KW Philips 0805, 0.1W metal film resistor.

Capacitors

C1, Co6 33 pF Philips 0603, DC blocking capacitor

Cc2 6.8 pF Philips 0603, IRL matching capacitor

C3 2.2 pF Philips 0603, output matching capacitor
Philips 0603, bias and supply decoupling

C4,C7 33 pF capacitor

C5 1.8 pF Philips 0603, output matching capacitor

Philips 0603, bias and supply low

C8, C9 10 nF frequency decoupling capacitor

C10 2.2 pF Philips 0603, IRL matching capacitor

AVX tantalum, bias and supply low

C11,C12 22 nf frequency decoupling capacitor

Transistors

T1 BFG21W RF amplifying transistor.

Biasing and thermal tracking small signal
transistor.

Q1 PMBT3904
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Philips Semiconductors

PHILIPS

800MHz PA Driver with BFG21W

APPENDIX 2:
Spice parameters of the BFG21W

.SUBCKT BFG21Ww 10 11 12
Lbbond 2 5 7.209E-10
Lblead 5 8 2.251E-10
Lbfoot 8 11 1.1E-10
Cbfoot 8 12 1.17E-13
Lebond 3 6 5.15E-11
Lelead 6 9 6.914E-11
Lefoot 9 12 1.739E-10
Cefoot 9 12 1.95E-13
Lcbond 1 4 5.711E-10
Lclead 4 7 2.251E-10
Lcfoot 7 10 1.1E-10
Ccfoot 7 12 1.17E-13
Chc 5 4 2E-15

Che 5 6 8E-14

Cce 4 6 8E-14

Cbpb 2 14 3.3E-13
Cbpc 1 13 3.47E-13
Cmet1l 3 1.7E-12
Rsubl 14 15 249.2
Rsub2 13 15 464.4
Rmut 3 15 100

Dio 16 1

+ D1

Rs 15 16 3.5

.MODEL D1 D

+ 1S = 4.99E-13
+N=1.189
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Q1123 3NPN

+ AREA=1
.MODEL NPN NPN
+|S = 3.835E-16
+ BF =92
+NF=1

+ VAF = 35

+ |IKF=2.8

+ ISE = 9.005E-13
+ NE = 2.262

+ BR =8.9

+ NR = 1.009

+ VAR =2.25

+ IKR = 0.6507

+ ISC = 2.503E-15
+ NC =1.209

+ RB = 1.492
+IRB=0

+ RBM = 0.3202

+ RE = 0.3429

+ RC =0.8

+ CJE = 3.026E-12
+VJE =0.9

+ MJE = 0.2861

+ CJC = 1.041E-12
+ VJC = 0.6964

+ MJC =0.308

+ CJS = 1.844E-12
+ VJS = 0.4237

+ MJS = 0.2606

+ XCJC =0.5

+ TR = 1.5E-10

+ TF = 5.05E-12

+ XTF =74
+VTF=0.8
+ITF=6.5
+PTF=0

+ FC =0.875
+EG=1.11

+ XTI =4.3

+ XTB =0.5

.END



