
●

o

The RF Lime

NPN SILICON HIGH FREQUENCY TRANSISTORS

The BF R96 series transistors use the same state-of-the-art micro-

wave transistor chip which features fine-line geometry, ion-implanted

arsenic emitters and gold top metal ization. These transistors are

intended for low-to-medium power amplifiers requiring high gain,

low noise figure, and low intermodulation distortion. The BFR96 #

and M R F961 are particularly suitable for broadband MATV/CATV ~J~y’**
.,;

amplifiers, The MRF962 uses a hermetic stripline, ceramic package “Fi,...
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Chip Case 317A-01 Case 317-01 Case 303-01 Case 26-03

Svmbol Values Unit

VCEO 15 15 15 15 15 Vdc

VCBO 20 20 20 20 20 Vdc

Emitter-Base Voltage VEBO 3.0 3.0 3,0 3.0 3.0 Vdc

Collector Current – Continuous Ic 100 100 100 100 100 mAdc

Total Device Dissipation @ Tc = 100°C(l ) pD 0.75 0.5 0.5 0,75 0.75 Watts
Derate above Tc = 10O°C TJ = 200°C 5,0 5.0 7.5 7,5 mW/°C

ma x

Storage Temperature Tstg -65 to +200 -65 to +150 -65 to + 150 -65 to +200 -65 to +200 OC

UTE 1. Case temperature measured on collector lead immediately adjacent to bodv of package.
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic I Symbol Min I Typ I Max I Unit
J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVPFn 15 — —
I Vdc

(lc= l.OmAdc, 16=0)
---

Collector-Base Breakdown Voltage BVcBO 20

(ic= 100pAdc, IE=O)

— — Vdc

Emitter-Base Breakdown Voltage

~,.

BVEg O 3.0 — vqq.;~{;

(l E=l OO#Adc, lC=O)

—
,~,. ‘~y.

Collector Cutoff Current

,,: . ..

ICBO
,,:., “+

— 100 *:hQ.~#c~

(VCB= 10 Vdc, IE=O)

—
.x+,

,:i-.‘~ ~$J,

ON CHARACTERISTICS

DC Current Gain

.*‘ >,. ,<,..,,

hFE 30 , .,,,,~w “

(1c = 50 mAdc, VCE = 10 Vdc}

— —
,,.,..t-t“’

~>\‘~+’<,,’~‘$.*,
“~’.:\.

DYNAMIC CHARACTERISTICS
,:,,>,XJ~+$<., .,

Current-Gain Bandwidth Product

> ,,*.

fT
‘~j:.~‘:?,..— 4&@,,~1“$>+ – GHz

(Ic ‘50mAdc, VCE = 10 Vdc, f ‘0.5 GHz)
i, !:$:>$,i$

>&..>. . ?

Collector-Base Capacitance

,.-,.
‘.,s$,.

Ccb *),, .,,*.,. ;~<i

(VCB = 10 Vdc, Emitter Guarded)
‘::\, ....*’ pF

BFR96, MRF961, MRF962 — :..::jf.lJ\&4 ;2 1.5

MRF965
,>;;~

—.,ie~$., ** 1.6 I 2.0

FUNCTIONAL TESTS
,, ,,

,\t\r<.$i\*\*.,?,;,,.

Noise Figure NF ~fq+i ‘Q 2.0

([c= 10mAdc, VCE= 10 Vdc, f =0,5 GHz)

— dB
~i .,):., \,,*,$ .~~\,3)a~:,: .~..

Maximum Unilateral Gain/Insertion Gain GU(m~)/’~ ;,k

(Ic ’50 mAdc, vCE = 10 Vdc, f ‘0,5 GHz)

dB

BFR96, MRF965’ Isg+g,, –/12 14.5/13 —

MRF961 ,:,1.~:.’.i’:i;\,\,.~ –/13.5 17/15 —

MRF962 ,, if,, v ‘p –/15 20,5/16.5 —

NOTE 1. GU(max)l=
1s2112

(1 -IS1112)(I - IS2213)

,,.,.,
.yc f, FREOUENCY(GHz) f, FREQUENCY (G Hz)

@

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any Iiab!lltyarislng

out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rtghts of others.
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FIGURE 3 – MAXIMUM UNILATERAL GAIN versus

COLLECTOR CURRENT
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FIGURE 5 – NOISE FIGURE versus FREQUENCY
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FIGURE 7 – COLLECTOR-BASE CAPACITANCE versus

COLLECTOR-BASE VOLTAGE

FIGURE 4 – GAIN-BANDWIDTH P’RODUCT versus

COLLECTOR CURRENT
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BFR96 COMMON-EMITTER S-PARAMETERS

lNPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION

COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY

(VCE= IOV, lc=50mA) (VCE = 10 V, Ic = 50 mA)

+j50

+i 50

i500

o

j500

-i
50

.. ,$ ..ti

%Y,:,~ ~,.
‘.~.t$

VCE Ic f Sll 521 “’:+<* 512 S22

[volts) (mA) (MHz) 1s111 L@ 1s21I $“?~t, ‘“ 1s121 L@ 1s221 L@

5.0 10 100 0.51 -95 15.04 +,”<p**+ 0.047 54 0.58 -48
300 0.43 -163 5.87 ‘?$‘*:*. 92 0.082 58 0.26 -63
500 0.46 174 3.61 ‘‘$ 79 0.120 63 0.19 -63
700 0.48 162 ,e~,65 *P 68 0.161 63 0.15 -64
1000 0.48 146 \-f~Q*k~2 57 0.220 63 0.12 -79
1500 0.54 121 *.,,,’~!+,1:40 43 0.320 58 0.13 -118

25 100 0.39 -l~r., “\t%’“19.41 112 0.037 60 0.42 -68

300 0.39 ~$t~g+ ‘ 6.81 89 0.079 68 0.16 -94

500 0.42 ?. ~mp” 4.11 78 0.129 70 0.10 -103
700 0.44 +$$$% 3.05 69 0.176 68 0.06 -119
1000 0.44 .%+{., “$ 142 2.20 59 0.244 64 0.06 -159
1500

o.4~ ,<,;*P ,,8
1.62 45 0.348 57 0.10 177

50 100 “:&@%\.&t<* -140 21.10 106 0.032 64 0.33 -81
300 ,,vc,y&Q<?# 176 7.11 88
500 ..!:’

0.081 72 0.13 -116
.!$~~$ 162 4.28 78 0.133 72 0.09 -136~$1.

709. “J;,yd?0.43 153 3.16 70 0.183 69 0.07 -163
0.42 140 2.28 60 0.252 65 0,08 165

;$8;?’ ~ 0.47 116 1.66 47 0.357 57 0,12 155

10 10 ,,:\hJ>3@ 0.53 -83 15.96 124 0.039 58 0.65 -36
c.,:>,:$?.], 300 0.38 -154 6.44 94 0.070 59 0,35 -41

~$>!.,.,,,.
.<<,!* },>“$ ‘ 500~p... 0.41 -179 3.98 81 0.102 64 0.30 -39

.xf$, 700~s:. 0.42 166 2.94 70 0.138,. 65 0.27 -39
,~J*,\i7&:$.>?. <,> 1000 0.42 151 2.12 60 0.191 66

~.~f.,.:,.,,,,,.
0.24 -47

‘*:+$* . ,.:
1.. 1500 0.49 125 1.50 44 0.278 63 0.22 -72
‘ ,.!~~$t,($,.k.~i.<,,,““ 25 100‘t*,*,~ 0.38 -104 20.85 115 0.032 60 0.48 -48

!.~.
, 300 0.32 -169 7.54 91 0.070 68 0.23 -48

500 0.35 170 4.61 80 0.109 71 0.19 -43
700 0.37 160 3,37 70 0.152 69 0.16 -39
1000 0.37 146 2.43 61 0.210 67 0.13 -44
1500 0.43 121 1.73 47 0.304 61 0.10 -74

50 100 0.33 -119 22,59 109 0.029 63 0.39 -51
300 0.30 -176 7.74 88 0.069 72 0,19 –47
500 0.34 166 4.70 79 0.113 73 0.16 -40
700 0.36 158 3.45 70 0,156 70 0.14 -35
1000 0.36 144 2.46 61 0.217 66 0.11 -39
1500 0.42 119 1.75 47 0.310 60 0.08 -72

— (M) MOTOROLA Semiconductor Products Inc.



MRF961 COMMON-EMITTER S-PARAMETERS

FORWARD/REVERSE TRANSMISSION

COEFFICIENTS versus FREQUENCY

(VCE = 10 V, Ic = 50 MA)

+900 . 1.5

lNPUT/OUTPUT REFLECTION

COEFFICIENTS versus FREQUENCY

(vcE=lov, lc=50mA)

+j50

I

--

+1 250

+;500

o

-1500

-1
250

-150
......

-

s:
1s21I

*
16.61 .,.‘;
6,61 t$~:

4.0,13 ‘:

,** 2.93

3’:?l~.07

,, 1.43

‘ 22.41
7.94

4.78

3.45

2.46

1.73

25.12

8.47

5.05

3.67

2.60

1.83

17.47

7.31

4.46

3.27

2.33

1.56

24,36

8.10

5.43

3.93

2.78

1.91

26.97

9.32

5.58

4.04

2.85
1.96

SI
1s121

0,047

0.064

0.078

0.093

0.119

0.158

0.034

0.049

0.071

0.092

0.124

0,173

0.025

0.046

0.070

0.093

0.128

0.178

0.040

0.057

0,069

0.084

0.106

0.140

0.030

0.045

0.070

0.084

0.112

0.156

0.024

0.042

0.064

0,086

0,115

0.158

s
1s22I

0.61

0.27

0.19

0.16

0.16

0.21

0.49

0.26

0.21

0.20

0.21

0.24

0.42

0.28

0.26

0.25

0.26

0,29

0.67

0.33

0.25

0,22

0.20

0.22

VCE

(volts)
Ic

(mA)

f

(MHz)

100
300

500

700
1000

1500

100

300

500
700
1000

1500

100

300

500 ,(
790 ““$

,,$[@
.*51~@$d’

:$s~$oo

~> 300

500
700

1000
1500

L@

-56

-87

-98

–108

-124

–141

L@

46

39

45

49

53

54

44

50

58

60

61

60

46

60

65

65

65

62

5.0 10

25

50

-84
–132

-150

-164

-177

175

–104

-151

-167

-178

170

163

-41

-57

-58

-60

-72

-96

115

93

83
75

66
54

109

91
83

75

67

56

128

97

84
74

64

50

119

94

83

75

66

53

50

41

46

50

54

57

48

52

58

60

61

60

47

59

64

64

64

61

0.51

0,20

0.14

0.10

0.09

0.12

0.40

0.16

0,11

0.08

0.08

0.12

-62

-89

-97
–106

-124

–140

25

50

100
300

500

700

1000

1500

100

300

500

700

1000

1500

0.57

0.58

0.61

0.63

0.62

0.67

0.55

0,57

0.60

0.62

0.61

0.67

–116

-167

178

169

159

142

-132

-173

174

167

158

141

-73

-104

-115

-128

–149

-158

112

91

82

74

66
55

m MOTOROLA Semiconductor Products Inc. —



MRF962 COMMON-EMITTER S-PARAMETERS

lNPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION

COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY

(VCE = 10 V, Ic = 50 mA) (VCE= IOV, lc=50 mA)

+i50
+900

;,5

1.0

0
0.5

-jlo

-i25

50

-i50

Sl:

7
1s121

0.044

0.058

0.064

0.071

0.078

0.092

0.029

0.039

0.046

0.055

0.067

0.086

0,021

0.030

0.038

0.048

0.061

0.082

0.037

0.051

0.056

0.064

0.071

0.085

0.027

0.035

0.043

0.051

0.062

0.080

0,020

0.028

0.037

0.047

0.059

0.078

vc~ I

[volts) ~
5.0

IC
(mA)

10

f

(MHz)

100
300

500

700

1000

1500

s s
Lo

43

24

25

26

27

29

38

32

36

40

42

42

37

40

46

50

51

49

47

28

28

28

30

31

42

36

39

41

43

42

37

40

46

48

50

4J

L@ 1s221

0.65

0.32

0.26

0.23

0.24

0.31

L@

-5J

-97

-110

-IIJ

-126

-133

25

50

0,56

0.35

0.32

0.31

0.32

0,34

0,53

0.41

0,39

0.38

0,38

0,40

0.70

0.34

0.27

0.24

0.24

0.31

-8J

-137

-150

-158

-164

-167

-IOJ

-152

-163

-169

-IJ5

-17J

-44

-69
–75

-79

-88

-104

-147
-IJ3
1J9

1J6

IJI

163

-92

-150

-166

-174

IJ9

168

-120

-163

-IJ4

-IJ9

IJ5

166

-13J

-169

-IJJ

1J8

173

165

2J.J2

9.59

5.J2

4.09

2.89

1.96

18.77

8.09

5.01

3.62

2.58

1.J2

2J.1O

10.27

6.21

4.48

3.19

2.13

31.53

11.17

6.69

4.82

3.42

2.30

113

94
85
78
71
62

131
100
87

78

69

55

122

97

86

78

JI

59

116

95

85

J8

JI

61

25 100
300

500

700

1000

1500

0.57

0,27

0.22

0.20

0.20

0.25

-68

-110

-124

-132

-139

-142

-85

-131

-144

-152

-158

-159

50 100
300

500

700

1000

1500

0.68

0.74

0.7J

0.7J

0,77

0.79

0.49

0.27

0.24

0.23

0.23

0.2J
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MRF965 COMMON-EMITTER S-PARAMETERS

tNPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION

COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY

(VCE = 10 V, Ic = 50 mA} (VcE = 10 V, Ic =50 mA)

. +;50

+J 50

1500

0

1500

-1 50

-150

“, +900

.~:,,,<*.. .\,i,.
.fe~,{.~>

Vc E
- ~+{i,:

Ic f SI I s~~>a< +V S12 S22

(volts) (mA) (MHZ) 1s111 L@ ls211J:*+>,.,~Lo 1s121 L@ 1s221 L@

5.0 10 100 0.56 -102 13 .q~:$~$ . 121 0.054 48 0.58 -62

300 0.57 -158 5.47”-’:5. 90 0.084 46 0.32 -94

500 0.56 -169 *% 3ao 77 0.110 52 0.27 -106~..:
700 0.52 178 ,. ;,,.> 2.53 69 0.136 54 0.39~“ ~t::+,,,~ -115

1000 0.55 167 “~$<.. ., 1.79 57 0.181 56 0.35 -112

1500 0.54
~6@gT$ >,

1.27 42 0.242 57 0.43 -122

25 100 0.48 17.61 112 0.041 51 0.47 -85

300 0.55 6.38 89 0.076 57 0.30 –125

500 3.97 77 0.111 62 0.27 -138

700 2.94 71 0.114 61 0.30 -143

1000 2.08 61 0.198 60 0.32 -135

1500 1.50 47 0.267 57 0.37 -140

50 19.34 107 0.035 56 0.42 -1oo

6.72 87 0.073 63 0.31 -138

4.17 77 0.112 66 0.29 -150

3.10 71 0.747 64 0.33 -153

2.19 62 0.206 61 0.32 -146

.:*%\, 1.59 49 0.277 58 0.36 -149

10 ~\Q’:;.%,“’+.< ,00 0.56 -92 14.67 123 0.047 50
..t~.$...!. .

0.63 -50
*$V*, ‘~.i’:.;}2,1~F..4 300 0.53 -152 6.00 92 0.077 4J 0.34 -73

:?,, ‘$.\,,, 500 0.53 -165 3.74 78 0.100 53 0.29 -82,,$
?.i:, ~?{’:

\-~.*:>.‘~~:.l&\i*\,>> 700 0.49 -177 2.76 70 0,124 56 0.31 -93
,,:\. kit

?,,t~, *3’:~,:~,, 1000 0.52 170 1.96 57 0.166 58 0.38 -94
~..tit.\i!\$>~

.:.:,~,, ,., 1500 0.51 153 1.36 42 0.221 59 0.46 -108
$.,!*,.{,~*!.,.,},.. 25,,:! 100 0.46 -117 19.10 115 0,036 53 0.49 -68

.:,
300 0.50 -164 7.09 90 0.071 57 0.26 -99

500 0.49 -172 4.39 78 0.102 62 0.23 -110

700 0.45 175 3.25 71 0.133 61 0.25 -119

1000 0.49 164 2.28 60 0.181 61 0.30 -112

1500 0.47 148 1.61 46 0,246 59 0.37 -120

50 100 0.42 -131 20.99 110 0,033 56 0.41 -79

300 0.49 -169 J .46 88 0.069 62 0.24 -111

500 0.48 –175 4.63 78 0,103 65 0.21 -123

700 0.45 172 3.40 71 0,136 64 0.25 -129

1000 0.48 162 2.39 61 0,188 62 0.29 -119

1500 0.45 146 1.70 48 0,251 59 0.35 -126

—
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