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Abstract The high power and high-efficiency architecture of the Doherty amplifier
coupled with ease of implementation provides service providers with
increased efficiency at reduced operating costs for high peak-to-average
ratio (PAR) signals.

This has made Doherty amplifiers the preferred option in W-CDMA base
stations and multi-carrier applications.

This application note describes the RF performance analysis of a Doherty
amplifier, using a BLF6G20-230PRN transistor.
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1. Introduction

Doherty RF performance analysis with the BLF6G20-230PRN
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Developed by W.H. Doherty in 1936, the Doherty amplifier remained largely dormant
because the dominant mobile communication system modulation techniques (FM, GMSK
and EDGE) did not require high peak-to-average ratio (PAR) signals. Today, however, the
high power added efficiency architecture of the Doherty amplifier coupled with ease of
implementation provides service providers with increased efficiency at reduced operating
costs for high peak-to-average ratio (PAR) signals. This has made Doherty amplifiers the
preferred option in W-CDMA base stations and multi-carrier applications for today’s
service providers.

The BLF6G20-230PRN transistor is a 230 W LDMOS power transistor designed
specifically for use in base station applications at frequencies between 1800 MHz and
2000 MHz. In the Doherty configuration described in this application note, the
BLF6G20-230PRN operates with section one operating as the main amplifier and section
two operating as the peak amplifier. Both sections are internally matched for ease of use
and protected against ESD by integrated protection diodes.

Doherty amplifiers are becoming dominant in W-CDMA base stations and multi-carrier
applications because of their enhanced efficiency but there is a trade-off; the linearity and
gain are lower than standard class AB amplifiers. However, advancements in Digital
PreDistortion (DPD) reduce Doherty amplifier distortion. When combined with optimal
device and amplifier design, the decrease in linearity is significantly reduced.

This application note describes the typical RF performance obtainable with a
BLF6G20-230PRN Power LDMOS transistor in a DCS (1805 MHz to 1880 MHz) Doherty
amplifier configuration.
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2. Transistor and analysis details

The transistor and parameter set for the analyses were:

¢ Transistor: BLF6G20-230PRN

* Frequency band: 1805 MHz to 1880 MHz
* Modulation: 4-carrier EDGE and GMSK
* PCB number: 1030

main amplifier peak amplifier
1 2
L A
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I [ |

3 4 001aak314

Drainl = 1, drain2 = 2, gatel = 3, gate2 = 4 and source =5
Fig 1. Footprint of the BLF6G20-230PRN showing the two Doherty amplifier sections

The performance analyses were performed as follows:

* Gain, IRL and group delay measured using P, = 47.5 dBm, Vpg =32V,
Ipg = 1400 mA (main amplifier) and Vgs = 0.7 V (peak amplifier)

* 4-carrier GMSK measured using Vps = 32 V, Ipq = 1400 mA (main amplifier) and
Vgs = 0.7 V (peak amplifier)

* 4-carrier EDGE were measured using Vps = 32 V, Ipg = 1400 mA (main amplifier) and
Vgs = 0.7 V (peak amplifier)

* Peak power was recorded using a pulsed Continuous Wave (CW) signal under the
following operating conditions: 12 us pulse width at 10 % duty cycle, Vps =32V,
Ipg = 1400 mA (main amplifier) and Vgs = 0.7 V (peak amplifier)
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2.1 RF performance analysis
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Vgs = 0.7 V (peak amplifier), start
frequency = 1.742500 GHz, stop frequency = 1.942500 GHz.

(1) Gy =1.805 GHz at 15.970 dB.
(2) Gy =1.842 GHz at 15.846 dB.
(3) Gy =1.880 GHz at 15.609 dB.
(4) IRL = 1.805 GHz at —12.6186 dB.
(5) IRL = 1.842 GHz at -13.266 dB.
(6) IRL = 1.880 GHz at —14.230 dB.

Fig 2. Transducer power gain (G ) in dB and IRL in dB over the frequency range

Figure 2 shows a gain flatness of < 0.4 dB between 1805 MHz and 1880 MHz.
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Vgs = 0.7 V (peak amplifier), start
frequency = 1.742500 GHz, stop frequency = 1.942500 GHz, td = electrical delay.

(1) tq=1.845 GHz at 2.313 ns.
(2) ty=1.842 GHz at 2.250 ns.
(3) ty=1.880 GHz at 2.316 ns.
(4) IRL =1.805 GHz at -12.619 dB.
(5) IRL = 1.842 GHz at —13.266 dB.
(6) IRL =1.880 GHz at —14.230 dB.

Fig 3. Electrical delay in ns and IRL in dB against the frequency range

2.2 4-carrier GMSK analysis

¢ Test Signal: 4-carrier GSM, 3 MHz spacing and PAR = 6.1 dB at 0.01 % probability on
the CCDF
¢ IMD3: measured at 7.5 MHz offset from the central frequency

* IMD5: measured at 10.5 MHz offset from the central frequency
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).

(1) 1805 MHz.
(2) 1842.5 MHz.
(3) 1880 MHz.

Fig 4. Power gain as a function of output power;
4-carrier GMSK
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).

(1) 1805 MHz.

(2) 1842.5 MHz.

(3) 1880 MHz.

Fig 5. Drain efficiency as a function of output power;
4-carrier GMSK
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).

(1) IMD3 low.
(2) IMD3 high.
(3) IMDS5 low.
(4) IMDS5 high.

Fig 6. IMD3 and IMD5 as a function of output power;
4-carrier GMSK at 1805 MHz
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).

(1) IMD3 low.

(2) IMD3 high.

(3) IMDS5 low.

(4) IMDS5 high.

Fig 7. IMD3 and IMD5 as a function of output power;

4-carrier GMSK at 1842.5 MHz
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Vgs = 0.7 V (peak amplifier).
(1) IMD3 low.
(2) IMD3 high.
(3) IMDS5 low.
(4) IMDS5 high.

Fig 8. IMD3 and IMD5 as a function of output power; 4-carrier GMSK at 1880 MHz

2.3 4-carrier EDGE analysis
* Test Signal: 4-carrier GSM, 3 MHz spacing and PAR = 8.2 dB at 0.01 % probability on
the CCDF
* IMD3: measured at 7.5 MHz offset from the central frequency
* IMD5: measured at 10.5 MHz offset from the central frequency
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier).

(1) 1805 MHz. (1) 1805 MHz.
(2) 1842.5 MHz. (2) 1842.5 MHz.
(3) 1880 MHz. (3) 1880 MHz.
Fig 9. Gain as a function of output power; Fig 10. Drain efficiency as a function of output power;
4-carrier EDGE 4-carrier EDGE
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier). Vgs = 0.7 V (peak amplifier).
(1) IMD3 low. (1) IMD3 low.
(2) IMD3 high. (2) IMD3 high.
(3) IMD5 low. (3) IMDS5 low.
(4) IMDS5 high. (4) IMDS5 high.
Fig 11. IMD3 and IMD5 as a function of output power; Fig 12. IMD3 and IMD5 as a function of output power;

4-carrier EDGE at 1805 MHz

4-carrier EDGE at 1842.5 MHz
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Vgs = 0.7 V (peak amplifier).
(1) IMD3 low.
(2) IMD3 high.
(3) IMDS5 low.
(4) IMDS5 high.

Fig 13. IMD3 and IMD5 as a function of output power; 4-carrier EDGE at 1880 MHz

2.4 Peak power capability analysis
There are two methods for analyzing peak power:
* Using a standard 1S95 signal (PAR = 9.7 dB at 0.01 % probability on the CCDF).
Determine the output power (P.) when the Peak-to-Average power Ratio (PAR)

reaches a value of 6.7 dB at 0.01 % probability on the CCDF. This is called the 3 dB
compression point. See Figure 14 for more information.

¢ Using the pulsed signal and measuring the 3 dB compression points. See Figure 15
for more information.

¢ 12 ps Pulse width and 10 % duty cycle
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Bias: Vps = 32V, Ipq = 1400 mA (main amplifier), Bias: Vps = 32V, Ipq = 1400 mA (main amplifier),
Vgs = 0.7 V (peak amplifier). Ves = 0.7 V (peak amplifier).

(1) 1805 MHz.

(2) 1842.5 MHz.

(3) 1880 MHz.

Fig 14. Output power of the 1S95 signal as a function Fig 15.

of frequency

Pulse signal power gain as a function of
output power

AN10847_1

© NXP B.V. 2010. All rights reserved.
Application note Rev. 01 — 29 January 2010 11 of 17



NXP Semiconductors

AN10847

Doherty RF performance analysis with the BLF6G20-230PRN

3. Bill of materials for a Doherty configuration using a BLF6G20-230PRN

Table 1. Bill of materials for a Doherty configuration using a BLF6G20-230PRN
PCB material: Rogers 3006 (see Ref. 1 on page 15); €, = 6.15 + 0.15; thickness 0.64 mm (0.025”); 35 um (1 o0z.) copper on
each side.
Designator ‘ Description Part number Manufacturer
Q1, Q2 7808 Voltage Regulator NJM#78L0O8UA-ND NJR
Q3,04 2N2222 NPN Transistor - NXP Semiconductors
L1, L2, L3, L4 Ferroxcube Bead 2743019447 Fair Rite
L5, L6 5.6 nH Inductor 0805HQ-5N6X Coilcraft
L7, L8 3.6 nH Inductor 0603CS-3N6X Coilcraft
C1,C2,C6,C7,C34,C35 1 puF Ceramic Chip Capacitor GRM31MR71H105K88L MuRata
C3, C4, C5, C8, C9, C10 100 nF Ceramic Chip Capacitor S0805W104K1HRN-P4 Multicomp
C15, C18, C27,C28 1 puF Ceramic Chip Capacitor GRM31CR72A105KA0 MuRata
C17, C21, C22,C30 10 pF Ceramic Chip Capacitor =~ GRM32ER7YA106K88L MuRata
Cl1,C12,C13,C14 15 pF ATC100B ATC100B150JT500X American Technical Ceramics
C16, C20, C25, C29 15 pF ATC100B ATC100B150JT500X American Technical Ceramics
C19, C26 0.4 pF ATC100B ATC100BOR4JT500X American Technical Ceramics
C23, C24 0.1 pF ATC100A ATC100A0R1JT500X American Technical Ceramics
C31 0.5 pF ATC100B ATC100BOR5JT500X American Technical Ceramics
C32, C33 220 pF, 50 V SMT Electrolytic PCE3474CT-ND Panasonic
Capacitor
D1, D2 0805 Green SMT LED APT2012CGCK KingBright
H1 90° Hybrid Coupler 1P503S Anaren
R1, R30 200 Q Potentiometer 3214W-1-201E
R2, R19 2 kQ Resistor CRCWO08052K00FKTA Vishay Dale
R3 75 Q Resistor CRCWO080575R0FKTA Bourns
R4, R5, R21, R22 432 Q Resistor CRCWO0805432RFKEA Vishay Dale
R7, R13, R14, R15, R16, 9.1 Q Resistor CRCWO08059R09FKEA Vishay Dale
R27
R8, R26 5.1 Q Resistor CRCWO08055R11FKEA Vishay Dale
R9, R25 11 kQ Resistor CRCWO080511K0FKEA Vishay Dale
R10, R24 1.1 kQ Resistor CRCWO08051K10FKEA Vishay Dale
R11, R29 910 Q Resistor CRCWO0805909RFKTA Vishay Dale
R12, R28 5.1 kQ Resistor CRCWO08055K10FKTA Vishay Dale
R20 0 Q Resistor - Vishay Dale
R31 50 Q Terminator 2010TALNF EMC Technology

AN10847_1
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001aak328

Fig 17. Test board 1030 with BLF6G20-230PRN

4. Summary and conclusions

AN10847_1

4.1

4.2

Summary

This application note described a turn-key power amplifier solution, based on the
BLF6G20-230PRN high-efficiency LDMOS transistor for multicarrier systems in the range
1805 MHz to 1880 MHz.

Using the symmetrical Doherty architecture enables the design of a highly efficient
amplifier for signals with relatively high Peak-To-Average ratios. The amplifier exhibits
good peak power of 55 dBm at Vpg = 32 V and pre-distortion characteristics.

Conclusion
The BLF6G20-230PRN operated as a compact two section device:

¢ Section one operated as the main amplifier
* Section two operated as the peak amplifier

The result was that the amplifier achieves good power and gain characteristics (55 dBm
peak power at Vpg = 32 V).
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5. Abbreviations

Table 2. Abbreviations table

Acronym Description

CCDF Complementary Cumulative Distribution Function

DCS Digital Cellular System

EDGE Enhanced Data GSM Environment

ESD ElectroStatic Discharge

GMSK Gaussian Minimum Shift Keying

IRL Input Return Loss

LDMOST Laterally Diffused Metal-Oxide Semiconductor Transistor
PAR Peak-to-Average power Ratio

6. References

[1] Data sheet 1.3000; RO3000 Series High Frequency Circuit Materials -
Advanced Circuit Materials Division; Rogers Corporation.
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7. Legal information

7.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

7.2 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such
information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

AN10847_1

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

7.3  Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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