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Monoilithic Amplifiers

for 75-ohm systems
When an ideal 50-ohm unit is used in a 75-ohm system, return loss
will drop to 14 dB (VSWR 1.5:1) and mismatch loss will be 0.18 dB

table 3 Effects of Rc on p

DC blocking capacitors are used in both the RF input and output
lines to isolate the resistive bias circuits from the source and load
resistances. These capacitors will also put limits on the frequency
response of the finished amplifier. 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 frequency of operation. 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
lead to highly unpredictable circuit behavior. Blocking capacitors
with high Qs (Q defined as ratio of capacitive reactance to para-
sitic resistance) shouid always be used to minimize insertion
losses. Fig. § illustrates the variations in VSWR as a function of
frequency and value of blocking capacitor. g

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

over

MAR-1 Operating Voitage = 5.07 V

with the bias stabilization resisfor. 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

£ € Voitage | Resistor | Temperature Bias Power Gain circuit, and thus degrading the output match. A good rule-of-
ateach port. In practice, the return loss change may be higher due Drop, Value, degrees | Current, | @100 MHz, thumb is that the imggedancg of the choke at the lowest frequency
o finite isolation. Table 2 shows the gain and retum loss of a volts ohms c mA dB of operation plus the value of the stabilization resistor should be at
MAR-3 amplifier in a 75-ohm test system. Gain is about the same 0 0 <10 95 oy least 500 ohms. A 10 uH inductor works well as a choke at fre-
as in the 50 ohm system. Input and output return loss (75 ohm) is 25 184 18.8 quencies as low as 10 MHz; it can be either a molded inductor (for
better thgn 9dB over most of the range. At high frequencies there 100 pes P, fow-cost applications) or a énip inductor (in cases where space is
;ls)ns_on\efflni?r()‘verngn} in input return loss probably due to the T 5 o at a premium). At higher frequencies, several tums of wire on a
ing ettect of parasitics. : ;5 :;:2; :;g high permeability ferrite bead should be used. If the choke is
tabie 2 75-0hm Gain and Retum Loss 100 g 19.0 omilted, expect a gain loss of between 0.5 and 1 dB and a de-
% - g crease in P; g of as much as 2 dB from the guaranteed per-
Frequency Pin Gain RL#IN RL#OUT 20 100 —10 16.3 18.5 formance due to load impedance mismatch.
(MHz) {dBm) (dB) (dB) {dB) 25 18,!? 18.9 A large value bypass capacitor (1 uF or so).should be used in
30— 5299 172 | — o/ | —11.61 o 100 246 19.0 conjunction with the choke 1o present a low. impe path to
i ~3315 | 1162 | 972 | —1162 7.0 412 ~10 16.1 8.3 wwground for any signal that does manage to get past the choke.
12, —33.54 11.64 - 9.86 —-11.69 25 18.8 18.1 This capacitor should be attached between the supply side of the
102. —33.88 11.57 - 975 | —1167 100 183 17.5 RF choke and ground
254, —34.18 11.45 - 10.18 —11.63 e ; = 3
495. —-3459 | 1129 | -11.06 | -11.23 A e e e o
1009. —35.25 10.85 —16.01 —10.38 the value of the bias stabilization resistor Rg
1507. —35.50 9.94 —-21.23 - 9.99 is given by:
2200. —-36.17 8.32 —~13.50 — 872

proper biasing calculations

In order to deliver full performance, MAR-amplifiers must be bi-
ased correctly. The internal resistive networks determine individ-
ual transistor operating points; all the user needs to do is present
the proper voltage at the DC input terminal. For the purpose of bias
stability over temperature, the intemal transistors should have their
b&qs supplied through a collector resistor (labeled R, in Fig. 4).
This resistor compensates for increases in device A (beta) with
ternperature by dropping the transistor's collector voltages when-
ever they try to draw more collector current. Coupled with this
effectis the fact that the collector resistor will itself be changing in
value aver 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 diift of the
negative coefficient on-chip resistors.

He = chTd- Vg ohms
where
Vec = the power supply voltage applied to Rc

Va

Table 4 shows the recommended bias resistor values for MAR

(in

volts)

MMIC (in volis)

[

MMIC (in amps)
The dissipation of this resistor is given by:
Paiss = ko> X Re walts

amplifiers

table 4 bias resistor values for MAR amplifiers

the voltage at the DC input terminal of the

the quiescent bias curent drawn by the

For bias stabilization over a temperature range of —10° to Resistor -]
+100°C, adrop of at least 1.5 volts across the collector resistor - Bias Bias Approxi Bias | Dissipati s parameter data
is necessary. The larger this voltage drop, the more stable the bias ~ Amplifier| Current | Voltage |  Resistor (Ohms) (Watts) ia e Plirae Gy s ety
WII;:be, : g Ig(MA) | +Vpo |45V +9V +12V +15V] 4 Vgo=12v Livicd i
For z'ill f;ced bias (constant quiescent current vs. temperature), FVTVE s = S T = MHr @b Mog Ang OB Ang  d8 Mog Ang  dB  Mog Ang
gain will decrease as temperature increases. A voltage drop of ' o T i = -2
ta.bout 2V across the collector resistor allows the bias swing over m:g:g gg Ng B :‘;‘2 g% ggg ;g 'ﬁ :;E; §§ -33; 23 «‘gv: gz% §ZE § Egz E% -‘:s: EZE
lemperature to compensate for this gain change, yielding best 5 i e 5 % 2 o 5
gain flatness over temperature. The effect of bias stabilization MABS S e - :z'::é 2&2; §§ :g xi :; _g:; m ﬁ :;; 33 :: 3:
resistor Re; on performance over a temperature range is shown in MAR-6 16 ~35 98 344 531 719 14 e I R 32 AL A I 0
Table 3. Notice that the amplifier may selfdestruct athigh temper- ~ MAR7 | 22 | ~4 |45 227 384 500| .18 S, v ey T RO He DR T
a‘tures " no bias feSiStO' is USedA MAHAG 36 ~8 i L 111 194 14 2000 694 045 14t 98 5 1548 045 14 917 o1 106 140
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MAV-1 dielectric thickness (h). Since the impedances of the MAR-units : e anssonines from 50
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o MAY-2 DC-4500 2.5 +4 7.0 +18 .64 16:¢ +500 25 performance. For various board materials, ine width dlmensm; choukd be avoided when possible; when they must be used, the
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< - 5.5 : +5. etum i -ohm system. i T ; 5
- = Thekb)isat"«; ?n?x‘l)eria} l;y?:\e microstrip structure should be se-  parasilics on gain loss and VSWR, is Showg n Ts:’bk',e ‘S -
it the intended frequency of operation. PTFE woven: Ground planes should be kept as arge and as solid & m i
> Igmsected o wel‘(!o ﬁequeer?cies in excess of 2 GHz, is a fairly Return paths for _hgh fvequepcy cwculattng cumrzr(vjts Tll‘fR it f{ﬁj
pedonev;‘sa‘ \hat can tolerate substantial rework, and is not s short as possible, especially al the emitter o ze(d Q:mmd
rugged matenal e o homicity tead connections). }f plated through holes are u r?dslgadsm
pag\mid is the favored material of microwave designers becaasﬁ the' EMMARM":\Y dgbemgcgfeglf:egiwpggge% ﬁe‘“‘mdy o the
its high dh i . and low dielectric dissipation. 0 o s
; i o St agie et which crshes oy caiy. - package 050 nches. Any addiona pah engfh ecls 2523
giues do not achere wel 1o its substrate so thin metalization pat. ~ inductance. encfesGmp(w;WMWmh"e‘
MAR fems are subject to lifing if abused with repeated rework. Some  operating frequencies. tain, PO B SR L e e o
Kl e ~ show substantial - quency roloff wil all be degraded if proper grounding
v i versions can aiso be quite hydroscopic. and can show ~areot used-Againdecrease of more than 1 0B can be expected
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[ Mini-Circuits

single and three-stage layouts

A typical MAR-layout 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 solid 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 Vioc supply line, and the bypass
capacitor would be attached between the Ve line 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 muiltipie cascaded
stages. Overall circuit dimensions are 17 X 1.5” for a single
stage, with each additional stage adding one inch to the overall
length. A three-stage cascaded design using chip resistors and
inductors (R and L in diagram) is shown in Fig. 7




