MOTOROLA

m SEMICONDUCTOR I
TECHNICAL DATA

The RF Line TP3064
RF Power Transistor
The TP3064 is designed for 960 MHz mobile base stations in both analog and

digital applications. It incorporates high value emitter ballast resistors, gold
metallizations and offers a high degree of reliability and ruggedness. The

TP3064 also features input and output matching networks and high imped- 50 W, 960 MHz
ances. RF POWER TRANSISTOR
* Oxynitride Passivation NPN SILICON

¢ Specified 26 Volts, 960 MHz Characteristics
Output Power — 50 Watts
Gain — 7.5 dB min
Efficiency — 50% typ

o Class AB Operation

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCER . 40 Vde
Collector-Base Voltage Veeo 48 Vdc
Emitter-Base Voltage VEBO 4 Vde
Collector-Current — Continuous Ic 10 Adc
Total Device Dissipation @ Tg = 25°C Pp 145 Watts
Derate above 25°C 0.8 W/°C
- 150 °C
Storage Temperature Range Tstg 65 to + CASE 333, STYLE 2
Operating Junction Temperature T4 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case (1) ReJc 1.2 °CwW
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)
| Characteristic | Symbol l Min I Typ | Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CER 40 — — Vdc
(lc=60mA, RRE =75 Q)
Emitter Base Breakdown Voltage V(BR)EBO 35 — —_ Vdc
(lg = 15 mAdc)
Collector-Emitter Breakdown Voltage V(BR)CBO 48 - —_ Vde
(Ic = 50 mAdc)
Collector-Emitter Leakage ICER — - 15 mA
(VCE=26V,RRg=75Q)
ON CHARACTERISTICS
DC Current Gain hpe 15 — 100 —
(Ic = 1 Adc, VGE = 10 Vdc)
NOTE: (continued)

1. Thermal resistance is determined under specified RF operating condition.
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C uniess otherwise noted.)

[ Characteristic [ Symbol [ Min | Typ [ max unit |
DYNAMIC CHARACTERISTICS (Vcg =26V, f= 1 MHz)
Output Capacitance Cob -_ 60 — pF
(VeB=26V,Ig=0,{=1MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Gain Gpa 75 85 — dB
(Pout =50 W, Icq = 200 mA, Vg = 26 V, f = 960 MHz)
Collector Efficiency n 48 50 — %
(Pout=50W, Voo =26V, f =960 MHz)
Load Mismatch v
(Pout=50W, lcq=200mA, Vo =26V, Load VSWR =5:1, No Degradation in Output Power
all phase angles at frequency of test)

<
o
3
H
&

Output impedance with circuit tuned for maximum gain
@ Pout=50W,VCg=26V

f Zin ZoL"
(MHz) @ Q)
900 44 +j4.6 5+j4.4
935 5.1+]4.8 3+j4.1
960 5.4 436 31446
980 4.7 +j2.5 35+j5

Zo* = Conjugate of optimum load impedance
into which the device operates at a given
output power, voltage, current and frequency.

Figure 1. Series Equivalent Input and Output Impedances
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C1,C3 100 pF, ATC Chip Capacitor 100A L1 1.5 Tumns, 18 AWG Choke
C4,C7 330 pF, Chip Capacitor 0805 P1 1 kQ, Trimmer
C5,C6 10 nF, Chip Capacitor 0805 R1 1 kQ, Resistor
C6 15 uF, 63 V, Capacitor R2 56 Q, Resistor 0805
C9 100 pF, 16 V, Capacitor T Transistor, NPN Type, BD135
D1,D2  Diode, 1N4007
Figure 2. 960 MHz Test Circuit Schematic
TYPICAL CHARACTERISTICS
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Figure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency
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TYPICAL CHARACTERISTICS
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Figure 5. Output Power versus Supply Voitage Figure 6. Broadband Amplifier
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Figure 7. Photomaster

SCALE 0.75:1

TEFLON® GLASS 1/50 INCH g/ = 255

Figure 8. 960 MHz Test Circuit Components View
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MOTOROLA
m SEMICONDUCTOR —
TECHNICAL DATA

The RF Line ° TP3069
RF Power Transistor

The TP3069 is designed for cellular radio base station amplifiers up to 960
MHz. Itincorporates high value emitter ballast resistors, gold metallizations and
offers a high degree of reliability and ruggedness. The TP3069 also features
input and output matching networks and high impedances. It can easily operate 100 W, 960 MHz
in a full 935-960 MHz bandwidth in a simple circuit. RF POWER TRANSISTOR
o Class AB Operation NPN SILICON

o Specified 26 Volts, 960 MHz Characteristics
Output Power — 100 Watts
Gain — 7.5 dB min

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vde
Collector-Base Voltage vVcBo 65 Vdc
Emitter-Base Voltage VEBO 4 Vde
Collector Current — Continuous I 20 Adc
Storage Temperature Range Tstg -40t0 +100 °C
Operating Junction Temperature Ty 200 °C
Total Device Dissipation @ T¢ = 25°C Pp 245 Watts
Derate above 25°C 1.4 w/rC
CASE 375A, STYLE 1
Quiescent Current Ica 2 x 500 mA
THERMAL CHARACTERISTICS ’
Characteristic Symbol Value Unit
Thermal Resistance, Junction to Case (1) ReJc 0.7 °CW
ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)
[ Characteristic [ symboi | Min | Typ | Max | unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)ICEO 30 - - Vde
(Ic =20 mA)
Emitter-Base Breakdown Voltage V(BR)EBO 4 — — Vde
(Ig = 20 mAdc)
Collector-Base Breakdown Voltage V(BR)CBO 65 —_ — Vde
(Ic = 35 mAdc)
Collector-Emitter Leakage ICER - - 15 mA
(VCE=28V,RBe=75Q)
ON CHARACTERISTICS
DC Current Gain hrge 30 - 120 —_
(lc=2Adc, VGg=10V)

DYNAMIC CHARACTERISTICS (Vcg =28V, Ig =0, f=1 MHz)
| Output Capacitance (each side) (2) Cob —_ 75 - | pF j

NOTES: (continued)
1. Thermal resistance is determined under specified RF operating condition.
2. Value of “Cop” is that of die only. It is not measurable in TP3069 because of intemal matching network.
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted.)

I Characteristic I Symbol I Min | Typ I Max | ‘Unit J
FUNCTIONAL TESTS (Voo =26V, f=960MHz)
Common-Emitter Amplifier Gain Gp 75 8.8 - dB
(Pout= 100 W, Icq = 2 x $00 mA)
Collector Efficiency n 45 50 - %
(Pout = 100 W)
Over Drive oD s
2 dB Input Power Overdrive No Degradation in Output Power
3rd Order Intermodulation IMD3 — -32 —_ dB
(Pout = 100 W PEP, Icq = 2 x 50 mA, Af = 400 KHz)
VCe=26V Pout= 100 W
f Zj Zo*
(MHz) Q) Q)
935 95+j7 34 +j2.7
960 8.8+j7.5 38+j28
ZoL" = Conjugate of optimum load impedance
into which the device operates at a given
output power, voltage, current and frequency.
Figure 1. Series Equivalent Input and Output Impedances
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C1
c2

C4

C6
Cc7

10 pF, ATC Chip Capacitor 100A

2.2 pF, ATC Chip Capacitor 100A
12 pF, ATC Chip Capacitor 100A

10 pF, ATC Chip Capacitor 17568

47 pF, ATC Chip Capacitor 100A

5.6 pF, ATC Chip Capacitor 1758
1000 pF, Vitramon

0 Ve

© Ve (GROUND)

c1
Cc2
P1

R1
R2
T

T2

1 uF, Vitramon

1 uF, 16 V, Tantalum

4.7 uF, 35 V, Tantalum

25 Q/41 mm (Teflon)

25 Q/41 mm (Teflon)

0.5 Q, Resistor 0805 (2x 1 Q)

15nF

15nF

2.2kQ -
3.3kQ

51Q

BD135

BD135

Figure 2. 960 MHz Test Circuit and Its Bias Circuit
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TYPICAL CHARACTERISTICS
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Figure 5. Broadband Amplifier
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Figure 6. Photomaster (1/50” Teflon® Glass, ¢y = 2.55) Scale 0.75:1

Figure 7. 960 MHz Test Circuit: Printed Circuit Board (PCB) + Components Location (Scale 0.75:1)

TOP VIEW

w {)
w—— "—w

BOTTOM VIEW BOARD MATERIAL: 1/18” EPOXY GLASS

Figure 8. Bias Printed Circuit Board (PCB) (Scale 0.75:1) & Components Location (Not to Scale)
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MOTOROLA

m SEMICONDUCTOR I

TECHNICAL DATA

The RF Line

UHF Linear Power Transistor

The TP5002S is an NPN gold metallized transistor using diffused ballast

resistors for reliability and ruggedness. The TP5002S was specifically designed
as a low power driver with high gain and can be operated in Class A, B or C.

e 380-512 MHz

e 1.5W—Poyt

e 24V —Vceo

* High Gain — 13 dB Min, Class A @ 470 MHz

MAXIMUM RATINGS

Rating Symbol

Value Unit

Collector-Base Voltage VcBO

45 Vdc

Emitter-Base Voltage VEBO

3.5 Vdc

Total Device Dissipation @ Tg = 25°C Pp
Derate above 25°C

7.0 Watts
0.045 W/°C

Operating Junction Temperature Ty

200 °C

Storage Temperature Range Tstg

—65 to +200 °C

THERMAL CHARACTERISTICS

Characteristic Symbol

Max Unit

Thermal Resistance, Junction to Case ReJc
(Tg=70°C)

21 °C/W

TP5002S

1.5 W, 380 to 512 MHz

UHF LINEAR

POWER TRANSISTOR

NPN SILICON

CASE 249-05, STYLE 1

(-280 SOE S)
TP5002S

ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)

I Characteristic

| symbol |

Typ

Unit

OFF CHARACTERISTICS

Collector-Base Breakdown Voltage
(Ic=2.0mA, Ig=0)

V(BR)CBO

Vde

Emitter-Base Breakdown Voltage
(E=20mA,Ic=0)

V(BR)EBO

Vdc

Collector Cutoff Current
(VCB =24V, |E =0)

Iceo

0.5

mAdc

ON CHARACTERISTICS

DC Current Gain
(Ilc=100mA, VCg=5.0V)

hFE

15

120

DYNAMIC CHARACTERISTICS

Output Capacitance
(Ve=28V, g =0, f=1.0 MHz)

Cob

45

pF

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain
(VCE=23V, Pyt = 1.5 W, f = 470 MHz, I = 200 mA)

Gpg

13

dB

Saturated Output Power
(VCE =23V, f =470 MHz, I = 200 mA)

Psat

22

MOTOROLA RF DEVICE DATA
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+VCE

Cc12 C10 c8

RF ~C4
INPUT M3 ML4 RF
500 ML1 M2 I/_H__|__l:—‘_| OUTPUT
i 500Q

QI
L
-—
[
L
o
S

C1, C6 — 220 pF 0805 681C Sprague L1 — Hairpin wire 1.1 mm L =33 mm

C2 — 8.2 pF ATC100A8R2DP50 L2 — 4 tums, ID 2.5 mm, 0.5 mm wire

C3 — 10 pF ATC100A100DP50 ML1 — Microstrip Line W =25 mm Z; = 70 Q, L = 6% Ag at 470 MHz
C4, C5 — 27 pF ATC100A8R2DP50 ML2 — Microstrip Line W = 2.5 mm Z, = 70 Q, L = 3% Ag at 470 MHz
C7—10pF 35V ML3 — Microstrip Line W = 2.5 mm Z, = 70 Q, L = 5% Ag at 470 MHz
C8 — 100 uF 63V ML4 — Microstrip Line W =25 mm Z; = 70 Q, L = 3% Ag at 470 MHz
C9, C10 — 1.0 nF 0805 681C Sprague Board Material: 1/16 In. Teflon Glass, e = 2.55, h = 1.59 mm

C11, C12 — 220 pF 0805 681C Sprague

Figure 1. 400-500 MHz Broadband Amplifier

FREQUENCY (MHz) | 400 410 420 430 440 450 460 470 480 490 500
RE(Zin)Q 25 25 25 23 24 23 22 22 21 2.1 2.0
IM(Zin)Q 2.0 22 2.7 3.2 35 38 3.9 4.0 4.2 4.9 5.0

RE(Zload)Q 334 35.5 36.5 37.0 38.4 39.5 40.4 414 42.4 434 44.4
IM(Zload)Q 48.3 48.9 49.4 49.9 50.8 50.9 51.3 51.7 52.2 52.6 63.0

Table 1. Impedance Data
Vce =23 Volts
Ic =200 mA
Pout = 1.5 Watts

TP5002S8 4 MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS
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Figure 2. Output Power versus Input Power Figure 3. Return Loss versus Frequency
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Figure 4. Power Gain versus Frequency Figure 5. MTTF Factor versus
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Vee
VBE
C1—100pF 63V R3—10kQ 1/4 W
D1 — 1N4148 R4 —50Q1/4W
P1—1.0kQ R5—100 Q 1/4 W
Rt —10Q12W T1—BD136
R2—180Q1/4W
Figure 6. Class A Bias Circuit Figure 7. Component Layout
MOTOROLA RF DEVICE DATA ’ TP5002S
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MOTOROLA

M SEMICONDUCTOR I
TECHNICAL DATA

Advance Information TP5015
The RF Line

UHF Linear Power Transistor

... designed for 24 Volt UHF large-signal common emitter amplifier applica-
tions in industrial and commercial FM equipment operating in the 380 to
512 MHz frequency range, i.e., cellular radio base stations.

15 W, 380~512 MHz

, UHF LINEAR
e 380-512 MHz POWER TRANSISTOR
o 15W—Pout NPN SILICON

e 24V — VCC
e High Gain — 11 dB Min, Class AB
¢ Gold Metallization for Reliability

MAXIMUM RATINGS
Rating ‘ Symbo! Value Unit
Emitter-Base Voltage VEBO 4.0 Vdc
Total Device Dissipation @ T¢ = 70°C Pp 18 Watts
Derate above 70°C 0.143 W/°C
Operating Junction Temperature Ty 200 °C CASE 32:’8?“'5 2
Storage Temperature Range Tstg —65 to +200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case (Tg = 70°C) RgJc 7.0 °CW
ELECTRICAL CHARACTERISTICS (TG =25°C unless otherwise noted.) :
| Characteristic I Symbol | Min Typ l Max Unit
OFF CHARACTERISTICS
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - — Vvdc
(lg=5.0mA,Ig=0)
Collector-Emitter Breakdown Voltage ' V(BR)CER 40 — — Vdc
(lc=10mA, Rge =75 Q)
Collector Cutoff Current ICER — -— 10 mAdc
(VCE=26V,RBe=75Q)
ON CHARACTERISTICS
DC Current Gain hrge 15 — 100 —_
(Ic=100mA, Vg = 10 V)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob - 16 24 pF
(VcB=24V,lg=0,f=1.0MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain GpE 11 -_ _ dB
(VCE =24V, Poyt = 15 W, f = 470 MHz, I = 50 mA)
Collector Efficiency ne 50 60 — %
(VCE =24V, Poyt = 15 W, f = 470 MHz, Iq = 50 mA)
This document contains information on a new product. Specifications and information herein are subject to change without notice.
TP5015 MOTOROLA RF DEVICE DATA
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MOTOROLA

H SEMICONDUCTOR
TECHNICAL DATA

The RF Line TP5051
NPN Silicon
-

RF Power Transistor

The TP5051 is designed for 470 MHz cellular radio base stations in both
analog and digital applications. It incorporates high value emitter ballast 50/60 W, 470 MHz
resistors, gold metallizations and offers a high degree of reliability and - RF POWER TRANSISTOR
ruggedness. NPN SILICON

* Specified 470 MHz Characteristics
Output Power — 50 Watts @ 24 Volts, 60 Watts @ 26 Volits
Gain — 9 dB min
Efficiency — 60% min
Class AB or C Operation

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCER 40 Vde
Collector-Base Voltage veBo 48 Vdc
Emitter-Base Voltage VEBO 4 Vdc
Collector-Current — Continuous Ic 10 Adc

Total Device Dissipation @ Tg = 25°C Pp 145 Watts
Derate above 25°C 08 W/°C

Storage Temperature Range Tstg — 65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case at 70°C Case (1) ReJc 1.2 °C/W

ELECTRICAL CHARACTERISTICS (Tg =25°C unless otherwise noted.)
! Characteristic | symbot | Min | Typ | Max | unit ]
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CER 40 - - Vdc
(Ic = 60 mA, Rgg = 75 Q)

Emitter-Base Breakdown Voltage V(BR)EBO 4 - - Vde
(IE = 15 mAdc)

Collector-Base Breakdown Voitage V(BR)CBO 48 - - Vde
(Ic = 50 mAdc)

Collector-Emitter Leakage ICER - - 15 mA
(VCE=26V,RRe=75Q)

ON CHARACTERISTICS

DC Current Gain hFE 15 — 80 —_
(Ic = 1 Adc, VGE = 10 Vdc)

CASE 3334, STYLE 2

NOTE: (continued)
1. Thermal resistance is determined under specified RF operating condition.

F ices are My l ded for future use and best overall value.

MOTOROLA RF DEVICE DATA ’ TP5051
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ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted.)

L Characteristic J Symbol | Min I Typ Max l Unit
DYNAMIC CHARACTERISTICS
Output Capacitance - Cob —_ 60 - pF
(VcB=26V,Ig=0,f=1MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gp1 9 10 — dB
(Vcc =24V, Poyt=50 W, Icq = 150 mA, f = 470 MHz)
Collector Efficiency n1 60 65 — %
(Voo =24V, Poyt=50W, f = 470 MHz)
Load Mismatch vl
(Vcc =24V, Pout =50 W, Icq = 150 mA No Degradation in Output Power
Load VSWR = 5:1, all phase angles at frequency of test)
Overdrive oD -
(VGG = 24V, Pin = 12 W, f = 470 MHz) No Degradation in Output Power
Power Saturation Psat 65 — - " w
(Voo =24 V, f = 470 MHz)
Common-Emitter Amplifier Power Gain Gp2 9 10 — dB
(Vcc =26V, Pout=60W, Icq =150 mA, f =470 MHz)
Collector Efficiency n2 60 65 — %
(Vcc =26V, Poyt=60W, f = 470 MHz)
Load Mismatch y2
(Ve =26V, Poyt =60 W, Icq = 150 mA No Degradation in Output Power
Load VSWR = 5:1, all phase angles at frequency of test)

(2]
C1

RF INPUT ?—c:»—)
e Cc2

50 Q - - = = 50Q
EPOXY GLASS 1/16 INCHer=45

Components List

C1,C9, 330 pF, 5%, Chip Capacitor 0805 D1,D2  Diode, 1IN4148

Cc2,Cc8 AIRTRONIC Trimmer Capacitor 5400 FB Ferrite Board

Cc3 10 pF, ATC Chip Capacitor L1,L2 6 Tums, #18 AWG ¢ 4 mm Choke
(o 12 pF, ATC Chip Capacitor P1 1kQ, Trimmer

C4,C5 22 pF, ATC Chip Capacitor R1 56 Q, 5%, Chip Resistor 1205

C6 15 pF, ATC Chip Capacitor R2 470 Q, 5%, Chip Resistor 0805

Cc7 18 pF, ATC Chip Capacitor T SMD Transistor, MJD31C or Similiar
Cc10 47 uF, 63 V, Electrolytic Capacitor T2 Voltage Regulator 7805

C11,C14 15 nF, Chip Capacitor 0805
C12,C13 330 pF, 5%, Chip Capacitor 0805

Figure 1. 470 MHz Electrical Schematic

TP5051 ( MOTOROLA RF DEVICE DATA
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Pout=50W,VCcg=24V

t Zjn ZoL*
(MHz) Q) Q)
512 1-13.2 2-j0.7
490 0.97 -j2.8 22-10.5
470 09-j27 24+j0.13
450 0.85-j2.5 2.6+]0.9
410 0.8-j2.1 3+]0.5

Figure 2. Series Equivalent Input and Output Impedances
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TYPICAL CHARACTERISTICS

& A Vog =26V, 470 MHz [ %
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Figure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency
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Figure 5. Output Power versus Supply Voltage Figure 6. Power Gain, Collector Efficiency
versus Frequency
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