MOTO
. SEM|CONDUCTOR _r |
TECHNICAL DATA MRF331

The RF Line J

10 W — 400 MHz

RF POWER
TRANSISTOR

NPN SILICON RF POWER TRANSISTOR NPN SILICON

. designed primarily for wideband large-signal driver and predriver
amplifier stages in the 100-500 MHz frequency range.

® Guaranteed Performance at 400 MHz and 28 Vdc
Output Power = 10 Watts
Minimum Gain = 8 dB
Efficiency = 55%

® 100% Tested for Load Mismatch at All Phase Angles
With 30:1 VSWR

® Broadband Version of MRF321
® Gold Metallization System for High Reliability
® Controlled Wirebonding Gives High Input Impedance
® See EB74 for Broadband Circuit Details ’
i
|
| -} i
MAXIMUM RATINGS e Qp = \SE"‘,H‘NGE s’ c
Rati : Val ' 832NC 24 — =5 1
ating Symbo alue Unit WRENCH FLAT - u
Collector-Emitter Voltage VCEQ. 33 Vdc L‘_I:i
Collector-Base Voltage VcBO 60 Vdc
Emitter-Base Volita Vi K V. STYLE I:
ad EBO 4.0 de PIN 1. EMITTER
Collector Current — Continuous Ic 1.1 Adc 1 BASE
3. EMITTER
— Peak 15 4. COLLECTOR
Total Device Dissipation @ Tp = 25°C (1) Po 27 Watts
Derate above 25°C 160 mW/°C
MILLIMETERS| _INCHES
Storage Temperature Range Tstg -65 to +150 °c DIM[ MIN [ MAX | MIN | MAX
7.06 | 7.26 | 0.2780.286
.20 | 6.50 | 0.244]0.256
THERMAL CHARACTERISTICS 74.99 [16.51 | 0,590 0.650
.46 | 597 | 0215 0.235
Characteristic Symbol Max Unit ;g 65 __:5_5 0.065
! - 1060 | -
Thermal Resistance, Junction to Case (2) Rgyc 6.4 ocw : gg 0.18 sgg 0.007
(1) These devices are designed for RF operation. The total device dissipation rating applies M _‘_5“ W;"] 48 N?]';n
only when the devices are operated as RF amplifiers. 300 | 3.25] 011810128
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 5 ;-;g 'Z: g‘ﬁg -%

measurement techniques.
CASE 244-04
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MRF331

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

I Characteristic I Symbol ] Min Typ Max Unit j
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 33 - - Vdc
(Ic =20 mAdc, 1g = 0)
Collector-Emitter Breakdown Voitage V(BR)CES 60 - - Vdc
(Ic =20 mAdc, Vgg = 0)
Collector-Base Breakdown Voltage V(BR)CBO 60 - - Vdc
(Ic =20 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc
(lg =2.0 mAdc, Ic = 0)
Collector Cutoff Current IcBO - - 1.0 mAdc
(Ve =30 Vdc, Ig = 0)

ON CHARACTERISTICS
DC Current Gain hgge 20 - 80 -
(I¢ = 500 mAdc, VcEg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob - 10 12 pF
(Vg =28 Vde, Ig =0, f = 1.0 MHz)
FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe 8.0 105 - dB
(Vee =28 Vde, Poye = 10 W, f = 400 MHz)

Collector Efficiency n 55 65 - %
(Vee =28 Vdc, Poye = 10 W, f = 400 MHz)

Load Mismatch Y No Degradation in Power Output

(Ve =28 Vdc, Poyt = 10 W, f = 400 MHz, VSWR = 30:1
all phase angles)

FIGURE 1 — 400 MHz TEST CIRCUIT

o+
28 Vdc

RF
Output

RF

Input

C1,C2,C6 — 1.0-20 pF Johanson Trimmer (JMC5501) L3 — VK-200-19/48

C3, C4 — 50 pF Chip Capacitor L4 — 4 Turns #20 Enamel, 1/8" ID

C5, C10 — 0.1 uF Erie Redcap 21 — Microstrip 0.1 W X 1.35 L

C7 — 0.5-10 pF Johanson Trimmer (JMC5201) 22 — Microstrip 0.1 W X 0.55 L

C8 — 270 pF Chip Capacitor Z3 — Microstrip 0.1 W X 0.8’ L

€9, C12 — 680 pF Feedthru 24 — Microstrip 0.1 W X 1.75" L

C11 — 1.0 uF 50 V Tantalum
R1 —5.1 Q 1/4 Watt

L1, L2 — 0.15 uH Molded Choke with Ferrite Bead
(Ferroxcube 56-590-65/4B)

Board — Glass Teflon ¢, = 2.56, t = 0.062""
input/Output Connectors — Type N

*Transistor Under Test

MOTOROLA RF DEVICE DATA
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MRF331

Pout. OUTPUT POWER (WATTS)

Gpg, POWER GAIN (dB)

FIGURE 2 — POWER GAIN versus FREQUENCY

FIGURE 3 — OUTPUT POWER versus INPUT POWER
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE
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FIGURE 5 — TEST CIRCUIT
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MRF331

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE
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Pout=10W Veo=28V

f Zin ZgL*
/ MHz Ohms Ohms
100 | 15-25 | 36.0-j75
25 | 12+j0 | 122-j234
350 | 1.1+j2.0 | 12.0-j13.1
400 | 13+j35 | 160-j17.5
"3~ 500 | 1.7+53 145 - 20,0 f u

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

INAANAAR XN\ 1

MOTOROLA RF DEVICE DATA

3-425

| QS Wy B




MOTOROLA
- ?E%mgg_lgAD#CTOR I |
MRF338

| The RF Line |

80 W — 400-512 MHz

CONTROLLED Q"
BROADBAND RF POWER
NPN SILICON RF POWER TRANSISTOR TRANSISTOR

. designed primarily for wideband large-signal output and driver NPN SILICON

amplifier stages in the 400-512 MHz frequency range.
® Specified 28 Volt, 470 MHz Characteristics —
Output Power = 80 Watts
Minimum Gain = 7.3 dB
Efficiency = 50% (Min)
® Built-In Matching Network for Broadband Operation
® 100% Tested for Load Mismatch at All Phase Angles With
30:1 VSWR
® Gold Metallization System for High Reliability Applications

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage veeo 60 Vvde
Emitter-Base Voltage VEBO 4.0 Vdc
Collector Current — Continuous Ic 9.0 Adc
— Peak 12.0
Total Device Dissipation @ T¢ = 25°C (1) Pp 250 Watts
Derate above 25°C 1.43 w/eC
Storage Temperature Range Tstg -65 to +150 °C
NOTES:
1. DIMENSIONS [A] AND 8-
ARE DATUMS.
2. POSITIONAL TOLERANCE FOR STYLEY
MOUNTING HOLES: PIN 1. EMITTER
+]F 01300005 @[T[AD[6C] 2. COLLECTOR
3. T- ISSEATING PLANE 3. EMITTER
4. DIM “D"” FOUR PLACES: 4. BASE
DIM “F” TWO PLACES.
5. DIMENSIONING AND
TOLERANCING PER ANSI
Y145,1973.
MILLIMETERS| INCHES
THERMAL CHARACTERISTICS DIM[ MIN_| MAX | WIN
Characteristic Symbol Max Unit A | 2451 f:% : 5"5
Thermal Resistance, Junction to Case (2) RgJc 0.7 °C/W 2 :;
(1) These devices are designed for RF operation. The total device dissipation rating applies only A4 .92 | 0.095
when the devices are operated as RF amplifiers. 4 96 | 0.218
§ . N I . e . 18.428SC 072
(2) Thermal Resistance is determined under sp RF op g by i ] o4 | 448 | 0.155
measurement techniques. J .10 | 015 | 0.004
K [ 485 ] 521 | 0195
L | 18.80 | 1955 | 0.740
N | 10.54 | 1080 | 0415 |
P | 991 | 10.16] 0330
0] 318 342] 0125

CASE 333-02
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MRF338

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

L Characteristic l Symbol l Min [ Typ Max Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 30 - — Vdc
(Ic =80 mAdc, Ig =9)
Coliector-Emitter Breakdown Voltage V(BR)CES 60 — — Vdc
(Ic = 80 mAdc, Vgg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc
(lg=8.0 mAdc, Ic = 0)
Collector-Base Breakdown Voltage V(BR)CBO 60 — — Vdc
(Ic = 80 mAdc, Ig = 0)
Collector Cutoff Current Iceo — — 5.0 mAdc
(Vcg = 30 Vdc, Ig = 0)
ON CHARACTERISTICS
DC Current Gain hgg 20 — 80 —
(ic = 4.0 Adc, V¢E = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob — 95 125 pF
(VcB = 28 Vdc, Ig= 0, = 1.0 MHz)
FUNCTIONAL TESTS (Figure 1)
Common-Emitter Amplifier Power Gain Gpe 7.3 8.8 — dB
(Vee = 28 Vde, Poyr = 80 W, f = 470 MHz)
Collector Efficiency n 50 60 %
(Vee = 28 Vdc, Pyt = 80 W, £ = 470 MHz)
Load Mismatch v
(Ve = 28 Vdc, Poyp = 80 W, No Degradation in Output Power
f=470 MHz, VSWR = 30:1 all angles)
FIGURE 1 — 470 MHz TEST CIRCUIT
m L4 Vce
P +
R2 w 28V
c12 Cci4 + .
L3 C137 R A< Ci1s
c1 L2 v
_ri 'l' c10 RF
= R1
= 22 : ? : Output
RF o— 71 l-o =
Input Y 1.2 | =
= 1
c1 C27(C3;= C4ATR C67 C7° cs CS;!
Beadlii =C5

C1, C2, C8, C9 — 0.8-20 pF Johanson (JMC 5501)
C3, C4, C6, C7 — 25 pF Underwood 100 V

C5, C10 — 100 pF Underwood 100 V

C11, C13 — 0.1 uF Erie Redcap

C12, C14 — 680 pF Feedthru

C15 — 1.0 uF Tantalum

L1 — 0.15 uH Molded Choke

L2 — 5 Turns #20 AWG, 0.185” ID, Close Wound
L3 — 3 Turns #18 AWG, 0.185” 1D, Close Wound
L4 — 4 Turns #18 AWG, 0.185" ID, Close Wound

RFC1 — Ferroxcube VK200 19/48

Bead — Ferroxcube #56-590-65/3B
R1,R2 — 10 2 2.0 Watt Carbon

Z1 — Microstrip Line 0.190”" W x 2.5" L
Z2 — Microstrip Line 0.190” W x 0.289" L
23 — Microstrip Line 0.190” W x 0.55" L
Z4 — Microstrip Line 0.190” W x 0.325” L
Board — Glass Teflon, ¢; = 2.56, t = 0.062"
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MRF338

FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE
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FIGURE 4 — POWER GAIN versus FREQUENCY FIGURE 5 — OUTPUT POWER versus FREQUENCY
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MRF338

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE
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f Zin 2o.° ] 7 2
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/ 512 | 081+j261 | 1.19+/134 z LALALR %
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3l 470 153 +i2.98 1.6 +0.45 &* A < TN ‘%
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FIGURE 7 — TEST FIXTURE
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MOTOROLA
m SEMICONDUCTOR I -

TECHNICAL DATA
MRF340

The RF Line B

8W 100-150 MHz

RF POWER TRANSISTOR
NPN SILICON RF POWER TRANSISTOR
NPN SILICON

. designed primarily for use in VHF amplifiers with amplitude
modulation and other communications equipment operating to
150 MHz.

Low Cost Common Emitter TO-220 Package

Specified 27 V, 136 MHz Performance:
Output Power = 8.0 W
Power Gain = 13 dB Min
Efficiency = 50% Min

20:1 VSWR Load Mismatch Capability at Rated Output
Power and Supply Voltage

® Other Devices in the Series:
MRF342 24 W
MRF344 60W

Tee
I VR e

MAXIMUM RATINGS 1 ]
v
Rating Symbol Value Unit e [3"
Collector-Emitter Voltage VCEO 35 Vde “D" |
1l Al |2
Collector-Base Voltage VcBO 65 Vdc _‘_@ ) |—f
Emitter-Base Voltage VEBO 40 Vdc N SECT A-A
Collector-Current — Continuous Ic 10 Adc - l
Peak 1.2 _ ! R L
Total Device Dissipation — T¢ = 25°C (1) Pp 15 Watts L_J )’ G
0, 0,
Derate above 25°C 86 mw/°C STYLE 2: L_
Storage Temperature Range Tstg -65 to +150 °c PIN 1. BASE
2. EMITTER
THERMAL CHARACTERISTICS 3. COLLECTOR
4. EMITTER
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 11.6 oc/w MILLIMETERS INCHES
DIM| MIN [ MAX | MIN | MAX
1. These devices are designed for RF operation. The total device dissipation rating applies A [15.11 ] 15.75 | 0.595 | 0.620
only when the devices are operated as RF amplifiers. ’ g: _—l%_%_%
D | O .89 | 0.
G
H
12.
: .
o
R
T
[1]
v

CASE 221A-02
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MRF340

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

L Characteristic | Symbol l Min Typ [ Max Unit J
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 35 - - Vdc
(Ic =20 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 65 - — Vdc
(Ic = 20 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 65 - - Vdc
(I =20 mAdc, Ig =0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — - Vdc
(g = 2.0 mAdc, Ic =0)

Collector Cutoff Current ICES - - 1.0 mAdc
(Vg =27 Vdc, Vgg = 0)

ON CHARACTERISTICS

DC Current Gain hgge 10 - 100 -
(Ic = 100 mAdc, Vcp = 5.0 Vdc) | ] { —|
DYNAMIC CHARACTERISTICS
Output Capacitance Cob - 8.0 15 pF
(Ve =27 Vdc, Ig =0, f = 1.0 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gpg 9.0 105 - dB
(Ve = 13.5 Vde, Poyp = 20 W, f = 136 MHz)
Common Emitter Amplifier Power Gain Gpg 130 149 - dB
(Vee =27 Vdce, Poyt =8.0 W, f = 136 MHz)
Collector Efficiency n 50 60 — %
(Vee =27 Vdc, Poyt =8.0W, f = 136 MHz)
Load Mismatch v No Degradation in Power Qutput
(Ve =27 Vdc, Poyr = 8.0 W (peak), f = 136 MHz.
Drive modulated with 1.0 kHz square wave, 50% 3
duty cycle. Load VSWR > 20:1, all phase angles)

FIGURE 1 — 136 MHz TEST CIRCUIT

C1 — Arco 404 8-60 pF L1 — 3 Turns #18 AWG, 1/8" ID

C2,C5 — 40 pF UNELCO L2, L3 — 4 Turns #18 AWG, 1/8” ID

C3 — 80 pF UNELCO L4 — 0.33 uH Molded Choke

C4,C11 — 0.1 uF Erie Redcap L5 — 0.15 uH Molded Choke with Ferrite Bead
C6 — 25 pF UNELCO L6 — 0.47 uH Molded Choke with Ferrite Bead
C7 — 5.0 pF UNELCO L7 — VK-200-19/48

C8 — Arco 403 3-35 pF
C9 — 510 pF Dipped Mica
C10 — 680 pF Feedthru

R1— 100 Q, 1.0 Watt

MOTOROLA RF DEVICE DATA
3-431



MRF340

FIGURE 2 — POWER GAIN versus FREQUENCY

18
16
— — ° Poyt =8.0W
g Ve =27V —
ST —
<
o
«
i
g
T — Pout = 2.0W
& om— V=135V
10
8.0
100 110 120 130 140 150
f, FREQUENCY (MHz)
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE
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Circuit Tuned for Pgy, = 8.0 Watts at V¢ = 27 Voits

FIGURE 5 — OUTPUT POWER versus INPUT POWER
(Vg =135V)
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s
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Y
g
/4
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Pin, INPUT POWER (mW)

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES

-i50

Coordinates in Ohms

Vee=21V_ Pou=80W

M:lz Zin Ohms | ZgL* Ohms
100 340-j1.70 | 426 -j31.8
136 4.00 - j0.57 | 39.2-j26.4
150 3.95+j0.66 | 38.3-j17.0

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

MOTOROLA RF DEVICE DATA
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FIGURE 7 — 136 MHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 136 MHz TEST CIRCUIT

VHF UNIVERSAL CIRCUIT

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR I -

TECHNICAL DATA
MRF344

The RF Line

60W 100-150 MHz

RF POWER TRANSISTOR
NPN SILICON RF POWER TRANSISTOR
NPN SILICON
... designed primarily for use in VHF amplifiers with amplitude
modulation and other communications equipment operating to
150 MHz.

® Low Cost Common Emitter TO-220 Package

® Specified 27 V, 136 MHz Performance:
Output Power = 60 W
Power Gain = 6.0 dB Min
Efficiency = 50% Min

® 20:1 VSWR Load Mismatch Capability at Rated Peak Output
Power and Supply Voltage

® Other Devices in the Series:

MRF340 8W
MRF342 24W
——i |~ - B -
| ~c |
i __1[ i - i:[o_
* Lo /_/{:}; !

MAXIMUM RATINGS "\ 1 F

Rating Symbol Value Unit ' v ) "2”3‘"‘/_;-
Collector-Emitter Voltage VcEO 35 Vdc I _"D' ‘I H
Collector-Base Voltage VcBO 65 Vdc "( - -‘—@ I T
Emitter-Base Voltage VEBO 40 Vdc ! i N SECT A-A
Collector-Current — Continuous Ic 5.0 Adc

Peak 6.0 == TRt
Total Device Dissipation — T¢ = 25°C (1) Pp 875 Watts Iy e L— G
Derate above 25°C . 05 mw/°C STYLE 2 D—°l [ i
Storage Temperature Range Tstg -65 to +150 °c PIN 1. BASE N -
2. EMITTER
THERMAL CHARACTERISTICS 3. COLLECTOR
4. EMITTER
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 2.0 °cw MILLIMETERS|  INCHES
1. These devices are designed for RF operation. The total device dissipation rating applies % 1M.Iln:
only when the devices are operated as RF amplifiers. 65

.08

36 | 0

||z

< |=(—
Pt

CASE 221A-02

|
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MRF344

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

l Characteristic I Symbol I Min ] Typ [ Max ]j Unit J
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 35 - - Vde
(Ic = 50 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BRICES 65 - — Vdc
(Ic = 50 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BRICBO 65 - - Vdc
(Ic = 50 mAdc, Ig = 0)

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

Collector Cutoff Current ICES - - 5.0 mAdc
(VGE = 27 Vdc, Vg = 0)

ON CHARACTERISTICS
I DC Current Gain l hfrg l 10 | - ' 80 l - ]
(ig =2.0 Adc, Vcg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
| Output Capacitance Cob - 130 200 pF
(Ve = 27 Vdc, g =0, f = 1.0 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gpg 4.0 4.5 - dB
(Vee = 135 Vdc, Poyp = 15 W, f = 136 MHz)
Common Emitter Amplifier Power Gain Gpe 6.0 6.7 - dB
(Ve =27 Vde, Py = 60 W, f = 136 MH2)
Collector Efficiency . n 50 60 - %
(Ve = 27 Vde, Poyr = 60 W, f = 136 MHz)
Load Mismatch " No Degradation in Power Output
(Vee = 27 Vdc, Poyt = 60 W (peak), f = 136 MHz.
Drive modulated with 1.0 kHz square wave, 50% 3
duty cycle. Load VSWR -~ 20:1, all phase angles)

FIGURE 1 — 136 MHz TEST CIRCUIT

L9
— .
_—"VYY\__O
27.Vde
L6 Icw i
= = c9
L7 {—e)RF Outwut
L1 L2 ®
RF Input e

.l
l

I
i)

Il

C1,C2 — 10 pF UNELCO L1 — 3/4” of #20 AWG
C3, C8 — 25 pF UNELCO L2 — 1/2"" of #20 AWG
C4,C5,C7 — 100 pF UNELCO L3 — 2 Turns, 1/8” 1D #20 AWG
C6, C11 — 0.1 uF Erie Redcap L4 — Copper Strap 15 mil Thick
C9 — 1000 pF UNELCO 3/16”" X 1/2" L
C10 — 1000 pF UNELCO Feedthru L5 — 2 Turns #20 AWG 1/4” ID
C12 — 1.0 uF 50 V Tantalum L6 — Ferrite Bead on Lead of L7
C13 — 200 pF UNELCO L7, L8 — 0.16 uH Molded Choke

L9 — VK-200-19/4B
Input/Output Connectors Type N

]
MOTOROLA RF DEVICE DATA
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MRF344

FIGURE 2 — POWER GAIN versus FREQUENCY

FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE

12 (f = 136 MHz)
100 I
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCES
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FIGURE 7 — 136 MHz TEST AMPLIFIER
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