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The RF Line J

2.0W 900 MHz

RF POWER
_ TRANSISTOR
NPN SILICON RF POWER TRANSISTOR
NPN SILICON

.. designed for 24 volt UHF large-signal, common-emitter amplifier
applications in industrial and commercial FM equipment operating
in the range of 804 - 960 MHz.
® Specified 24 Volt, 900 MHz Characteristics
Output Power = 2.0 Watts
Minimum Gain = 9.0 dB
Efficiency = 55%

@ Series Equivalent Large-Signal Characterization

@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power
and Supply Voltage

® Gold Metallized, Emitter Ballasted for Long Life and Resistance to
Metal Migration

@ Silicon Nitride Passivated

MAXIMUM RATINGS ptd
1T
Rating Symbol Value Unit T“ 3 ¢

. SEATING PLANE T

Collector-Emitter Vol V 30 Vdc
ollector-Emitter Voltage CEO 832 UNC 24— = P ls
Collector-Base Voltage VcBo 55 Vdc WRENCH FLAT v
Emitter-Base Voltage VEBO 4.0 Vde —
Coll Current — Conti 1S Ic 0.5 Adc STYLE 1:
PIN 1. EMITTER
Total Device Dissipation @ T¢ = 25°C (1) Pp 7.0 Watts 2. BASE
o W/© 3, EMITTER
Derate Above 25°C 40 mwsec 4, COLLECTOR
Storage Temperature Range Tstg -65 to +150 °C
MILLIMETERS INCHES

THERMAL CHARACTERISTICS DIM[ MIN [ MAX | MIN | MAX |

Characteristic Symbol Max Unit l ; gg o
Thermal Resistance, Junction to Case (2) Rgyc 25 °C/W 40| 1

02

(1) These devices are designed for RF operation. The total device dissipation rating applies only 64 | C

when the devices are operated as RF amplifiers.

(2) Thermal Resistance is determined under specified RF operating conditions by infrared
measurement techniques.

0| 1.65 ]
40
79
Vv .41
CASE 306-01
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MRF890

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic | symbol Min Typ Max | unit |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)ICEO 30 - — Vdc
(ic = 5.0 mAdc, Ig =0)

Coll -Emitter Breakdown Voltage V(BR)CES 55 - - Vdc
(Ic = 5.0 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BRIEBO 4.0 — — Vdc
(Ig = 5.0 mAdc, Ic = 0)

Collector Cutoff Current Iceo — — 0.5 mAdc
(Vcg =30 Vdc, Ig=0)

ON CHARACTERISTICS

DC Current Gain hgg 10 - 100 —

(Ic = 100 mAdc, V¢ = 5.0 Vdc)
DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 2.0 — pF
(Vcg =30 Vdc, Ig=0, f= 1.0 MHz)

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain Gpg 9.0 105 — dB
(Pout = 2.0 W, Ve = 24 Vdc, f = 900 MHz)

Collector Efficiency 7 55 60 — %

(Pout = 2.0 W, V¢ = 24 Vdc, f = 900 MHz)

FIGURE 1 — 850 - 900 MHz TEST CIRCUIT 3
r—— L lcs I3 B S iy
+
[: Vecc=24V
/\, RF
\&/ ' Output
C10|

c7

21
RF Input [ ]
[o3
c1

C1, C7 — Johanson 0.5 - 4.0 pF Giga-Trim

C2, C5, C6 — 91 pF Mini Underwood Mica

C3, C9 — 1.0 uF Electrolytic

C4, C8 — 250 pF Unelco

C10 — 39 pF Mini Underwood

L1, L7 — 10 Turns Around 10 1 1/2 W Resistor

L2, L3, L6 — Ferrite Bead

L4,15 — 4 Turns 26 AWG 0.1" ID

21,122,123, Z4, Z5, Z6 — Distributed Microstrip Elements (see photomask)
Board Material — Glass Teflon ¢, = 2.65t=0.031"

MOTOROLA RF DEVICE DATA
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MRF890

FIGURE 2 — OUTPUT POWER versus INPUT POWER

f, FREQUENCY (MHz)

FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE
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Pin. INPUT POWER (mW) Vge, SUPPLY VOLTAGE (V)
FIGURE 5 — TYPICAL PERFORMANCE IN
FIGURE 4 — OUTPUT POWER versus FREQUENCY BROADBAND CIRCUIT
3.0 12
|| %
| — GpE 80
Pin = 300 mW
g 25 10 P p—" My
E \ 5 —T -— e _—— 514 60 g
= - g S
§ 20 i ";‘80 /'P 200 mW 1.8:1 0E
= 2 =8 in= m < 1.8:145
2 =200 mW > s l H S
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5 & Z161]408
2 — & I 5 3
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o Veg=24V I~ Input VSWR it Lol
R I~ | 1.2:1
=100 mW 2120
0 | ] .0 1110
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f, FREQUENCY (MHz)

FIGURE 7 — SERIES EQUIVALENT
OUTPUT IMPEDANCE

R el e B S

Pout=20W, Ve = 24 Vde_ ;
t R +x_ |3
800 | 258 | -505 x
850 | 225 | 485 |-

900 200 -46
960

8! )
Conjugate of the optimum load impedance into which the device output operates
at a given output power, voltage, and frequency.
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FIGURE 8 — PHOTOMASTER FOR TEST FIXTURE

[
—

NOTE: The Printed Circuit Board shown is 75% of the original.

FIGURE 9 — 850-900 MHz TEST CIRCUIT
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MOTOROLA
[ ] TS_E%mlgﬂlgglKCTOR | -
MRF891

The RF Line | 50W 900 MHe

RF POWER
TRANSISTOR

NPN SILICON RF POWER TRANSISTOR NPN SILICON

... designed for 24 volt UHF large-signal, common-emitter am-
plifier applications in industrial and commercial FM equipment
operating in the range of 800-960 MHz.
® Specified 24 Volit, 900 MHz Characteristics

Output Power = 5.0 Watts

Minimum Gain = 9.0 dB

Efficiency = 50%
e Series Equivalent Large-Signal Characterization
® Capable of withstanding 20:1 VSWR Load Mismatch at Rated

Output Power and Supply Voltage

e Gold Metallized, Emitter Ballasted for Long Life and NOTE 2
Resistance to Metal Migration %\ﬂ 1___‘]_
e Silicon Nitride Passivated el Ll —+
N
o] _la:
Al 2 3
HEE a
el L
o
—_
— A
- -8 c-
.L.[_4_ '
MAXIMUM RATINGS H rgﬁ—é L
" | T T
Rating Symbol Value Unit STYLE 2 as
_Emi vd PIN 1. EMITTER (COMMON)
Collector-Emitter Voltage VCEO 30 c 2 BASE INBUT)
-Emi Vdc 3. EMITTER (COMMON)
Collector-Emitter Voltage VCES 55 BT LcoMMON
itter- V 4.0 Vdc 5. COLLECTOR (OUTPUT)
Emitter-Base Voltage EBO 5. EMITTER (COMMON]
Collector-Current — Continuous Ic 0.6 Adc NOTES:
- — - 3 W 1. POSITIONAL TOLERANCE FOR Q HOLES:
Total Device Dissipation @ Tp = 50°C Pp 1 atts £015(0.006 @[T ADND ]
Derate above 50°C (1) 0.143 WrC 2. IDENTIFICATION NOTCH 1.0mm (0.04) MIN
450,
Storage Temperature Range Tstg —65to +150 °C 3. DIM D APPLIES 2 PLACES,
DIM K APPLIES 2 PLACES,
THERMAL CHARACTERISTICS DIM Q APPLIES 2 PLACES,
DIM F APPLIES 4 PLACES.
Characteristic Symbol Max Unit 4 w{usnons A AND N ARE DATUMS AND
r N 1S A DATUM SURFACE
Thermal Resistance, Junction to Case (2) RaJc 7.0 ‘W 5. DIMENSION B APPLIES TO LEAD FRAME
AND Beo.
. T . . 6. POSITIONAL TOLERANCE FOR D TERMINAL
(1) These devices are designed for RF operation. The total device dissipation rating applies only AND DIMENSION B:
when the devices are operated as RF amplifiers. [ 038015 W[T[A®N®

(2) Thermal Resistance is determined under specified RF operating conditions by infrared

measurement techniques. MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
24.51 | 2502 | 0.965 | 0.985
.02 | 952
84 | 6.60 |
92 | 3.18 ]
69 | 295 |
.81
H .06
.10
29 | 2.79 | (
18.42 BSC
572 ] 612
318 ] 343
CASE 319-04
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MRF891

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

[ Characteristic Symbol Min Typ Max Unit J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 30 — — Vdc
(Ic = 20 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 55 — — Vdc
(Ic = 20 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc
(Ie = 0.5 mAdc, Ic = 0)

Collector Cutoff Current ICES — - 1.0 mAdc
(VCe = 30 Vdc, Vg = 0, Tc = 25°C)

ON CHARACTERISTICS

DC Current Gain hFe 30 - 150 —
(Ic = 200 mAdc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 5.1 7.0 pF
(Ve = 24 Vdc, Ig = 0, f = 1.0 MHz)

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain (Broadband) Gpe 9.0 10 — dB
(Vee = 24 Vdc, Poyt = 5.0 W, f = 900 MHz)

Collector Efficiency n 50 57 — %
(Vee = 24 Vdc, Poyt = 5.0 W, f = 900 MHz)

Load Mismatch Stress [ No d dation i
(Vg = 24 Vdc, Pip, = 0.63 W, f = 900 MHz, e oy
VSWR = 20:1, all phase angles) output power

FIGURE 1 — BROADBAND TEST FIXTURE

Shorted
Plug
(For AVRE
Test)
|
|
k! ]
I=
Cc1 — 39 pF, 100 Mil Chip Capacitor
c10 — 47 pF, 100 Mil Chip Capacitor
C6,C14 — 10 uF, 25 V Tantalum
Cs, C13 — 1000 pF, 350 V Unelco

C7, C11, C12 — 91 pF, Mini-Unelco

C3,C4 — 12 pF, Mini-Unelco
C2,C8,C15 — 0.8-8.0 pF Johansen Gigatrim
c9 — 5.0 pF, Mini-Unelco

T

= L s !
cne I I

c12

T3
PC Board — 0.031" Glass Teflon (e = 2.56)

L c
T 15]:

10 Turns #20 AWG Around 10 Ohm 1/2 Watt Resistor
4 Turns #16 AWG Choke

Ferrite Bead

0.5", #18 AWG Wire

50 Ohm Microstrip Line

— W = 165 Mils, ¢ = 1946 Mils
— W = 166 Mils, £ = 1563 Mils

MOTOROLA RF DEVICE DATA
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MRF891

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

FIGURE 2 — OUTPUT POWER versus INPUT POWER
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FIGURE 4 — OUTPUT POWER versus FREQUENCY
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FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE

Ohms
850 11 - 30
900 1.0 +j3.25
960 1.18 + i35
SO Ve R S ST )

Pout, OUTPUT POWER (WATTS)

Pout OUTPUT POWER (WATTS)

FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE

8.0 T T r
f = 900 MH Pin =10W_|_—1
r4 i AI[-/
o //P',n,= 06W | ]
/_/ //
"
40
Pin = 02W —
——‘———'———
|
20
18 20 2 2% 2% 28

Ve, SUPPLY VOLTAGE (VOLTS)

FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE

8.0 T T T
Py = 0.6 Watls .
7.0——Vee = 24 Vde ‘é
S
6.0 —] Pt E
S
5.0 E
4.0 60% o
— S
I g —» B 5
30 50 &
2.0 2.0:1
[-=
10 T~ 411613
: Input VSWR—» 7 "' &2
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f, FREQUENCY (MHz)

FIGURE 7 — SERIES EQUIVALENT OUTPUT IMPEDANCE

ey

850 834 - 132 |-
900 91 - 138 |,
: 960 104 - j14.6
¥

*20| = Conjugate of the optimum load

ZOL impedance into which the device output operates

BSb—MH 3t 3 given output power, voltage, and frequency.
1z

900 MHs 2SS90 Mz :
\s"’«,
O
% OAS
220 LN
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FIGURE 8 — PHOTOMASTER FOR TEST CIRCUIT

NOTE: The Printed Circuit Board shown is 75% of the original.

FIGURE 9 — BROADBAND TEST CIRCUIT

MOTOROLA RF DEVICE DATA
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MOTOROLA

(] TSEEI:'IH%RBAII\)TIAICTOR T [
MRF892

The RF Line |

14 W 900 MHz

RF POWER
TRANSISTOR

NPN SILICON RF POWER TRANSISTOR
NPN SILICON

... designed for 24 voit UHF large-signal, common-base amplifier
applications in industrial and commercial FM equipment operating
in the range of 804 - 960 MHz.

® Specified 24 Volt, 900 MHz Characteristics
Output Power = 14 Watts
Minimum Gain = 8.5 dB
Efficiency = 55%
® Series Equivalent Large-Signal Characterization
@ Capable of 30:1 VSWR Load Mismatch at Rated Output Power
and Supply Voltage

NOTE 2
® Gold Metallized, Emitter Ballasted for Long Life and Resistance to A

Metal Migration 9
@® Silicon Nitride Passivated L g&l '

L
A «
L B
i
H — £,
T -
STYLE 1:
PIN 1. BASE (COMMON)
MAXIMUM RATINGS 2. EMITTER (INPUT)
: B 3. BASE (COMMON)
Rating Symbol Value Unit 4. BASE (COMMON)
5. COLLECTOR (OUTPUT)
Collector-Emitter Voltage VCEO 30 Vdc 6. BASE (COMMON)
- NOTES:
Collector-Base Voltage VcBO 50.0V Vdc 5 mn« AL TOLERANCE ru JOLES.
itter- TAeN®]
Emitter-Base Voltage VEBO 4.0 Vde 2. IDENTIFICATION NGTCH .G (0.04] MIN
R X 45°.
Collector Current — Continuous Ic 25 Adc 3. DIM D APPLIES 2 PLACES,
DIM K APPLIES 2 PLACES,
Total Device Dissipation @ T¢ = 25°C (1) Pp 50 Watts DIM Q APPLIES 2 PLACES,
DIM F APPLIES 4 PLACES
Derate Above 25°C 0.29 mwW/°C 4. DIMENSIONS A AND N ARE DATUMS AND
115 A DATUM SURFACE
Storage Temperature Range Tstg -65 to +150 °C 5. DIMENSION B APPLIES TO LEAD FRAME
AND Beo.
6. POSITIONAL TOLERANCE FOR D TERMINAL
THERMAL CHARACTERISTICS AND DIMENSION &
Characteristic Symbol Max Unit CIENUEICI M EXCILICE
1
Thermal Resistance, Junction to Case (2) ReJc 35 °C/W orae | ALLIMETERS
2451 (2502
(1) These devices are designed for RF operation. The total device dissipation rating applies only gi —%
when the devices are operated as RF amplifiers. :g _;_
| 295
(2) Thermal Resistance is determined under specified RF operating conditions by infrared g;
measurement techniques. 0
29
18.42 BSC
512 ] 6.12
3181 343

CASE 319-04

|
MOTOROLA RF DEVICE DATA
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MRF892

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 30 — — Vdc
(Ic = 25 mAdc, Ig = 8)

Collector-Emitter Breakdown Voltage V(BRICES 50 - — Vdc .
(Ic = 25 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BRIEBO 40 — — Vde
(Ig = 5.0 mAdc, I¢c = 0)

Collector Cutoff Current IlcBO — — 20 mAdc
(VcB = 30 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hee 10 — 100 —
(Ic= 1.0 Adc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 125 — pF
(Ve =30 Vdc, Ig = 0, f= 1.0 MHz)

FUNCTIONAL TEST

Common-Base Amplifier Power Gain Gpg 8.5 9.5 — dB
(Pout = 14 W, Ve = 24 Vdc, f = 900 MHz)

Collector Efficiency n 55 60 — %
(Pout = 14 W, Ve = 24 Vdc, f = 900 MH2)

FIGURE 1 — 850-900 MHz BROADBAND CIRCUIT SCHEMATIC

C1 — 51 pF, 100 Mil Chip Capacitor

C2, C3 — 13 pF Mini-Unelco

C4 — 43 pF, 100 Mil Chip Capacitor

C5, C10 — 10 uF, 35 WV

C6, C9 — 500 pF Unelco J101

C7, C8 — 91 pF Mini-Unelco

C11 — 0.8-8.0 pF Johanson Gigatrim

L1, L2 — 4 Turns #18 Enameled, 5/32" ID

L3, L4 — 14 Turns #22 Enameled Over 10 Q Carbon Resistor

B — Ferrite Bead, Ferroxcube 56-590-65-3B
TL1 — Micro Strip, 50
TL2 — Micro Strip, Zo = 26 Q, A/4 @ 875 MHz
TL3 — Micro Strip, Zg = 14 Q, A/4 @ 875 MHz
Board — 0.032" Glass Teflon

2 0z. Cu CLAD, ¢ = 2.55

MOTOROLA RF DEVICE DATA
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MRF892

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE
20 v - 32
900 MHz __L—T"""|
1 28
& 16 &
£ P T 960 MHz E u -
z Ve z Pin=20W
£ 1 / // g 0
g W g i
= — i Pin=1.
2 80 / 5 . T 4~ Pe=row
= =
3 3 L
- <= 8.0
2 40— Vep =24V & + 1= 900 MHz
| | 40 1 } | !
0 I I 0 l l J
0 05 1.0 15 20 25 10 14 18 22 26 30
Pin. INPUT POWER (WATTS) Vgc. COLLECTOR SUPPLY VOLTAGE (VOLTS)
FIGURE 5 — TYPICAL PERFORMANCE IN
FIGURE 4 — OUTPUT POWER versus FREQUENCY BROADBAND CIRCUIT
20 — —
I N Pin=20W 0
— 70
— R B =15W <—| Gpg i
E 16 ‘]1\0 " g
S =) 2 80 >
z = 1 | = 60z
S n = 3
E o =
& T 60 Vee = 24V 505
— = 21 o
2 80 2 S g
=2 @ w o]
3 2 40 Z =
H] @ 2 151 <
o 40 Veg =24V E =
| | VSWR | —>
. [ ] 20 i — =T
850 875 900 925 950 850 860 870 880 890 900
f, FREQUENCY (MH2) f, FREQUENCY (MHz)

|
MOTOROLA RF DEVICE DATA

3-778



MRF892

FIGURE 7 — SERIES EQUIVALENT

FIGURE 6 — SERIES EQUIVALENT INPUT IMPEDANCE OUTPUT IMPEDANCE

*Zgy = Conjugate of the opti load imped into

which the device output operates at a given output
power, voltage, and frequency.

v SraNG

Z,=100 >
L X N

|

Pout = 14 W, VeC = 24 Vdc
f
MHz R +iX

800 0.81 41
850 0.90 435
900 1.0 463
960 1.1 4.92

- X

i

f
MH:z R +X

| 80 | 291 | -as

i 850 | 306 | 41
\\/- 900 | 320 | -369
| se

(%

FIGURE 8 — 850-900 MHz TEST CIRCUIT

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR -

TECHNICAL DATA
MRF894
The RF Line ]
30 W 900 MHz
RF POWER
NPN SILICON RF POWER TRANSISTOR TRANSISTOR
NPN SILICON

... designed for 24 volt UHF large-signal, common-base amplifier
applications in industrial and commercial FM equipment operating
in the range of 804 - 960 MHz.

@ Specified 24 Volt, 900 MHz Characteristics
Output Power = 30 Watts
Minimum Gain = 7.0 dB
Efficiency = 55%

® Series Equivalent Large-Signal Characterization

@® Capable of 30:1 VSWR Load Mismatch at Rated Output Power
and Supply Voltage

@ Gold Metallized, Emitter Ballasted for Long Life and Resistance to
Metal Migration NOTE 2 —\ K

@ Silicon Nitride Passivated Bialp
o K

STYLE 1:

PIT“BASE (COMMON) .‘—”il [i. Q

2. EMITTER (INPUT)
3. BASE (COMMON) -
4. BASE (COMMON) Fio
6. COLLECTOR (OUTPUT) L———e
MAXIMUM RATINGS 6. BASE (COMMON)
Rating Symbol Value Unit - A
Collector-Emitter Voltage Vceo 30 Vdc J —B8— c-
-
Collector-Base Voltage VcBoO 50 Vdc ;‘1‘[—_5 )
Emitter-Base Voltage VEBO 4.0 Vdc _‘__I— | E 1
Collector Current — Continuous Ic 7.0 Adc NOTE:
1. HOLES WITHIN .15 mm (.006)
Total Device Dissipation @ T¢ = 25°C (1) Pp 115 Watts gl;gg;c;s;nou TO EACH
o MAXIMUM
Derate Above 25°C 0.66 wrec MATERIAL CONDITION.
Storage Temperature Range T, -65 to +150 °C 2. IDENTIFICATION NOTCH
9 stg 1.0mm (0.04) MIN X 45",
THERMAL CHARACTERISTICS 3. DIM D APPLIES 2 PLACES,
- DIM K APPLIES 2 PLACES,
Characteristic Symbol Max Unit DIM Q APPLIES 2 PLACES,
- DIMF APPLIES 4 PLACES.
Thermal Resistance, Junction to Case (2) ReJC 1.5 °C/W
MILLIMETERS INCHES
IM
(1) These devices are designed for RF operation. The total device dissipation rating applies only Dk 2':"5‘1 %L—M;:?‘%
when the devices are operated as RF amplifiers. B " 5 :02 _355__:3?
(2) Thermal Resistance isdetermined under specified RF operating conditions byinfrared ; ‘J; ?g ﬁg fgg
measurement techniques. :59 :__5t :—106 K :”s
91 ] 2. .075 | 0.085
06 160 | 0.171
.10 A .004 | 0.006
291 2. .090 [ 0.1
18.42  BSC | ¢ BSC
N 5.72 | 5.97 | 0.225 | 0.235
Q 3.8 | 3.43 [ 0125 [0.135

CASE 319-04

e
MOTOROLA RF DEVICE DATA
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MRF894

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol Min I Typ I Max Unit
OFF CHARACTERISTICS
Collector-Emitter Brgakdown Voltage V(BR)CEO 30 — — Vdc
(Ic = 25 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR|CES Sb — — Vdc

(Ic = 25 mAdc, VBEg = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc
(lg = 5.0 mAdc, Ic=0)

Collector Cutoff Current Iceo — — 10 mAdc
(Ve =30 Vdc, Ig=0)

ON CHARACTERISTICS

DC Current Gain hge 10 — 120 —
(Ic = 2.0 Adc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 45 — pF
(Vcg =30 Vdc, Ig=0, f=1.0 MHz)

FUNCTIONAL TEST

Common-Base Amplifier Power Gain Gpg 7.0 85 — dB
(Pout = 30 W, Vi = 24 Vdc, f = 900 MHz)
Collector Efficiency n 55 60 — %

(Pout = 30 W, Ve = 24 Vdc, f = 900 MHz)

FIGURE 1 — 850-900 MHz BROADBAND CIRCUIT SCHEMATIC

+24
Vdc

C1, C13 — 5 uF, 50 Vdc L1, L4 — 11 Turns #20 Enameled Over 10 Q Carbon Resistor
C2, C12 — 1000 pF Unelco L2, L3 — 4 Turns #20 Enameled, .15" ID

C3, C11 — 47 pF, 100 Mil Chip Capacitor B — Ferrite Bead, Ferroxcube 56-590-65-3B

C4, C9 — 91 pF, Mini-Underwood TL1, TL4 — Micro Strip Line, 50 Q

C5, C6 — 12 pF, Mini-Underwood TL2 — Micro Strip, Zp = 30 0, A/4 @ 875 MHz

C7 — 18 pF, Mini-Underwood TL3 — Micro Strip, Zg = 22 Q, A/4 @ 875 MHz

C8 — 24 pF, Mini-Underwood Board — 0.032” Glass Teflon

C10 — 0.8-8.0 pF Johanson Gigatrim 2 0z. Cu CLAD, ¢ = 2,55

MOTOROLA RF DEVICE DATA
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MRF894

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY

U I
et
40 7 S0p Ml Pin =Is,u w
-
/
30L /) 560 MH:

“ /
: 4 Vog=24V
7 10

/ Vgg =24V
/, ]
1) ol 1
20 40 6.0 8.0 1 0 850 875 300 g

Pin. INPUT POWER (WATTS) f, FREQUENCY (MHz)

@

N
=]

E—
—

Pout. QUTPUT POWER (WATTS)
N
\
Pout. OUTPUT POWER (WATTS)
5
3
7[ :
>
o
=

o

950

FIGURE 4 — OUTPUT POWER versus FIGURE 5 — TYPICAL BROADBAND

SUPPLY VOLTAGE CIRCUIT PERFORMANCE
50, 10 80
-—
_ Gpg
g Pin=60W 8.0 0,
g ‘ g g
= = — =
= 2 P — 0w g Dl e =]
& [ =30W S = S
2 2l 4 —1 s [ 2(151).. 9
& 2 L — < 40 S50 5
3 § Vec=24V - S
20 ! 20 Pin=BO0W — sy #
'T 900 hIAHz — VSWR |
0 I I o ’ 11
10 14 18 22 26 30 50 860 870 880 890 300
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE

VCC = 24 Vdc, Poyt = 30 W

f
Freq Zin ZoL*
MHz Ohms Ohms
800 [09+45/1.0+j07
850 [1.3+4.7[1.1+j0.9
900 (1.6 +j44[1.2+j11
960 [1.5+j3.7[1.2+1.3

R
.’0’0:':’:‘0
LR
LR
%%

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

FIGURE 7 — 850-900 MHz BROADBAND CIRCUIT
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MOTOROLA
E SEMICONDUCTOR
TECHNICAL DATA

The RF Line MRF898

NPN Silicon
RF Power Transistor

60 WATTS, 850-960 MHz
... designed for 24 Volt UHF large-signal, common base amplifier applications in indus- RF POWER TRANSISTOR
trial and commercial FM equipment operating in the range 850-960 MHz. NPN SILICON

® Motorola Advanced Amplifier Concept Package
® Specified 24 Volt, 900 MHz Characteristics
Output Power = 60 Watts
Minimum Gain = 7 dB
Efficiency = 60%
e Double Input/Output Matched for Wideband Performance and Simplified External
Matching
® Series Equivalent Large-Signal Characterization
® Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal Migration
® Silicon Nitride Passivated

CASE 333A-01
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage Vceo 55 Vdc
Emitter-Base Voltage VEBO 4 Vdc
Collector-Current — Continuous Ic 10 Adc
Total Device Dissipation @ T¢ = 25°C Pp 175 Watts
Derate above 25°C 1 wrc
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1 °‘CW
ELECTRICAL CHARACTERISTICS (T¢c = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Vdc
(Ic = 50 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CES 55 -— — Vde
(Ic = 50 mAdc, VBg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4 — — Vdc
(Ie = 5 mAdc, Ic = 0)
Collector Cutoff Current ICES — — 10 mAdc
(Ve = 30 Vdc, VBg = 0, Tc = 25°C)
(continued)

e
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MRF898

ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.)

Characteristic | symbol Min Typ | Max Unit
ON CHARACTERISTICS
DC Current Gain hre 20 50 150 —
(ic = 2 Adc, Vg = 5 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance* Cob — 60 — pF
(VcB = 24 Vdc, Ig = 0, f = 1 MH2)
FUNCTIONAL TESTS
Common-Base Amplifier Power Gain Gpb 7 7.9 — dB
(Vce = 24 Vdc, Pgyt = 60 W, f = 900 MHz)
Collector Efficiency n 60 65 — %
(Vge = 24 Vdc, Pyt = 60 W, f = 900 MHz)
Output Mismatch Stress v
Vee = 24V, Poyt = 60 Watt, f = 900 MHz, VSWR = 5:1 No Degradation in Output Power
(all phase angles)
*Value of “Cop” is that of die only. It is not ble in MRF898 b of internal hing network.

ng a W ~9—o0+ Ve
] B2 C6] C7j+C8
M BT 44 T T T T
-OGND
50
T6 < onms

B1, B2, B3 — Bead, Ferroxcube 56-390-65/3B Board — 3M Epsilam-10, 50 Mil
C1, C2, C12 — 39 pF, 100 Mil Chip Capacitor TL1, TL6 — 50 Ohm Microstrip
C3, C11 — 91 pF, Mini Underwood or Equivalent TL2 — 400 x 950 Mils
C4, C7, C9 — 10 uF, 35 V Electrolytic TL3, TL4 — 140 x 200 Mils
C5 — 4000 pF, 1 kV Ceramic TL5 — 320 x 690 Mils
€6, C10 — 1000 pF, 350 V Unelco or Equivalent TL7 — 260 x 230 Mils
C8 — 47 pF, 100 Mil Chip Capacitor Bias Boards — 1/32" G10 or Equivalent

L1, L4 — 4 Turns #18 AWG Choke
L2 — 11 Turns #20 AWG Choke on 10 Ohm, 1 Watt Resistor
L3 — 3 Turns #18 AWG Choke on 10 Ohm, 1 Watt Resistor

Figure 1. 850-960 MHz Broadband Test Circuit
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100 100 I I —
850 Mriz- Pin 2 W = W
80 » 80
—_ | E——————
z 1 o] BT ——
= = — = [~Pin = 12W ——
= 60 4 ] 960 MHz = 60| ™
= > & Pin = 10W _\\
g e ] L
e 5 Pin = 8W —
= 40 a 40
£ v g
=2 -
) / o
L0 2
Vee = 4V Ve = 24V
0 0
6 8 10 12 14 16 18 850 900 950
Pin. INPUT POWER (WATTS) f, FREQUENCY (MHz)
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency
100 . 10 100
[ Pin=raw] ©
Pin = 12W ! L s Gpa we
80 =
— — — 2
2 L - — 10
— = w
) —T"% ., - 0w = ] e =
wi |t %) reg
E —T 1 | 4 505
s L —1 N_Pin = 8W ) Pin = 12W o
&}
2 @ % Vee = 24V =l 13 =
> a == kiks]
=] o] z2| 1, =3
) 2— VSWR e B
f = 900 MHz [ EEEl
10
0 0 0
2 2 24 26 28 850 900 960
Ve, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz)
Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance
S . OUTLINE
M DIMENSIONS
. [ 1]
f (MHz) Zin Zo|_ ¥ STYLET:
850 12 + 23 40 + 39 {l;}ﬁf—{% ® PN ; Eﬁﬁm
900 82 — j1.0 44 + )18 b 4 3. BASE
Ooj0 4ast
960 47 - j20 53 + j3.7 f " o LL ao 5. COLLECTOR
- 6. BASE
% 'ZOL =C of op load imped. " *’ F
AL into whlch the device operates at a ) r
given output power, voltage and frequency. ¥ B b
% aN 5 A
850 MHz X f |E3)
/ 960 MHz x .
Zo* % o NOTES: MILLIMETERS INCHES
oL i 7 o 1. DIMENSIONS A AND B ARE DATUMS AND 15 A | DM | M | MAX | MIN | MAX |
: o /' DATUM PLANE. A | 2451 | 2502 | 0965 | 0985
900 MHz v 2. POSITIONAL TOLERANCE FOR Q HOLES: B [ 991 [ 1041 [ 03% | 0410
: o300 @ [AB[8® C | 68 | 73 | 0270 | 02w
Srart= -3 Els B 3. DIMENSION -D- FOUR PLACES. D | 1911 228 1 007 | 009 |
el m A e - DIMENSION -F- TWO PLACES, E | 242 | 29 | 0085 | 015
vl 900 MHz 4. DIMENSIONING AND TOLERANCING PER F | 54 | 5% | 0110 | 0130
| | Y14.5M, 1982, H 394 | 444 | 0155 | 0175
X T\ ZinS 5. CONTROLLING DIMENSION: INCH. J [ 010 [ 015 | 0004 | 0006
: o S K | 229 [ 294 [ 00%0 [ 0116
- 960 MHz S X L 18.41 BSC 0.725 BSC
S N [ 1054 [ 11.04 | 0415 | 0435
et g Q [ 318 [ 342 0125 | 0135
AU e X X
CASE 333A-01
Flgure 6. Input/Output Imped versus Freq y

|
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VRE Bias Board Collector Bias Board

RF Input Board RF Output Board
NOTE: The Printed Circuit Board shown is 75% of the original.
Figure 7. Photomaster

Figure 8. 850-960 Broadband Test Circuit
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

MRF901

[ The RF Line

NPN SILICON HIGH-FREQUENCY TRANSISTOR

25dB @ 1.0 GHz

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

... designed primarily for use in high-gain, low-noise small-signal

amplifiers. Also usable in applications requiring fast switching
times.

@ High Current-Gain-Bandwidth Product — fT = 4.5 GHz (Typ) @
Ic =15 mAdc

® Low Noise Figure @ f= 1.0 GHz — NF = 2.0 dB (Typ) and
2.5 dB (Max)

® High Power Gain — Gpe = 10 dB (Min) @ f=1.0 GHz

@ Third Order Intercept = +23 dBm (Typ)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage Veeo 25 Vdc
Emitter-Base Voltage VEBO 3.0 Vde
Collector Current — Continuous Ic 30 mA
Total Device Dissipation @ T¢ = 25°C Pp 0.375 Watt
Derate above 25°C 3.3 mW/°C

Storage Temperature Range Tstg 150 °C
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReJA 300 °C/W

STYLE2:

PIN 1. COLLECTOR
2.EMITTER
3.BASE
4. EMITTER

DIMENSION D NOT APPLICABLE IN ZONE N.

MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A | 48 | 521 [ 0475 | 0205
C | 190 | 254 [ 0075 [ 0100
D | 084 | 099 [ 003 | 0039
F | 020 | 030 | 0008 | 0012
G | 076 [ 114 [ 0030 | 0045
K | 724 | 813 | 0285 | 030
L | 1054 | 1143 | 0415 | 0450
N | - 165 | — ] 0065
CASE 317-01
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

l Characteristic [ Symbol I Min I Typ l Max I Unit I
OFF CHARACTERISTICS
Coli -Emitter Breakd: Voltage V(BR)CEO 15 - - Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 25 - - Vde
(Ic = 0.1 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - - Vdc
(Ig =0.1 mAdc, Ic = 0)
Collector Cutoff Current Icso - - 50 nAdc
(Ve = 15 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hgg 30 80 200 -
(Ic = 5.0 mAdc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwith Product fr - 4.5 - GHz
(Ig =15 mAdc, Vcg = 10 Vdc, f = 1.0 GHz)

Collector-Base Capacitance Ceb - 0.4 1.0 pF
(Vcg =10 Vdc, Ig = 0, f = 1.0 MHz)

Noise Figure NF - 20 25 dB

(Ic =5.0 mAdc, VcEg = 6.0 Vdc, f = 1.0 GHz)
FUNCTIONAL TESTS (Figure 1)

Common-Emitter Amplifier Power Gain Gpe 10 12 - dB
(Vgc =6.0 Vdc, Ic = 5.0 mA, f = 1.0 GHz)
Third Order Intercept - - +23 - dBm

(Ic = 5.0 mAdc, VcEg = 6.0 Vdc, f = 0.9 GHz)

FIGURE 1 — 1.0 GHz TEST CIRCUIT SCHEMATIC 3

Vee = 6.0 Vde

RF Output
Bias
Tee

Slug Tuner

RF Input

Bias Slug Tuner
Tee

11

FIGURE 2 — MAXIMUM UNILATERAL GAIN

versus FREQUENCY
25
g [T
= 1T 1T
N Vec =10 Vde | | | |
()
-
E 5
15 mA
'g 15 3
2 5.0 mA RN
=1
z ., N\
s " \
S N
2 -
< 5.0
H N\
5 N
“ o N
0.1 0. 0 71 20 5.0 10

{, FREQUENCY (GH2)
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FIGURE 3 — CURRENT GAIN — BANDWIDTH PRODUCT

versus COLLECTOR CURRENT FIGURE 4 — NOISE FIGURE versus FREQUENCY
= 5.0
s
= 30
= -
5 | [ Vee =50V /
S 4y
; Veg=10V \\ o 25 /,
= =
15 &
§ 30 2 20 /
u<|a g 1 Ve =10 vde
= =15 L1 g =50mA
S 20 L
=
] f=1.0GHz_|
= 1.0
: | |
£ 40 8.0 12 16 20 24 28 015 02 03 04 05 07 1.0 15 20 3.0
Ig. COLLECTOR CURRENT (mA) ) f, FREQUENCY (GHz)
FIGURE 5 — NOISE FIGURE versus FIGURE 6 — MAXIMUM UNILATERAL GAIN
COLLECTOR CURRENT versus COLLECTOR CURRENT
3.0 20
\ g
= 18
=
I 16
25 o
g L 2w
o w _
é T 3 12
“20 — S 10
S =
§ I Veg=60Vde | 2 80 Veg=10V
w £=1.0 GHz 3 60 f=1.0G6Hz
=2 15 =
'§ 40
> 20
10 0
0 20 40 6.0 8.0 10 0 30 60 90 12 15 18 21 24 27 30
I, COLLECTOR CURRENT (mA) ic. COLLECTOR CURRENT (mA)
FIGURE 8 — COLLECTOR-BASE CAPACITANCE
FIGURE 7 — |Sz-||2 versus FREQUENCY versus COLLECTOR-BASE VOLTAGE
25 20
\\ 18
o =16
3 N : Veg= 10V N 1= 1.0 MHz
= ~ 15mA T S
g5 g2 N
3 5.0 mA =10
£ N 2
&5 10 =08
=
~ g oo
550 204
_ (=]
502
(=]
0 0
0.15 02 03 04 05 07 10 15 20 3.0 0 20 4.0 6.0 8.0 10 12 14 16
1, FREQUENCY (GHz) Vg COLLECTOR-BASE VOLTAGE (Vdc)
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TABLE |
Vee Ic t S11 S21 $12 S22
(Volts) | (mA) (MHz) 1Sq1! 2 1S21! Lo 1Sq2 1z S22 Lo
50 5.0 100 0.71 -38 11.30 153 0.03 68 092 -17
~ 200 0.62 -75 9.48 133 0.05 55 0.76 -29
500 054 -1a1 5.40 100 0.07 43 0.48 44
1000 053 178 293 76 0.09 48 0.40 -56
2000 059 130 1.51 48 0.16 62 0.35 -85
10 100 057 -58 16.95 145 0.03 63 0.85 -23
200 051 -103 12.61 123 0.04 53 0.64 -35
500 052 -161 6.24 93 0.06 50 0.38 -45
1000 052 166 324 73 0.09 61 033 -54
2000 059 125 1.66 47 017 67 0.29 -84
15 100 048 -75 20.08 139 0.02 61 0.80 -27
200 047 -121 13.89 117 0.04 53 057 -38
500 053 -170 6.44 91 0.05 56 0.34 -44
1000 053 162 333 72 0.09 66 031 -52
2000 0.60 123 1.70 46 0.18 68 0.28 -82
20 100 0.44 -88 21.62 136 0.02 60 0.76 -28
200 0.47 -132 14.33 114 0.03 54 053 -38
500 053 -175 6.45 89 0.05 60 032 -41
1000 053 159 331 70 0.09 68 0.31 -50
2000 0.61 122 1.69 45 0.18 70 0.28 -80
30 100 043 -112 2145 130 0.02 58 072 28
200 0.50 -148 13.38 109 0.03 57 051 33
500 057 178 5.82 86 0.05 65 0.35 34
1000 0.57 156 2.99 68 0.08 73 035 -46
2000 0.65 121 1.50 42 018 74 033 -78
TABLE II
VCE Ic f S11 ‘ $21 S12 S22
(Volts) | (mA) (MHz) 1S94! Lo 1S214! Lo ISq2! Lo 1S22! Lo
10 5.0 100 073 -35 11.32 154 0.03 69 0.93 -14
200 063 -69 9.69 135 0.05 57 079 -25
500 053 -135 5.65 101 0.07 43 054 -38
1000 051 177 311 77 0.08 50 047 -48
2000 057 132 1.58 48 0.14 66 0.41 -75
10 100 0.59 52 17.06 147 0.02 64 087 -19
200 052 -95 13.06 125 0.04 54 0.69 -30
500 0.49 -156 6.58 95 0.05 51 0.45 -37
1000 050 170 3.44 74 0.08 62 0.41 -45
2000 057 126 1.75 47 0.16 70 0.36 -72
15 100 051 -66 20.36 141 0.02 63 0383 -22
200 047 -112 14.48 119 0.03 54 063 -31
500 0.50 -166 6.81 92 0.05 57 0.41 -35
1000 0.50 164 354 72 0.08 67 039 -43
2000 0.58 124 1.78 46 0.16 72 035 -70
20 100 047 78 | 2208 138 0.02 61 0.80 -23
200 0.46 -123 15.07 116 0.03 55 0.60 -30
500 0.50 -171 6.84 90 0.05 60 0.40 -32
1000 051 162 351 71 0.08 69 0.39 -a1
2000 0.59 123 1.77 45 0.17 73 0.35 -68
30 100 044 -98 22.70 133 0.02 59 0.76 -23
200 047 -139 14.47 11 0.03 55 057 =27
500 053 -177 6.33 87 0.04 65 043 -28
1000 054 158 3.26 69 0.07 74 043 -39
2000 0.62 122 1.61 42 0.16 77 0.39 -68
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FIGURE 9 — INPUT AND OUTPUT REFLECTION
COEFFICIENTS versus FREQUENCY

FIGURE 10 — FORWARD/REVERSE TRANSMISSION
COEFFICIENTS versus FREQUENCY

(VCE=10V. Ic =156 mA) (VCE=10V, Ic =15 mA)

5%

Coordinates in Ohms

FIGURE 11 — SOURCE IMPEDANCE (I'ms) FOR
OPTIMUM NOISE FIGURE versus FREQUENCY
(VCE = 10 Vde, Ic = 5.0 mA)

Coordinates in Ohms

MOTOROLA RF DEVICE DATA
3-792



MRF901

FIGURE 12 — CONSTANT GAIN AND NOISE
FIGURE CONTOURS
(VCE = 10 Vdc, Ic =5.0 mA f=500 MHz)

B0 sy|2

— K<)
(1-151112) (1 -182212)

“Maximum Unilateral Gain, Gymax =

FIGURE 13 — CONSTANT GAIN AND NOISE
FIGURE CONTOURS
(Vcg =10 Vdc, Ic =5.0 mA §=1.0 GHz)

-j50 |

S
*Maximum Available Gain, Gamax = lsf;: (K i\]Kz -1 ) (K>1)
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