MOTOROLA
m SEMICONDUCTOR (]
TECHNICAL DATA ING166

-

The RF Line |
- 100 WATTS — 150 MHz
RF POWER
NPN SILICON RF POWER TRANSISTOR TRANSISTOR

NPN SILICON

... designed for VHF power amplifier applications in military and in-
dustrial equipment. Particularly suited for use in Class AB, B,or C
amplifier applications to 200 MHz

® Specified 28-Volt, 150-MHz Characteristics —
Output Power = 100 Watts
Minimum Gain = 6.0 dB
Efficiency = 60%

® Specified 13.5-Volt, 150 MHz Characteristics —
Output Power = 30 Watts
Minimum Gain = 4.5 dB

® Parallel Impedance Characterization

i
*MAXIMUM RATINGS — N
Rating Symbol Value Unit Vo A [l
Collector-Emitter Voltage VcEo 35 Vdc " SEATING PLANE
Collector-Base Voltage Vceso 65 Vdc STYLE 1:
Emitter-Base Voltage VEBO 4.0 Vdc PN R
Collector Current — Continuous Ic 9.0 Adc 3 EMITTER
n PR — g0 4. COLLECTOR
Total Device Dissipation @ T¢ = 256°C(1) Pp 117 Watts
Derate above 25°C 0.667 w/°c NOTE:
o 1. 211-06 OBS, NEW STD 211-10 FOR REFERENCE,
Storage Temperature Range Tstg —65to +150 C SEE ISSUE “F".
THERMAL CHARACTERISTICS MILLIMETERS INCHES
. MIN | MAX | MIN | MAX
Characteristic Symbol Max Unit 2438 | 2515 | 0960 | 0.99%0
S 1181 | 1295 | 0465 | 0510
Thermal Resistance, Junction to Case 8,c 15 c/wW 582 | 698 | 0229 | 0275

216 394 | 0085 | 0.155

213 279 | 0084 | 0.110
. 0.18 | 0.003 | 0.007 |
1829 | 1854 | 0720 | 0730

ngf'xo-nmcnm>'§
=
t=3

292 [ 330 [ 0115 | 0130

(1) This device is designed for RF operation. The total device dissipation rating applies
only when the device is operated as an RF amplifier. CASE 211-10
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2N6166

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

I Characteristic Symbol l Min l Max l Unit j

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BRICEO 35

- Vdc

(Ic = 200 mAdc, Ig =0)

Collector-Emitter Breakdown Voltage V(BRICES 65 - Vdc
(Ic = 200 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BR)JEBO 4.0 - Vdc
(Ig = 10 mAdc, Ic = 0)

Collector Cutoff Current ICES - 5.0 mAdc
(Vce =30 Vdc, Vgg = 0, T¢ = 55°C)

Collector Cutoff Current lcBo - 3.0 mAdc

(Vep =30 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hrg 5.0
(ic = 500 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 130 pF
(Vg =28 Vdc, Ig = 0, f = 1.0 MH2)

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain Gpg 6.0 - dB
(P out = 100 W, Ve = 28 Vdc,
!C (Max) =5.95 Adc, f = 150 MHz)

Common-Emitter Amplifier Power Gain Gpe 45 - dB
(Pour =30W, Vcc =135V, f = 150 MHz)

Collector Efficiency n 60 - %

(P oyt = 100 W, Ve = 28 Vdc,
Ic (Max) = 5.95 Adc, f = 150 MHz)

FIGURE 1 — 150 MHz TEST CIRCUIT

<o
T

L, 1 ~
c8 c9 c10 28 Vd
1 7T c

1
1

RF
aF c1 ouTPUT

INPUT ce

L1 1%" #16 AWG, Straight

L2 #16 AWG DIA %"
C1,C6 2.7-30 pF, Arco 461 or Equivalent I i I
C2,C5 9.0-180 pF, Arco 463 or Equivalent

€3 100 pF Underwood
C4 25 pF Underwood
C7 0.01 uF Ceramic Disc
€8 0.1 uF Ceramic Disc
C9 2400 pF Button

€10 5.0 uF/50 V

RFC 0.15 pH J. W. Miller

BEAD: FERROXCUBE 56-590-65-38
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2N6166

OUTPUT POWER versus FREQUENCY

FIGURE 2 — V¢ = 28 Vdc FIGURE 3 — Vg = 135 Vdc
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FIGURE 6 — PARALLEL EQUIVALENT INPT'T RESISTANCE
versus FREQUENCY
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2N6166

FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE
versus FREQUENCY
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE
versus FREQUENCY
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= SEMIGONDUCTOR
E— -
TECHNICAL DATA 2N6304

2N6305

r The RF Line

1.4 GHz @ 10 mAdc — 2N6304
1.2 GHz @ 10 mAdc — 2N6305

NPN SILICON HIGH-FREQUENCY TRANSISTORS HIGH FREQUENCY
TRANSISTORS

.. designed for use as low-noise, high-gain, generai-purpose amplifiers. NPN SILICON

e High Current-Gain — Bandwidth Product —
fT = 1.4 GHz (Min) @ ic = 10 mAdc — 2N6304
= 1.2 GHz (Min) @ Ic = 10 mAdc — 2N6305
® Low Noise Figure —
NF = 4.5 dB (Max) @ f = 450 MHz — 2N6304
=5.5dB (Max) @ f = 450 MHz — 2N6305
e High Power Gain —
Gpe = 15dB (Min) @ f = 450 MHz — 2N6304
=12 dB (Min) @ f = 450 MHz — 2N6305

*MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 15 Vdc

1.0 to 20 mAdc A
.| Collector-Base Voltage Vceo 30 Vvde B

Emitter-Base Voltage VEBO 3.0 Vdc € , é

Collector Current  Continuous Ic 50 mAdc { {

Total Continuous Device Dissipation Po f I i
@Ta =25°C 200 mw I
Derate above 25°C 1.14 mW/oC SEATING ~—F K

Storage Temperature Range Tstg -65 to +200 oc PLANE

*Indicates JEDEC Registered Data.

—~{l=—D
FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN - =N
/‘ NI
17 Y1
W T
M 4
ce \f( 4
Phsg D>
W
Vin A2 STYLE 10
out PIN1. EMITTER
Rg =502 2. BASE
3. COLLECTOR
u 4. CASE
= IMLLIMETERS INCHES
- DIM["WIN | MAX | MIN_| MAX
. 84 | 0209 | 0230
.95 178 | 0.195
Capacitance values in pF VEE = 75 Vde =
6
L1, L2 - Silver-plated brass rod, 1-1/2" long and 1/4” dia. lnstall  (C)  Apply VEE, and with signal generator adjusted for 5 mV H
at least 1/2" from nearest vertical chassis surface. output from amplifier, tune C1, €3, and C4 for
L3 - 1/2 turn #16 AWG wire, located 1/4” from and maximum output.
parallel to L2. (D) Interchange connections to signal generator and - _c—___
* — External interlead shield to isolate collector lead from RF voltmeter. I
emitter and base leads. (E)  With sufficient signal applied to output terminals of N 0. QﬂrL

Neutralization Procedure: amplifier, adjust C2 for minimum indication atinput. [1.27 0.050

(A) Connect 450-MHz signal generator (with Rg=50chms)  (F)  Repeat steps (A), (B), and (C) to determine if retuning ALL JEDEC dimensions and notes apply
to input terminals of amplifier. is necessary.

(B)  Connect 50-ohm RF voltmeter across output terminals CASE 20-03
of amplifier. T0-72
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2N6304, 2N6305

*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

| Characteristic Symbol l Min I Typ ] Max | Unit —l

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc
(ic =5.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BRICBO 30 - - Vdc
(Ic =0.1 mAdc, Ig =0)

Emitter-Base Breakdown Voltage V(BR)EBO 35 - - Vdc
(Ig =0.1 mAdc, Ic =0)

Collector Cutoff Current IcBO - - 10 nAdc

(Veg =5.0 Vdc, Ig =0)

ON CHARACTERISTICS

DC Current Gain hfg 25 - 250 -
(Ic =2.0 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product 2N6304 fr 1400 - - MHz
(Ic =10 mAdc, Vcg - 5.0 Vdc, f - 100 MHz) 2N6305 1200 - -
Collector-Base Capacitance Ceb - 08 10 pF
(Vcg =10 Vdc, Ig =0, f = 1.0 MHz)
Small-Signal Current Gain hfe 25 - 250 -
(lc =20 mAdc, Vcg =5.0 Vdc, f = 1.0 kHz)
Collector-Base Time Constant 2N6304 rp'Ce 20 - 12 ps
(Ig = 2.0 mAdc, Vcg = 5.0 Vdc, f = 31.8 MHz) 2N6305 20 15
Noise Figure NF dB
(Ic =2.0 mAdc, VcEg = 5.0 Vdc, Rg = 50 ohms,
f = 450 MHz) 2N6304 - - 45
(Figure 1) 2N6305 - - 55

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain Gpe dB
(Ilc =2.0 mAdc, Vg = 5.0 Vdc, f = 450 MHz) 2N6304 15 — -
| _(Figure 1) 2N6305 12 — —

*Indicates JEDEC Registered Data.

FIGURE 2 — COLLECTOR-BASE CAPACITANCE
versus COLLECTOR BASE VOLTAGE
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2N6304, 2N6305

FIGURE 3 — CURRENT-GAIN-BANDWIDTH FIGURE 4 — COLLECTOR-BASE TIME
PRODUCT versus COLLECTOR CURRENT CONSTANT versus EMITTER CURRENT
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2N6304, 2N6305

FIGURE 9 — Sqq, INPUT REFLECTION FIGURE 10 — S25, OUTPUT REFLECTION
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2N6304, 2N6305

FIGURE 13 —Sq1, INPUT REFLECTION COEFFICIENT AND S32,
- OUTPUT REFLECTION COEFFICIENT
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MOTOROLA
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2N6439

| The RF Line
60 W — 225-400 MH:
CONTROLLED “Q”
NPN SILICON RF POWER TRANSISTOR BROADBAND RF POWER
TRANSISTOR
- - - designed primarily for wideband large-signal output amplifier NPN SILICON

stages in the 225-400 MHz frequency range.

® Guaranteed Performance in 225—400 MHz Broadband Amplifier
@ 28 Vdc
Output Power = 60 Watts over 225—400 MHz Band
Minimum Gain = 7.8 dB @ 400 MHz

® Built-In Matching Network for Broadband Operation Using
Double Match Technique

® 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 33 Vdc
Collector-Base Voltage VcBo 60 Vdc
Emitter-Base Voltage VEBO 4.0 Vdc
Total Device Dissipation @ T¢ = 250C (1) Pp 146 Watts
Derate above 25°C ] 0.83 W/°C
Sterage Temperature Range Tstg -65 to +200 oc
STYLE 1
PIN 1. EMITTER
2. COLLECTOR
THERMAL CHARACTERISTICS 3. EMITTER
— - NOTE: 4 BASE
Characteristic Symbol Max Unit FLANGE IS ISOLATED IN ALL STYLES.
Thermal Resistance, Junction to Case Royc 1.2 oc/w MILLIMETERS INCHES
DIM | MIN | MAX | MAX
A (24382514 | 0
(1)These devices are designed for RF operation. The total device dissipation rating B _|1245]12 | 0510
applies only when the devices are operated as RF amplifiers. = INE ;gg
v (0120
) 200 | 0210
18.29 | 18.54 | 0.730
. ) [ 0.006
1029 11 [0.440
) .06 [ 0.150 | 0.160
81 43101500170
92| 3.30 [0.115] 0.130
05| 3.30 [0.120] 0.130
1194 ] 1257 .495
CASE 316-01

e
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2N6439

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

[ Characteristics [ Symbol | Min | Typ | Max | Unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 33 - - Vdc
(Ic = 50 mAdc, Ig 5 0)
Collector-Emitter Breakdown Voltage V(BR)CES 60 - - Vdc
(Ic = 50 mAdc, Vgg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc
(Ig = 5.0 mAdc, Ic = 0)
Collector Cutoff Current IcBO - - 20 mAdc
(Vg = 30 Vdc, Ig = 0)

ON CHARACTERISTICS
DC Current Gain I hfg l 10 I - I 100 [ —

(g = 1.0 Adc, VcE = 5.0 Vdc)
DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 67 75 pF
(Vep = 28 Vdc, Ig = 0, f = 1.0 MHz)
BROADBAND FUNCTIONAL TESTS (Figure 6)

Common-Emitter Amplifier Power Gain Gpg 7.8 8.5 - dB
(Ve = 28 Vdc, Poyt = 60 W, f = 226400 MHz)
Electrical Ruggedness - No Degradation in Pyt —

{Pout = 60 W, V= 28 Vdc, f < 400 MHz, VSWR 30:1
all phase angles)

NARROW BAND FUNCTIONAL TESTS (Figure 1)

Common-Emitter Amplifier Power Gain Gpe 7.8 10 - dB
(Ve = 28 Vdc, Poyt = 60 W, f = 400 MHz)

Collector Efficiency n 55 — - %
(Vee = 28 Vdc, Poyt = 60 W, f = 400 MHz)

FIGURE 1 — 400 MHz TEST AMPLIFIER (NARROW BAND)

L]
_E_— ~C8
= L2 ca
cs =
c1 L1 | J
©— NV
A ~C7 c1-Cc4,C11 4-40pF
ﬁ c5-c8 33 pF
= cs 1000 pF
en c2 L3 T = ‘-.:L cio 5.0 uF
L R1 150
= L1, L2 3/16"" x 1’ Copper Strap
= = L3 1.5 uH
L4 10 pH
R1 La L5 1 Turn #16 AWG, 5/16" 1.D.

= Vec=28V

—
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2N6439

NARROW BAND DATA

FIGURE 2 — P, ¢ versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER
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FIGURE 4 — POWER-GAIN versus FREQUENCY FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE
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FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE
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2N6439

FIGURE 7 — 225-400 MHz BROADBAND TEST CIRCUIT SCHEMATIC
R1
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F
r
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a

8 A oro
=c7 s

7
\

<
L3 R2 C,E7 1

A
= Board Material 0.031"* Thick Teflon-Fiberglass
c1 68 pF RFC1 Ferrite Bead Choke, Ferroxcube VK200 19/4B
C2,C4,C8,C10 27 pF ] Ferroxcube 56-590-65/4B Ferrite Bead
C3,C5,C11 10 pF T, T2 25 Ohms (UT25) Miniature Coaxial Cable, 1 turn
Cc6,C7 51 pF R1 1M1 9,1W
c9 1-10 pF JOHANSON R2 20 Q2,1/4W
c12 100 pF L1 10 Turns, #22 AWG, 1/8" 1.D.
C13,C15 680 pF L2 4 Turns, #16 AWG, 1/4” |.D.
C14,C16 1.0 uF, 35 V Tantalum L3 6 Turns, #24 AWG, 1/8” 1.D."
c17 0.1 uF, ERIE Red Cap L4,L5 1" x 0.25"° Microstrip Line
BROADBAND DATA (Circuit, Figure 7)
FIGURE 8 — POWER GAIN versus FREQUENCY FIGURE 9 — EFFICIENCY versus FREQUENCY
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FIGURE 10 — INPUT VSWR versus FREQUENCY FIGURE 11 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE
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—
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MOTOROLA
= SEMICONDUCTOR s [

TECHNICAL DATA
2N6603

[ The RF Line ]

NF = 2.0dB @ 1.0 GHz

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

NPN SILICON HIGH FREQUENCY TRANSISTOR

... designed for use in high-gain, low-noise, small signal, narrow and wideband
amplifiers. Ideal for use in microstrip thin and thick film applications.

® Low Noise Figure —
NF =2.0dB (Typ) @ f = 1.0 GHz
=2.9dB (Typ) @ f = 2.0 GHz

@ High Power Gain —
MAG = 17 dB (Typ) @ f = 1.0 GHz
=11dB (Typ) @ f = 2.0 GHz

® lon Implantation and Gold Metallization

® Metal/Ceramic Hermetic Package

2
® JAN, JTX, JTXV Available
A
%D
r K
. l—F
*MAXIMUM RATINGS (TA = 250C Free Air Temperature) A ‘
Rating Symbol Value Unit
Collector-Emitter Voltage VCceo 15 Vdc
A
Collector-Base Voltage Vcso 25 Vdc " —‘] "- c]
Emitter-Base Voltage VEBO 3.0 Vdc {  —
Collector Current—Continuous Ic 30 mAdc f ¥
Total Device Dissipation @ T¢ = 126°C Pp 400 mwW
Derate Above 100°C 5.33 mw/°c MILLIMETERS| _ INCHES
Storage Temperature Range Tstg -65 to +200 oc |DIM] MIN | MAX | MIN | MAX
A 2291 267 [0.090]0.105
*Indicates JEDEC Registered Data C| 089 ] 1.40 | 0.035]0.055
D] 041 061 |0.016]0.02
F 1089 | 1.09 [0035]0.04
.08 | 0.15 | 0.003 0.006
K | 445 .84 .175 | 0.230

NOTE:
1. DIMENSION K APPLIES TO ALL LEADS.

Specification and Package Options STYLE 1:

PIN ; COLLECTOR

Devices using the same die type as the 2N6603: EMITTER

MRF901  — 4 Lead Plastic Macro-T Case 302-01
MRF902 — 100 mil Metal/Ceramic Case 303-01
MRF904 - TO-72

MMBR901 — MiniBloc Plastic (SOT-23) TO-236
MRFC901 — Unencapsulated Chip CASE 303-01

S

MOTOROLA RF DEVICE DATA

3. BASE
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2N6603

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

Characteristic ] Symbol l Min l Typ Max Unit l
*OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc
(Ic = 1.0 mAdc, ig = 0)
Collector-Base Breakdown Voltage V(BRICBO 25 - - Vdc
(1c = 0.1 mAdc, Ig =0)
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - vdc
(Ig = 0.1 mAdc, I¢c =0)
Collector Cutoff Current IcBO - - 50 nAdc

(Vg = 15 Vdc, Ig = 0)
*ON CHARACTERISTICS

DC Current Gain hEg 30 - 200 -
(g =15 mAdc, VcE = 10 Vdc)

*DYNAMIC CHARACTERISTICS

Collector-Base Capacitance (1) Ceb 0.26 - 0.75 pF
(Ve =10 Vdc, Ig =0,0.1 MHz < f < 1.0 MHz)

*FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain Gpe 15 - 21 dB
(VCE = 10 Vdc, Ic = 16 mA, f = 1.0 GHz—Figure 2)

Spot Noise Figure (Rg = Optimum—Figure 2) NF 10 - 25 dB
(Ve = 10 Vde, I = 5.0 mA, f = 1.0 GHz)

Power Gain at Optimum Noise Figure GNF 10 - - dB

(VcE = 10 Vdc, Ic =5.0 mA, f = 1.0 GHz)
TYPICAL 2 GHz PERFORMANCE

Maximum Available Gain (Figure 2) (2) MAG - 1 - dB
(VCE = 10 Vde, Ic = 16 mA, f = 2.0 GHz)
Noise Figure (Rg = Optimum—Figure 2) NF - 29 - dB

(VCE =10 Vdc, Ig = 5.0 mA, f = 2.0 GHz)
*Indicates JEDEC Registered Data.

(1) Ccp measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to
the guard terminal of the bridge.

1S21 12

(2) MAG iscalculated from the S-Parameters using the equation MAG = —_—— 3,
(1-181112)(1-182212)

FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE

Signal A RE
Generator RF Power Gain Voltmeter

VBE Vee
Bias Bias

_,Iw i — o ° ® ho T—F

Bias Microlab/F XR SF31 B <
Tee Double Slug Tuners
? - VL LV ?
= or Equivalent S ° Microlab/FXR HW-OBN =
Bias Tee or Equiv

- m

TUT
Local Osc

f=fne +
3dB 30 MHz

Noise Figure

Ailtech Model 75
i f Automatic NF 30 MHz
| Noise Diode Meter or LP Filter
Equivalent
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2N6603

FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — OUTPUT CAPACITANCE versus VOLTAGE
versus FREQUENCY
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2N6603

COMMON EMITTER SCATTERING PARAMETERS

FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY
+i50

-is0 Vee=10V,Ig=15mA. Vee = 10V, ig = 15 mA.
S — PARAMETERS
VCE Ic Frequency s1 s21 s12 S22
(Volts) (mA) (MHz) 1811} Lo 15211 Lo 1512 Lo 1522 Lo
5.0 5 100 0.69 -30 12.16 160 0.026 72 095 -16
200 0.65 -61 11.03 143 0.046 59 0.84 -31
500 0.63 -122 7.05 11 0074 36 0.56 -54
1000 0.64 -158 413 88 0.087 28 0.39 -68
2000 0.65 170 2.14 61 0.107 29 0.33 -91
10 100 0.52 -50 18.74 154 0.022 69 091 -22
200 054 -92 1553 135 0.037 53 0.74 -40
500 0.62 -146 8.49 104 0.052 38 0.43 -62
. 1000 0.65 -172 4.66 84 0.065 37 0.29 -75
2000 0.67 162 2.38 60 0.094 42 0.26 -97
15 100 0.42 -70 22.72 150 0.019 66 0.87 -26
200 051 -113 17.72 130 0.030 50 0.68 -44
500 0.63 -157 8.96 100 0.042 41 0.38 -64
1000 0.66 -178 4.80 82 0.056 44 0.26 -75
2000 0.69 159 2.43 59 0.090 48 024 -97
30 100 0.39 -116 2457 142 0.014 62 0.80 -29
200 0.55 -145 1747 120 0.021 49 058 -42
500 0.67 -171 7.96 95 0.030 49 0.34 -49
1000 0.69 175 4.18 78 0.047 56 0.29 -56
2000 0.71 157 2.13 55 0.084 58 0.29 -81
10 5 100 0.7 -27 12.01 161 0.021 73 0.96 -13
200 0.67 -55 11.10 145 0.039 60 0.87 -25
500 0.63 -115 7.44 114 0.064 39 0.62 -44
1000 0.64 -153 4.43 90 0.077 30 0.46 -55
2000 0.64 172 2.27 62 0.094 31 0.39 -76
10 100 0.55 -43 18.77 155 0.018 n 0.92 -18
200 0.55 -83 16.00 137 0.031 54 0.78 -32
500 0.60 -140 9.06 106 0.046 39 0.49 -48
1000 0.63 -168 5.02 85 0.058 39 0.36 -56
2000 0.65 164 2.55 60 0.084 43 0.33 -76
15 100 0.46 -60 23.14 152 0.016 68 0.90 -21
200 0.51 -103 18.39 131 0.027 52 0.72 -36
500 0.61 -152 9.67 102 0.037 42 0.43 -49
1000 0.64 -175 5.21 83 0.049 45 0.33 -54
2000 0.66 161 2.61 59 0.079 51 0.31 -74
30 100 0.39 -98 27.29 144 0.013 63 0.83 -24
200 0.53 -135 19.38 122 0.019 50 0.63 -35
500 0.64 -167 9 96 0.027 48 0.41 -39
1000 0.66 177 4.77 79 0.042 55 0.36 -45
2000 0.69 157 2.41 56 0.074 58 0.35 -67

’
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-

| The RF Line |

NF=27dB @ 1.0 GHz

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

NPN SILICON HIGH FREQUENCY TRANSISTOR

... designed for use in high-frequency, low-noise, small-signal,
narrow and wideband amplifiers. ldeal for use in microstrip thin
and thick film applications.

® Low Noise Figure — NF = 2.7 dB (Typ) @ f = 1.0 GHz
® High Power Gain — Gylmax) =16 dB (Typ) @ f = 1.0 GHz

® High Current — Specified Performance @ Ic=30mA

® lon Implantation and Gold Metallization
® Metal/Ceramic Hermetic Package

® JAN, JTXV Available 2

*MAXIMUM RATINGS (Ta = 2509C Free Air Temperature) l—F )
. .

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage Vceo 25 Vdc A c
Emitter-Base Voltage VEBO 3.0 Vdc {J j r_ l
- | —
Collector Current—Continuous Ic 50 mAdc f T
Total Device Dissipation @ T = 125°C PD 500 mw
Derate Above 75°C 6.66 mW/oC
Storage Temperature Range Tstg -65 to +200 oc MILLIMETERS INCHES
DIM[ MIN | MAX | MIN | MAX
*Indicates JEDEC Registered Data. A]229] 267 [0080]0.108
C .89 .40 .035 | 0.055
D [ 041 | 0.61 | 0.016]0.024
89 | 1.09 | 0.035]0.043
.08 | 0.15 | 0.003] 0.006
.45 84 175 | 0.230
NOTE:
Specifications and Package Options 1. DIMENSION K APPLIES TO ALL LEADS.
Devices using the same die type as the 2N6604:
MRF911  — 4 Lead Plastic Macro-T Case 302-01 STYLE 1:
PIN 1. COLLECTOR
MRF914 - T0-72 2. EMITTER
MMBR930 — MiniBloc Plastic (SOT-23) TO-236 e
BFR91 — 3 Lead Plastic Macro-T Case 302A-01
BFRC91  — Unencapsulated Chip
CASE 303-01

_
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2N6604

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

r Characteristic

Symbol Min l Typ

Unit

*OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(1c = 1.0 mAdc, 1g = 0)

V(BR)CEO

Vdc

Collector-Base Breakdown Voltage
(Ic =0.1 mAdc, Ig =0)

V(BRICBO 25 -

Vdc

Emitter-Base Breakdown Voltage
(1g =0.1 mAdc, Ic = 0)

V(BRIEBO 30 -

Vde

Collector Cutoff Current
(Ve = 15 Vdc, 1g = 0)

IcBo - -

50

nAdc

ON CHARACTERISTICS

DC Current Gain
(Ic = 30 mAdc, Vcg = 10 Vdc)

hEE 30 -

200

*DYNAMIC CHARACTERISTICS

Collector-Base Capacitance (1)
(Veg = 10 Vdc, Ig =0,0.1 MHz < f < 1.0 MHz)

Ceb 0.30 -

0.80

pF

*FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain (Figure 2)
(VGE = 10 Vdc, I¢ = 30 mAdc, f = 1.0 GHz)

21

dB

Spot Noise Figure (Rg = Optimum — Figure 2)
(VgE = 10 Vdc, Ic = 5.0 mAdc, f=1.0 GHz)

NF

30

dB

Power Gain at Optimum Noise Figure
(Vg =10 Vde, Ic = 5.0 mAdc, f = 1.0 GHz)

GNF 90 --

dB

TYPICAL 2 GHz PERFORMANCE

Maximum Unilateral Gain (Figure 2) (2)
(VGE = 10 Vdc, I¢ = 30 mAdc, f=2.0 GHz)

Gy(max) - 10

dB

Noise Figure (Rg = Optimum — Figure 2)
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 2.0 GHz)

NF

dB

*Indicates JEDEC Registered Data.

(1) Cgp measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal sh

the guard terminal of the bridge.

(2) Gylmax) is calculated from the S-Parameters using the equation Gy(max) =

\521I2

(1-iS111201 ~iS9212

EIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE

Signal
Generator
| O
Vge
Bias

F—F

RF Power Gain

Bias Microlab/FXR SF31
Tee Double Slug Tuners

RF

Voltmeter

Vee
Bias

——

“

or Equivalent

Ailtech Model 75
Automatic NF
Meter or
Equivalent

Noise Diode

Q S
: A
£ v
S Q
TUT
Noise Figure

Microlab/FXR HW-OBN
Bias Tee or Equiv

Local Osc
f=fNE+
30 MHz

30 MHz
LP Filter
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FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — OUTPUT CAPACITANCE versus VOLTAGE
versus FREQUENCY
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2N6604

COMMON EMITTER SCATTERING PARAMETERS
FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 - FORWARD AND REVERSE TRANSMISSION
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY

+i10 ‘ Vs

-i10 -i250

Veg =10V, 1g=30mA.

Vgg = 10V, Ig =30 mA.

- S — PARAMETERS

VcE ic Frequency S11 s21 $12 S22
(Volts) (mA) (MHz) 1S114 Lo 1S21| L 1512/ Lo 1522 Lo
50 5 100 0.72 -40 12.37 153 0.028 67 091 -18
200 0.65 -78 10.38 133 0.048 51 0.76 -32
500 0.61 -137 5.75 100 0.067 34 0.50 -45
1000 0.61 -168 3.13 78 0.082 31 0.41 -54
2000 0.63 161 1.58 47 0.112 30 0.41 -80
10 100 057 -60 19.54 146 0.024 63 085 -27
200 0.55 -105 14.70 125 0.038 47 0.64 -43
500 0.59 -155 712 95 0.051 39 0.37 -55
1000 0.61 -178 3.77 76 0.069 40 0.29 -62
2000 0.64 156 1.91 50 0.106 39 0.30 -86
30 100 0.43 -111 30.58 135 0.016 57 0.72 -39
200 0.53 -145 19.35 114 0.022 49 0.46 -57
500 0.62 -173 8.42 91 0.035 51 0.24 -69
1000 0.63 172 4.36 75 0.058 54 0.18 -76
2000 0.67 151 2.19 52 0.099 49 0.21 -99
50 100 0.46 -134 32.34 129 0013 57 0.64 -42
200 057 -158 19.19 110 0.018 51 0.30 -56
500 064 -178 8.13 89 0.031 57 0.22 -62
1000 0.65 170 417 74 0.053 58 0.19 -70
2000 0.70 150 2.10 52 0.092 54 0.22 -97
10 5 100 0.74 -36 12.34 154 0.023 69 0.93 -15
200 0.67 - 10.56 135 0.040 54 0381 -25
500 059 -131 6.09 102 0.058 37 057 -36
1000 0.58 -164 3.32 79 0.073 33 0.50 -44
2000 0.60 164 1.67 48 0.098 32 0.49 -69
10 100 0.60 -52 19.75 148 0.020 65 0.87 -21
200 0.56 -95 15.30 127 0.032 49 0.69 -33
500 0.56 -149 7.69 97 0.044 41 0.45 -41
1000 0.58 -174 4.07 77 0.061 42 0.39 -47
2000 0.61 159 2.03 50 0.095 40 0.39 -70
30 100 0.44 -94 32.03 136 0.014 59 0.75 -31
200 0.50 -135 20.76 115 0.021 49 0.52 -41
500 0.57 -168 9.13 91 0.032 52 0.33 -43
1000 059 175 4.1 75 0.052 54 0.29 -48
2000 0.64 154 2.34 52 0.089 49 0.30 -72
50 100 0.44 -117 33.56 129 0.012 59 0.68 =31
200 0.52 -150 19.94 109 0.017 50 0.47 -36
500 0.59 -174 852 89 0.028 56 0.34 -35
1000 0.61 173 4.38 75 0.049 57 0.32 -43
2000 0.66 152 221 51 0.083 52 0.34 -70

’
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