[ Mini-Circuits
Monolithic Amplifiers

The MAR-cascadable amplifier series is a family of silicon bipotar
monolithic integrated circuits fabricated with nitride self-alignment,
ion-implantation for precise control of doping and passivation to
achieve high reliability. These devices, priced from below one
doflar in volume quantity, exhibit excellent unit-to-unit uniformity
and are ideally suited as 50-ohm amplifier building blocks. The
MAR devices are simple to use if you follow the suggestions given
for board layout, proper grounding and steps to minimize para-
sitics, and correct biasing.

board layout suggestions

In a typical microstrip structure, Fig. 1(a), line impedances are
determined by strip width (w), board dielectric material (E,), and
dielectric thickness (h). Since the impedances of the MAR-units
are prematched 1o operate in a 50 ohm system, microstrip lines
should be as close to 50 ohms as possible to realize full specified
performance. For various board materials, line width dimensions
{or a 50-ohm line are given in Fig. 1(b). Operation in systems with
characteristic impedances other than 50 ohms is possible with
somewhat reduced performance. MAR amplifiers offer very good
return foss in a 50-ohm system.

The board material for the microstrip structure should be se-
lected to suit the intended frequency of operation. PTFE woven-
glass perfcrms well to frequencies in excess of 2 GHz, is a fairly
rugged material that can tolerate substantial rework, and is not
particularly sensitive to heat or humidity.

Duroid is the favored material of microwave designers because
ofits high dielectric consistency and low dielectric dissipation: RT/
duroid is a somewhat fragile material which crushes fairly easily;
glues do not adhere well to its substrate so thin metallization pat-
tems are subject to lifting if abused with repeated rework. Some
versions can also be quite hydroscopic, and can show substantial
dielectric shifts with variations in humidity. Because of these fac-
tors, care should be taken when working with the material.
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parasitics and grounds

During board layout, care should be taken to minimize all para-
sitics. Remember that extra lead length eguals extra inductance
added to the design. This is particulary important if the circuit is to
be operated above 1 GHz. Transmission lines should, whenever
possible, run flush to the package. This requires that a hole be
made in the board so that the MAR-amplifier leads are in the same
plane as the transmission line. MAR-ampiifiers should be mounted
on the etched side of the board to minimize the inductance of
teedthrough connections. Abrupt changes in transmission line
width also create parasitic effects, calied step discontinuities. Al-
though the complete modet for such a discontinuity can become
quite complicated, the overall effect of the step from an MAR-
amplifier lead to a 50 ohm transmission fine is typically .05 to .2 nH
of extra series inductance. Tapering the transmission fines from 50
ohms down to the amplilier lead width helps minimize this effect.
Bends in transmission lines also create parasitic effects and
should be avoided when possible; when they must be used, the
comers should be chamfered to prevent the bends from acting as
extra shunt capacitance. (Reference: K.C. Kupta et all, “Microstrip
lines and slot lines,” Artech, 1979, p 140-142). The effects of
parasitics on gain loss and VSWR, is shown in Table 1.

Ground planes should be kept as large and as solid as possible.
Retumn paths for high frequency circulating cunents must be kept
as short as possible, especially at the emitter leads (MAR ground
lead connections). If plated through holes are used as ground
retums, they should be placed directly under the ground leads of
the MAR and be located as near as possible to the body of the
package .050 inches. Any additional path length acts as series
inductance, which translates into unwanted emitter resistance at
operating frequencies. Gain, power ression, and high fre:
quency rolloff will all be degraded if proper grounding techniques
are not used. A gain decrease of more than 1 dB can be expected
at 1 GHz for approximately 2nH of lead inductance. Fig. 2 shows
good retum paths between topside ground connections and the
bottom ground plane. The effects of parasitic emitter inductance
due to poor RF grounding is shown in Fig. 3, with emitter induc-
fance of zero to 4nH.

table 1 Etfects of Parasitics on VSWR and Gain

MAR-2, ~09 [ mar2,

s i + Parasit
MHz | VSWR Loss, 0B | VSWR Loss, dB | VSWR Loss, dB
500 | 1.08:1 00 | 1011 00 | 1181 .03
1000 | 1231 04 | 1421 01 | 1381 11
1500 | 1291 07 | 1221 04 | 1461 .15
2000 | 1281 .07 | 1301 07 | 1451 .45
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DC blocking capacitors are used in both the RF input and output
lines to isolate the resistive bias circuits from the source and foad
resistances. These capacitors will aiso put limits on the frequency
response of the finished ampilifier. Low frequency response will be
determined by the capacitor's value; it must be high enough to be
areasonable RF “short” at the lowest frequency of aperation. High
frequency response will be limited to the frequency at which the
capacitor's associated parasitic inductance becomes resonant
with the blocking capacitor. Operation above the frequency may
fead to highly unpredictable circuit behavior. Blocking capacitors
with high Qs (Q defined as ratio of capacitive reactance o para-
sitic resistance) should afways be used to minimize insertion
losses. Fig. 5 illustrates the variations in VSWR as a function of
frequency and value of blacking capacitor. :

An RF choke (Dale IM-2 or equivalent) should be used in series
with the bias stabilization resistor. Although the choke is not gen-
erally needed to keep the RF out of the DC, it is needed to keep
the stabilization resistor from appearing in parallel with the load
circuit, and thus degrading the output match. A good rule-of-
thumb is that the impedance of the choke at the lowest frequency
of operation plus the value of the stabilization resistor should be at
least 500 ohms. A 10 uH inductor works well as a choke at fre-
quencies as low as 10 MHz; it can be either a molded inductor (for
low-cost applications) or a chip inductor (in cases where space is
at a premium). At higher frequencies, several turns of wire on a
high permeability ferrite bead should be used. !f the choke is
omitted, expect a gain loss of between 0.5 and 1 dB and a de-
crease in Py g4g of as much as 2 dB from the guaranteed per-
formance due to load impedance mismatch.

A large value bypass capacitor (1 uF or so) should be used in
conjunction with the choke to present a low impedance path to
ground for any signal that does manage to get past the choke.
This capacitor should be attached between the supply side of the
RF choke and ground.
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single and three-stage layouts

A typical MAR-ayout is shown in Fig. 6 using 1/32” PTFE woven-
glass board—a reasonable compromise between cost durability,
and electrical performance. Note that the transmission lines have
no bends and are tapered near the package to minimize step
discontinuities. Twelve plated through holes, including two under
the emitter leads, provide sofid ground planes and minimal emitter
parasitics for best high frequency performance. The gaps in the
transmission line are appropriate for 50 mil ceramic chip capaci-
tors, which have relatively low associated parasitic inductances—
typically about 0.5 nH. Mini-Circuits offers a wide variety of values.
The DC pad arrangement requires that a bias stabilization resistor
be used, but makes the use of an RF choke optional. if the choke
is not used, the stabilization resistor would be connected between
the output 50-ohm line and the Ve supply line, and the bypass
capacitor would be attached between the Vcc fine and ground.
Spacing is appropriate for 1/4 watt carbon resistors, molded in-
ductors, and 1 uF electrolytic capacitors. The layout has been
designed so that Fig. 6 can be repeated for multiple cascaded
stages. Overall circuit dimensions are 17 X 1.5” for a single
stage, with each additional stage adding one inch o the overall
length. A three-stage cascaded design using chip resistors and
inductors (R and L in diagram) is shown in Fig. 7.

S-parameter data
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e (npwd Relum Loss)  (Power Galn)  (fsotolion Dulin)
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for 75-ohm systems
When an ideal 50-ohm unit is used in a 75-chm system, retum loss
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figure 4
General MAR AMP schematic.

table 3 Etfects of R on performance over temperature.
MAR-1 Operating Voitage = 5.07 V

will drop to 14 dB (VSWR 1.5:1) and mismatch foss will be 0.18 dB Voltage | Resistor | Temperature | Bias Power Gain
ateach port. In practice, the return loss change may be higher due Drop, Value, degrees | Current,| @ 100MHz,
to finite isolation. Table 2 shows the gain and return loss of a volts ohms c mA d8
MAR-3 ampiifier in a 75-ohm test system. Gain is about the same 0 0 10 95 05
as in the 50 ohm system. Input and output retum foss (75 ohm) is 25 184 18.8
better than 9 dB over most of the range. At high frequencies there 100 P *
is some improvemnent in input retum loss probably due to the
tuning effect of parasitics. 15 82 2 ;(5) :;g :;g
table 2 75-ohm Gain and Retum Loss 100 241 19.0
Fi Pin Gain RL#IN | RL#OUT 20 100 -10 16.3 18.5
(MHz) (d8m) (dB) (dB) (@B) 25 189 189
e 3299 | 1172 | — 978 | -1161 thal 249 480
4 —33.15 11.62 it Y 474 -11.62 7.0 412 = 10 16.1 18.3
12 ~33.54 11.64 - 9.86 -11.69 25 18.8 18.1
102 —33.88 11.57 - 975 | —-11.67 100 18.3 1.5
254. —34.18 1145 -10.18 -11.63 -
495, -3459 | 1128 | -11.06 | -11.28 O e
1009. —35.25 10.85 -18.01 | -10.38 the value of the bias stabilization resistor R
1507. —35.50 8.94 —21.23 - 959 is given by:
2200. -36.17 8.32 ~13.50 - 8.72 Vi
P : Re = —ﬁ—r—ﬁ ohms
proper biasing calculations ¥ o
In order to deiver full performance, MAR-amplifiers must be bi- Ve = the power su| ed t
ased corectly. The internal resistive networks determine individ- i (in v%ﬁt;v) et
ual transistor operating points: ail the user needs to do is present 3 :
the proper valtage at the DC input terminal, For the purpose of bias Vg = the voltage at the DC input terminal of the
stabiity over temp: . the internal transistors shouid have their MMIC (in volts)
bias supplied through a collector resistor (labeled Re in Fig. 4). 4y = the quiescent bias current drawn by the
This resistor compensates for inc.reasss in device § (beta) with MMIC (in amps)

by dropping the ‘s collector voltages when-
ever they try to draw more coliector current. Coupled with this
effectis the fact that the collector resistor will itself be changing in
value over temperature.

Resistors with positive temperature coefficients such as the
common carbon composite (+.0001% per degree C°) do an
excelient job of compensating for the temperature drift of the
negative coeflicient on-chip resistors.

The dissipation of this resistor is given by:
Pass = L2 X R watts

Table 4 shows the recommended bias resistor values for MAR

amplifiers.

table 4 bias resistor values for MAR ampiifiers

For bias stabilization over a temperature range of —10° to Resistor
+100°C, a drop of at least 1.5 volts across the coliector resistor Blas | Bias | Approximate Blas |Dissipation
is necessary. Thelarger this voltage drop, the more stable thebias ~ Ampiifier| Curent | Voitage | Resistor (Ohms) (Watts)
wine. i : ; g (mA) | +Vo |45V 48V +12V +15V| +Voo=12V
gain wi o bl Conmmiaione e Nvoliage drop of  MARA | 17 | ~5 |— 23 412 Bas| .12
about 2V across the colfector resistor aliows the bias swing over m_g g :g = :?2 gg m ;g
temperature to compensate for this gain change, yieiding best MAR-4 50 ~6 |— 60 120 180 '50
gain flatness over temperature. The effect of bias stabilization 5
resistor Re on performance over a temperature range is shown in MAR-8 16 ~35|98 344 531 719 14
Tabie 3. Notice that the amplifier may seff-destruct athightemper- ~ MAR-7 | 22 ~4 |45 227 364 500 18
atures if no bias resistor is used. MARS 36 ~8 |l— — 111 1% 14

Amplifier Selection Guide
2 FREQ.  GAN MAX™ NF. 3rd ORDER DC POWER
% MODEL (MHz) (dB) POWER (dB) I.P. VSWR A% 1
NO. fu fu MIN. (dBm) TYP. (dBm) IN out VOLT (mA)
MAR-1 DC-1000 13.0 0 5.0 +15 1.5:1 1.5:1 +5.00 17
MAR-2 DC-2000 8.5 +3 6.5 +18 1.3:4 1.6:4 +5.00 25
o| MAR-3 DC-2000 8.0 +8 60" +23 1.6:4 1.6:1 +5.00 35
MAR-4 DC-1000 7.0 + 44 7.0 +27 1.9:1 2.0:1 +5.00 50
Q o] MAR-6 DC-2000 9.0 0 28 +15 2.0:1 1.8:1 +3.50 16
E P oj MAR-7 DC-2000 85 +4 5.0 +20 2.0:1 1.5:1 +4.00 22
(e} "‘ MAR-8 DC-1000 19.0 +10 3.5 27 344 3.4:4 +7.50 36
(Z) MAV-1 DC-1000 125 +1 5.0 47 1.4:1 1.4:1 +5.00 17
=
MAV-2 DC-1500 7.5 +4 70 +18 1.6:1 1.6:4 +5.00 25
MAV-3 DC-1500 7.5 +8 6.0 +23 1.6:1 1.6:4 +5.00 35
MAV-4 DC-1000 7.0 +1 7.0 +28 1.8:1 1.8 +56.25 50
MAV-11 10-1000 9.0 +146 38 +30 2.5:4 220 +5.60 60
MODEL NO. | ®FREQ. . dB MAXIMUM DYNAMIC | VSWR MAXIMUM DC
MHz Typicat (at MHz) POWER, dBm RANGE RATNG POWER
atPin 3
Nde] NF P3
4 108 no d8  dBm {25°C) Cumrent Voit.
fy fy |100 500 1000 2000 M Comp.] {domagef| Typ. Typ. [n  Out| {mA) PmW) | (mA) Typ.
MAR-1 DC-1000} 185 17.5 155 o 13.0 + 15 +20 55 +140 (131134 40 200 47 50
MAR-2 DC-2000}125 123 120 110 85 + 45 +20 65 +17.0 [1.311.41] 60 325 25 50
MAR-3 DC-2000}125 122 120 105 80 + 100 +20 60 +230[15117:1] 70 400 35 50
MAR-4 DC-1000f 83 82 80 - 70 +42.5 +20 65 4255161201 85 500 50 525
MAR-6 DC-2000{200 185 160 110 90 #9280 +20 30 +145 (151144 S0 200 16 35
MAR-7 DC-2000{13.5 13.4 425 110 85 + 55 +20 50 +190 |1.414.5:4] .60 275 22 40
MAR-8 DC-1000325 280 225 — 190 #1285 +20 33 +270| # =» 65 500 36 78
MODEL NO. | eFREQ. N, MAXIMUM DYNAMIC | VSWR MAXIMUM DC
MHz Typical (at MHz) POWER, dBm RANGE RATING atpowPhB;
note NP3
4 1a8 no o8 dBm {25°C) Current Vot
fi fy | 100 500 1000 2000 MN. Comp.| [domoge]| ye. Typ. [n Out|ima) P(mW)| (mA) Typ.
MAV-1 DC-1000 {185 170 150 = 125 45 +20 55 +140 [14:11.3:1] 40 200 17 50
MAV-2 DC-15001125 120 110 100 75 + 45 +20 65 +17.0 [1.3:11.44} 60 325 25 50
MAV-3 DC-1500{12.5 120 410 100 75 +10.0 +20 |60 +230 (1311614 70 400 K]
MAV-4 DC-1000| 83 80 75 = 70 +115 +20 70 4245 |14:118:1 85 500 50 525
MAV-11 DC-1000142.7 120 105 _ 90 +175 120 36 +300|1511.7:1] 80 550 60 55




Monolithic Amplifiers

The MAR-cascadable amplifier senes s a family of silicon bipolar
monolithic integrated circuits fabricated with nitride selfalignment,
ionimplantation for precise cantrol of doping and passtvation to
achteve high reliability. These devices, priced from below one
dollar in volume quantity, exhibit excellent unit-to-unit uniformity
and are ideally suited as 50-ohm ampilifier building blocks. The
MAR devices are simpie [0 use if you follow the suggestions given
1or board layout, proper grounding and steps to minimize para-
sitics, and correct biasing

board layout suggestions

In a typical microstrip structure, Fig. 1(a). line impedances are
determined by strip width (w), board dielectric material (E,), and
dielectric thickness (h). Since the impedances of the MAR-units
are prematched to operate in a 50 ochm system, microstrip lines
shouid be as close to 50 ohms as possible to realize full specified
pertormance. For various board malerials, line width dimensions
tor a 50-ohm line are given in Fig. 1(b). Operation in systems with
characteristic impedances other than 50 ohms is possible with
somewnhat reduced performance. MAR amplifiers offer very good
return loss in a 50-ohm system

The board material for the microstrip structure should be se-
lected to suit the intended frequency of operalion. PTFE woven-
glass performs well to frequencies in excess of 2 GHz, is a fairly
rugged material that can tolerate substantial rework, and is not
particulary sensitive to heat or humidity.

Duroid is the tavored material of microwave designers because
ot its high dielectric consistency and low dielectric dissipation. RT/
duroid 1s a somewhat fragile material which crushes fairly easily;
glues do not adhere well to its substrate so thin metallization pat-
terns are subject to lifting if abused with repeated rework. Some
versions can also be quite hydroscopic, and can show substantial
dielectric shifts with variations in humidity. Because of these fac-
tors, care should be taken when working with the material
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figure 1a
Line Widths for 50 ohm line for various board materials.
Board meteris! € Thick w/h for 500  w for 500
RT/Dwoid 5870 23 015" 290 044"
PTFE-Woven Glass  2.55 .010” 255 025"
Fiber {Typ.) 0317 255 079"
T l0827 288 .158”
Epoxy-Glass (G10) 4.8 062" 175 .108”
Alumina/E10° 100 025 085 024"
050" 0895 048"
1 Yrademark of Ragars Car. for s FTFE nonwoven glass PC material,
.‘ghmmwmhm
figure 1b
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parasitics and grounds

During board fayout, care should be taken to minimize all para-
sitics. Remember that extra lead length equals extra inductance
added to the design. This is particularly important if the circurt is to
be operated above 1 GHz. Transmission lines should. whenever
possible, run flush to the package. This requires that a hole be
made in the board so that the MAR-amplifier leads are in the same
plane as the transmission line. MAR-amplifiers should be mounted
on the etched side of the board to minimize the inductance of
feedthrough connections. Abrupt changes in transmission fine
width also create parasilic effects, calied step discontinutties. Al-
though the complete model for such a discontinuity can become
quite complicated, the overall effect of the step from an MAR
amplifier lead 1o a 50 ohm transmission line is typically 05to .2 nH
of extra series inductance. Tapering the transmission lines from 50
ohms down to the amplifier lead width helps minimize this effect
Bends in transmission lines also create parasitic effects and
should be avoided when possible; when they must be used. the
corners should be chamtered to prevent the bends from acting as
extra shunt capacitance. (Reference: K.C. Kupta et all, "Microstrip
lines and sfot lines,” Artech, 1979, p 140-142). The effects of
parasitics on gain loss and VSWR, is shawn in Table 1
Ground planes should be kept as farge and as solid as possible.
Return paths for high frequency circulating currents must be kept
as short as possible, especially at the emitter leads (MAR ground
lead connections). If plated through holes are used as ground
returns, they should be placed directly under the ground leads of
the MAR and be located as near as possible to the body of the
___package 050 inches._Any additional path length acts as series
inductance, which translates into unwanted emitter resistance at
operating frequencies. Gain, power compression, and high fre-
quency rolloff will all be degraded if proper grounding techniques
are not used. A gain decrease of more than 1 dB can be expected
at 1 GHz for approximately 2nH of lead inductance. Fig. 2 shows
good return paths between topside ground connections and the
bottom ground plane. The effects of parasitic emitter inductance
due to poor RF grounding is shown in Fig. 3, with emitter induc-
tance of zero to 4nH.

table 1 Etfects of Parasitics on VSWR and Gain

MAR-2, =~0.9 nH MAR-2,

Freq No Parasitics | Parasitics Only + Parasitics

MHz VSWR Loss, dB | VSWR Loss, d8 | VSWR Loss, d8

500 1.09:1 0.0 1.01:1 0.0 1.18:1 .03

1000 1.23:1 04 1121 0t 1.38:1 3

1500 1.29:1 07 1.22:1 04 1.46:1 15
2000 1.28:1 .07 1.30:1 07 1.45:1 15
2500 | 1.26:1 . .05 1 4381 i) 1.45:0 15
3000 1.26:1 05 1.4511 15 1.53:1 19
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DC blocking capacitors are used in both the RF input and output
lines 1o isolate the resistive bias circuits from the source and load
resistances. These capacitors will alsa put limits on the frequency
response of the finished amplitier. Low frequency response will be
determined by the capacitor's value; it must be high enough to be
a reasonable RF “short” at the lowest trequency of operation High
frequency response will be limited (o the frequency at which the
capacilor's associated parasitic inductance becomes resonant
with the blocking capacitor. Operation above the frequency may
lead to highly unpredictable circuit behavior. Blocking capacitors
with high Os (Q defined as ratio of capacitive reactance to para-
sitic resistance) should always be used to minimize insertion
losses. Fig. § llusirates the variations in VSWR as a function of
frequency and value of blocking capacitor. :

An RF choke (Dale IM-2 or equivalent) should be used in series

single and three-stage layouts

A typical MAR-layout is shown in Fig. 6 using 1/32” PTFE woven
glass board—a reasonable campromise between cost durability,
and electrical performance. Note that the transmission lines have
no bends and are tapered near the package to minimize step
discontinuities. Twelve plated through holes, including two under
the emitter leads, provide solid ground planes and minimal emutter
parasitics for best high frequency performance. The gaps in the
transmission fine are appropriate for 50 mil ceramic chip capaci-
tors, which have relatively low associated parasttic induclances—
typically about 0.5 nH. Mini-Circuits offers a wide variety of values
The DC pad arrangement requires that a bias stabilization resistor
be used, but makes the use of an RF choke optional. if the choke
is not used, the stabilization resistor wauld be connected between

MAR-4 (. = 25°C, ls = 17 mA)

Gain, o8
3

Frequency. OHr
figure 3
Galn vs. frequency as a function of
emitter inductance (Lg) for the MAR-1.

for 75-ohm systems

When an ideal 50-ohm unit is used in a 75-ohm system, return loss

figure 4
General MAR AMP schematic.

table 3 Effects of R on pert
MAR-1 Operating Voltage = 5.07 V

over

will drop to 14 dB (VSWR 1.5:1) and mismatch loss will be 0.18 dB Voltage | Resistor | Temperature | Bias | Power Gain
ateach port. In practice, the retum loss change may be higher due Drop, Value, degrees | Cument,| @100 MHz,
to finite isolation. Table 2 shows the gain and return loss of a volts ohms [ mA dB
MAR-3 amplifier in a 75-ohm test system. Gain is about the same o 0 Zid 95 05
as in the 50 ohm system. Input and output return loss (75 ohm) is 25 184 188
better than 9 dB over most of the range. At high frequencies there 100 e .
is some improvement in input return loss probably due to the
tuning effect of parasitics. 15 a2 ‘;g :;g :;g
table 2 75-ohm Gsin and Retum Loss 100 241 19.0
Frequency Pin Gain RL#IN RL#OUT 20 100 =10 16.3 18.5
(MHz) (dBm) (d8) (dB) (aB) 25 189 189
30 T3299 | 172 | - 978 | —1161 90 £y e
i by =33.15 11.62 =97 -11.62 70 412 =g 16.1 18.3
12. —33.54 11.64 - 9.86 —11.69 25 18.8 18.1
102, ~33.88 11.57 ol Lo 100 183 175
254, —34.18 1145 -10.18 -11.63 by
495, —3459 | 1129 | —1106 | ~11.23 DICISOred S0 e T e,
1009. —35.25 10.85 -16.01 | —10.38 - the value of the bias stabiiization resistor R
1507. -35.50 9.94 -21.23 =999 is given by:
2200. ~36.17 8.32 —13.50 =872 Vel
PR 4 Re = —E—r—‘ ohms
proper biasing calculations L,
In order to deliver full performance, MAR-amplifiers must be bi- V.. = the power volta ied to R
ased correctly. The intemal resistive networks determine individ- g e dlaad du: o
ual transistor operating points; all the user needs to do is present z ;
the proper voltage at the DC input terminal. For the purpose of bias Vo= m\édmge at the DC input terminal of the
stabllity over temperature, the intemal transistors should have their (in volts)
bias supplied through a collector resistor (labeled Rc in Fig. 4). ly = the quiescent bias current drawn by the
This resistor compensates for increases in device f (beta) with MMIC (in amps)

temperature by dropping the transistor's coliector voltages when-
ever they try to draw more collector current. Coupled with this
effect is the fact that the collector resistor will itself be changing in
value over temperature.

Resistors with positive temperature coefficients such as the
common carbon composite {(+.0001% per degree C°) do an
excellent job of compensating for the temperature drift of the
negative coefficient on-chip resistors.

For bias stabilization over a temperatwre range of —10° to
+100°C, a drop of at least 1.5 volts across the coliector resistor
is necessary. The larger this voltage drop, the more stabie the bias
will be.

The dissipation of this resistor is given by:
Pass = L&° X Rc watts

Table 4 shows the recommended bias resistor values for MAR
amplifiers.
table 4 vias resistor vaiues for MAR amplifiers

For a fixed bias (constant quiescent current vs. temp )
gain will decrease as temperature increases. A voltage drop of
about 2V across the collector resistor allows the bias swing over
temperature to compensale for this gain change, yielding best
gain flatness over temperature. The effect of bias stabilization
resistor R on performance over a temperature range is shown in
Table 3. Notice that the amplifier may self-destruct at high temper-
atures if no bias resistor is used.

(E>BE)
GND
4
-
0 }-—_3:: 7

7
GND

AT

Resistor
Bias Bias Blas | Dissif

Amplifier] Current | Voltage |  Resistor (Ohms) | (Watts)

: B (MA) | +Vo | +5V 48V +12V +15V] +Veo =12V
MAR-1 17 ~5 — 235 412 588 12
MAR-2 25 ~5 |— 160 280 400 .18
MAR-3 35 ~5 |— 114 200 286 25
MAR-4 50 ~6 — 60 120 180 .30
MAR-8 16 ~35 |98 344 531 .719 14
MAR-7 2 ~4 45 227 364 500 18
MAR-8 36 ~8 | — — 11 194 14

XAS—Ry ~DHBEUH
1% AD >
A5~y B TR

{MAR-W KRB
MAR-3 AL~

OUTPUT POWER @ | €9 GAN COMPRESIION,
NOEE IGUARE AND §,, ' GAN ve. CASE TEWPERATURE

e

with the bias stabiization resistor. Although the choke is not gen- 1€ output 50-ohm line and the Ve supply line, and the bypass QUTPUT POWER @ 1 ab GAN COMPRESSION
erally rieeded 1o keep the RF out of the DC, itis needed to keep ~ S2PACitor would be attached between the Ve fine and ground L St M T s e " = Lot

the stabilization resistor from appearing in parallel with the load Spacing is appropriate for 1/4 watt carban resistors. molded n- D e Lol i
circuit, and thus degrading the output match. A good rule-of- ductors, and 1 uf electrolytic capacitars. The layout has been = 188 arez & . " L2 R
thumb is that the impedance of the choke at the lowest frequency  9esigned so that Fig. 6 can be repealed for multiple cascaded ¢ = P o T AT e e

ot operation plus the value of the stabilization resistor shouldbe at  Stages. Overall circuit dimensions are 1” X 1.5” for a single | g -t ¥ * -1

least 500 ohms. A 10 uH inductor works well as a choke al fre-  Stage. with each additional stage adding one inch to the overall T ol 24 i Zie Je 7 =000 o
quencies as low as 10 MHz; it can be either a moided inductor (for  1ength. A three-stage cascaded design using chip resistors and 4 : e A

fow-Cost applications) or a chip inductor (in cases where spaceis ~ nductors (R and L in diagram) is shown in Fig. 7. o . O P e B
at a premium). At higher frequencies, several turns of wire on a o= 5 = ) » r “ * o , 5 e g £} % % %5 % g o o
high permeability ferrite bead should be used. If the choke is [ Tomparstrs. °C i, mA

omitted, expect a gain loss of between 0.5 and 1 dB and a de- : |

crease in Py 4g of as much as 2 dB from the guaranteed per- $44 (input Retum Loss) $24 (Power Gain) $42 (lsolation Oul-in) $22 (Oulpuf Retum Loss)
formance due to load impedance mismatch. Freq.

A large value bypass capacitor (1 uF or so) should be used in : bt o o Ang o Ang o Mog hng £ Ny AnD
conjunction with the choke to present a low impedance path to 400 ~-2040 007 184 185 174 —21.94 0.08 4 —23.40 0.07 —%4
ground for any signal that does manage to get past the choke. 500 —24.44 0.06 106 178 141 ~21.54 0.08 15 —23.10 0.07 —68
This capacitor should be attached between the supply side of the :g _;:: :: : ::‘? s Fon iy : _gg 3“7 -::‘

=27 g 87 -4.72 043 -20, X! ~161
RF choke and ground. 2000 2444 006 149 iRt pes =452 0.6 £l 1592 016 -7
&4 :gg ~20.00 040 142 10.6 & ~14.89 0.18 18 -1592 0.46 155
- -1 042 13 93 3¢ -1398 020 2 ~16.48 0.5 144
- (i 3500 ~139%6 020 129 79 ® -1315 0z 5 1592 046 138
4000 —14.06 028 120 66 3 ~12.04 025 -4 1539 0.47 127
€ \w & o
Z’ el \ MAR 3 aA 5 25 c' " 5 35 N‘A) mwn‘;nu i G:"‘Q‘:ﬂc:“mt ?(2!.::‘1‘“ OUTPUT POWER & | 38 GAN COMPRESSION
\“ i Sy ! GAN ve. CURRENT AND PREQUENCY < 11000 MMz, |« 35 mA g ‘n-m"'u'ﬂw
\\ 50 ] I = ' o I
B g e 1 e = - A R me bt
e . . “ b A S T § g g W / e
Frequency, OK, i P_ .! 1 L < oy
o: frequency, .25 nH o = ;! (/"’ [P
vy, B Garamlc o ; ‘ L
B [ y. 1.0 nHp itic ind " » % “ " “ E) § s 0 18 58 " *w 0 M. e w“ ® ”
fi 4 s ma Tomoerarury. *¢ 1, ma
Effects of DC blocking capacitors on VSWR as $¢¢ (INput Retum Loss) $24 (Power Galn) $42 (isclation Out-in) $22 (Output Retum Loss)
function of frequency, capacitance and parasitic Freq.
inductance. Mz ds Mag Ang db Ang o8 Mag  Ang <8 Mag Ang
- 100 -23.40 0.07 72 3.0 174 -18.42 0.42 1 ~16.48 0.45 -u
500 ~24.4¢ 0.06 15 128 152 —1842 0.42 s -1592 0.16 -
S-parameter data 1000 -2602 006 14 125 128 R X T 10 -1498 018 —e
1 e Sa ) x ~2796 0.04 m 1.8 103 ~17.08 0.4 12 —1356 n.g -12
-2444 0.06 73 105 & ~1498 0.48 " ~12.04 0. -4
ok (input Betum Loss)  (Fowaer Gain)  tlsciotion Ouidn)  (Oulpudt Relum Loss) 5 2500 —45.39 0.47 175 10.3 % —-14.42 0.49 $ -11.70 0.26 -173
Mt o Mog Ang o8 Mog Ang 3000 -1240 0.24 157 9.4 3 ~1398 0.20 -0 —12.04 025 168
: 2500 -9.90 0.2 440 78 2 ~1356 024 -6 -42.04 025 182
100 1592 041 24 330 058 -2 039 4000 ~-8.18 0.39 124 65 3 ~43.45 0.22 —14 ~42.04 025 138
500 -0 0% -7 8 034 -% 075
000 -1437 027 -113 20 029 -7 089
AR R o
=10.4 . 0. A
2500 -9 01 -180 “s N - 02 N “%a 0:9 |;1 ?:{ - - - -
3000 -7 03 & 129 A -unr o 1708 044 W o307 ln'- 'mul s
3500 ~156 042 153 1He 6 -1708 044 2 -4772 613 0w 106
4000 004 048 144 e §. 1548 015 14 1947 o 10 1.9 #



