MOTOROLA

= SEMICONDUCTOR 2N5835 -
TECHNICAL DATA IN5836

2N58317

-

B The RF Line |

2.5 GHz @ 10 mAdc — 2N5835
2.0 GHz @ 50 mAdc — 2N5836
1.7 GHz @ 100 mAdc — 2N5837

NPN SILICON HIGH-FREQUENCY TRANSISTORS

HIGH FREQUENCY
- - designed primarily for use in fact current-mode switching circuits TRANSISTORS

in military and industrial equipment. Suitable for use in general
high-frequency amplifier applications to 1.5 GHz.

® 2N5835 — 10 mAdc, 6.0 Vdc Characteristics
fT= 2.5 GHz (Min)
"b'Cc = 5.0 ps (Typ)
tr = 250 ps (Typ)

® 2N5836 — 50 mAdc, 6.0 Vdc Characteristics —
fT = 2.0 GHz (Min)
rp’'Cec = 6.0 ps (Typ)
ty = 320 ps (Typ)

® 2N5837 — 100 mAdc, 3.0 Vdc Characteristics —
fT=1.7 GHz (Min) TO-46
rp'Ce = 6.0 ps (Typ) 2N5836 T0-72
t = 650 ps (Typ) 2N5837 2N5835

NPN SILICON

'M‘AXIMUM RATINGS

n |
Rating Symbol [ 2N5835 | 2N5836 [2N5837 [ Unit ]
[
Collector-Emitter Voltage VCceo 10 10 5.0 Vdc T
Collector-Base Voltage Vceo 15 15 10 Vdc !
i
Emitter-Base Voltage VEBO 35 35 3.5 vdc
K
Collector Current — Continuous Ic 15 200 300 mAdc ;
Total Device Dissipation @ T 5 = 25°C Pp 200 - — mW ‘
Derate above 25°C 1.14 - — mw/°C ‘
Total Device Dissipation@T¢ =100°C Pp - .75 .75 Wa'g
Derate above 100°C - 7.5 75 |mw/°C
Storage Junction Temperature Range Tstg [=—— -65t0 +200 —= oc
*Indicates JEDEC Registered Data.
\ P
H STYLE1:
re PIN 1. EMITTER
2. BASE
— A 3. COLLECTOR
8 ————
g MILLIMETERS| _ INCHES
E P c MILLIMETERS INCHES OIM["MIN ] MAX | MIN | MAX
[ ) { |2M] MIN T MAX [ MIN_T_MAX A | 531|584 | 0209 0230
¥ i A_| 531|584 | 0209 0.230 52 [4.95 | 0.178 | 0.195
f L | B 52 | 495 178 | 0.195 .65 16 .065 | 0.085
£ 5 .32 3! 170 | 0.210 .406 | 0533 | 0.016 | 0.021
I~ K .41 5. 016 021 - .02 - .040
SEATING | — 06 - 10030 305 | 0.483 | 0012 | 0019
L | 041 | 0.48 | 0016 ] 0.019 6 | 25488 100 BSC
G 548SC__ | 0.100 BSC H_| 0.914]1.17 | 0.036 | 0.046
H 1.17 | 0.036 | 0.046 J 711 1.22_| 0.028 | 0.048
. 1.22 .028 | 0.048 K _[1270 -~ 0.500 -
STYLE 10 12.7 - 500 | - 3 35 | - [0250] -
PIN1. EMITTER K - 10250 - M 50 BSC 450 BSC
2. BASE M 45985C 45° BSC N 1.27 8SC 0.050 BSC
3. COLLECTOR N 1.27 BSC 0.050 BSC 2 BNV — 10050
4. CASE - [121] - Toos0
Al JEDEC dimensions and notes apply
ALL JEDEC dimensions and notes apply
CASE 20-03 CASE 26-03
TO-72 TO-46

e
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2N5835, 2N5836, 2N5837

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

I Characteristic Symbol Min I Typ I Max I Unit l

OFF CHARACTERISTICS

Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic =10 uAdc, IgZ 0) 2N5835 15 - -
(Ic = 100 pAdc, Ig = 0) 2N5836 15 - -
2N5837 10 — —
Emitter-Base Breakdown Voltage V(BR)EBO 35 - - Vdc
(Ig = 100 pAdc, Ic = 0)
Collector Cutoff Current IcsBo uAdc
(Vcg = 7.5 Vdc, Ig = 0) 2N5835 - - 0.01
(Veg =10 Vdc, g = 0) 2N5836 - - 10
(Vcg = 5.0 Vdc, Ig = 0) 2N5837 - - 10
Emitter Cutoff Current IEBO - - 100 wAdc

(Vgg = 3.0 Vdc, ic=0)

ON CHARACTERISTICS

DC Current Gain heE —
(Ic = 10 mAdc, VGE = 6.0 Vdc) 2N5835 25 - -
(Ic = 50 mAdc, VCg = 6.0 Vdc) 2N5836 25 — -
(I = 100 mAde, Vg = 3.0 Vdc) 2N5837 25 - -
Base-Emitter On Voltage VBE (on) Vdc
(I¢ = 10 mAdc, Vg = 6.0 Vdc) 2N5835 - - 0.9
(I = 50 mAdc, Vg = 6.0 Vdc) 2N5836 - - 09
(Ic = 100 mAdc, Vg = 3.0 Vdc) 2N5837 - - 09
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product @ fr GHz
(Ic = 10 mAdc, Vg = 6.0 Vdc, f = 200 MHz) 2N5835 25 - -
(I = 50 mAdc, Vg = 6.0 Vdc, f = 200 MHz) 2N5836 2.0 - -
(I¢ = 100 mAdc, Vg = 3.0 Vdc, f = 200 MHz) 2N5837 1.7 — -
Collector-Base Capacitance Ceb pF
(Vcg = 10 Vdc, Ig =0, £=0.1t0 1.0 MHz) 2N5835 - - 0.8
2N5836 - - 35
(Veg = 5.0 Vdc, Ig =0, f=0.11t0 1.0 MHz) 2N5837 ~ — 5.0
Collector-Base Time Constant @ rp Ce ps
{Ic = 10 mAdc, Vcg = 6.0 Vdc, = 63.6 MHz) 2N5835 = 5.0 -
(I¢ = 50 mAdc, Vg = 6.0 Vdc, f=63.6 MHz) 2N5836 - 6.0 —
(Ic = 100 mAde, Vg = 3.0 Vdc, f = 63.6 MHz) 2N5837 - 6.0 -
SWITCHING CHARACTERISTICS @
Rise Time (See Figure 1) (Ic = 10 mAdc) 2N5835 tr - 250 - ps
(Ig = 40 mAdc) 2N5836 - 320 -
(I =100 mAdc) 2N5837 - 650 —

* Indicates JEDEC Registered Data
@fT is defined as the frequency at which |h'e‘ extrapolates to unity.
@ Typical values shown in addition to JEDEC Registered Data.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

To Oscillascope Vertical Inputs
(Tektronix 568 or Equivalent)

Vip —— :,
/ \ Channel 1 Channel 2 t 9
0 Vin Vout

tr, tf <0.5ns

This test set-up is designed to simulate
a cascade of identical stages. RS=R(
RL Vin=Vout=10V
Qyef is a transistor of the
same type as the transistor
under test.

AAA
VWA—

Ic | Re RL RK Rk
mA | Ohms | Ghms | Ohms
10 | 380 100 50
a9 | 25 |0 50 Rs
100 | 38 10 0
200 19 5.0 0

-0.5 Vde

-4.5 Vde — 2N5835, 2N5836
-2.5 Vdc — 2N5837

’
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2N5835, 2N5836, 2N5837

FIGURE 2 — SWITCHING TIME
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FIGURE 4 — CURRENT-GAIN—BANDWIDTH PRODUCT
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FIGURE 6 — COLLECTOR-BASE TIME CONSTANT
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8.0
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N 5836 Vee=30vie || 4
80 \N~ — 1
N 2N5837 V(e = 6.0 Vdc_|
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Ic, COLLECTOR CURRENT (mAdc)

f1, CURRENT-GAIN -BANDWIDTH PRODUCT (GHz) f1, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz)

Cch, COLLECTOR-BASE CAPACITANCE (pF)

FIGURE 3 — CURRENT-GAIN-BANDWIDTH PRODUCT
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FIGURE 5 — CURRENT-GAIN-BANDWIDTH PRODUCT
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FIGURE 7 — COLLECTOR-BASE CAPACITANCE
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| |
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0 1
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MOTOROLA RF DEVICE DATA

3-75




2N5835, 2N5836, 2N5837

2N5835 SCATTERING PARAMETERS
(Ic = 5.0 mAdc, VCE = 6.0 Vdc, 2G = Z| =50 Ohms)

FIGURE 8 — S11,YNPUT REFLECTION COEFFICIENT FIGURE 9 — S22, OUTPUT REFLECTION COEFFICIENT
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FIGURE 10 — S12, REVERSE TRANSMISSION COEFFICIENT
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2N5835, 2N5836, 2N5837

2N5836 SCATTERING PARAMETERS
(Ic =100 mAdc, Vg = 10 Vdc, ZG = 2Z| =50 Ohms)

FIGURE 12 — S14, INPUT REFLECTION COEFFICIENT

FIGURE 13 — Sp, OUTPUT REFLECTION COEFFICIENT
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821 VOLTAGE RATIOS:

2100

FIGURE 15 — S31, FORWARD TRANSMISSION COEFFICIENT

320°

310°

270°

250°

230°

220°




330°

00

350°

320°

3100

3000

290°

280°

$213VOLTAGE RATIOS

270°

260°

250°

240°

220°

210°

200°

190f

2

K
BRN

e
R
TR

ooﬂ.h.&.# 15
W < .v.%h.......# ety
S

2.0 GHz

15

2N5835, 2N5836, 2N5837

2N5837 SCATTERING PARAMETERS

=Z|_ =50 Ohms)

3.0 vde, Zg

(lc = 100 mAdc, VCE

FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT

FIGURE 16 — Sq19, INPUT REFLECTION COEFFICIENT
~

FIGURE 19 — S3q, FORWARD TRANSMISSION COEFFICIENT

FIGURE 18 — S12, REVERSE TRANSMISSION COEFFICIENT
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MOTOROLA

[ ] %%ﬁl”&&lggli\mTOR ] m
2N5849

[ The RF Line |

40 W-50 MHz

RF POWER
TRANSISTOR

NPN SILICON
NPN SILICON RF POWER TRANSISTOR

.. . designed primarily for use in large-signal amplifier output stages,
the 2N5849 is intended for use in industrial communications equip-
ment operating at frequencies to 80 MHz.

® Specified 12.5 Volt, 50 MHz Characteristics —
Output Power = 40 Watts
Minimum Gain = 7.5 dB
Efficiency = 50%

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 24 Vdc
Collector-Base Voltage Ve 48 Vde STYLE 1:
PIN 1. EMITTER
Emitter-Base Voltage VEB 4.0 Vde 2. BASE
3. EMITTER
Collector Current — Continuous Ic 7.0 Adc 4. COLLECTOR
Total Device Dissipation @ T = 25°C Pp 100 Watts TS | ;
Derate above 25°C 571 mw/°c lpT_u WN_| MAX | MIN
. 978 | 0370
Storage Temperature Range Tstg -65 to +200 oc .13 | 838 | 0320 | 03
1 2000 | 0670 | 07% |
y 597 | 0215 | 035 |
: — om0 | —
*Indicates JEDEC Registered Data. 08 | 018 | 0003 | 0007
[ K[ 1245 | — o400 [ —
140 | 178 | 0086 | 0.070
. Lo . . . T M| 45°NOM 457 NOM
This device is designed for RF operation. The total device dissipation — [ 121 — om0 |
rating applies only when the device is operated as an RF amplifier. : o :fgg —%
2 2. 083 | 0100 |
2 3. 008 | 0132
CASE 145A-09

TS
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2N5849

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

r Characteristic Symbol Min ‘ Typ ‘ Max I Unit J
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(1) V(BRICEO 24 - - Vvdc
(Ig = 200 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage(1) V(BRICES a8 - - Vdc
(Ic = 100 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - vdc
(lg = 10 mAdc, Ic = 0)

Collector Cutoff Current ICES - - 10 mAdc
(VCE = 15 Vdc, Vgg = 0, Ta = +125°C)

Collector Cutoff Current iceo - = 1.0 mAdc
(Vcg =15 Vdc, Ig = 0)

ON CHARACTERISTICS
DC Current Gain hege 3.0 — - -

(Ic = 2.4 Adc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 180 230 pF
(Veg = 12.5 Vdc, Ig =0, f = 0.1 to 1.0 MHz)

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain Gpg 75 — a8
(Pout = 40 W, Vg = 12.5 Vdc, f = 50 MHz)

Collector Efficiency n 50 B _ %
(Pout = 40 W, V¢ = 12,5 Vdc, f = 50 MHz)

*Indicates JEDEC Registered Data.
(1)Pulsed thru a 25 mH Inductor.

FIGURE 1 — 50 MHz POWER GAIN TEST CIRCUIT

C1  25-280 pF, Arco 464 or Equivalent

C2 80-480 pF, Arco 466 or Equivalent

C3 075pF, MAPC 75 or Equival

c4 050pF, {und MAPC 50 or

L1 1Turn #14 AWG 5/16” 1.D.

L2 2-1/2 Turns #22 AWG on 3/8" Ferrite Bead

L3 18 Turns #18 AWG 3/8" 1.D. 2 Layers, 9 Turns Each
L4 4 Turns #14 AWG 7/16" 1.0. 7/16” Long

MOTOROLA RF DEVICE DATA
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2N5849
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_
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2N5849

40 WATT, 50 MHz TRANSMITTER SCHEMATIC

-——O +12.5 Vdc

0.005 uf

1

RFC
39pH

2N5849

2N5847

25-280 pF

25-280pF  0.15pH

170-780
pF

2N4073

Po=40W *Ferroxcube Part Number
RFCT - 20 Turns #18 AWG, 3/16" 1.D., 2 Layers,

Pin =20 mW
Overall Gain = 33 dB
Overall Efficiency =59.2%

10 Turns Each, Close Wound.
RFC2 - 18 Turns, #18 AWG, 3/16” 1.D., 2 Layers,
9 Turns Each, Close Wound.

*
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MOTOROLA
m SEMICONDUCTOR maasssssssssmns m

TECHNICAL DATA
2N5943

L ;l‘he RF Line ]

1.2 GHz — 50 mAdc
NPN SILICON

NPN SILICON HIGH-FREQUENCY TRANSISTOR HIGH-FREQUENCY
TRANSISTOR
- . . designed specifically for broadband applications requiring low NPN SILICON

cross-modulation distortion and low-noise figure. Characterized for
use in CATYV applications.
® Low Noise Figure — @ f = 200 MHz
NF (Narrowband) = 3.4 dB (Typ)
NF (Broadband) = 6.8 dB (Typ)
® High Current-Gain — Bandwidth Product —
fT = 1200 MHz (Min) @ Ic =50 mAdc

® Completely Characterized with s and y-Parameters

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 30 Vdc
Collector-Base Volt \% 40 Vdc
ctor. age CBO — Ay
Emitter-Base Voltage VEBO 35 Vdc R B
Collector Current — Continuous Ic 400 mAdc i F-—-- {P c‘
Total Device Dissipation @ T = 25°C Pp 1.0 Watt T -
Derate above 25°C 5.7 mw/°C € e :- M
Total Device Dissipation @ T¢ = 25°C Po 35 Watts SEATING “
Derate above 25°C 0.02 w/°c PLANE ——i—D
Operating and Storage Junction T Tstg -65 to +200 oc
Temperature Range

*Indicates JEDEC Registered Data.

FIGURE 1 — NARROW-BAND TEST CIRCUIT

STYLE1
PIN 1. EMITTER
2. BASE
3.COLLECTOR

MILLIMETERS INCHES

M MIN M,
50 0hms Dn N_[MAX | MIN | MAX
50 0hms 0uTPUT
INPUT 470 =4
O N\ 4 T
l ! Al h
= 3.035

L1=2turns #20 wire
1/4"10, 3/16" long

L2=5turns #18 wire —
/4”10, 5/8" long,
tapped 1-3/4 turns
from collector

All capacitors in pF

unless otherwise noted

—

MOTOROLA RF DEVICE DATA

=

All JEDEC dimensions and notes apply.
CASE 79-02
T0-39
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2N5943

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

Characteristic l Symbol I Min ] Typ Max I Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Vdc
(Ic = 5.0 mAdc, Ig'= 0)
Collector-Base Breakdown Voltage V(BR)CBO 40 - - Vdc
(Ic =100 pAdc, Ig = 0)
mitter-Base Breakdown Voltage V(BR)JEBO 3.5 - - Vdc
(Ig = 100 pAdc, Ic = 0)
Collector Cutoff Current ICEO - - 50 uAdc
(VCE = 20 Vdc, 1g = 0}
Collector Cutoff Current IcBO - - 10 uAdc
(Ve = 15 Vdc, Ig = 0)

ON CHARACTERISTICS
DC Current Gain hege 25 - 300 -
(Ic =50 mAdc, Vcg = 15 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) - 0.15 0.2 Vdc
(Ic = 100 mAdc, Ig = 10 mAdc)

Base-Emitter Saturation Voltage VBE (sat) - 0.88 1.0 Vdc
(Ic = 100 mAdc, Ig = 10 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product (Figure 2) fr MHz
(Ic = 256 mAdc, Vcg = 156 Vdc, f = 200 MHz) 1000 1350 -
(Ic = 50 mAdc, Vg = 16 Vdc, f = 200 MHz) 1200 1550 2400
(Ig = 100 mAdc, Vg = 15 Vdc, f = 200 MHz) 1000 1425 -

Coliector-Base Capacitance (Figure 5) Ccb 1.0 1.6 25 pF
(Vg = 30 Vdc, Ig = 0, f= 100 kHz)

Emitter-Base Capacitance (Figure 5) Ceb - 8.4 15 pF
(Vgg = 0.5 Vdc, Ic = 0, f = 100 kHz)

Small-Signal Current Gain hfe 25 - 350 -
(Ic = 50 mAdc, Vg = 15 Vdc, f = 1.0 kHz)

Collector-Base Time Constant rp'Ce 2.0 5.5 20 ps
(Ig = 50 mAdc, Vg = 15 Vdc, f = 31.8 MHz)

Noise Figure NF dB
(1c = 30 mAdc, Vg = 15 Vdc, f = 200 MHz) (Figure 1) - 34 -
(Ic = 35 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figures 6, 11, 14) (1) - 6.8 8.0

FUNCTIONAL TEST

Common-E mitter Amplifier Power Gain Gpe dB
(Ic =10 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) - 11.4 -
(Ic = 50 mAdc, Vcg = 15 Vdc, § = 250 MHz) (Figure 6) 7.0 76 -

Intermodulation Distortion (Figure 7) 1LY - - -50 dB
(Ic = 50 mAdc, VcE = 15 Vdc, Vout = +50 dBmV)

Cross Modulation Distortion (Figure 8) XM dB
(ic = 50 mAde, VCE = 16 Vdc, Vout = +40 dBmV) - -67 -
(Ic = 50 mAdc, Vcg = 15 Vdc, Vout = +50 dBmV) - -45 -42

*Indi JEDEC Regi d Data.

(1) Includes noise figure of post-amplifier and matching pad.

MOTOROLA RF DEVICE DATA
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2N5943

FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 3 — COLLECTOR-BASE TIME CONSTANT
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P T 50 v
[N VBE (sat) e I~ 3
2 B 7 ] N
@ 0.5 s 2 \
2 O 7 = 30
< /; (=3
S 03 ‘ S
S * iy a8 3 N
. 02 CE(sat) > 20 Cep——
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e >
R
—
0.05 10 i
50 7.0 10 20 3 50 70 100 200 300 500 01 02 03 050710 20 30 507010 20 40
Ic, COLLECTOR CURRENT (mAdc) VR, REVERSE VOLTAGE (VOLTS) -

FIGURE 6 — BROADBAND TEST CIRCUIT

% c1 1.0-10pF  JOHANSON 2951 OR EQUIVALENT
2,67 0.014F
% €3 0560pF  JOHANSON 4642 OR EQUIVALENT
L €4,C6 1500 pF
= L5 OUTPUT ¢5  470pF
LT 2TURNS AWG #26, 5/32" 1.0,

750 L2 1uHMOLDED CHOKE
L3 5 TURNS AWG #26, 3/32" 1.0
= L4 FERRITE CHOKE, 3 TURNS #30 ON
STACKPOLE 57-0156 BEAD
L5 2TURNS AWG #26, 3/32" 1.0.
T1 AWG #30 TRIFILAR WOUND 1-9-9 ON
STACKPOLE 57-0985, #11 TOROID
R1 270 OHMS
R2 18 OHMS
R3 150 OHMS

GARLOCK TEFLON SOCKET

—
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2N5943

CROSS-MODULATION DISTORTIONI (dB)

NF, NOISE FIGURE (d8)

NF, NOISE FIGURE (dB)

FIGURE 7 — CROSS-MODULATION DISTORTION versus

COLLECTOR CURRENT

-30
[ T T 1
VCE=15Vde * |
40 }——Output Level = +40 dBmV
Channel 13
80—
N
T —
-70 \'\
-80
25 30 40 50 60 7 75
1¢, COLLECTOR CURRENT (mAdc)
FIGURE 9 — NARROWBAND NOISE FIGURE versus
COLLECTOR CURRENT
10 I I
9.0 b— f=105MHz
80 Rg =250, VCE=6.0T0 20 Vde
70 | | |
60 1 ]
[~ | Rg= 1000, Vg = 6.0T0 20 Vde
5.0
40 / L L—1
3.0 Rg=50, VCE 6.0 TO 20 Vdc
| —T —
20
1.0
0
0 10 20 30 40 50 60 70 80 90 100
1, COLLECTOR CURRENT (mAdc)
FIGURE 11 — BROADBAND NOISE FIGURE versus
COLLECTOR CURRENT
9.0 T T
VeE = 15 Vde
=200 MHz
8.0
Devu:le and Circuit —
70
—1
6.0
Device Only
5.0
40 |
20 25 30 35 40 45 50 55 60

I, COLLECTOR CURRENT (mAdc)

CROSS-MODULATION DISTORTION (dB)

NF, NOISE FIGURE (dB

NF, NOISE FIGURE (dB)

FIGURE 8 — CROSS-MODULATION
DISTORTION versus OUTPUT LEVEL

0 I
10 VCE = 15 Vdc
Channe! 13
-20
L
230 =
| L—1
_4o|—'C =20 mAde —] |
50—+
35 mAdc | _— L+
-60 2
/
-70F 50 mAdc
80 1
40 42 44 46 48 50
OUTPUT LEVEL (dBmV)
FIGURE 10 —- NARROWBAND NOISE FIGURE versus
COLLECTOR CURRENT
10
I
9.0f— f= 200 MHz ! : | } I
8.0 Rg =250 2, VCE =6.0 T0 20 Vde
7.0 T T T
6.0 1 Rg =100, Vcg = 6.0 TO 20 Vdc |
.0
jg : 4 L
. | —T Rs=509,VCg=6.0T020Vdc
3.0
N ——t
2.0
1.0
0
0 10 20 30 40 50 60 70 80 90 100
I¢, COLLECTOR CURRENT (mAdc)
FIGURE 12 — NARROWBAND NOISE FIGURE versus
FREQUENCY
80
[ 171]
1.0 {-Rs =50 Ohms —
VgE = 6.0 to 20 Vdc
6.0
ig = 70 mAde
5.0 s —
A 50 mAfi:I
40 — 30 mAdc
_———-—-——/
30 - // 10 mAde
: . ———
/
20 |
1.0
0
50 70 100 200 300 500

f, FREQUENCY (MHz)
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2N5943

FIGURE 14 — INPUT ADMITTANCE

FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY versus COLLECTOR CURRENT
40 T 50 T T
—VCE =15 Vde VCE = 15 Vdc
T 1 Ic =50 mAdc = t = 200 MHz
2 ~ N 2 4
g =T |[gie N E
= o
i E
< <
£ = )
s s ——{___ | Jie
3 10 2 20
=]
§ T |bie §
S =
30 I~ ERRT)
= N >
N L bie
-10 I 0
100 200 300 500 700 1000 0 10 20 30 40 50 60 70 8 90 100
1, FREQUENCY (MH2) IC. COLLECTOR CURRENT (mAdc)
FIGURE 15 — REVERSE TRANSFER ADMITTANCE FIGURE 16 — REVERSE TRANSFER ADMITTANCE versus
versus FREQUENCY COLLECTOR CURRENT
=z 2 2 50
2 | IO N
£ VCE = 15 Vde £ VCE = 15 Vde
v I = 50 mAde w40 | =200 Mz |
=4 2
o ;
= i =
g 12 g 30 “bre
< 10 o«
= &
e Iy
2 g0 -~ 2 2
g — | g
~ 60 :
9 -by L1
€. 40 = g 10
2 ] I
g 20 & "
E, 0 ~Ore E 0 i gre
100 200 300 500 700 1000 0 10 20 30 4 S0 6 70 8 90 100
f, FREQUENCY (MH2) Ic, COLLECTOR CURRENT (mAdc)
FIGURE 17 — FORWARD TRANSFER ADMITTANCE FIGURE 18 — FORWARD TRANSFER ADMITTANCE versus
versus FREQUENCY COLLECTOR CURRENT
g 400 T T g 250
£ VCE = 15 Vdc E - ch5= lﬁl\ldc !
s I = 50 mAde £ 1= 200 MH; “be
& 300 t } - & 200 t
2 2 —
< : 5
E ‘ E
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100 200 300 500 700 1000 0 10 20 30 4 5 e 70 8 90 100
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2N5943

- FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR
FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY CURRENT

50 T \T 0 I I
45 __vcE=15vuc_li | s ; | l _ 18 |— VeE = 15 Vde L l L % ‘ J
z Ig =50 mA 4 =
Z o c !nm de & % \ L # | £ 5 f = 200 MHz é [ i !
£ | Lo ‘ £ | L]
] ; ; ! ; e . i ‘ -
=3 H | |
Z % . 2 n 1
t = 1 ‘
£ | | = i 1
R — B 1 boe™ | |
< 20 ; = 80 } ! —]
5 | 5 1 ] L
E 15 0 + 4
S —T 5° i T *
3 > | ; i |
2 10 g 40 ‘ : : [
g !
~ s — T 20 | R
| Joe 1 |
0 T T T T T —
100 200 300 500 700 1000 0 1w 0 30 4 5 6 70 8 90 100
f, FREQUENCY (MH2) I, COLLECTOR CURRENT (mAdc)
FIGURE 21 — INPUT REFLECTION COEFFICIENT versus FIGURE 22 — OUTPUT REFLECTION COEFFICIENT versus
FREQUENCY FREQUENCY

300 200 100 0 3500 3400 3300

= : ERiE : ~ \\\\\ 3 27oil
G o

100 MHz <

oz

2200

1600 1700  180°  190° Zﬁi]“ ] ) 2000 2100

MOTOROLA RF DEVICE DATA
3-88



2N5943

FIGURE 23 — REVERSE TRANSMISSION FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT
COEFFICIENT versus FREQUENCY versus FREQUENCY
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FIGURE 25 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION
COEFFICIENT versus FREQUENCY
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MOTO
m SEM

ROLA
ICONDUCTOR I

TECHNICAL DATA

-

2N5944
2N5945
2N5946

The RF Line J

NPN SILICON RF POWER TRANSISTORS

... designed for 7.0 to 15 Volts, UHF large signal amplifier applica-
tions required in industrial and commercial FM equipment operating
in the 400 to 960 MHz range.

® Specified 12.5 Volt, 470 MHz Characteristics —

Power Output = 2.0 W — 2N5944
4.0 W — 2N5945
10W — 2N5946

Minimum Gain = 9.0 dB — 2N5944
8.0 dB — 2N5945
6.0 dB — 2N5946

Efficiency = 60% Minimum

e Characterized with series equivalent large-signal impedance

parameters

2.0, 4.0, 10 W - 470 MHz

RF POWER
TRANSISTORS

NPN SILICON

MAXIMUM RATINGS

Rating Symbol | 2N5944 | 2N5945 [ 2ns946 | unit
*Collector-Emitter Voltage VCEO 16 Vdc
*Collector-Base Voltage VcBO 36 Vdc
*Emitter-Base Voltage VEBO 4.0 Vdc
*Collector Current — Continuous Ic 0.4 0.8 2.0 Adc
“Total Device Dissipation @ Tc = 25°C  Pp 5.0 15 37.5 Watts

Derate above 25°C 285 85.5 214 mw/°C
*Storage Temperature Range Tgyg | = -65t0+200 —= oc
Stud Torque(Z) - 6.5 in-1bs.

*Indicates JEDEC Registered Data
(1) These devices are designed for RF operation. The total device dissipation rating
applies only when the devices are operated as RF amplifiers.
(2)For repeated assembly use 5 in-Ibs.

MILLIMETERS INCHES

MIN | MAX
7.06 726 | 02718 | 0286
6.20 650 | 0.244 | 0256

1499 | 1651 | 05%0 | 0650
546 596 | 0215 | 023
140 165 | 0055 | 0.085
152 - 0.060 =
008 017 | 0003 | 0007

11.05 - 0435 -

45° NOM 45° NOM

- 1.7 o 0.050
300 325 | 0118 | 0128
140 177 | 0055 | 0070
29 368 | 0115 | 0.145

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

c—cmv;xc_-nmoow»‘g
=
=

CASE 244-04
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3-90




2N5944, 2N5945, 2N5946

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

L Characteristic l Symbol J Min Typ I Max l Unitj

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc
(Ic =50 mAdc, Ig = 0) 2N5944 16 - -
(Ic =100 mAdc, Ig = & 2N5945 16 — -
{Ic =200 mAdc, Ig = 0) 2N5946 16 - -
Collector-Emitter Breakdown Voltage V(BR)CES Vde
(Ic = 50 mAdc, Vgg = 0) 2N5944 36 — -
(Ic = 100 mAdc, Vgg = 0) 2N5945 36 - -
(Ic = 200 mAdc, Vgg = 0) 2N5946 36 — -
Emitter-Base Breakdown Voltage V(BRIEBO Vde
(I = 1.0 mAdc, Ic = 0) 2N5944 4.0 - -
(Ig =2.0 mAdc, Ic = 0) 2N5945 4.0 — -
(Ig = 4.0 mAdc, I¢ = 0) 2N5946 4.0 - -
Collector Cutoff Current ICEs mAdc
(VCE = 15 Vdc, Vgg = 0, T¢ = 55°C) 2N5944 - 0.2 10
2N5945,2N5946 — 0.5 20
Collector Cutoff Current Iceo mAdc
(Vcg = 15 Vdc, Ig = 0) 2N5944,2N5945 - - 1.0
2N5946 - — 20
ON CHARACTERISTICS
DC Current Gain hFe -
(Ic =100 mAdc, Vcg = 5.0 Vdc) 2N5944 20 80 -
(I¢ =200 mAdc, VcEg = 5.0 Vdc) 2N5945 20 80 -
(Ic =500 mAdc, V¢ = 5.0 Vdc) 2N5946 20 80 -
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Ve = 12,5 Vdc, Ig = 0, f = 1.0 MHz) 2N5944 - 1 15
2N5945 - 18 25
2N5946 ~ 38 45
FUNCTIONAL TEST (Figures 20 and 21).
Common-Emitter Amplifier Power Gain Gpe dB
(Vee =12.5 Vde, Py = 2.0 W, Icimax) =267 mAdc, 2N5944 9.0 10 -
f=470 MHz)
(Vee =12.5 vde, Py = 4.0 W, Icimax) =533 mAdc, 2N5945 8.0 9.0 -
f =470 MHz)
(Vee =12.5 Vde, P = 10W, Iclmax) =1.33 Adc, 2N5946 6.0 7.0 -
f =470 MHz)
Collector Efficiency n %
(Vee =12.5 Vde, Py = 2.0 W, Ic(max) = 240 mAdc, 2N5944 60 — —
f =470 MHz)
(Vee =125 Vde, Py = 4.0 W, Ic(max?} = 500 mAdc, 2N5945 60 - -
f =470 MHz)
(Vee =125 Vde, Py = 10W, Ic(max) = 1.3 Adc, 2N5946 60 - -
f =470 MHz)

‘Indicates JEDEC Registered Data

These devices are available in various packages, such as a stud-
less stripline package, TO-39, and also in chip form on beryllium
oxide carriers for hybrid assemblies.

For further information, contact your nearest Motorola repre-
sentative or the factory representative.
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2N5944, 2N5945, 2N5946

Pout, OUTPUT POWER (WATTS

Pout, OUTPUT POWER (WATTS)

2N5944

TYPICAL PERFORMANCE DATA

FIGURE 1 — SERIES EQUIVALENT IMPEDANCE

-

s
O 3
== b a0 iH
0 +
3 o'
400 5.3- (123
450 53110 pm
510 5387 i
T
- 510
o : I 7
10 Zin
1 400 12+66
T - 7450 1.2+).66
< 7510 15+03
! i /
*ZoL = C of the opti Joad impedance into which the device output

operates at a given output power, voltage and frequency.
Ve = 125 Vde, Poyt = 2.0W

FIGURE 3 — OUTPUT POWER versus INPUT POWER

40
L~
20| Vee = 125 vde
- f = 470 MHz
A
7
20
L~ ]
-
0
0 100 200 300 400 500
Pin, INPUT POWER (mW)
FIGURE 5 — OUTPUT POWER versus INPUT POWER
25
Ve =15 Ve
cCc =175 Vdc
201= "§- 470 MHz
15
10
05 ]
0
0 30 160 240 300

Pin, INPUT POWER (mW)

Pout, OUTPUT POWER (WATTS)

Pout. OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

FEIGURE 2 — OUTPUT POWER versus SUPPLY VOLTAGE

40 T
=470 MHz
T
Pin = 200 mW
3.0
/
/
/
20 —
1.0
I
0 | i i

70 80 90 10 1 12 13 1 15
VCC, SUPPLY VOLTAGE (VOLTS)
FIGURE 4 — OUTPUT POWER versus FREQUENCY
40 T T | l \
Vge = 12.5 Vde \
1
30— Pin = 320 mW !
—t
1 200mW
20 — 160 mW [T
—
— | 80 mW
A
10
) .
430 450 470 490 510 530
f, FREQUENCY (MHz)
FIGURE 6 — OUTPUT POWER versus INPUT POWER
40
S0l Ve - 138 Ve //
- f= 960 MHz //
20 //
v 7
/
10 v
Pl
0
0 0.2 0.4 0.6 08 10

Pin, INPUT POWER (WATTS)
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2N5944, 2N5945, 2N5946

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

2N5945
TYPICAL PERFORMANCE DATA

FIGURE 7 — SERIES EQUIVALENT IMPEDANCE

e o \
B i Lo T T
450
A00-CL510 H5
250 BEs
1T
2o Zin
400 4.6- j6.3 7 400 1.1+j1.0
450 45~ 58 Hig T 450 1.2+ 13
<\ 510 47-152 510 1.4+ {19
*ZpL = Conjugate of the op load impedance into which the device output

operates at a given output power, voltage and frequency.
VGG = 12.5 Vdc, Poyt = 4.0W

FIGURE 9 — OUTPUT POWER versus INPUT POWER

9.0
7.0l Ve = 125 vde —

: f= 470 MHz

l/
50 —
/,

30 =
1.0

01 03 05 07 0.9 |

Pin, INPUT POWER (WATTS)

FIGURE 11 — OUTPUT POWER versus INPUT POWER

40

| Vece=75Vde

f=470 MHz —
30 ]
1
20 /
1.0
0
0 0.2 04 06 0.8

Pin, INPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE

8.0 [
1 T
=470 MHz Pin = 0.6 Watts
6.0
A
. /r/
y —
/
2.0
0
70 8.0 9.0 10 n 12 13 14 15

Vee, SUPPLY VOLTAGE (VOLTS)

FIGURE 10 — OUTPUT POWER versus FREQUENCY

8.0 T
Vge =125 Vde
—
6.0 L Pin=08W
06w —
40 =
D e e 201 \\4
’ e —
20 02w
]
0
420 440 460 480 500 520
f, FREQUENCY (MHz)
FIGURE 12 — OUTPUT POWER versus INPUT POWER
10
8.0 Vee = 136 Vi ]
" 1= 960 MH2
L~ -
6.0 >
A
/
40
20
0.75 1.25 175 2.25 2.75 325

Pin, INPUT POWER (WATTS)

NS
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2N5944, 2N5945, 2N5946

2N5946
TYPICAL PERFORMANCE DATA

FIGURE 13 — SERIES EQUIVALENT IMPEDANCE FIGURE 14 — OUTPUT POWER versus SUPPLY VOLTAGE
VN 14
% 54 4|](()]i 510° 7;5\‘\
; ; 7 7 f= 470 MHz
c 4004 z Pin= 2.5 Watts
~ T 45077 = 12
510 S /
x TTefrs t ] = -
S g pet i =
kol ZoL* Zin U 2 10 ~
9! 400 23- 1.2 =T 400 14+ 07 L/ 5 L~
sy 450 3.6- 1.0 171 450 1.3+ 1.1 =
e . + =
o 510 45— j0.3 {11710 510 1.3+ 1.3 3 /
~ i i <
A ‘ i ] 2 80
. ] : 1 &
AN A s T T
*ZoL = Conjugate of the op load imped into which the device output
operates at a given output power, voltage and frequency. 6.0
Ve = 125 Vde, Pout = 12W 70 80 90 10 1 12 13 14 15
VG, SUPPLY VOLTAGE (VOLTS)
FIGURE 15 — OUTPUT POWER versus INPUT POWER FIGURE 16 — OUTPUT POWER versus FREQUENCY
20 16
| I |
| vce=125Vde | vee - 125 vde
f=470 MH 4 T T
= : v £ Pin=30W
£ — e e —
e _ £ — L 1asw ] — |
& 7 B 20W
= / < - Pt T
g 10 5 80 —
= / 2 15W
o =
= . 5
[ 7 <2
3 N H 10W
;g 5.0 v o 40
05W
0 0 :
0 0 20 30 40 50 440 460 480 500 520
Pin, INPUT POWER (WATTS) { FREQUENCY (MH2)

FIGURE 17 — OUTPUT POWER versus INPUT POWER
9.0

@

- | Vee=175 Vde

g f= 470 MHz

2

&

3 L~
£ 50 A

= L~

2

[

=1

<

3 30

S

10
05 10 15 20 25 30

Pin, INPUT POWER (WATTS)

—
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2N5944, 2N5945, 2N5946

10-WATT BROADBAND UHF AMPLIFIER

FIGURE 18

’ —O0-125 Vdc

RF OUTPUT

PARTS LIS = L1.L3 3.9 uH Molded Choke MILLER or equivalent
4 5 Turns#18 AWG E led 0.2 1.D
C1,C2,C4C13.C14  09-7.0 pF ARCO 400 or equivalent "Z'Ls FE;:{;XCUBE : ”,am;he koiKzoo s0ras
e T
C3,C7,C8 25 oF UNELCO or equivalent - [rite cnoxe
21,22,23 Microstrip Lines (See Template Below)
C5.C11 0.1 uF Ceramic 35 V.
Q1 2ns944
C6.C12 680 pF ALLEN BRADLEY Feedthru
Q2  2n5946
€9.C10 10 uF. 35V Tantalum

FIGURE 19 — OUTPUT POWER versus FREQUENCY

Vee = 12.5 Vde
[ Pin=250mW T
- in = 250 m 3
10 W AMPLIFIER PERFORMANCE E ) S—
Vee = 12,5 Ve i
[ Frequency Pin Pou,:r Ic =
MHz mW | W Amp | e
‘ =
440 250 | 85 J 15 | 2
i 450 250 | 11 | 16 | [
| 460 250 12 | 16 | S
I 470 250 | 109 15 | H
| 480 250 | 82 | 1.2 |
80
44g 0 450 470 480

f. FREQUENCY iMHz)

P.C. Board 3x2x0.062 inch G0 Per Template

l 3 I
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2N5944, 2N5945, 2N5946

FIGURE 20 — 470 MHz TEST CIRCUIT

400-510

MHz Test
Circuit

2N594 4 - 46
001

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

FIGURE 21 — 470 MHz TEST CIRCUIT SCHEMATIC

Bead L1 TL2 TL3 o5 ::%: .
Y Py Py e
m <\Vcc
]: cé C7+ CB+
“I 1T T
/'r}/ - - ~ 500
c2 L cs
50 Q S D.U.T.
L TLS
c ca j: c10
C1, C2, C8, C10 — Johanson Trimmer, JMC #5501 TL1 — Micro Strip 0.26" x 2.9" Board — 0.062" Glass Teflon
C3 — 100 pF Unelco 350 Vdc J101 TL2 — Micro Strip 0.055" x 3.9" 2 oz. Cu CLAD
C4 — 15 pF Unelco TL3 — Micro Strip 0.055" x 2.9" e = 2.55
C5 — 680 pF Allen Bradley Feed-Thru TL4 — Micro Strip 0.26" x 2.9"
C6 — 0.1 uF Monolithic TL5 — Micro Strip 0.50" x 1.2"
C7 — 1 pF Tantalum Sprague +10% 35 Vdc L1 — #18 AWG Wire 0.750" Long
C9 — 5 uF Electrolytic 5-25 Vdc L2 — VK200 20/4B

B1 — Ferroxcube Bead, 56-590-65-3B
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