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parasitics and grounds

During board layout, care should be taken to minimize all
parasitics. Remember that extra lead length equals extra
inductance added to the design. This is particularly im-
portant if the circuit is to be operated above 1 GHz.
Transmission lines should, wherever 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 line width also create parasitic
effects, called step discontinuities. Although the com-
plete model for such a discontinuity can become quite
complicated. the overall éffect of the step from an MAR-

plifier lead to a 50 ohm transmission line is typically
.05 to .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 transmis-
sion lines also create parasitic effects and should be
avoided when possible; when they must be used, the
corners should be chamfered to prevent the bends from
acting as extra shunt capacitance. (Reference: K.C. Kup-
ta 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 2.

Ground planes should be kept as large and as solid as
possible. Return paths for high frequency circulating cur-
rents 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

ries inductance, which translates into unwanted emit-
ter resistance at operating frequencies. Gain, power
compression, and high frequency rolioff will all be de-
graded if proper grounding techniques are not used. A
gain decrease of more than 1dB can be expected at
1GHz for approximately 2nH of lead inductance. Fig. 3
shows good return paths between topside ground con-
nections and the hottom ground plane. The effects of
parasitic emitter inductance due to poor RF grounding is
shown in Fig. 4, with emitter inductance of zero to 4nH.

table 2 Ettects of Parasitics on VSWR and Gain

T ARz, [T eanH | mam2,
Freq No Parasitics Parasitics Only + Parasitics
MHz VSWR Loss, dB VSWR Loss, dB VSWR Léss aa

500 | 1091 00 | 1011 00 | 1181 03
1000 1231 04 1120 01 1.39:11 1
1500 1291 07 1221 04 1.46:1 15
2000 129:1 .07 130:1 07 1451 15
2500 1261 05 1381 1" 1451 15
3000 1261 05 1451 15 1531 19

y
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a. Wire “feed thwough™ sol-  b. “Wrap around™ of copper  c. Plated through hole (side
dered in place in hole 1ol (may be used with siit walts of hole metaiized).
drilled through board in board).

figure 3

Methods of realizing minimal length return paths to
ground.
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figure 4

Gain 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 will drop to 14dB (VSWR 1.5:1) and mismatch
loss will be 0.18dB at each port. In practice, the return
loss change may be higher due to finite isolation. Table 3
shows the gain and return loss of a MAR-3 amplifier in a
75-ohm test system. Gain is about the same as in the 50
ohmsystem. Inputandoutput returnloss (75 ohm)is better
than 9dB over most of the range. At high frequencies
there is some improvement in input return loss probably
due to the tuning effect of parasitics.

table 3 7s- ohm Gain and Return Loss

Frequency Pm- Gain RL#!N RL#OUT
(MHz) (dBm) (dB) (dB) (dB)
0 3299 11.72 978 1161
1 33.15 1162 972 11.62
12 33.54 1164 9.86 11.69
102 - 3388 1157 9.75 11.67
254 34.18 f1.45 10.18 11.63
495 34 59 1129 11.06 1123
1009 35.25 10 85 16.01 10.38
1507 35.50 994 2123 999
2200 3617 832 13 50 872

Barend's MAR boekje

Barend Hendriksen HF Techniek
T200AH Zutphen, tel.05756-1866 fax 05756-5012

Uitgave:
Box 314,

MAR

De inmiddels niet meer weg te denken MAR MMIC breedband-

versterkers die wij enkele jaren geleden introduceerden

vormen een familie, overeenkomend met b.v. de Avantek
neef jes. De meeste zijn simpel toepasbaar (de Amerikanen
zeggen "drop-in") en geven prima resultaten van DC tot
enkele GHz. In het schema is de HF smoorspoel alleen

benodigd indien de voorweerstand een lage waarde heeft-

de impedantie van R en RFC samen moet minstens 500 Q

zijn, bij de laagste te verwerken frequentie. Hoe hoger

R, des te beter de temperatuurstabiliteit. Uit de tabel
kunt u een type uitzoeken, gelet op ruis, intercept
point, vlakheid freq./gain curve enz. enz. Bij hogere
frequenties moeten de koppelcondensatoren een lage

zelfinductie hebben; kleine keramische typen (of SMD)

voldoen

gebruik als voorversterker in ontvangers zelfs de beste

goed.

De toepassingen zijn legio, bedenk wel dat bij

breedbandversterker overstuurd zal worden; als regel
moet u wat voorselektie toepassen.
Het is mogelijk de MAR's parallel of in balans te ‘
gebruiken. De MAR 8 is de enige die niet altijd stabiel
is; u zult deze enigszins op 50 Q moeten aanpassen. Doet
u dit, dan heeft u een prima amp met veel versterking.
In ons BOUW BOEKJE-1 vindt u enkele aardige
schema's met MAR's.

Tot slot nog dit: de MAV typen zijn identiek aan
Avantek (de MAR's alleen inwendig) en dus
typen de stip de uitgang aan !

geeft bij deze

GAIN, dB MAXIMUM DYNAMIC MAXIMUM DC
Typical (at MHz) POWER, dBm RANGE RATING ;O:VE%
n
Intercept
pt. dBm
Model [Note) Output  Input | NF 3rd '
No. Color FREQ. 4 )| (1dB) Com- (no |dB Order | VSWR (25°C)  |CurrentVolt !
Dot MHz {100 5001000 2000 MIN | pression damage)| Typ. Typ.|in Out|{mA) P(mW) (mA) Typ. |
MAR-1 Brown |[DC-1000(18.5 17.5 155 —  13.0 0 +10 50 15 [1.541.54 40 100 | 47 5 |
MAR-2 Red DC-2000{13 128 125 11 8.5 +3 +15 65 18 [1.341.64] 60 325 | 25 5 |
MAR-3 Orange |DC-2000|13 128 125 105 80 | A+ 8 +15 | 6.0 23 [1.641.64] 70 400 | 35 5 |
MAR-4 Yellow |DC-1000| 82 82 80 — 7.0 +11 +15 70 27 (49424 | 8 . 500 | SO 5 |
MAR-6 White |DC-2000{20 19 16 11 9 0 +15 28 15 (21 181| 50 200 | 16 35 |
MAR-7 Violet |DC-2000{435 3.4 125 105 85 +4 +15 50 20 (24 154| 60 275 | 22 4 |
| MAR-3 Blue DC-1000133 28 23 - 9 +10 +15 35 27 lo ol 6 500 | 36
MAV4 DC-1000| 85 85 80 — 70 " 20 70 28 |10-11.a:4 85 500 | 50 5.25
MAV-11 DC-1000 (13 122 115 — 90 16 15 38 30 125122 4! 80 550 l 0 56



MR amplifiers dc to 2GHz 2

proper biasing calculations

In order to deliver full performance, MAR-amplifiers must
be biased correctly. The internal resistive networks
determine individual 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 tem-
perature, the internal transistors should have their bias
supplied through a collector resistor (labeled Rc in Fig. 5).
This resistor compensates for increases in device g (beta)
with temperature by dropping the transistor's collector
voltages whenever they try to draw more collector cur-
rent. 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 de-
gree C°) do an excellent job of compensating for the
temperature drift of the negative coefficient on-chip
resistors.

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

For a fixed bias (constant quiescent current vs. temper-
ature), gain will decrease as temperature increases. A
voltage drop of about 2V across the collector resistor al-
lows the bias swing over temperature to compensate for
this gain change, yielding best gain flatness over temper-
ature. The effect of bias stabilization resistor Rc on per-
formance over a temperature range is shown in Table 4.
Notice that the amplifier may self-destruct at high tem-
peratures if no bias resistor is used.

OC IN
(EXTERNAL)

RF
out

table 4 Effects of Rc on performance over temperature.
MAR-1 Operating Voltage 5.07 V
Voltage | Resistor | Temperature Bias Power Gain
Drop, Value, degrees Current,| @ 100 MHz,
volts ohms [+ mA dB
0 0 10 95 05
25 184 188
100 . .
1.5 82 10 142 17.0
25 173 183
100 241 19.0
20 100 10 16.3 185
25 189 189
100 246 19.0
70 412 10 161 | 183
25 18.8 181
100 183 17.5

°" Device destroyed due 10 excessive current draw

the value of the bias stabilization
resistor Rc

is given by:

where

Vec = the power supply voltage

applied to Rc (in volts)

the voltage at the DC ihput

terminal of the MMIC (in volts)

la = the quiescent bias current
drawn by the MMIC (in amps)

The dissipation of this resistor
is given by:

Ground
figure 5 Paiss = la® X Rc watts
General MAR AMP schematic.
COLOR 3 1 RF O Typical Circut Arrangement
oor and Biss v oxv

l ‘ \,L. z =N

P o =\ \- — color dot
f Ground \ LJ J Ground ~ o—”—- L] }——c out
%Yyp.

1 RF Input -__-E

mMini-Circuits

COLOR 3} Output
oot :fdnin
|« \r-\ :
[ € . | ) o > J
f Ground e/  Ground
—?Tol‘w. 1
1 b RF lnput
e
NOTES (UNLESS OTHERWISE SPECIFIED)
1 DMENSIONS ARE I (I
2 Toterances X o 010
/"
5° Max.
1 — T
1 d T
L o |
085 £
"
figure 1b

Since device g (beta) and, therefore, collector current,
given a fixed bias tends to increase with temperature, Rc
also serves as a temperature compensating element. A
dc blocking capacitor must be placed at theamplifier in-
put to isolate other devices and the input source.

Since the internal resistive networks prematch both in-
put and output to 50 ohms, the MAR-amplifiers are par-
ticularly easy to design with. To design an amplifier sec-
tion, all that's needed is a 50 ohm microstrip line,
blocking capacitors, and very simple bias circuitry; but
there are some basic construction rules that should be
followed.

board layout suggestions

In a typical microstrip structure, Fig. 2(a), line imped-
ances are determined by strip width (w), board dielectric
material (E,)., and dielectric thickness (h). Since the
impedances of the MAR-units are prematched to oper-
ate in a 50 ohm system, microstrip lines should be as
close to 50 ohms as possible to realize full specified per-
formance. For various board materials, line width dimen-
sions for a 50-ohm line are given in Fig. 2(b). Operation in
systems with characteristic impedances other than 50
ohms is possible with somewhat reduced performance.
MAR ampilifiers offer very good return loss in a 50-ohm
system.

CIMini-Circuits = .-

MR ampliﬁers de 1o 2GHz 11

The board material for the microstrip structure should
be selected to suit the intended frequency of operation
PTFE woven-glass performs well to frequencies in ex-
cess 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 of its high dielectric consistency and low dielec-
tric dissipation. RT/duroid is a somewhat fragile material
which crushes fairly easily; glues do not adhere well toits
substrate so thin metallization patterns are subject to lift-
ing if abused with repeated rework. Some versions can
also be quite hydroscopic, and can show substantial di-
electric shifts with variations in humidity. Because of
these factors, care should be taken when working with
the material.

e 7

n Duelectrc Material

Bottom side ground surface
(solid metalization)
microstnp  structure

figure 2a

Line Widths for 50 ohm line for various board materials.

Board material € Thick w/h for 502  w for 50Q
RT/Duroid 5870’ 23 015" 2.90 044~
PTFE-Woven Glass 2.55 .010” 255 .025”

Fiber (Typ.) .031” 2.55 .079”

062 2.55 158"
Eppxy-Glass (G10) 48 062" 1.75 .108”
Alumina/E102 100 025"  0.95 024"
050" 0.95 .048”

1 Trademark of Rogers Corp for its PTFE nonwoven glass PC matenal
(RT is remforced tetion and PTFE is polytetrafiourethylene)
2 E-10 and Epsdam-10 are trademarks of 3M for its ceramc filed PTFE substrate

figure 2b

» easy to use, 50 ohm input/output

« smooth response over the band

o easy for printed-circuit designs,
one input and one output

« can operate as low as 5Vdc

« extremely broad bandwidth,
usable up to 4GHz

« smooth response over entire
band, no external resonances

v e low impedance, less susceptible
' to EMI
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Door parallelschakeling kan het vermogen opgevoerd
worden, de impedantie bij 4 stuks is dan 12,5 Q, deze
waarde kunt u met een geschikte trafo weer op 50 Q
brengen.

In de schetsen ziet u een balansschakeling, de
voordelen boven parallelschakeling zijn: Sterke
vermindering van even harmonischen, bijna viermaal het
vermogen van 1 MAR plus goede bandbreedte en
versterking. De andere schets toont een
balansversterker met neutrodynisatie. In de getekende
vorm, unilateralisatie geheten, worden zowel de reéle
als de imaginaire component gecompenseerd waardoor een
versterker met goede input/output isolatie ontstaat.
Deze techniek, waardoor belastingsvariaties niet terug-
werken op de ingang, is geknipt voor de MAR omdat diens
interne terugkoppelelementen een zeer lage Q hebben.
Voor bovenstaande toepassingen is de MAR4/MAV4 en ook de
MAV11 bij uitstek geschikt.

Tevens vindt u op de Engelstalige pagina's tips voor een
verantwoord UHF/SHF ontwerp. Hoe hoger de frequentie,
des te belangri jker grote massavlakken en korte

verbindingen, maar ook b.v. taps toelopende soldeer-
vlakken.

Laat u niet afschrikken door alle technische rimram, in

de praktijk soldeert u het Marretje erin en Bingo! het
versterkt...

N.B.

Daar er voor de MARMAV 2 en 3 betere alternatieve typen
bestaan, voeren wij deze niet in ons programma.

Table 5 shows the recommended bias resistor values for
MAR ampilifiers.

table 5 bias resistor values for MAR amplifiers

T Resistor
Bias Bias Approxi Bias | Dissipati

Amplifier| Currem | Voltage Resistor (Ohms) (Watts)

Ig (MA) “Vo | 5V 19V c12v - 15V| svee 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-6 16 ~35 |98 344 5S31 719 14
MAR-7 22 ~4 45 227 364 500 18
MAR-8 36 -8 — = 111 194 14
MAV11 60 ~5.,6 foo"

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 am-
plifier. Low frequency response will be determined by the
capacitor's value; it must be high enough to be a reason-
able 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. Oper-
ation above the frequency may lead to highly unpredict-
able circuit behavior. Blocking capacitors with high Qs (Q
defined as ratio of capacitive reactance to parasitic resis-
tance) should always be used to minimize insertion
losses. Fig. 6 illustrates the variations inVSWR as a func-
tion of frequency parasitic inductance, and value of
blocking capacitor. For your design convenience. Mini-
" ~uits offers a full line of capacitors, shown on page 3.

An RF choke (Dale IM-2 or equivalent) should be used
in series with the bias stabilization resistor. Although the
choke is not generally needed to keep the RF out of the
DC. itis needed to keep the stabilization resistor from ap-
pearing in parallel with the load circuit, and thus de-
grading 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 atleast 500 ohms. A 10 uH inductor works well
as a choke at frequencies as low as 10 MHz: it can be ei-

[JAMini-Circuits

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 man-
age to get past the choke. This capacitor should be at-
tached between the supply side of the RF choke and
ground.

— —— -
Capacitor Veive Parastic Inductance
oF) nH)

1000 ™ | — \;s
. L -0 —1 1
1 : K] 1 s
Frequency. GH,
Figure 6a.
2
Capacitor Value Parasitic Inductance
(pF) nH)
151
2 N
> 100
\\ .50 4444
1000 N 7
A -
11
1 5 1 5
Frequency. GH,
Figure 6b.
2
Capacitor Value Pacasitic Inductance
] o |
!
1.0
g 50
151
¢ N 4
100
N
1000
1

1 5 1 s
Frequency. GH,

Figure 6c¢.

\ ther a molded inductor (for low-cost applications) or a O - resonant frequency, .25 nH parasitic inductance
= ° = . . . . Sic i
(Ta = 25°C, 14 = 17 mA) ) chip inductor (in cases where space is at a premium). At Z 'es°"a": :’eq“ency' 05 ": parasitic inductance
S44 (Input Retum Loss) S$24 (Power Gain) $42 (isolation Out-in) $42 (Output Return Loss) [ higher frequencies, several turns of wire on a high perme- resonant frequency, 1.0 nH parasitic inductance
ea. a8 Mag  Ang a8 Mag  Ang @ Mag  Ang a8  Mag  Ang ‘ ability ferrite bead should be used. If the choke is omitted, :
MAV-4 10 o » s oot . s o . ) - , { expect a gain loss of between 0.5 and 1 dB and a de- figure 6
300 10 94 s 7 154 7o om " o 2 crease in P, ., of as much as 2 dB from the guaranteed Effects of DC blocking capacitors on VSWR as a
% ::2 :z: }f{: ;:; m -3;12 t‘.’?.Z ;‘; j?,,’, g; performance due to load impedance mismatch _func'.non of frequency. capacitance and parasitic
1000 a7 P 143 521 102 189 A 2 08 C et inductance.
MAV-11 100 04 -81 127 429 7 -164 152 2 05 -137
300 06 —105 124 418 156 -16.2 55 4 .10 136
500 09 —124 124 4.01 141 -15.8 162 6 A5 144
800 RE) —147 1.3 3.68 120 -15.2 A4 7 22 161
1000 A8 —161 107 343 106 —14.7 184 6 26 173
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paralleling MARs for
higher power output

Since they are unconditionally stable (except for the
MAR-8 discussed), MAR-amplifiers may be easily paral-
leled for increased output power (Fig. 11). Fortunately,
the input and output impedances of paralleled amplifiers
fall within the range that conveniently terminates stan-
dard 4:1, 9:1 and 16:1 broadband transformer config-
urations.

The bandwidth of the resulting multi-stage circuit will
be limited by the bandwidths of the impedance matching
elements. In Fig. 12, for example, the bandwidth would
be limited by the 4:1 impedance transformers.

In applications not demanding excessive bandwidth,
there are many appropriate impedance matching and
combining techniques, such as quarter-wave transmis-
sion lines and Wilkinson n-way divider/combiners. Mini-
Circuits’ power splitter/combiners can be used for
50-ohm wide bandwidth applications

MAR-amplifiers may also be connected in push-pull
(Fig. 12). The advantages of push-pull over straight par-
alleling are that stability and gain are retained, even-
order harmonics tend to be cancelled and the push-pull
circuit shown provides four times the power output of a
single device. )

In the circuit of Fig. 12, the input and output trans-
formers are baluns (for BALanced to UNbalanced); a
balun provides two signals at the balanced output which
are 180 degrees out of phase, but equal in magnitude
with respect to ground.

In the push-pull connection, even-order harmonic can-
cellation occurs because the output currents of even-
order harmonics appear across the load resistor in phase
with each other and, assuming that each is a perfect rep-
lica of the other, their sum is therefore zero at all times.

Note that the gain of the amplifier in the push-pull con-
figuration is still the same as the gain of a single single-
ended amplifier channel. Thus, to get four times the out-
put power, the resulting push-pull amplifier must be
driven with four times the input power.

A push-pull pair of MAR-amplifiers also lends itself to
neutralization, and to the even more worthwhile design
concept of true unilateralization. Unilateralization is a cir-
cuit technique in which the imaginary as well as the real
term of the feedback elements are canceled. This
creates an amplifier with a large degree of isolation be-
tween the input and the output.

Atfirst glance, unilateralization might appear to be the
same as neutralization as a means of stabilizing an am-
plifier. In neutralization, though, only the imaginary terms

|

at MAM-

figure 11

=

Q1 MAR3

figure 12

Q1 MAR3

figure 13

C:JMini-Circuits

P.O BOX 350166, Brooklyn, New York 11235-0003 (/18) 934-4500
FAX (718) 332-4664 TELEX 6852844 or 620156

g

cascading MAR-8s

The MAR-8is a high-gain amplifier optimized for low noise
figure with a typical power output of 10dBm up to 2GHz

But the amplifier is only conditionally stable, whichmeans
under certain conditions of temperature. current. load.
and/or source impedance. the amplifier can oscillate

However, if the load and source impedance both have a
VSWRof less than 3: 1, at all frequencies below 2GHz the
amplifier will be stable. Furthermore, as the source and

low frequency amplifier

< c2 c3 ca
= >
470, 5% } 1scee|rscee t s
[l A [ ; PF
017 X 0.1
R1 A2
017 X 0.1 1240 1% 6980 1%\
0.4 X 005" 01" x 0.2
0.05°W X 021

G-10. 0031 thick
figure 9
Fig. 9 shows the schematic of an amplifier optimized

for the irequency range of 100-500MHz, with a gain of
34 +1.5dB. and a noise figure of 3dB typical.

GAIN AND COMPRESSION RETURN LOSS
rrequency Gain Comp Py Run Rloyr
(MHz) (dB) (dB)  (dBm) (dB)  (dB)
N K 139 10 41 849

50 as9 H s
il 1547 1401 1651
1 g 1912 rEral
107 w9 2151 2913
At AT 24 60 2545
9 RREL 1801 2335
2h ‘o 1863 2280
27 327 1595 2107
) T4 M3 19
o Tor 1434 18 "4
94 631 284 1843
4 LREY 1w 18 34
13 543 1205 77T
1 550 1205 1788
1 599 1149 1725
[KIRNG) 10 139 1066 17T
2 33 1wz
57 109 tay
a9 T L 8a7
JAEN i tn 409 2106
[ESUR “l g )60 LR
TR DS R T T0% LM
b b4 R R 706 e
SR ] i Ty 428 LR

[IMini-Circuits

load impedance show better VSWR (closer to 50-ohm
impedance). stability will be further improved. With an in-
terstage matching network, unconditionally stable two
stage amplifier can be designed. which preserves noise
and power output characteristics of the amplifier. Follow-
ingare two examples whichareoptimized forlow and high
frequencies.

high frequency amplifier

Tnsv
0.1 uf CHIP
0.1.CHP 5009 3
W CARBON /);
S R4
MAR-8 4~ <
A2 ca
<
2CHP ¢ / 68 CHP
R2 PI g pF
6910 /
e

004" X 01" MICROSTRIP

0.04” X 0.1 MICROSTRIP

s

PC Board 0.05" X 0.2 MICROSTR®
G-10. 0 031" thick.
Copper both sides

figure 10

Fig 10 shows the schematic of a two-stage amplifier
optimized for a frequency range of 500-2000MHz, with
a gan of 27 +2.5dB and. typically 3dB noise figure.

GAIN AND COMPRESSION RETURN LOSS

Frequency Gamn Comp Poyy RLUn  RLoyr
(MHz) (dB) (dB) (dBm) (dB) (dB)
LT REY 14 1290 11 HS YB3

iR o8 a1 141 13 4h 1623 6 30
SRR S04 203 1360 2421 692
Loh FERR 200 1358 2200 732

Sre 2917 200 1363 1915 [
292 s 13 40 17138 826

2903 163 137 1586 8"

o RCET) ThL 1145 1502 gan
Th 2897 144 (R 14 65 99
BT 8497 142 1328 1444 1015

LM 2H 84 105 1300 1416 s

e 2863 105 133 146" 1238
- 28 49 02 106 1502 1315

Void HE 2806 89 1268 1539 1427

[EEREAN 2793 % 1222 1610 152

1 2765 43 1208 16 65 16 26

i 27 A3 1214 1743 17 a2

' 26 40 T 1846 241y

g 2682 74 IR 1594 20 82
Coen Jh 9 Ry H3 By

cn RN o 9427 1969 169
B 233 03 745 was 1870
S 2105 1 RO 0K 17
<o S " i 183 K

T 14 655 A1 ENE
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of the feedback reactances are canceled because of the table 6
S parameter data and perfonnance curves necessary inverse feedback is provided through an in- Configuration | Freq. | Gain |P _ yqs | 2nd Harmonic @ P - 148
ductor (or capacitor), which does not track the reactance (MHz) | (dB) | (dBm) (dB betow carrier)
MAR-8 (I, = 25°C, Iy = 36 mA) outrut POWER o 1 a8 GAm CONPRESSION of the capacitive (or induct{ve) feedback over freqqency. Single-ended 100 | 12 [+10 15
6 Ga ve CURRENT AND FREOUENCY MOSE FIGURE AND S1.1 GAWS vs CASE TEMPERATURE ouTeuT POWER - 1 08 Gam COuPRSsi0n Consequently the conv_entnonally-neutrahzed amplifier is Push-pull 100 | 15 | +135 -26
* ey B * » — stable only over a smail frequency range. What is really (Unilateralized)
» 7 Tewa] n P » o0 e | neededis not aninductor or a capacitor.but acircuit ele-  Push-pul 100 | 12 {417 —34
» 7 e § " " § = - byt ment which is always equal in magnitude but opposite in
: 0 J___] K . i 5 Catlill WS it "1 sign 10 the positive feedback reactance of the device in-
. ! - . 7z | . cluding all parasitic elements of the device itself, its pack-
L ¥ . ; age and the circuits in which it is installed.
oroEom o - ool % W w e on Such a negative element can best be simulated with a = —10 i
Sey tin .;' Rotum Lo Sech cal ) . e duplicate active device. In the case of the pgsh-pult con- F
Freq. 11 (Inp 35) 24 (Power Gain) 12 (Isolation Out-in) S22 (Output Return Loss) X . figuration, it may be obtained by cross-coupling between _1} z
MHz d8 Mag  Ang d8 Ang a8 Mag  Ang dB Mag  Ang the input of one of the two amplifier devices and the out- ® g \ I\
T R N petof theother andviceversa nFig 19, s conditon & 3 4
1000 Sy ow g 20 % uu 0w o B om - oee i. _-ovided, w.nth }he input transformers serving the dual € % V4
2000 -1046 030  -155 169 a -2000 010 41 1539 047 153 097 purpose of 4:1 impedance "ansu,),rma_“on and .balur?. E 3
% ::::; gj: —:zg :;: ;‘z’ ::g;i 33 :g ::;.3: ot w 101 The reason thgt t'he MAR-amplifier is so egsdy uni- s - \
3500 -754 042 153 114 6 _1708 014 21 112 o3 107 106 lateralized is that its internal feedback network is of very T
4000 Tes4 0w e oS Cteds 015 4 7 o 16 110 low Q compared to that of conventional amplifiers; in ~
conventional amplifier devices, the feedback elements -90
tend to be more reactive than resistive. Unilateralization 100 200 300 400
of a push-pull pair of MAR-amplifiers would appear to ne- FREQ. (MHz)
H ate some of the advantages of the basic amplifier itself.
smgle and three-Stage |ayouts E\general, this is true. Ur?ilateralization is onFl)y useful in ',igu'e 14
A typical MAR-layout is shown in Fig. 7 using 1/32” providing slightly higher gain or substantially more iso- Single-ended
PTFE woven-glass board—a reasonable compromise lation.
between cost durability, and electrical performance. After an amplifier has been unilateralized, the load
Note that the transmission lines have no bends and are impedance will no longer affect the inputimpedance and
tapered near the package to minimize step discontinui- vice-versa, but unilateralization often increases the ef- . ~10
ties. Twelve plated through holes, including two under fective input and output impedance of the amplifier, the § p
the emitter leads, provide solid ground planes and min- mechanism which actually increases thegain. Careful at- = -
imal emitter parasitics for best high frequency perfor- i tention must be paid to the effects of unilateralization on % o
mance. The gaps in the transmission line are appropriate D ® - b @ /GB th~ input and output match. ° 2 N
for 50 mil ceramic chip capacitors, which have relatively e et T vses S = N
low associated parasitic inductances—typically about figure 7 E ] S‘
0.5 nH. Mini-Circuits offers a wide variety of values, see 2 =8 i b
Table 1A. The DC pad arrangement requires that a bias H e
stabilization resistor be used, but makes the use of an expe"mer.‘tal results «
RF choke optional. If the choke is not used, the sta- of para"ellng —90 T 200 30 200
bilization resgstor would be connectgd between the out- The paralleling techniques were tested in single-ended FREQ. (MHz)
put 5Q~ohm line and the V¢ supply line, and the Pypass . and push-pull experimental amplifiers. Two amplifiers
capacitor wog|d ,be attachgd between the Vcc line a(ld i were built with little effort toward optimizing board lay- figure 15
ground. Spacing is appropriate for 1/4 watt carbon resis- i out,and with standard components such as carbon com- Push-pull
tors, molded inductors, ang 1uF electrolytif: capacitors. | position resistors and chip capacitors. To optimize per- . .
The layout has bgen designed so that Fig. 8 can be | formance, microwave printed circuit layout techniques appllCatIONS
repeated for multiple cascaded stages. Overall circuit i and microwave components would be preferable.
dimensions are 1 X 1.5” for a single stage, with each I Table 6 shows the performance results while Figs. 14 low-power transmitter
additional stage adding one inch to the qveralp length. A e — and 15 show the single-ended and push-pull harmonic boost signal for improved
three-stage cascaded design using chip resistors and figure 8 performance. detector efficien cy
inductors (R and L in diagram) is shown in Fig. 8. ’

‘ multi-stage amplifier chain
{ buffer ampilifier for oscillators
| isolator

[CIMini-Circuits .
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MAR-1 (T,

S0 " GAIN va CURRENT ANO FREQUENCY

25°C, I, = 17 mA)

OUTPUT POWER g 1 98 GAIN COMPRESSION.
NOISE FIGURE mn S0t GAIN v cAs( TEMPERATURE

OUTPUT POWER . 1 4B GAIN COMPRESSION

S-parameter data and

performance curves

MAR-4 (1,

0

25°C, g4

50 mA)

Si. " GAIN ve CURRENT AND FREQUENCY

=500 MHz. | -17 ve CURRENT AND FREQUENCY
s = ALY
100 MHz - 1 100 Mtz
20 e = 400 W & .

E " :’ -1 ~—{1000 Mbte] ] — N c | -t

3 //’—__—-___-"M‘k H M L

S 2% . — -

& & — - B o ]

s 1 Z N

d i s S W,

'Ia "8 20 25 E ] s “ -2 o s s s s k] 25 R 38 0
1, mA Temperature, °C 1, mA

. $44 (Input Return Loss) $24 (Power Gain) $42 (Isolation Out-in) $22 (Output Return Loss)
req.

MHz dB Mag Ang d8 Ang dB Mag Ang ds Mag Ang
100 -23.10 0.07 164 18.5 171 -21.94 0.08 4 -23.10 0.07 14
500 -24.44 0.06 106 175 144 -21.94 0.08 15 -23.10 0.07 o8

1000 - 24.44 0.06 72 15.5 111 ~20.00 0.10 24 2092 0.09 -124

1500 ~21.96 0.04 9 13.7 87 17.72 0.13 26 20.00 0.10 161

2000 c24.44 0.06 149 123 67 15.92 0.16 2 1592 0.16 177

2500 -20.00 0.10 142 10.6 49 14 89 0.18 18 15.92 0.16 155

3000 18.42 0.12 139 93 34 1398 0.20 12 16.49 015 144

3500 -1398 020 129 79 19 1315 0.22 5 15.92, 0.16 135

4000 11.06 0.28 120 66 3 1204 025 4 15.39 0.17 127
MAR-2 Ta = 25°C, Iy = 25 mA) orsCLLrUT POwER @ 1 48 Gam CoMPRESSION.
ISE FIGURE AND S,, * GAW ve. CASE TEMPERATURE 00“'0' POWER o 1 08 GAN COMPRESSION
$y0 ? GAIN ve. CURRENT AND FREQUENCY 1=1000 MHz 1, =25 mA CURRENT AND FREQUENCY
" s £l
100 x| <2 et — l
b = o0 d 1 190 e
° 7 MF —— — —| 500 Mz
2000 wez 5 —
= H =] ? . — =TT 1000
£ I T — .
e . . D A/ ~ 2000 Mee
ta P l
<, P
AL 2 » “ 0 2] -25 ° 25 s s " 20 3 40 50 “©
I, mA Temperature. °C I, mA
S44 (Input Return Loss) $24 (Power Gain) $42 (Isolation Out-in) $22 (Output Return Loss)
Freq.

MHz ds Mag Ang ds Ang dB Mag Ang ds Mag Ang
100 -18.42 0.12 173 13.0 174 -18.42 0.12 1 -11.712 013 -8
500 -19.47 0.11 154 128 156 18.42 0.12 5 -18.42 0.12 38

1000 -20.00 0.10 130 125 131 -17.72 0.13 7 -18.42 012 -75

1500 -21.94 0.08 120 118 109 ~17.08 0.14 10 -18.42 0.12 - 112
2000 -24.44 0.06 126 1.0 °0 ~16.48 0.15 9 -12.72 0143 -121
2500 ~20.92 0.09 147 10.4 67 -15.39 0.47 6 -11.72 0.13 - 165
3000 17.08 014 147 94 44 ~14.42 0.19 -1 17.72 013 171
3500 13.56 021 136 8.2 30 ~13.98 020 -5 -11.72 013 155
4000 -11.37 0.27 123 73 14 13.56 0.2 10 18.42 012 142
MAR’3 (TA = 25 °C, Id = 35 mA) OUTPUT POWER @ 1 d8 GAIN COMPRESSION,
OISE FIGURE AND S,, ' GAIN va CASE TEMPERATURE QUTPUT POWER . 1 dB GAIN COMPRESSION
$u1 ' GAIN vs. CURRENT AND FREQUENCY 121000 MMz 1, =35 mA vs. CURRENT AND FREQUENCY
" E
. | . — o
00 MHz o1 100 Mx
1z M E 0 3 — ==~~~ "1s00 uuz
£ 4=t 12000 MHz 2 . .. 8 — 1000 MHs]
// r 2 : 2 .
a7 o ® 7 —
. ~E i / 4 r ~—2000 MHz!
e
¢ o T r
L o i
AL 20 0 “0 0 [ 70 -28 o 25 s " 19 20 o 40 50 0 10

1. mA

S44 (Input Return Loss)

Temperature. °C

S24 (Power Gain)

1. mA

S42 (Isolation Out-in)

S22 (Output Return Loss)

Freq.

MHz d8 Mag Ang dB Ang ds Mag Ang ds Mag Ang
100 -23.10 0.07 172 130 174 18.42 0.12 1 16.48 0.15 1"
500 -24.44 0.06 156 1238 152 18.42 0.12 5 15.92 0.16 45

1000 -26.02 0.05 146 125 128 -11.72 0.3 10 14.98 0.18 88

1500 2796 0.04 172 18 103 17.08 0.14 12 13.56 021 120

2000 2444 0.06 173 105 83 14.98 0.18 1 12.04 025 142

2500 15.39 0.17 175 103 59 14.42 0.19 s 11.70 026 173

3000 12.40 024 157 9.4 38 13.98 0.20 0 12.04 025 168

3500 9.90 032 140 78 21 13.56 021 6 12,04 025 152

4000 8.18 039 124 65 3

JMini-Circuits
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PO BOX 350166, Brooklyn, New York 11235-0003 “718) 934-4503
FAX (718) 332-4661 TELEX 6852844 or 620156

JAMini-Circuits

OUTPUT POWER g 1 48 GAIN COMPRESSION.
NOISE S1. ' GAIN ve. CASE TEMPERATURE OUTPUT POWER i | 48 GAIN COMPAE SSION

£-1000 Wz, 1~ 50 mA ve CURRENT AND FREQUENCY

ey £ »
S
I

PR o0 WHE Pia 2 100 Mz
. 00 tart:] PRt 500 M
.5; ——/‘_——""’—_-_ B e 13 é it LT
s * H >000

4 . L] o - N MHz

v MF
s H —
- 8
* s °
30 0 o L] T .0 0 -25 ° s s ”s 30 40 50 .0 T0 L] °
1, mA Temperature, °C 1, mA
S44 (Input Return Loss) $24 (Power Gain) $42 (isolation Oul-in) $22 (Output Return Loss)

Freq.

MHz ds Mag Ang ds Ang ds Mag Ang dB Mag Ang
100 14.42 019 177 82 174 1592 0.16 4 2000 0.10 -14
500 14.89 0.18 169 82 156 15.92 016 1 1772 013 - 54

1000 15.39 0.7 159 8.1 135 15.92 0.16 3 14.89 0.18 -94

1500 1539 017 157 80 112 1539 0.17 4 12.40 0.24 121

2000 14.42 019 151 17 90 14.42 0.19 3 11.06 0.28 145

2500 12.40 024 159 16 &9 1398 020 1 937 0.34 165

3000 1017 031 151 69 46 1345 022 6 9.12 035 176

3500 818 0.39 139 60 27 12.77 023 1 864 0.37 160

4000 674 0.46 126 49 8 12.04 025 23 840 0.38 147

AAR-6 (T, = 25°C, Iy = 16 mA)
OUTPUT PO.VER GAIN COMPRESSION.
NOISE FIGURE AND $,, ' GAIN va CASE TEMPERATURE OUTPUT POWER @ 1 68 GAIN COMPRESSION
Sy. ' GAIN va. CURRENT 105 GHz. [, -16 mA ve. FREQUENCY
28— o B[] )T e [
01 GHe s 20 mA S~ —~
20 —— GHr— T —~J ..+ . N,

=' s A I e “ow 1,96 mA _— — N

£ %

3 % AT T T T T s s s \

S PR - LI,

- e 2 =3 » 3 e L

s 3 ? = 2 % 2|t,-12 mA < — <
a ! — 1 ~<. P
° 1 o . -
w0 5 bl 25 ] E o .2 .58 .es 1 2 k] s 10 0 a0
D . Tempersture. Frequency. GHz
$4¢ (Input Return Loss) $24 (Power Gain) $42 (Isolation Out-in) $22 (Output Return Loss)

Freq

GHz d8 Mag Ang ds Mag Ang dB Mag Ang ds Mag Ang

01 . 27.96 04 m 204 10.09 171 25 075 B 2796 04 -30

05 26.02 05 105 18.7 857 138 213 086 21 20.00 10 104

10 17.72 13 118 164 657 107 18.8 145 28 17.08 14 150

15 13.56 21 140 144 5.06 84 17.4 140 28 16.48 15 180

20 10.75 29 163 120 398 65 158 163 26 1592 16 157

25 937 34 176 103 326 s5 152 174 28 1592 16 150

3.0 774 41 169 87 n 42 148 181 25 16.48 15 143

35 674 46 157 12 2.31 30 142 194 22 1772 A3 144

40 620 49 146 61 20t 18 138 203 20 2000 10 156

°
MAR'7 (TA 25 C: ld 22 mA) OUTPUT POWER 4 1 d8 GAIN COME SESSION
NOISE FIGURE AND S,,? GAIN vs CASE "EMPERATURF QUIPUT POWER 4 ' 0B GAIN COMPRESSION
$,.? GAIN va CURRENT AND FREQUENCY <1000 MHz |, - 22 mA CURRENT AND FREQUENCY
[ry— 8 - - - 20 - -
I — e
L] @2 — k. *
£ (3 3
I
¢ :
7 : I — :
b} o S | o "
6 s * | a
2
:, R
10 20 30 “« so 0 -5 o 25 5 L1 10
1, mA

S44 (Input Return Loss)

Temperature °C D

S2¢ (Power Gain)

. S42 (Isolation Out-In) S22 (Output Return Loss)
req.
MHz dB Mag Ang d8 Ang ds Mag Ang d8 Mag Ang
100 26.02 0.05 169 135 173 19.47 011 1 17.08 0.14 7
500 3045 0.03 133 131 150 18.42 012 6 17.72 013 41
1000 40.00 0.01 58 125 122 17.72 013 10 19.17 0.11 4
1500 24 44 0.06 113 18 95 16.48 015 10 1772 013 148
2000 16.48 015 144 105 70 1539 017 7 15.39 0.17 174
2500 1137 027 165 96 48 14 89 0.18 1 14.42 019 154
3000 864 037 169 81 27 1398 020 3 1489 018 144
3500 694 0.45 150 65 10 14 42 019 1" 15.39 0.47 144
4000 598 054 134 50 a 14 42 019 15 1539 017 152



