Application Measurement Report

CA-311-13 BLF188XR 88-108MHz

Doc. Rev. 0.0 — 10 Sep 2013

Document information

Info Content

Author Richard Keenan
Author Role Application Engineer
Keywords  CA-311-13

Abstract Measurement results of a BLF188XR device at 88-108MHz with an output power of 1200W
CW in an all planar application circuit.

founded by Philips



Test Report

NXP CA-311-13 BLF188XR 88-108MHz
Application Support Smithfield Project Name: BLF188XR Ref. Bd.2434
Revision History
Revision Date Description Author
0.0 2013-Sept. 10 Initial version Richard Keenan
Contents
1. INtroducCtion .......cccoveiriiiiiiniiiccceeeee 3
11 General Description ........cccoevcieeeie e 3
1.2 Test object details ......... .3
1.3 Test Setup ..coeevveeecieeceeeceeeee e .3
14 Typical Performance BLF188XR ..........cccccoecvveiciieeiieecieene 4
2. SUMMAIY i 4
3. Measurement ReSUItS ........ccceeveriieinienienns 5
3.1 CW — POWET SWEEPS ....ccevveeeirieeeiiieeiieeeieeeeiree e e ssree s 5
3.1.1 Gain & Efficiency (optimized for max. efficiency @ 1000W CW output power) 5
3.1.2 CW Output Power, Gain & Efficiency @ 3dB Gain Compression6
3.2 CW — Network Analyzer SWeep..........cccooeiiiiinnciiiieieeee, 7
3.2.1 Gain & Input Return Loss at approx. 1000W CW, 50Vds ....7
33 HAIMONICS ... 8
3.3.1 BLF188XR Harmonics (Meas. Max. old up to 1200W CW) .8
4. Ruggedness Testing....cccccccvvveververenennnnnn 9
4.1 Ruggedness Test with a CW signal..........ccccoevveeeiieeicienenee. 9
4.1.1 3:1 Mismatch @ 1200W CW — Passed thru all phases. (spurious <-70dBc) 9
4.1.2 5:1 Mismatch @ 1000W CW — Passed thru all phases. (spurious <-60dBc) 10
5. Thermal Measurements .........c..ccocceeineene 11
51 Thermal measurements ..........ccccocoeeviereenicnieeeiens 11
6. PROLO oo 13
6.1 Application Circuit Connections.............cccceeeveennnee. 13
7. Layout and Material LiSt........c.ccceevnennnne 14
7.1 LayouUt. ... 14
7.2 Material List........ccooiiiiiiieee 15
8. Copper Base Plate ........ccccceecvveiiieininens 16
8.1 Base plate .......oooveiiiiiii e 16
9. Legal information .......cccccccevviveviinennnene 17
9.1 DiSCIaIMErsS .....cooiiiiiieeie e 17
9.2 Trademarks ........coocueeiieeeeiiee e 17

CA-311-13 BLF188XR Ref.Bd.2434 88-108MHz 1200W CW Rev0.0.doc

COMPANY CONFIDENTIAL
© NXP B.V. 2011. All rights reserved.

Doc ID: <Document ID>

Doc Rev 0.0 Final —2013-09-10

20of 17



Test Report

NXP CA-311-13 BLF188XR 88-108MHz
Application Support Smithfield Project Name: BLF188XR Ref. Bd.2434

1. Introduction

1.1 General Description

This document contains measurement results of a BLF188XR device from 88 to 108MHz tested with a
CW signal. This demo has been optimized for maximum efficiency at an output power of 1000W CW
and supply voltage of 45.5-47.5Vds but has also been measured up to1200W CW with 50Vds.The
application board has been designed to manage the temperature of components and the PCB by using
Chomerics Therma-A-Gap material to spread the heat under the output planar transmission line
transformer and a high thermal conductivity PCB screwed to a copper base plate that is mounted to a
water cooled heat sink for testing. Thermal measurements for this application board operating at
1200W CW are shown in Para.5.

1.2 Test object details

Transistor type: BLF188XR (screwed down, thermal cond. compound, Bergquist TIC4000)
Production code: M1328 WO

Package: SOT539

Board: 30 mil thick, RF35TC.

Demo number: 2434

1.3 Test Setup
Test Signal: CW  Load: Bird Tenuline 30dB Qil load Model 8327 S/N 94

88MHz  50.80+j.12 ohms 1.016:1
98MHz  50.85-j.16 ohms 1.017:1
108 MHz 50.89-j.51 ohms 1.021:1

Agilent MXG NS182A Agilent PNA-X N5241A Agilent E4419B Rhode & Schwarz FSV
Sig. Generator Network Ana 1Iyze| Power Meter Spectrum Analyzer
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2 sa=

i
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ﬁ Rewr BIn
Rowr R4 In RevrAm ——m __, W
Agilent NB481A
Power Sensor
Spinner

Switch

I
{_.

Werlatone Bi-dir.
20dB Coupler

Ophir Model# 5127
200W Amplifier

(B —EE= g ) — T =
(| (&=  F ¢ ___3)—_{_] Agilemt Agilent 344114
Agilent NST6TA Pwr. supply (x2) Current Shunt  Digital Multimeter
Figl.  Test Setup = See Figure 12 for connections to DUT
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1.4 Typical Performance BLF188XR
Symbol Parameter 88 MHz 98 MHz 108 MHz Unit
Ipq quiescent current 1000 1000 1000 mA
Vps power supply 47.5 45.5 47.5 \Y
Pout Peak Output power 1000 1000 1000 w
G @1000w Gain at 1000W Pout 23.0 233 231 dB
Gecomp @1o00w Gain compression at 1000W Pout 2.6 24 2.9 dB
Eff @1000w Efficiency at 1000w Pout 84.4 83.0 83.0 %
Vbs power supply 50 50 50 \%
Pout@ Pags Peak Output power @ 3dB gain comp. 1123 1227 1107 w
G @rads Gain P3dB 22.8 22.9 23.0 dB
Eff apsds Efficiency at P3dB 84.6 83.3 82.8 %
2" H 2" Harmonic (100-1000W output pwr.) -27.9 -31.3 -28.8 dBc
3“H 3™ Harmonic (100-1000W output pwr.) -30.7 -31.5 -31.1 dBc

2. Summary

This document contains measurement results of a BLF188XR device using NXP’s XR process to
provide maximum ruggedness capability in the most severe applications. Features of the XR process
include high power and efficiency, extreme ruggedness, a typical thermal resistance Ry, of 0.11 K/W,

and enhanced double sided ESD diode protection.

As shown in this report the BLF188XR device can be used with a planar transmission line transformer
on the input and output section to replace the more commonly used coaxial cable transformers. The
output planar transmission line transformer was designed to manage the component and PCB
temperature during maximum CW operation. A 5mm thick Chomerics Therm-A-Gap material is used
in the area below the output planar transformer to improve spreading of the heat from the PCB to the
copper base plate. To further improve the maximum temperature of the components and PCB, this
amplifier uses a Taconic’'s RF35TC PCB dielectric material with 2 oz. copper which has approx. 4x
better thermal conductivity than the standard RF35. This all planar application board, which eliminates
coaxial cable transformers and has been optimized to limit the maximum temperature of the PCB and
components, allows for simpler manufacturing, reduced cost, and more repeatable performance.

The measurement results show that the BLF188XR is an excellent choice for an application from 88
to108MHz with up to 1200W CW peak output power, >80% efficiency, and a maximum
component/PCB temperature measuring 105°C at 1200W CW output power. The results also show
that the device passes ruggedness without any performance degradation or spurious with a 3:1

mismatch up to 1200W CW and a 5:1 mismatch up to 1000W CW.
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3. Measurement Results

3.1 CW — Power Sweeps

Gain & Efficiency (optimized for max. efficiency @ 1000W CW output power)

3.11

Gain & Efficiency

Table 1:

Efficiency [%)]

Gain
Compression

Vds (V) Pout [W] Gain [dB]

Frequency [MHz]

[dB]
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Gain and Efficiency as a function of Output Power for a CW signal, 45.5-47.5Vds.

Fig 2.
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3.2 CW — Network Analyzer Sweep

3.2.1 Gain & Input Return Loss at approx. 1000w CW, 50Vds

Table 3: Gain & Input Return Loss
Frequency [MHZz] Gain [dB] Input Return Loss (dB)
108 24.9 -11.1
113 25.0 -12.0
118 24.8 -11.8
Tr 1 521 LogM 10.00dB/ -10.0d8
40.00 > S2000MHz  2493de
20.00 - C jgggg mti 233? E'E
2000 Ej
10.00
0.0o
1000 .

/ -
2000 /
30,00 [,

/ i

-40.00 g
-50.00
-60.00
1 Ch1: Start 10.0000 MHz — Stop 350,000 MHz
I 511 Logh 2.000dE/ -5.00dE
400 > ceoodMfz  11.05d8
500 4 9E000MHz  -12.00dB
: E| TS OO RR Z -TTET dE
0.00 . ]
|
200

B 00 w / -
-8.00 \ /
-10.00 \ t /

Nl
-12.00 oy
2 2
-14.00
-16.00
2 3Chi: Start 10.0000 MHz — Stop 350.000 MHz

Fig4.  Gain and R.Loss as a function frequency. (@ approx. 1000W)
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3.3 Harmonics
3.3.1 BLF188XR Harmonics (Meas. Max. old up to 1200W CW)
i-. 1Rm Max
D6[1] -28.79 dB|
10 dBm it 108.000 MHz
M1i[1] 7.68 dBm
o0 dem 88.000 MHz
-10 dBm
o4 6
-20 dBm : e L
-30 dBm
-40 dBm
-50 dBm
-60 dBm
__,,_AJ\...JL-..J\—-M,
k70 dBm—1—— e S S ] ]
CF 175.0 MHz 691 pts Span 350.0 MHz |
Marker
Type | Ref | Trc Stimulus | Response | Function Function Result
N1 1 88.0 MHz | 7.68 dém |
NZ 1 98.0 MHz | 8.03 dBm |
N3 1 108.0 MHz | 7.55 dBm |
D4 N1 1 88.0 MHz | -27.91 dB |
DS N2 1 98.0 MHz | -31.27 d& |
D&l N3 1 108.0 MHz | -28.70 dB |
Fig 5. 2" Harmonics, 50 to 1200W CW output power
;r. 1Rm Max
- D6[1] -31.11 dB
Lt dBir M1 M2 3 216.000 MHz
M1[1] 7.68 dBm
0 dem 88.000 MHz
-10 derm
-20 dBm v e =)o)
Fiy 4 &
-20 dBm
-40 dBm
-50 dBm
-60 dBm
70 de __,,-...-J\-uaJLu.-ikn-uM‘
i o R s ST T I
LCF 175.0 MHz 691 pts Span 350.0 MHz
Marker
Type | Ref | Trc | stimulus Response |  Function Function Result
M1 [ 1] 88.0 MHz 7.68 dBm |
N2 | 1] 28.0 MHz 8.03 dBm |
NE] [ 1] 108.0 MHz 7.55 dBm |
D4| M1 1 176.0 MHz -30.67 dB |
D5 N2 1] 196.0 MHz -31.51 de |
DE| N3 1] 216.0 MHz -31.11 dB |
. d .
Fig6. 3" Harmonics, 50 to 1200W CW output power
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4. Ruggedness Testing

4.1 Ruggedness Test with a CW signal

Ruggedness testing is done using a length of H&S Sucoform250 cable terminated in variable capacitor
to rotate thru all phases. The loss of the length of line at 98MHz determines the mismatch presented
to the application board. The input power is recorded for an output power of 1000W and 1200W CW
when terminated into a 50 ohm load. This input power is then set during ruggedness testing when a
mismatch of 3:1 (1200W CW) and 5:1 (1000W CW) is presented at the output of the application board.

Spurious emissions were also monitored using a 10K ohm resistor probe on one drain of the output
device during ruggedness testing. The cancelation or reduction of the harmonics from the push pull
configuration is not seen because only one drain lead is being probed. Therefore the harmonics in this
measurement is very high compared to the harmonics at the output connector.

4.1.1 3:1 Mismatch @ 1200W CW — Passed thru all phases. (spurious <-70dBc)

‘@ 1Rm Max

M1[1] 0.61 dBm|
98.000 MHz
10 dBm

0 dBm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

ﬁi&iﬁwwﬂhﬁﬂmm&w “““’Jl“‘-‘xldj;mwuwﬁd i %MM Mhrtehisaned

~CF 175.0 MHz 691 pts Span 350.0 MHz

Fig 7. Spurious emissions with 3:1 mismatch and 1200W CW output power.
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4.1.2 5:1 Mismatch @ 1000W CW — Passed thru all phases. (spurious <-60dBc)

® 1Rm May

Mi[1] 0.62 dBm
98.000 MHz
10 dBm

0 dern

-10 dem

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

W BTV MU UL S SRS S [T SO

CF 175.0 MHz 691 pts Span 350.0 MHz

Fig 8. Spurious emissions with 5:1 mismatch and 1000W CW output power.
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5. Thermal Measurements

51 Thermal measurements

Thermal measurements were performed on this application board at 98MHz and 1200W CW output
power. The temperature of the output PCB and components were measured using a FLIR IR camera.
The output circuit was painted black so there would be a uniform emissivity and accurate IR
measurements. The temperatures shown below were measured with the BLF188XR off and operating
at 50Vds and 1200W CW output power.

The BLF188XR application circuit is on a copper base plate (non-water cooled) which is then mounted
to a brass water cooled heat sink with the water at approx. 18-20 °C. The application board uses an
electrically insulating and thermally conductive Chomerics Therm-A-Gap material under the output
planar transmission line transformer to improve heat spreading from the PCB and components to
copper base plate. To further improve the maximum temperature of the components and PCB, this
amplifier uses a Taconic’s RF35TC PCB dielectric material with 2 oz. copper which has approx. 4x
better thermal conductivity than the standard RF35.

The maximum component and PCB temperature measured was 105°C at 1200W CW output power.

,
i T T

BLF188XR Ref.Bd.2434
88-108MHz 1200W CW -
Test Report CA-311-13 6\ (_(_ »

Fig 9. BLF188XR Bd.2434 Thermal Measurements

COMPANY CONFIDENTIAL

CA-311-13 BLF188XR Ref.Bd.2434 88-108MHz 1200W CW Rev0.0.doc ©NXP B.V. 2011. Al rights reserved.
Doc ID: <Document ID> Doc Rev 0.0 Final —2013-09-10 11 of 17




Test Report

NXP CA-311-13 BLF188XR 88-108MHz
Application Support Smithfield Project Name: BLF188XR Ref. Bd.2434

Fig 10. No DC or RF power

Fig 11. 1200W CW - 105 °C Max. temperature
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6. Photo

6.1 Application Circuit Connections

~Y Test Report CA-

3 ...;3_.,"

BLF1BEXRA Ref Bd 2434
BE-108MHz 1200W CW
Test Report CA-311-13

Fig12. BLF188XR Bd.#2434

This amplifier requires a 45.5-50V DC power supply connected to the Vds input shown above.
This power supply is used for both the drain supply and for our LDMOS bias circuit which
supplies the gate voltage. Details of the LDMOS bias circuit are in the attached report CA-
330-11. RF input is connected to the N-type connector on the left and the amplifier load is
connected to the RF output N-type connector on the right.
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7. Layout and Material List

7.1 Layout

OOOOOOOOOO

7 7

000

AV AV AV VANV AV SN AN A A

7

OOOOOOOOOOOOOOOOOOOOOOO

“ON

NN

\\

O PCB0005

NX BLF188XR Planar - Rev. 05
@ @ @ 30 Mil RF35TC 20z Cu @

Fig 13. Layout (AutoCAD dxf file attached)
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7.2 Material List

Project Name: BLF188XR Ref. Bd.2434

Designator Description Manufacturer Part #
PCB Input PCB 30 mil thk. RF35TC Avanti Circuits PCB0005_BLF188XR_Planar PCBfab_Rev05
Q1 2N2222 NPN Transistor Fairchild MMBT2222
Q2 BLF188XR NXP BLF188XR
R1, R2 50, ALN50W IMS NG3-2010WA5R0J
L1 5T, 16 AWG, .125 inner dia.
J1 Copper or Brass Jumper
C1 43 pF Passive Plus 1111N
Cc2 27 pF Passive Plus 1111N
C3 20pF Passive Plus 1111N
C4 330pF Passive Plus 1111N
C5, C6, C7, C8, C21 1uF Murata GRM31CR72A105KA01L
C9,C10 100nF AVX 12101C104KAT2A
C11,C12 10 nF TDK C3225C0G2E103J
C13, C14, C15 33 pF MICA Cornell Dubilier CDE MIN02-002E700J
C16 33 pF Passive Plus 1111N
C17 C18 1000 pF Passive Plus 1111N
C19 10 nF TDK C3225C0G2E103J
C20 100 nF Murata GRM31CR72E104KWO03L
C22 2.2 uF Murata GRM32ER72A225KA35L
C23 10uF TDK C5750X7R1H106M
C24 820 pF Passive Plus 1111N
C25 10nF Multicomp UO805R103KCT
C26 100 nF Multicomp S0805W 104K1HRN-P4
Cc27 1 uF Murata GRM31CR72A105KA01L
C28 10 uF Murata GRM32DF51H106ZA01L
C29, C30 470 uF, Electrolytic Panasonic PCE3667CT-ND
M1** 0.2 in. thick Chomerics Terma-A-Gap 976 Chomerics Therma-A-Grip 976
PC-board Material: 30 mil thk. RF35TC ,20z copper each side. ** M1 is in machined pocket in base plate under PCB.

Fig 14. BLF188XR Material List
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8. Copper Base Plate

8.1 Base plate
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C 1917 [4870]— : i | : : .
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MATL: G110 COPPER
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Fig 15. Base Plate drawing (AutoCAD dxf file attached)
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9. Legal information
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BLF188XR 50V 1200W CW graphs

		

				Freq. (GHz)		Gain(dBm)		Pout(dBm)		Eff. (%)		Vds (V)

		63.21		0.088		24.258986		48.008148		21.282484		50

		73.19		0.088		24.428095		48.644421		22.963148		50

		85.12		0.088		24.577192		49.300529		24.793915		50

		99.04		0.088		24.718292		49.95797		26.716635		50

		115.40		0.088		24.873125		50.622005		28.915718		50

		132.91		0.088		25.005751		51.235512		31.045877		50

		153.74		0.088		25.13895		51.867817		33.354111		50

		177.90		0.088		25.261606		52.50174		35.91914		50

		204.46		0.088		25.366936		53.10601		38.479424		50

		233.85		0.088		25.472855		53.689392		41.130157		50

		268.32		0.088		25.55847		54.286572		44.006176		50

		307.12		0.088		25.642994		54.87302		47.092583		50

		350.55		0.088		25.709171		55.447453		50.262463		50

		401.19		0.088		25.766012		56.03352		53.658356		50

		453.95		0.088		25.804766		56.570061		56.983391		50

		511.59		0.088		25.811111		57.089199		60.292614		50

		571.53		0.088		25.799427		57.570393		63.593498		50

		637.11		0.088		25.769993		58.042164		66.997269		50

		702.68		0.088		25.686663		58.467571		69.988876		50

		770.17		0.088		25.581326		58.865887		72.873039		50

		832.89		0.088		25.448185		59.205883		75.355179		50

		897.44		0.088		25.268515		59.530041		77.792809		50

		955.58		0.088		25.043459		59.802689		79.769897		50

		1003.41		0.088		24.760801		60.014782		81.200516		50

		1041.43		0.088		24.439056		60.176308		82.297295		50				P3dB Gain		22.81

		1070.58		0.088		24.066641		60.296173		83.103165		50

		1093.04		0.088		23.656168		60.38636		83.750816		50

		1109.89		0.088		23.225519		60.452785		84.223587		50				Poutat P3dB		1122.67				Eff		84.57

		1122.88		0.088		22.804312		60.503315		84.579117		50

						25.811111

		63.15		0.098		24.258379		48.003796		19.994448		50

		73.47		0.098		24.414339		48.660938		21.542355		50

		85.53		0.098		24.574314		49.321426		23.282497		50

		99.52		0.098		24.738211		49.979263		25.108692		50

		115.22		0.098		24.881432		50.615345		27.036098		50

		133.66		0.098		25.035746		51.259926		29.099146		50

		154.79		0.098		25.165226		51.897411		31.292133		50

		177.92		0.098		25.287436		52.50214		33.527721		50

		204.90		0.098		25.404123		53.11549		35.9674		50

		235.42		0.098		25.509663		53.718472		38.536484		50

		269.95		0.098		25.60549		54.312893		41.194199		50

		308.52		0.098		25.676229		54.892796		43.96077		50

		350.13		0.098		25.750845		55.442322		46.827766		50

		396.76		0.098		25.801416		55.98531		49.773579		50

		453.01		0.098		25.846174		56.561043		53.064682		50

		509.90		0.098		25.861927		57.074867		56.124741		50

		571.93		0.098		25.859083		57.573406		59.29845		50

		636.51		0.098		25.832569		58.038052		62.420048		50

		703.31		0.098		25.771931		58.471485		65.375557		50

		767.66		0.098		25.67984		58.851696		68.010353		50

		835.64		0.098		25.554592		59.220184		70.594818		50

		904.85		0.098		25.415804		59.565777		73.227356		50

		969.10		0.098		25.231804		59.863682		75.434845		50

		1027.21		0.098		25.010857		60.116592		77.314011		50

		1079.89		0.098		24.742924		60.33379		79.024712		50

		1123.58		0.098		24.424339		60.506027		80.355888		50

		1158.24		0.098		24.076168		60.637997		81.404129		50				P3dB Gain		22.86

		1185.81		0.098		23.681957		60.740166		82.196098		50

		1208.06		0.098		23.289968		60.820881		82.827393		50

		1226.90		0.098		22.863653		60.888096		83.318115		50				Poutat P3dB		1226.96				Eff		83.32

		1242.20		0.098		22.433313		60.94191		83.600327		50

						25.861927

		62.92		0.108		24.323912		47.987698		20.12266		50

		73.44		0.108		24.499037		48.65913		21.774712		50

		85.59		0.108		24.658176		49.324303		23.493767		50

		99.97		0.108		24.828051		49.99873		25.401989		50

		116.04		0.108		24.979668		50.646217		27.409864		50

		135.15		0.108		25.134821		51.30814		29.579033		50

		156.82		0.108		25.283537		51.954025		31.853352		50

		181.35		0.108		25.405916		52.585114		34.184006		50

		208.22		0.108		25.521088		53.18531		36.611259		50

		240.11		0.108		25.623735		53.804119		39.29303		50

		275.72		0.108		25.728647		54.40461		42.08046		50

		315.09		0.108		25.806555		54.984329		44.924618		50

		357.75		0.108		25.872095		55.535828		47.761509		50

		405.67		0.108		25.91461		56.081757		50.799248		50

		463.21		0.108		25.954176		56.657799		54.232605		50

		520.88		0.108		25.956284		57.167377		57.416489		50

		582.60		0.108		25.933899		57.653675		60.60482		50

		645.36		0.108		25.869293		58.098007		63.673763		50

		705.79		0.108		25.775867		58.486763		66.509819		50

		768.65		0.108		25.637972		58.857311		69.255493		50

		829.97		0.108		25.459728		59.190598		71.832626		50

		888.17		0.108		25.253672		59.48497		74.255173		50

		937.92		0.108		25.013176		59.721657		76.251755		50

		983.15		0.108		24.717897		59.926197		78.035378		50

		1019.38		0.108		24.392742		60.083374		79.459511		50				P3dB Gain		22.96

		1049.08		0.108		24.038738		60.208069		80.595627		50

		1074.55		0.108		23.639008		60.312267		81.57798		50

		1095.20		0.108		23.243389		60.394936		82.372513		50				Poutat P3dB		1107.10				Eff		82.81

		1112.04		0.108		22.836924		60.461205		82.996613		50

						25.956284





BLF188XR 50V 1200W CW graphs

		



Gain 88MHz

Gain 98MHz

Gain 108MHz

Eff. 88MHz

Eff. 98MHz

Eff. 108MHz

Pout (W)

Gain (dB)

Efficiency (%)

BLF188XR Bd.2434  - Gain & Efficiency as a function of Output Power
1200W CW @  50Vds, 88-108MHz



BLF188XR 45.5-47.4V CW graphs

		

				Freq. (GHz)		Gain(dBm)		Pout(dBm)		Eff. (%)		Vds (V)

		63.43		0.088		24.105635		48.022812		22.741016		47.5

		74.09		0.088		24.273369		48.69783		24.612549		47.5

		86.63		0.088		24.441858		49.376564		26.644127		47.5

		100.92		0.088		24.597118		50.03989		28.760468		47.5

		117.48		0.088		24.745607		50.699684		31.059771		47.5

		135.23		0.088		24.877769		51.310783		33.300907		47.5

		156.43		0.088		25.008173		51.943218		35.822994		47.5

		181.09		0.088		25.141962		52.578896		38.538395		47.5

		208.11		0.088		25.241318		53.182961		41.190243		47.5

		238.66		0.088		25.351185		53.777851		44.197041		47.5

		273.65		0.088		25.441868		54.371971		47.293755		47.5

		311.93		0.088		25.505169		54.940571		50.333279		47.5

		357.93		0.088		25.571142		55.537975		53.840561		47.5

		405.97		0.088		25.61187		56.084892		57.176006		47.5

		457.43		0.088		25.627413		56.603241		60.511406		47.5

		513.75		0.088		25.6173		57.107479		63.874969		47.5

		570.26		0.088		25.588715		57.560757		67.106743		47.5

		629.67		0.088		25.521732		57.991154		70.236565		47.5

		690.10		0.088		25.411308		58.389099		73.102318		47.5

		747.29		0.088		25.28063		58.734871		75.642006		47.5

		804.15		0.088		25.087305		59.053356		77.932259		47.5

		857.10		0.088		24.865715		59.330303		79.902794		47.5

		901.21		0.088		24.590998		59.548244		81.373009		47.5

		937.01		0.088		24.264872		59.717422		82.486443		47.5

		963.12		0.088		23.90564		59.836811		83.2425		47.5

		983.54		0.088		23.49835		59.92791		83.85936		47.5

		998.93		0.088		23.075502		59.995365		84.326347		47.5				Gain at 1000		23.04						84.36

		1011.06		0.088		22.626348		60.04776		84.654228		47.5				gain comp		2.59

						25.627413

		63.14		0.098		24.148088		48.002789		22.113094		45.5

		73.70		0.098		24.318378		48.674644		23.930262		45.5

		85.81		0.098		24.485069		49.335434		25.812426		45.5

		99.58		0.098		24.661705		49.981907		27.870735		45.5

		115.20		0.098		24.784801		50.614388		29.908834		45.5

		133.72		0.098		24.918955		51.262009		32.25425		45.5

		154.94		0.098		25.067165		51.901627		34.690552		45.5

		177.71		0.098		25.181593		52.49707		37.124069		45.5

		204.18		0.098		25.286077		53.100056		39.718475		45.5

		234.81		0.098		25.398142		53.707081		42.597576		45.5

		268.09		0.098		25.470432		54.282749		45.344513		45.5

		304.45		0.098		25.549173		54.835114		48.316273		45.5

		345.68		0.098		25.60103		55.386765		51.353767		45.5

		395.85		0.098		25.639492		55.975334		54.851864		45.5

		444.08		0.098		25.651899		56.474575		57.919949		45.5

		496.30		0.098		25.638042		56.957417		61.031158		45.5

		551.88		0.098		25.605247		57.418419		64.156174		45.5

		607.55		0.098		25.534882		57.835808		67.06794		45.5

		662.62		0.098		25.43187		58.212643		69.740997		45.5

		719.81		0.098		25.297983		58.572208		72.316483		45.5

		775.87		0.098		25.131321		58.897892		74.713127		45.5

		829.28		0.098		24.936962		59.187031		76.905266		45.5

		876.89		0.098		24.687941		59.429474		78.688087		45.5

		917.81		0.098		24.405487		59.627506		80.180145		45.5

		949.54		0.098		24.077982		59.77515		81.288536		45.5

		976.68		0.098		23.708239		59.897545		82.218689		45.5

		998.37		0.098		23.310591		59.992905		82.954575		45.5

		1015.97		0.098		22.896822		60.06881		83.543617		45.5				Gain at1000		23.27						83.01

		1030.12		0.098		22.484026		60.128887		84.002068		45.5				gain comp		2.38

						25.651899

		63.08		0.108		24.455458		47.999111		21.203922		47.5

		73.40		0.108		24.617907		48.656746		22.91448		47.5

		85.77		0.108		24.776827		49.333378		24.770828		47.5

		99.99		0.108		24.949085		49.999393		26.792969		47.5

		115.84		0.108		25.093348		50.638527		28.808926		47.5

		134.56		0.108		25.243793		51.289101		31.080946		47.5

		155.55		0.108		25.368631		51.918758		33.456615		47.5

		179.55		0.108		25.489569		52.541832		35.850266		47.5

		206.27		0.108		25.593819		53.144405		38.421944		47.5

		237.37		0.108		25.699673		53.754288		41.246788		47.5

		271.90		0.108		25.787119		54.344158		44.086349		47.5

		309.46		0.108		25.841558		54.90604		46.844833		47.5

		350.99		0.108		25.908466		55.4529		49.909065		47.5

		398.11		0.108		25.946653		56.000008		53.143425		47.5

		451.88		0.108		25.96076		56.550266		56.484177		47.5

		505.94		0.108		25.94878		57.04097		59.73901		47.5

		563.40		0.108		25.897528		57.508186		62.874195		47.5

		621.20		0.108		25.811193		57.932327		65.912674		47.5

		676.53		0.108		25.697994		58.30286		68.736397		47.5

		731.94		0.108		25.538658		58.644753		71.378036		47.5

		786.51		0.108		25.34297		58.957035		73.918022		47.5

		835.88		0.108		25.102371		59.221424		76.055367		47.5

		878.51		0.108		24.844227		59.437443		77.964012		47.5

		915.23		0.108		24.518419		59.61528		79.494217		47.5

		943.98		0.108		24.177357		59.749641		80.705208		47.5

		968.30		0.108		23.794546		59.860088		81.698952		47.5

		988.12		0.108		23.392653		59.948086		82.509338		47.5

		1004.62		0.108		22.981167		60.020039		83.161072		47.5				Gain at 1000		23.10						82.98

		1018.03		0.108		22.574266		60.077606		83.691681		47.5				gain comp		2.86

						25.96076
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NXP Semiconductors CA-330-11

LDMOS bias module

1. Introduction

2. Summary

LDMOS RF power transistors require temperature-compensated gate bias voltages to
maintain constant quiescent drain currents over temperature. Additionally, the bias
source must present a very low frequency to the LDMOS gate across the modulation
frequency range (“video bandwidth”) to minimize nonlinearity and memory effects.

This report describes a bias module for LDMOS RF power transistors. It provides a low-
noise bias supply, temperature compensation, and a very low output impedance to help
with video bandwidth optimization.

The characteristics of the bias module described in this report are summarised in table 1:

Table1l. Summary of bias module characteristics

Supply voltage 10to 80 V

Supply current 23 mA typical (no load)

Output voltage Oto3Vv?t

Output voltage adjustment range 1.4V typical

Output voltage temperature compensation -2 mV/°C typical 2

Output voltage stability <500 pVv

Output impedance <2.5Q, DC to 100 MHz

Output voltage noise <100 pV RMS, 10 Hz to 100 kHz
Output current 70 mA typical

Dimensions 26 x 11 x 8 mm

[1] Resistor values may have to be changed for part of range.
[2] Uses external NPN temperature sensing transistor in contact with heatsink.

3. Circuit description

3.1 Temperature compensation

CA-330-11_LDMOS_bias_module

Application lab report

The quiescent drain current IbQ (and hence the operating point) of the RF device is set by
adjusting the gate-source voltage VGs with a constant-voltage bias source. In an LDMOS
device, the gate-source threshold voltage VGsth is inversely proportional to temperature,
with a slope of about —2 mV/°C. To maintain a constant quiescent current, the voltage
generated by the bias supply should vary as a function of the junction temperature Tj of
the RF device.

It is difficult to track the junction temperature exactly. However, reasonable results are
obtained by monitoring the temperature of the baseplate, which is close to the RF
transistor, with the temperature compensated bias circuit used in this amplifer. This
circuit is shown in figure 1.

The temperature sensing device (Qtemp), is attached through a hole in the PCB to the
baseplate near the RF device. Its collector current is proportional to temperature, which
results in a collector voltage slope of about —10 mV/°C. Part of this temperature-
dependent voltage is summed with the adjustable bias voltage from potentiometer R5 to
generate the temperature-compensated final bias voltage.
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3.2 Gate voltage adjustment

A variable voltage derived from the 8 V supply is summed with the temperature monitor
voltage to generate a temperature-compensated gate voltage. R7 and R9 are selected to
set the desired gate voltage trim range, and R10 is selected to provide the desired
amount of temperature compensation. Figure 1 shows values for Vgs =2.2+ 0.7 V, as
shown in figure 2.

Fig 2.

Vgate, V
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Gate voltage as a function of temperature
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Pot=0.000

U2 is a high-current operational amplifier chosen because it is stable into any capacitive
load. As shown in figure 3, the output impedance of the bias source is low (less than
2.5 Q) because of the feedback around U2. However, real-world LDMOS applications
may require an additional series gate resistor of 5 to 20 Q to ensure low-frequency
device stability.
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Fig 4. Bias module schematic

Table 2.  Bias module bill of materials

Component Description - Value Remarks

C1,C3,C6 capacitor, 50 V 10% X7R, 0805 1 uF

c2,c7 capacitor, 50 V 10% X7R, 0805 100 nF

C4 capacitor, 100 V 10% NPO, 0805 1nF

C5 capacitor, 100 V, 10% X7R, 1210 2.2 yF

D1 LED, green, 1206

L1 ferrite bead, 200 mA, 0805 Murata BLM21BD102SN1D

R1,R3,R10 resistor, 1% 100 ppm CF, 0805 10.0 kQ

R2 resistor, 1% 100 ppm CF, 0805 52.3kQ

R4,R7 resistor, 1% 100 ppm CF, 0805 432 Q

R5 potentiometer, 5t cermet 200 Q Bourns 3214J-1-201E

R6,R13 resistor, 1% 100 ppm CF, 0805 1.10 kQ

R8 resistor, 1% 100 ppm CF, 0805 2.00 kQ

R9 resistor, 1% 100 ppm CF, 0805 75 Q

R11 resistor, 1% 100 ppm CF, 0805 909 Q

R12 resistor, 1% 100 ppm CF, 0805 5.11 kQ

Ul voltage regulator, 3-80 V adj, 50 mA, MSOP8 Linear LT3010EMSS8E

u2 opamp, rail-rail unlimited Cload, SOT23-5 National LM7321MF
CA-330-11_LDMOS_bias_module All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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5.1 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.

5.2 Disclaimers

Limited warranty and liability — 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.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

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.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or 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.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

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.
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Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be
liable to customer for any special, indirect, consequential, punitive or
incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

5.3 Licenses

Purchase of NXP <xxx> components

<License statement text>

5.4 Patents

Notice is herewith given that the subject device uses one or more of the
following patents and that each of these patents may have corresponding
patents in other jurisdictions.

<Patent ID> — owned by <Company name>

5.5 Trademarks

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

<Name> — is a trademark of NXP B.V.
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