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ABSTRACT
In this project , the UHF video transmitter with modulated carrier 470 MHz or 70 CM in
wavelength is analyzed . By the used of MMIC (Monolithic Microwave Integrate Circuit) , then the
complication and noise are reduced . It is show that the results is quite agree with the

theorectical.
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Effects of Rc on perlormance over temperalure.

MAR-1 Operating Voltage = 5.07 V /

Voltage | Resistor | Temperature Bias Power Gain
Drop, Value, degrees Current,| @ 100 MHz,
volts ohms Cc mA dB
0 0 -10 9.5 -05
25 18.4 18.8

‘00 . - e
1.5 82 10 14.2 170
25 17.3 18.3
100 241 19.0
2.0 100 -10 16.3 18.5
25 18.9 18.9
100 24.6 19.0
7.0 412 =10 16.1 18.3
25 18.8 18.1
100 18.3 17.5

e Dewce desiroved due 10 eacessve civrent draw

R1TNN 4.1U4 AIANNANRUS TR RN IENE UM , nstualuued Laz Ah RC

ANFITHAMAIANIBWERT NI EATanaITiagnmgRgeTuiniAus Mifian
. <lq e o St ed P o o, -
AzaN RC N bilannsnmlinfgadiodusesluueansfiasiAnlsminn 2 aviainanma
u.ﬂmlﬁiﬁud'}ﬁﬁé’mmmnmmzmﬁﬁqmmﬂﬂmthun'mﬂﬁﬂuuﬂmqmugﬁ

§MINITAIUATYEY RC (Bias Stabilization Resistor)

Tnei

V,, = usaiuinidleulwsu
V, = usaidlWil 1dmmees Mmic

I, = nszugliueg



-45-

|
|

luFa RC A8

<3
G|

i o o d’
AMNAING



uUNH 5
nmMasnNpaal

5.1 N1SNAADY
nvdusmazlssnauie wamnleflawmes wanlisvaudunniiate lad

1A MMIC (Microlithic Microwave Integrated  Circuit) inwiinsensuaziagiaines lefaang

AnaamAmmuLLARE AB Tneaineasiagiiii 6.1

5.2 NMSYNNULANIRS

waseesiaameignindnlaemrndanes 1 fuiernnihuaninafinessia
wef Feazinfiuanmiiansanng 536 winudmasldiy c1lng 119y Whineasaeng
NALINNINATTENEENUULBNIENALADT %ﬁ‘l’l’fbﬂﬂ?ﬂﬂ?ﬂ azinlinsaenanbideanis
pan mmi'uf-azmuﬁn&nyﬁmt%mzﬁ ic2 Faanflunsastnamafigesindeemiians s
iy IC1 Ay IC2 f-am”mnwmu%amﬂfuﬂglm Q7 ALY MUNBHLARAMIBINNTDY IC2 AL
gndasinadn 1c3 Safhinsasengnana AB Falhidmmnlszainng s5nd

oy ndntedumazgnilouwdnng 03 FeaskwiniifussasTiiieeuasting
&tunynueing FLT %'\1@zﬂmwauﬂ0'134?1"@\7‘7'1'11iiﬁﬂgjluﬁ’mcywmﬁﬁiﬂﬂﬂn‘lﬂ Q5 UAz Q5 Az
mifiuseasateussn Rlrieafloul¥iu 06

21 asimlindinalWl VR1 - aet ussdiitiastloueinglaten D1 dhanderwe
BN Q6 Lﬁﬂﬁ?ﬂmluummLm:tmauﬂé\?d’mmﬂmﬁm@ U NAGE 06 AzgnANTALzD]
06 sxgnaieuLy AtAuTlannds Q7 AawindudlvnisFussduliling 7 Wiellluueg 1c1

uar IC2

5.3 nMsUsuumg
dl = k73 - (A <« ar = o &ﬂ' 2 aslel'
Lummmwmmz‘lmm?@ﬂﬂ‘nmmmmtmum‘ﬂ N}  DDATALALAAT ‘ﬁ\ﬂﬂﬂ’]’mﬂﬂ

= 't S o a o 1 a o a e COT
wenan  willnadaheliuenydgasuszenlunmmaiasaianuiindanisaam
nlfaslnainenstaimed Telhdwmitlssiuge  willaoaufauulamisasadly

. dl' =l o a; } % J ' tﬁl ar :’z 2 tdl
11l Lu‘ﬂ\'i"i’mﬂ’\ﬂluqx'i‘ﬁ“ﬂmﬂ’]ﬁ]ﬁ“]_lfj‘Uﬂ'J’]Nﬂ1’lLﬂW’]$ﬂ'ﬂﬂﬂ'WT‘LN MUUNTIANND VDY



12

R4

FL1

R19

m_
U

cr

+12V
1
R7
—
1 e Lafn -
L "l" I “5
L a
) = o
Q
R2 - | |
cs =|
R4 -
Q2
—| |F—
7D1 XTAL

n

‘—?
P

.|]

N

RF OUTPUT

*

“<

Ic4

C19

Ics

cu cho : L
T D‘

U 6-1uaAINATANY T89S RId U U VEDIO
) Y ey



=48 -

Uy 5-2UAANAIENATUAENNII NGNS



- 49 -

mpaeasTaiamediUfaiisasansarhidansielitndusiitem  Aodausenlung
YAiudanasnisrampaeasdanmeiidiumarsanausni@enen  ieseinnisliiuse
ATNANEEN Lﬁ'ﬂﬂi‘zﬂ’ﬂnL‘}l/’lﬁ'IJ')\‘i"vi‘LLﬁ’Jﬂ’J’mﬁi'ﬂ”ﬁLﬂgﬂullﬂﬂﬂﬁ lersnesnaiadoy
Souudn AostFuusanoaiEegissnns 530 - 570 winuEm mn&uﬂs*u;ju c3 ilan
Wngegn uashetaRgaiuiy c1s 15 WlirrwiEiugegn neusslssneu iIc ma
senefndanasEa WA

21 2, 5 aefusaniin Ussuans 10v

13 agdiuseaul Uszinng 5v
Usirin VA1 WiliAndingn amiudalsznen ic3 asluaees meviudesldullaindastinan
50 Tevin TWiuaeasiaug) mﬂ&udqmmoi’u’[v!ﬂau'tﬁ’ﬁnm?ffmﬁﬁqo’w’oﬂmem‘s‘iLm{ YA
C3,C13,C15 %nﬂ;“a'lﬁ'lﬁ’fﬁqﬁué’mwﬂ?mqm 5 Amel Aadtycunintardimn Ui VR1 azifiudn

o  ar

MaraaATaIgdeazanaIs Mmiaeuianeesasandamimafndugsenta  Rong

<l ar

wreeit livinawasuaas Juasatvasinsimilieglug UHF



<
1NN 6
dgduanisnaaas
HANITNARDY

MMIARIREIiLIddAMduREsd &R Wuastdafideann

PINATNLNAGATNBAZUARIAINITN 6.1

POWER IN (dB) POWER OUT (W)
-13.00 0.10
-12.00 0.20
-11.00 0.30
-10.00 0.45

-9.00 0.60
-8.00 : 0.70
-7.00 1.00
-6.00 1.30
-5.00 \ 1.60
-4.00 2.00
-3.00 2.40
-2.00 270
-1.00 3.00
0.00 3.20
1.00 3.30
2.00 3.60
3.00 3.85
4.00 4.00




Bl

AMNAFWA 6.1 aziladindsndeean liRaNIaNAAINSed NN
a o ¥ _ =l 0 o -3 YO o d' a0 o dy = '
AreeaTalanef tneasTalaeiinAsgaiacdinalinndmdeeaniinindegeiu usvanating
wikiAenmiiqu A ¢ lumawuumiasineianadidesnisieding 430 - 470 winudn
ado o | | ol 2 ! S - e Py
AMAungn &ty unusaslinaiadyyunmneai i daiuesadaaineld

MR lUNAHINAUATIFNAEIR 6 -1

J00KHZ
-45. 208K

0DB  0-1.3 INT 3KeZ L00KW2

suiulddndryonasdinndusmweannoshetlsznn 45dB,  Telunsdin il

o o o & S )
nsagian Axlinidiranisdalsznnns 6 ns A midianinimasesdedtynnidaten
7 09g1 6 -2 - 6-6 TanAanmainaIwedyyANBgEaALATL YWY

IDUARTATY YUY



-562-

719 62 uansaiinaiuvedeyeyrunimans

Aty wn s ler

LA



~ B3R%

0-1.8 INT IKHZ 100KHZ

@
B
) &
1§
.8
s
“
"
2
v 4
' 4
’
4
4

> & & o > o > e

04

> o o * > " > > e 0

> & & o > > e

o o & >

- & & > o o o > e > o o e @
> & o » > » > & v o > >
- & o & e o o e > > o o o e
- o o o > e > > e v v o >
- o o - & o & o o o > v o .
- o e & o & > > > > » o o -
> & & o o > o & > o o o o &

" o o o o > - o > >

q

EUIUNINAN

o
&

EE N4

719 63 uanaailnm

uasdty L e



- 54 -

T

A /WA ‘./WJ VAW,

008 0-1.8 INT 3JKHZ 100KHZ

717 64 usnaiinaiuresd ey ummidunsamauug i

uazdtue WU le



- 55 -

dg -

717 65 uanaaiinasurasdeyymnmidunsanuuuauey

doon
wazAtyn WAL A



-66-

- . o - ) P o
ﬂﬂﬂ’muum’a‘nﬂﬂ'ﬂﬂu’lLﬂﬁWﬂLﬂﬂﬁ‘ FL1 frJ’ﬂﬂLLazﬂ'ﬂﬁ'tytyﬁm')ﬂTﬂTﬂﬂﬂ?ﬁﬂUQd’Q?ﬂlﬂﬁﬂ

diyyndnte dledinnsinrasns o qavilazannsadedynanmiliaogn 66

717 66 deyrunwansule



UTTUIYNSHN

o

1. udia Teandensenan, wannastiindeans , Ruwasad 1, ngamne |

° o

aniniuqinaansaluwianends , wi 135 - 153

3

v

uazmsldendidinnsetiadl , Raiasad 1, ngamme

' <

2. 8 79399304, 2521 , No])

UIBNINITANN , wtin 33 - 45

£ 3

3. Unudia Teavdansenud, Amanssladasian , Runipsadi 1, ngamne |

aninfniqinasnsalivnanende, wi 271 - 315



R1
R2
R3
R4
R5
R6
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R8
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R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
VR1

68

1K8
820
1K
820
470
1K
470
100
120
270
47K
33K
1K
1K
2K2
1K2
330
68
75
1K
1K
75
100
1K

MANUIN

L4
s18MsUnsal

Cl1 1n
C2 1n
C3 NOT FITTED
C4 5.6p
C5 15p
C6 22p
€7 2-10p
C8. 1n
C9 2-10p
C10 n
C11.100p )
G12 100p
C13 2-10p
C14 2-10p
C15 1n
C16 100p
C17 1n
C18 1n
C19 1n
C20 10u
C21 1n
C22 100n
C23 1n
C24 1000u
C25 10u
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for MAR
monolithic
drop-in amplifiers =

board layout, parasitic suppression, grounding ;
and biasing are describe with one- and multiple-stage designs,
performance curves, and detailed S-parameter data.

finding new ways ...
setting higher standards

IMini-Circuits



The MAR-cascadable amplifier series is a family of sili-
con bipolar monolithic integrated circuits fabricated with
nitride self-alignment, ion-implantation for precise con-
trol of doping and passivation to achieve 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 amplifier building blocks. The
MAR devices are simple to use if you follow the sugges-
tions given for board layout, proper grounding and steps
to minimize parasitics, and correct biasing. A number of
single and cascaded-MAR-8. designs are given, with
detailed performance results, as well as a full set of S-
parameter data and curves for each model.

Thelow cost of these tiny high-performance wideband
amplifiers opens an enormous window for applications
ranging from communications equipment to test/mea:
surement setups. A chart of available models, with a
summary of key specifications, is shownin Table 1A. For
designer's convenience, Mini-Circuits offers an amplifier
kit, DAK-2, and chip coupling capacitors from10.pf to
0.1 uf; values are shown on page 3. A handy selection
chart (Table 1B) indicates which models are best suited
for low noise, flat gain, wide bandwidth, and power
output. S-parameter data and performance curves for all
models appear on pgs. 8 to 10.

Typical Circuit Arrangement

color dot

IN o—”— o

HMini-Circuits

MAR amplifiers « o 2c

Wi vt e ST

. features

.. e easy to use, 50 ohm input/output
- o smooth response over the band
easy for printed-circuit designs,
one input and one output

_Can operate as low as 5Vdc
_extremely broad bandwidth,
riusable up to 4GHz

/. ~»_smooth response over entire
“~.~ band, no external resonances
e lowimpedance, less susceptible
SO EME -

“applications

low-power transmitter

boost signal for improved
detector efficiency
multi-stage amplifier chain
buffer amplifier for oscillators

isolator
CONTENTS page
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table 1a
GAN, dB MAXIMUM DYNAMIC MAXIMUM DC PRICE §
Typical (at MHz) POWER, dBm RANGE RATNG POWER
Inlercept al Pin 3
pt. dBm
Model (Nofe) Oulput Input N 3rd
No. Color | FREQ. 4 //(1dB)Com (o | dB Order | vswr (25°C)  |Current vor,
Dot MHz 1100 500 1000 2000 MIN | pression damoge)| Typ. Typ. [ Out| kmA) PmW) | (mA) Typ. | Ea. aty
MAR MAR{ Brown [DC-1000]185 175 155 —  43p 0 410 50 15 151151 40 100 17 5 10.99 (100)
cose VVI05 MAR?2 Red DC-000[13 128 125 1 85 ' 115 65 18 131161 60 325 25 5 }1.50 (25)
MAR3 Oronge INC-2000[43 128 125 105 80 | A+ 8 1145 60 23 |16t161) 120 400 35 5 {170 (25)
MAR4 Yetow [DC-000[ 62 82 80 - 7.0 INT} 115 70 27 19121 85 500 | 50 5 190 (25)
MARS Wide  IDC-2000{20 19 16 1 9 s} +15 28 15 |21 184 50 200 1 35 1129 (25)
MAR? Viole!  |DC-2000{135 134 125 4105 g5 + 4 415 50 20 121 151| 60 275 2 4 1190 (25)
. i MARS Bue DC-000133 28 23 - 19 +10 +15 a5 7 lo al e 500 % 715 1220 (25)
NOTES: .
A +4dBm (1-2 GHz) 3. Price ond specifications subject to change without .
O MAR-8 nput ond output mpedances are not 50 ohms, notice. N
see S parometer data. Conditionaly stable ® for souce/ 4. Minimum goin of highest frequency point and over tul
load VSWR < 3:1. temperature range.
1. Operoling temperatue ~20°C to +85°C B
Storage termperatue ~55°C to + 100°C MAR-8. nput /Output Impedonce is not 50 ohms, see
2. With no load output, derate maximum input power (no dala sheet.
domoge) by 1008 Stable for sowrce foad impedance VSWR less than 3:4.
table 1b Monolithic Amplifier Selection Chart
CRITERIA High Gain Low Noise Medium Noise Power Qutput 2GHz Bandwidth Flat Gain
MODELS MAR-6 MAR-6 MAR-1 MAR-4 MAR-2 MAR-4
MAR-1 MAR-8* MAR-7 . MAR-3 MAR-3 MAR-2
MAR-8* MAR-8* MAR-6 MAR-3
E MAR-7

* MAR-8-Conditionally Stable Below 2GHz, the amplifier is conditionally stable, which means under certain conditions of temperature, current, load, andfor
Source mpedance. the amplifier can oscillate. However, if the load and source impedance both have a VSWR of less than 3:1, at all frequencies below 2GHz
the amphifier will be stable. Furthermore. as the source and load impedance show better VSWR (closer to 50 ohm impedance), stability will be further improved.

designers amp"ﬁer kit DAK-2 | Also, for .your design convenience, Mini-Circuits
d offers chip coupling capacitors at 12 cents each.t

5 of each model, total 35 amplifiers Sze  Toemnce  Temperatwe  Value
{mils) Characteristic
ony$59.95 | #r & TE™ sooemmen o
. 120 X 60 10% X7R 022, 047, .068, 1,1
1’ Minimum Order 50 per Valye

inside the amplifier

The internal structure of the MAR-amplifier is a Darling-
ton-connected pair of transistors with resistive feedback
and a simple resistive biasing scheme, see Fig. 1a: the
outline drawing and dimensions of a MAR-amplifier is
shown in Fig. 1b. The color dot on the body of an ampili-
fier indicates the model number listed in Table 1A. The
use of both series feedback (Re adjusting the emitter
voltage of Q2) and shunt feedback (Rr adjusting the =T : : T
basevolitageof Q1) reduce the effects of variations in ac.  +. g AT Sl oY s dur
live device parameters. A bleeder resistor connected to : - ) )
the emitter of Q1 decouples the quiescent bias point of
Q1 from the beta of Q2 (without this resistor the emitter
current of Q1 would necessarily equal the base current
of Q2). R¢ also serves a feedback function. As the tran-
sistors draw more current, the voltage drop across R
will decrease the collector voltages, tending to shut
down the transistors.

: “ocm
Vi Q (ExteRNAL

N

W

1 - figure 1a'{ g
“General MAR AMP schematic,
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eI The board material for the microstrip structure should
e 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. RTduroid 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

e ‘. - e 08 . 3..-14':‘.' o -:.;E. o . . . . i
" 7 NOTES (UMLESS OTHERWISE SPECIFIED) also be quite hydroscopic, and can show substantial di

RF Output
and Blas

"1 DMENSIONSAREW N .- electric shifts with variations in humidity. Because of
e '1’?0 "+ these factors, care should be taken when working with
2 TOLERANCES ~°= &+ :
TG . the material.
4 t"* X /
4 -/ /
) € rel
[ “Dietectric Material
Since device 8 (beta) and, therefore, collector current, Bottom side ground surface
given a fixed bias tends to increase with temperature, Rc~ + © ° ' Ko Yoo i
also serves as a temperature compensating element. A figure 2a
dc blocking capacitor must be placed al the arnplifier 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- Line Widths for 50 ohm line for various board materials.
ticularly easy to design with. To design an amplifier sec-  +  Board material €  Thick wjh for 502  w for 500
tion, all that's needed is a 50 ohm microstrip fine, RT/Duroid 5870' 2.3 015"  2.90 044~
blocking capacitors, and very simple bias circuitry; but PTFE-Woven Glass 2.55 .010” 255 025"
there are some basic construction rules that should be Fiber (Typ.) 031 255 079~
followed. ; 0627 255 .158”

Epoxy-Glass (G10) 4.8 .062” 1.75 .108”

Alumina/E10? 100 .025" 0,95 024"

ya .050” 0.95 .048”

board layo Ut Suggestions 1 Trademark of Rogers Corp. for its PTFE nonwoven glass PC material,

(RT 15 reinforced teflon and PTFE is polytetrafiourethylene)
Ina typical microstrip structure, Flg 2(3), line imped- 2 E-10aMEpsﬂan:iOarelrademarksolSM for its ceramic filled PTFE substrate.
ances are determined by strip width (w), board dielectric =~ - ' figure 2b
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 amplifiers offer very good return loss in a 50-ohm
system.

[ -1Mini-Circuits .



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, 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 line width also create parasitic
effects, called step discontinuities. Although the com-
plete model for such a discontinuity can become quite
complicated, the overall effect of the step from an MAR-
amplifier 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 circutating ur-
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
series inductance, which translates into unwanted emit-
ter resistance at operating frequencies. Gain, power
compression, and high frequency rolloff 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 bottom 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 Eftects of Parasitics on VSWR and Gain

MAR-2, = 0.9 nH
No Parasitics Parasitics Only

MAR-2,

Freq + Parasitics

MHz VSWR Loss, dB | VSWR Loss, dB | VSWR Loss, d8
500 1.09:1 0.0 1.01:1 0.0 1.18:1 .03

1000 1.23:1 .04 1.12:1 .01 1.39:1 A1
1500 1.29:1 .07 1.22:1 .04 1.46:1 .15
2000 1.29:1 .07 1.30:1 .07 1.45:1 15
2500 1.26:1 .05 1.38:1 1 1.45:1 .15
3000 1.26:1 .05 1.45:1 .15 1.53:1 19

= g - / ‘ -
iy (o i

D e an heve
ool ity Y

8. Wrre “leed through so- b, "Wrap around” of copper  c. Plated through hole (side
-dered In place In hole foll (may be used with skt . walls of hole metalized).

g ety R
v e 4 b

PN figure 3
..Methods of realizing minimal length return paths to
ground.
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figure 4 .

Gain vs. frequency as a function of
* emiitter inductance (Lg) for the MAR-1.

for 75-ohm systems

When an ideal 50-ohm unit is used in a 75-ohm system,
returnioss 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 asin the 50
ohmsystemn. Inpitand outputreturnloss(75ohmyis 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.

tabfe 3 75-ohm Gain and Return Loss

Frequency Pin Gain RL#IN RL#0UT
(MHz) (dBm) (dB) (dB) (dB)
.30 . —32.99 11.72 — 9.78 —=11.61
1. —33.15 11.62 -~ 9.72 —~11.62
12. —~33.54 11.64 — 9.86 —11.69
102. —33.88 11.57 - 9.75 —11.67
254, —34.18 11.45 —10.18 —-11.63
495, —34.59 11.29 —11.06 —11.23
1009. —35.25 10.85 —16.01 ~10.38
1507. —35.50 9.94 —21.23 - 9.99
2200. —36.17 8.32 —13.50 ~ 872
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proper biasing calculations

In order to deliver full performance, MAR-amplifiersmust  table 4  Eifects of Rc on performance over temperature.

be bla.sed. cc?rrectly. Th<=t internal resistive networks MAR-1 Operating Voltage = 5.07 V
determine individual transistor operating points; all the - - -
. t the proper voltage at the DC Voitage | Resistor | Temperature Bias Power Gain
user need§ todois presen prope g Drop, Value, degrees | Current,| @100 MHz,
input terminal, For the purpose of bias stability over tem- volts ohms c mA dB
perature, the internal transistors should have their bias o | 0 ~10 95 ~05
supplied through a collector resistor (labeled Rc in Fig. 5). 25 18.4 1?..8
This resistqr' compensates for increases in device 8 (beta) 100
with temperature by dropping the transistor's collector 1.5 82 : ;‘5) }‘;g :g-g
voltages wheneyer they try tg draw more collector cur- I 100 241 19.0
rent. Coupled with this effect is the fact that the collector 20 100 0 63 y
: e s . - . 8.5
resistor will itself be changing in value over temperature. 25 18.9 18.9
Resistors with positive temperature coefficients such 100 24.6. 19.0
as the common carbon composite (+.0001% per de- 7.0 412 -10 16.1 18.3
gree C°) do an excellent job of compensating for the 153 }gg :g;

temperature drift of the negative coefficient on-chip

** Device destroyed due (0 excessive current draw,

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 voitage
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- the value of the bias stabilization
lows the bias swing over temperature to compensate for resistor Re

this gain change, yielding best gain flatness over temper- is given by:

ature. The effect of bias stabilization resistor R¢ on per- :

formance over a temperature range is shown in Table 4. 4 ~ Vee — Vg h

Notice that the amplifier may self-destruct at high tem- Re= lg gms

peratures if no bias resistor is used.

where

Vcoc = the power supply voltage

applied to Rc (in voilts)

the voltage at the DC input

terminal of the MMIC (in volts)

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

<
Q
Il

The dissipation of this resistor
is given by:

Ground
s -

figure 5 .
General MAR AMP sch

TS

Pgiss = lg® X Rec watts -

[ JMini-Circuits



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

table 5 bias resistor values for MAR amplifiers

Resistor
Bias Bias Approximate Bias Dissipation
Amplifier] Current Voitage Resistor (Ohms) (Watts)
Ig (MA) FVo | #5V +9V 412V 415V Fee =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 ~3.5 [98 344 531 719 .14
MAR.7 22 ~4 45 227 364 500 .18
MAR-8 36 ~8 — — 111 194 .14

DC blocking capacitors are usedin 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 in VSWR asa func-
tion of frequency parasitic inductance, and value of
blocking capacitor. For your design convenience, Mini-
Circuits 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 at least 500 ohms. A-10 uH inductor works well
as a choke at frequencies as low as 10 MHz; it can be ei-
ther 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 perme-
ability ferrite bead should be used. If the chokeis omitted,
expect a gain loss of between 0.5 and 1 dB and a de-
crease in P, 4g of as much as 2 dB from the guaranteed
verformance due to load impedance mismatch.

l,,T.lMini-C,ir_(:.uits

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.
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MR amplifierS o2  s-parameterdataand

MAR'1 (TA = 25-°C, Id = 47 mA) nouzm POWER @ 1 dB GAIN COMPRESSION,

FIGURE AND 8, ? GAIN ve. CASE TEMPERATURE OUTPUT POWER @ 1 dB GAIN COMPRESSION
810 ? GAIN ve. CURRENT AND FREOUENCY 12300 Mz, |,= 17 mA vs. CURRENT AND FREQUENCY
2% - — 1] g 1 3 N Tos -
ol - 100 MH2 g =t (8,00 —] Ll I 100 Wi
2 800 Mz én n d
- S 4 o E " 4 == 500 M2

3" y 1" 1000 MMy e : — N — £ e

K] %/———""_”'—_‘——qmm -3 . . ": _‘_,‘ ;;,a i

% 0 - E s P AL R V.. =ro00 MHx

E . X % .

s " 2 —— gl %
- 1 e —

. " . o /// ~—~ ~}2000 My
10 15 2 2 » 38 "0 -2 [ 23 [ " 1 8 20 ) 30 s @
1. A R Temperature, *C T, mA

$44 (Input Relurn Loss) S24 (Power Gain) $42 (Isolation Out-In) S22 (Output Return Loss)

Freq.

MHz dB Mag Ang dB 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 0.06 406 17.5 141 ~21.94 0.08 15 -23.40 0.07 ~68

1000 —24.44 0.06 72 15.5 114 —-20.00 0.10 24 =20.92 0.09 —124

4500 —27.96 0.04 59 13.7 87 —17.72 0.43 26 -20.00 0.10 ~161

2000 —24.44 0.06 149 123 -2 -15.92 0.16 21 -15.92 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 A k7 ~-13.98 0.20 12 —1648 ° 045 144

3500 —13.98 0.20 129 1.9 19 —143.15 0.22 5 ~15.92 0.16 135

4000 -14.06 0.28 120 6.6 3 —12.04 0.25 -4 ~15.39 0.17 127
MAR-2 (TA = 25 OC, ld = 25 mA) OUTPUT POWER @ 1 4B GAIN COMPRESSION,

NOISE FIGURE AND 8§,, * GAIM vs, CASE TEMPERATURE QUTPUT POWER 4 1 dB GAIN COMPRESSION
Sye 7 GAIN ve. CURRENT AND FREQUENCY 121000 MH2, 1, 25 mA vs. CURRENT AND FREQUENCY
16, [XE 20 T
100 Mz ~ 12 184, 0 =

14 e = = .
N I " o0 wre
. 12 i a7 o NE — £, ~ =—] 500 MMz

i e e e e ° =
LX) ///, = o B Qe =] P o — ‘." === " 1000 mz
" 3 i, O P |
-t !/ ':’ 0 R * y: . T~ 2000 MHz
. ,! | 4 > ’/
: == = ) v
1 20 3 40 50 60 =28 0 23 3 s 10 20 30 40 so .0
b MA Tempersture, °C L, mA
S44 (Inpul Return Loss) S24 (Power Gain) S42 (Isolation Out-In) S22 (Output Retum Loss)

Freq.

MHz ds Mag Ang ds Ang dB Mag Ang dB Mag Ang
100 —18.42 0.12 173 ‘13.0 174 —18.42 0.12 4 —42.72 0.13 -8
500 -19.47 0.4 154 12.8 156 —18.42 0.12 5 —18.42 0.12 -38

1000 —20.00 0.10 130 12.5 131 —17.72 0.13 7 ~18.42 0.12 -75

1500 —-21.94 0.08 120 - 14.8 109 —17.08 0.14 10 —18.42 0.42 - 112

2000 —-24.44 0.06 126 11.0 9?0 —16.48 0.15 9 -12.72 0.13 —121

2500 —20.92 0.09 147 10.4 &7 —15.39 0.17 6 ~17.72 0.13 —~ 165

3000 —17.08 0.14 147 9.4 45 ~-14.42 0.19 -1 -17.72 0.13 i

3500 —13.56 0.21 136 8.2 Jo —13.98 0.20 -5 —17.72 0.13 155

4000 —-11.37 0.27 123 7.3 14 —13.56 0.21 -10 —18.42 0.12 142
MAR-3 (TA = 25°C, ld = 35 mA) OUTPUT POWER @ 1 4B GAIN COMPRESSION,

NOISE FIGURE AND $,, ? GAIN vs. CASE TEMPERATURE OUTPUT POWER @ 1 dB GAIN COMPRESSION
Sy * GAIN vs. CURRENT AND FREOUENCY £ 1000 MH2, 1, =35 mA vs. CURRENT AND FREQUENCY
16 o 1) 20 B
~ > — S N

e - =500 Mz L 100 MH;

‘:" " /V M & 10 ——— LY zz=7 _.-_-‘ml:‘:

£ . <l o = e —f = = —12000 MM2, v P ° = 900 My

S // d 'L -l 4 / /

: 4 ¢ — ="

L . N NF . Aa’/ = ~J2000 M|

‘ S == ey ' I ‘
-
z
10 20 30 40 50 80 T ‘ -25 [ ] 25 33 [ 13 o 10 20 »n 40 50 (1] T0
Iy mA Temparsture, °C ), mA

. S44 (Input Return Loss) S24 (Power Gain) S42 (isolation Out-In) S22 (Oulput Return Loss)
req.

MHz . dB Mag Ang dB Ang dB Mag Ang dB Mag Ang
100 —-23.10 0.07 172 13.0 174 —18.42 0.12 1 —16.48 0.15 -1
500 —~24.44 0.06 156 12.8 152 —18.42 0.12 5 —15.92 0.16 —-45

1000 -26.02 0.05 145 125 128 —-17.72 0.13 10 —14.98 0.18 —88

1500 —~27.96 0.04 172 1.8 103 —17.08 0.14 12 —13.56 0.21 —120

2000 —24.44 0.06 173 10.5 a3 —14.98 0.8 11 -12.04 0.25 —142

2500 -15.39 0.17 175 10.3 59 —14.42 0.19 5 -11.70 0.26 —-173

3000 ~-42.40 0.24 157 9.1 38 -1398 0.20 ~0 —12.04 0.25 168

3500 ~9.90 0.32 140 7.8 21 —~13.56 0.21 -6 -12.04 0.25 152

4000 -8.18 0.39 124 6.5 3

Mini-Circuits
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performance curves l...T,IMini-Circqits

MAR'4 (TA = 25°C, ld = 50 mA) OUTPUT POWER g 1 0B GAIN COMPRESSION,

MOISE FIGURE AND S,, * GAIN vs, CASE TEMPERATURE OUTPUT POWER @ 1 dB GAIN COMPRESSION
$51 ¥ GAIN ve. CURRENT AND FREQUENCY f= 1000 MN2, f,=30 ma vs. CURRENT AND FREQUENCY
L] T En s " B T —
e RE — ‘i " L 2 : 100 MMz
® =000 Mz o n p . | e 500 Mz
£ = ===mh000 M4 1] 3 = ki
- = ——1 [ o 15 1000 MH,
=t ! , 1
: P 3 — 2 el 2000 My
[ w 3 183417 a1 —t
s | —
s s 7 sf-
s
; T s []
» 40 50 (] bl »0 . =25 o 23 ss "’ 0. 40 50 60 70 "0 °0
Tpe mA Temparature, *C I, mA
S44 (Input Return Loss) S24 (Power Gain) $42 (Isolation Out-In) S22 (Output Return Loss)
‘req.
‘AHz dB Mag Ang dB Ang ds Mag Ang d8 Mag Ang
100 ~14.42 0.19 177 8.2 174 —145.92 0.16 0 -20.00 0.10 -14
500 —14.89 0.18 169 8.2 156 ~15.92 0.16 1 —-12.72 0.13 —~54
000 -15.39 0.17 159 8.1 135 —15.92 0.16 3 —14.89 0.18 -94
500 ~15.39 0.17 157 a.0 112 —15.39 0.17 4 —12.40 0.24 -121
000 —~14.42 0.19 151 7.7 °0 —-14.42 0.19 3 -11.06 0.28 —=145
500 —12.40 0.24 159 7.6 &9 —13.98 0.20 -1 -9.37 0.34 —165
700 —10.17 0.34 154 6.9 45 —13.15 0.22 -6 -9.12 0.35 176
500 -8.18 0.39 139 6.0 27 —-12.77 0.23 ~11 ~8.64 0.37 160
200 ~6.74 046 126 4.9 8 —-12.04 025 -23 ~8.40 0.38 147
MAR-6 (T, = 25°C, Iy = 16 mA)
"OUTPUT POVWER ¢ 1 ¢B GAIN COMPRESSION,
NOISE FIGURE AND S,, ? GAIN va. CASE TEMPERATURE OUTPUT POWER @ $ dB GAIN COMPRESSION
St ? GAIN v. CURRENT 1205 GHz, I, -16 mA ve. FREQUENCY
s s 2 ¢ =
0.1 GM2 ® 1,220 mA -
20 — 0.5 GMz T on —<} s, s ] .
el -] "
. /,, |~ 1.0 GHz 7 P € alletbma ~ N
2 3 s
" AT T T~ a0 o % s i N
10 e & g o - & ° =
8 3 p 3 s o -t o B
s : ? L 2 % 211,212 mA " — =
a ! — ’ S~ e
[ 0 o e -~
0 135 20 23 3 -25 [] .28 +55 +85 B 2 3 5 1.0 20 4.0
1,. mA Tempersture, *C Frequency, GHa
S1¢ (Inpul Return Loss) $24 (Power Gain) $42 (Isolalion Out-In) S22 (Output Return Loss)
eq.
Hz dB Mag Ang db Mag Ang dB Mag Ang dB Mag Ang
d -27.96 .04 171 20.1 10.09 71 —-225 . 075 5 ~27.96 .04 -30
3 -26.02 .05 ~105 18.7 8.57 138 ~21.3 086 21 —20.00 .10 - 104
) -17.72 A3 —118 16.4 6.57 107 -—18.8 A15 28 -17.08 .14 -~ 150
3 ~13.56 21 —140 14.4 5.06 84 —17.1 140 28 —16.48 15 180
) ~10.75 29 —-163 12.0 3.98 65 —15.8 163 26 -15.92 .16 157
] ~9.37 .34 ~ 1476 40.3 .26 55 —15.2 474 28 -15.92 .16 150
) -7.724 41 169 8.7 271 42 —14.8 .181 25 —16.48 .15 143
] -6.724 46 157 7.2 23 30 —14.2 194 22 -17.72 A3 144
l -6.20 49 146 6.4 2.01 18 —13.8 .203 20 ~20.00 .10 156
— o =
AAR'7 (TA - 25 C, ld - 22 mA) OUTPUY POWER @ 1 dB GAIN COMPRESSION,
NOISE FIGURE AND S,, ? GAIN vs. CASE TEMPERATURE QUTPUT POWER gt t dB GAIN COMPRESSION
S50 ? GAIN va. CURRENT AND FREQUENCY f= 1000 MMz, ,=22 mA vs. CURRENT AND FREQUENCY
16 2 18 20 T
odvin S
L e Py e " pY z > — . d
1—/",_2_ — 1000 sz & 12 4 Sn? . i 300 Mrns
" , —f———=== 2000 Mz E s L s -
o e ° e
i/ — VI or '
. R NF o — N | — e =— ] 2000 MHe
; o |
A1 ]
z 3 o y ’ . -
10 20 £ «© 50 [ . -28 [} 2s 35 [1] 10 20 20 40 50 60
Ve MA g Temperature, *C 1,. mA
S44 (Input Return Loss) S24 (Power Gain) $42 (Isolation Out-in) S22 (Output Return Loss)
q. -
14 as Mag Ang dB Ang dB Mag Ang dB Mag Ang
G ~26.02 0.05 169 43.5 173 —-19.47 0.14 1 —17.08 0.14 -7
0 -30.46 0.03 133 13.1 150 —18.42 0.12 6 ~17.722 0.13 -41
0 ~40.00 0.01 58 12.5 122 —-17.72 0.13 10 -19.47 0.11 —94
J -24.44 0.06 -113 11.8 95 ~146.48 0.15 10 —-17.72 0.13 —148
1 —14.48 0.15 —~144 10.5 70 ~15.39 0.47 7 —15.3¢9 0.17 174
) - 14.37 0.27 —165 9.6 48 ~14.89 0.18 1 —14.42 0.19 154
} ~8.64 0.37 169 8.1 27 —-13.98 0.20 -6 ~14.89 0.18 144
) -6.94 0.45 150 6.5 10 —14.42 0.19 -1 —15.39 0.17 144
) ~5.98 0.54 134 5.0 -4 —14.42 0.19 -15 —15.39 0.17 152
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S-parameter data and performance curves

MAR-8 (TA = 25°C, la = 36 mA) OUTPUT POWER @& 1 dB GAIN COMPRESSION,

NOISE FIGURE AND S,, ! GAIN vs CASE TEMPERATURE OUTPUT POWER » 1 dB GAIN COMPRESSION
Sy, ¥ GAIN va, CURRENT AND FREQUENCY 1« 1000 MMx, t,=38 mA ve CUARENT AND FREQUENCY
i I =1 100 MHa g ETOR Bl RS ENET
. T TR T lcke's < ot N A
A = ~~iclsoainn %z i — * Sl
2 A : " € . ) 5 /{ 500 MMz
e N e e R T H R $ 1 = 000 Mz
“ - .= p e ——
7 e Tl v , - Y e cd = ~jrscn e
18— S — a X p . V’,’r"
10 ! e 1 s =
v T R ¢ :
s . - o z 2 v e . . °
10 2 % 40 0 [ ] T0 -23 [ ] 25 8 L L] 0 Fd » 40 so ] 0
b mA Temperature, °C I, mA
$44 (Input Return Loss) $24 (Power Galn) S42 (Isolation Out-in) S22 (Output Return Loss) X
Freq.
MHz d8 Mag Ang " dB Ang dB Mog Ang dB Mag Ang
100 —15.92 0.84 -21 310 162 ~40.00 0.04 38 -4.73 0.58 -24 0.79
500 -8.18 0.39 =77 27.8 109 —27.96 0.04 52 -9.37 0.34 -9 0.75
1000 —-11.37 0.27 -113 23.0 80 ~24.44 0.06 51 —-13.56 0.24 -147 0.89
1500 —14.70 0.26 ~-139 19.4 62 —21.94 0.08 45 —14.89 0.18 174 0.96
2000 -10.46 0.30 —155 16.9 47 ~20.00 0.40 41 -15.39 0.17 153 0.97
2500 -9.63 0.33 -180 14.8 32 —18.42 0.12 32 —14.42 0.19 127 1.01
3000 —-8.87 0.36 167 12.9 20 -11.72 .13 27 -17.08 0.14 111 1.07
3500 ~7.54 0.42 153 114 6 —17.08 0.14 24 ~17.72 0.43 107 1.06
4000 —6.94 0.45 141 9.8 -5 ~16.48 0.15 14 —19.47 0.11 106 1.10

single and three-stage layouts

A typical MAR-layout is shown in Fig. 7 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 discontinui-
ties. Twelve plated through holes, including two under
the emitter leads, provide solid ground planes and min-
imal emitter parasitics for best high frequency perfor-
mance. The gaps in the transmission line are appropriate
for 50 mil ceramic chip capacitors, which have relatively
low associated parasitic inductances—typically about
0.5 nH. Mini-Circuits offers a wide variety of values, see
Table 1A. 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 sta-
bilization resistor would be connected between the out-
put 50-ohm line and the V¢ supply line, and the bypass
capacitor would be attached between the V. line and
ground. Spacing is appropriate for 1/4 watt carbon resis-
tors, molded inductors, and 1 uF electrolytic capacitors.
The layout has been designed so that Fig. 8 can be
repeated for multiple cascaded stages. Overall circuit
dimensions are 1 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. 8.
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cascading MAR-8s

The MAR-8is ahigh-gain amplifier optimized forlow noise
figure with a typical power output of 10dBm up to 2GHz.
3utthe amplifier is only conditionally stable, which means
inder certain conditions of temperature, current, load,
ind/or source impedance, the amplifier can oscillate.
fowever, if the load and source impedance both have a
/SWRoflessthan3:1, atall frequencies below 2GHz the
implifier will be stable. Furthermore, as the source and

low frequency amplifier

Fig. 9 shows the schematic of an amplifier optimized
for the frequency range of 100-500MHz, with a gain of
34 +1.5dB, and a noise figure of 3dB typical.

~ GAIN AND COMPRESSION RETURN LOSS
Tequency Gain Comp Poy Run  Rlour
(MHz) (dB) (dB) (dBm) {(dB) (dB)
47.3 27.15 a2 439 10.41 8.59
99.38 33.06 .50 9.59 12.82 15.41
21.69 34.04 Na 10.47 14.01 16.51
25.81 35.39 1.14 11.16 19.12 2521
22.50 35.18 1.07 10.79 2159 29.19
19.19 34.69 .81 10.39 2060 2583
01.00 34.10 .59 9.94 18.0% 2335
23.31 33.88 55 9.76 18.63  22.80
20.00 33.21 27 9.27 1695 21,07
20.81 31.83 03 1.74 14.33 19.24
17.50 31.20 07 7.07 13.44 18.74
39.31 30.67 04 6.31 12.83 18.43
14,19 30.59 .04 6.15 12,72 18.34
13.44 29.99 - 10 5.43 12.05 17.77
18.31 30.01 - .13 5.50 12.05 17.88
5.00 2939 | - .13 5.09 11.49 17.25
1.69 28.84 - .10 4.39 10.66 17.77
581 28,12 - 12 3.31 10.17 17.28
250 27.75 - .07 3.09 9.49 17.48
9.19 27.17 - .09 2.72 8.87 18.72
3.31 26.50 - .40 1.70 8.09 21.06
0.00 24.62 - .87 22 5.60 8.46
9.25 2340 — 46 - 106 705 881
6.69 2344 -.38 - 116 708 887

3.38 24,07 - .16 - 112 8.28 8.58

E: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 twoexamples which are optimized forlow and high
frequencies.

high frequency amplitier

cHP

by

F TN

: NSRS
E, s 0.047% 0.1 MICROSTRIP ;
MULS 350 ¢ in et :
0.05” X 0.2” MICROSTRIP* " *

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

GAIN AND COMPRESSION RETURN LOSS
Frequency Gain Comp Py Run Rloyr
{MHz) (dB) (dB)  (dBm) {dB) (dB)
188.63 27.32 1.42 12.90 11.85 5.83
270.44 28.41 181 1346 1623 630
441.50 29.05 203 13.60 24.21 6.92
5§23.31 29.17 2.01 13.58 22.00 7.33
605.13 29.17 2.00 13.64 19.15 7.77
686.94 29.12 1.76 13.40 17.18 8.26
768.75 29.03 1.63 13.37 15.86 8.77
850.56 28.98 154 1345 1502 943
902.63 28.97 144 1332 1465 8ot
932.38 28.97 142 1328 1444 10.16
1096.00 28.84 1.05 13.00 14.16 11.57
1185.25 28.63 1.05 1331 1461 1236
1267.06 28.49 1.02 13.06 15.02 1315
1348.88 28.26 .89 12.68 15.39 14.27
1430.69 27.93 75 12.22 16.10 15.23
1512.50 27.65 76 1204 1665 16.28
1594.31 27.32 83 1214 1743 17.44
1757.94 26.30 34 1077 1846  24.10
1839.75 25.82 25 1021 1594 20,82
1929.00 25.39 .28 10.23 16.37 18.40
2010.81 24.87 20 927 15.89 - 16.90
2092.63 2334 - .03 7.36 12.58 15.70
217444 24.05 19 8.56 1068 1155
2338.06 23.25 A7 7.92 8.83 9.66
2501.69 21,99 - .14 6.55 8.41 835

AA
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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 UiNbalanced); 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 resistorin 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. Unilateralizationis 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-
piifier. In neutralization, though, only the imaginary terms

[ JMini-Circuits
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f the feedback reactances are canceled because of the
lecessary inverse feedback is provided through an in-
luctor (or capacitor), which does not track the reactance
f the Gapacitive (or inductive) feedback over frequency.
onsequently the conventionally-neutralized amplifier is
table only over a small frequency range. What is really
ieeded is not an inductor or a capacitor, but a circuit ele-
nent which is always equal in magnitude but oppositein
ign to the positive feedback reactance of the device in-
luding all parasitic elements of the device itself, its pack-
ge and the circuits in which it is installed.
uch a negative element can best be simulated with a
uplicate active device. In the case of the push-pull con-
Juration, it may be obtained by cross-coupling between
e input of one of the two amplifier devices and the out-
ut of the other, and vice-versa. In Fig. 13, this condition
 provided, with the input transformers serving the dual
urpose of 4:1 impedance transformation and balun.
The reason that the MAR-amplifier is so easily uni-
teralized is that its internal feedback network is of very
w Q compared to that of conventional ampilifiers; in
onventional amplifier devices, the feedback elements
nd to be more reactive than resistive. Unilateralization
F a push-pull pair of MAR-amplifiers would appear to ne-
ate some of the advantages of the basic amplifieritself.
general, this is true. Unilateralization is only useful in
oviding slightly higher gain or substantially more iso-
tion.
After an amplifier has been unilateralized, the load
pedance will no longer affect the input impedance and
>e-versa, but unilateralization often increases the ef-
ctive input and output impedance of the amplifier, the
echanism which actually increases thegain. Careful at-
ntion must be paid to the effects of unilateralization on
e input and output match.

xperimental results
f paralleling

e paralleling techniques were tested in single-ended
d push-pull experimental amplifiers. Two amplifiers
re built with little effort toward optimizing board lay-
t, and with standard components such as carbon com-
sition resistors and chip capacitors. To optimize per-
mance, microwave printed circuit layout techniques
d microwave components would be preferable.
rable 6 shows the performance resuits while Figs. 14
1 15 show the single-ended and push-pull harmonic
formance.

l...._.;.IMini-circ_l._lits

table 6
Configuration | Freq. | Gain |P_ 44s | 2nd Harmonic @P_148
(MHz) | (dB) | (dBm) (dB below carrier)
Single-ended 100 | 12 | +10 ~-15
Push-pull 100 | 15 {+135 —26
(Unilateralized)
Push-pult 100 12 | +17 -34
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. rugged piug-in

amplifie

0.5 to 1000/MHz

Tough enough to meet full MiL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package. . that's Mini-Circuits' new MAN-amplifier series.
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same
pc board area as a TO-8 and can take tougher punishment with leads that won't break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

Prices starl at only $13.95, jn¢luding screening, thermal shock -55°C to +100°C,
fine.and gross leak, and burn-in for 96 hours at 100°G under normal operating
voltage and current.

Internally the MAN amplifiers consistof two stages, including coupling capacitors.
A designer’s delight, with-all components self-contained. Just connect to a dc
supply voltage and get up to 28dB gain with +9dBm output.

The new MAN-amplifier series. ..
another Mini-Circuits’ price/performance
breakthrough.

finding new ways ...
setting higher standards

]

[ Mini-Circuits |



- Amplifiers =~ IMini-Circuits
upto +15dBm
0.5 to 2000 MHz

MODEL |FREQUENCY GAIN, dB MAX. POWER OUTPUT, dBm |DYNAMIC RANGE] VSWR DC POWRR DISTRIBUTOR
NO. MHz FLATNESS MAX. (1 dB compression) ;
A
. ntercept ? (L)
mid NF t., dBm o
Range Total Input dB rd Order Yollage Current Qfx. R E
iy [Mn. m Roange|lw U (o damage) | Typ. Typ. {InOut| V. mA (19) Y L
MAN man-1 05-500 |28 =05 10| +8 +8 +15 a5 18 [18 18] 12 60 . .
case A05 MAN-2 05-1000 | 18 205 45| +9 +7 +15 6.0 19 18 18] 12 85 . .
MAN-1LN 0.5-500 28 +05 10| +8 +8 +15 28 18 18 18] 12 60 . .
AMAN-THIN 10-500 10 05 08 | +15 +146 +15 37 30 18 181 42 70 N °

Isolation Amplifiers

MODEL [FREQUENCY GAIN, dB MAX. POWER OUTPUT,| DYNAMIC VSWR | ACTIVE DIRECTIVITY * DC POWRR
NO. MHz FLATNESS MAX. dBm RANGE dB
(1 dB compression)
Intercept
mid input NF  pt., dBm
__Range Total '§o dB  3rd Order L u Vollage Current| Qty.
fi__W [Min m Ronge |lw U damage)|Typ.” Typ. (i Out|Typ "Min. Typ." Min. | 40 Curre (1-
MAN-AD MAN-1AD 5-500 6 205 £40 [+70+60  +145 7.2 +20 144474 35 25 3 20 2 85
case A0S MAN-11AD 2-2000 "] 8 £05 £15)|-20-35 +10 65 +44 301204 21 14 5 42 15 2
MAN-2AD 2-1000 9 04 207 |-26-20 +10 | 65 +44 1201204 24 19 49 4a 15 22
A case AS Pin Configuration: RF-IN-4; RF-OUT-8; DC-5: CASE GND-2, 3, 4, 6: NOT USED-7

Lw = Low Range (f, to f,/») m = midRange (2 f tof,,) U = Upper Range (f,,» to f,)

* Active Diectivity (dB) = isolation (dB) ~ Gain (a8)

NOTES:
1. For quality control procedures, environmental specifications, 3. Prices and specifications subject to change without notice.
see Table of Contents. 4. Maximum DC Voitoge: 12.5V for MAN series, 46V for AD series.

2. Absolute Maximum Ratings, see Table of Contents.
MAN-1LN, MAN-1

GAIN vs. FREQUENCY MAN N VSWR vs. FREQUENCY Man N NOISE FIGURE vs, FREQUENCY MAN- LN
70 7
“ 180 29| _‘ [ i i
.50 . g r <X
» Jaw 2w vrwe : g v, ‘
L A0 : L
| 0 120 i ';' =l 2,
110 ~[ P d J 2 1
10 1.00 b 0
.1 [ 2] 1 10 100 500 [ A) 1 10 100 1000 10 1000
FREQUENCY (MHz} FAEOQUENCY (M) FREQUENCY (MHz)
z MAN-2
‘F GAIN vs. FREQUENCY MAN-2 VSWR vs. FREQUENCY MAN-2 NOISE FIGURE vs. FREQUENCY MAN.2
] 170 7
1.8 []
150 - g s
i e « h4 {\ z - 7 £ s i
2 ;v.oo k ] e [ § 3
5 120 “ 2 L rawn / “ % 2 -
s el 110 % B L 3 g e
1 100 : b e > ° -
Rl ' 10 100 1000 b 1 10 100 1000 1o
FAEQUENCY {MHz) " - FREQUENCY [MHz)
AAN-1 MAN-2
FREQ. GAN VSWR FREQ GAN VSWR FREQ. GAN VSWR NF
(MHz)  (aB) in out (MHz)  (aB) in out - MHz) (aB) in out  (dB)
40 30.85 10.53 12.65 .41 2201 10.75 10.29 40 3085 1053 1245
1.02 .72 17.79 17.73 1.06 23.09 13.62 12.86 102 M72 1779 4773
475 31.95 25.40 27.48 521 2336 18.82 16.91 a4.75 3195 2540 27.46
11,94 kSR 2623 3004 1374 23.40 24.36 23.84 1194 3199 2623 3004 247
30.00 3203 25.72 3C35 3525 23.41 2.78 27.45 3000 3203 2572 3035 225
© 7536 3206 2433 28.04 90.40 2341 36.43 28.22 7536 3206 2433 28.04 231
101.65 3209 23.32 26.54 125.06 23.41 40.92 28.35 10165 3209 2332 2654 243
140.32 3218 21.74 24.45 249.53 2338 37.86 27.14 14032 3218 2171 24145 2.43
255.34 3243 1807 2015 321.46 23.37 3658 26.83 25634 3243 1807 2015 252
352.47 3204 1577 17.96 44373 2334 3192 2481 35247 3201 1577 47.96 2.59
497.88 31.37 13.88 24.18 497.88 23.31 30.14 22.94 49788 3137 4388 21.48 2.70
641,39 30.00 14,95 14.54 612.52 23.13 25.38 19.88 64139 3000 4495 1454 2.68
753.57 28.51 15.62 13.46 753.57 257 2.4 16.97 753.57 2851 1562 13.46 276
885.36 27.18 1465 14.89 845.51 222 21.23 16.23 88536 2718 1465 1489 290
1194.32 24.00 16.07 46.93 1167.14 20.60 2229 14.55 119432 2400 1607 1693 3.03
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MITSUBISHI RF POWER MODULE

bl
o
i M67705M
H .
é-: 430~470MHz, 9.6V, 7W, FM PORTABLE RADIO
E 7
/OUTLINE DRAWING Dimensions in mm BLOCK DIAGRAM
. a5kl
:' 421
.2 R1.6+05
)
7
; u ] o .
¥ g_ b = Oy | =O)
lz ® ® l = 1= '-
!k" D @ @ @ ®
[ ’Z\
il4 = 0.4
Ay 2 +0.2
s —
N PIN:
SEH 9xv 9+1 |5+1]8.5%) ®Pin  :RF INPUT
V| @Vee : 1st. DS SUPPLY
(36.5) @Ves : BASE BIAS
541 @vcez : 2nd. DC SUPPLY N
®Po  : RF QUTPUT
®GND : FIN
a a a a
-
- of =
+1 H o+ 1
o < ™
~ N ©o
SOLUTE MAXIMUM RATINGS (T c= 25°C unless o-t'hen‘Nise noted)
li*Symbol Parameter Conditions Ratings Unit
tVec Suooly volt Vas S 5V 13 \
% PPl voltage Vcc 5 96V 6 v
hlec Total current 4 A
Potman) | Input power N ) Ie=2.=50Q 40 mwW
{Potmsxy | Output power I =72L=50Q 10 w
ifTcory | Operation case temperature - 30~110 T
Tt Storage température - 40~110 T
s
[
%ECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
&4 - Limits .
?Ymbol Parameter Test conditions Min Mox Unit
<. Frequency range . 430 470 MHz
y Output power Pin = 20mW 7 w
Total efficiency Ve = 5V 40 %
2nd. harmonic Vec = 8.6Y - 25 dB
3rd. harmonic Zo=7L=50Q - 30 dB
Inout VSWR .25 -
Vce = 9.6V, Ves = 5V
Po = 7W (Pin : controlled) .
Load VSWR tolerance Load VSKR=20:1(All phase), 2sec. No degradation -
26 =50Q
MITSUBISHI
ELECTRIC
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MITSUBISHI RF POWER MODULE

1
M67705)

430~470MHz, 9.6V, 7W, FM PORTABLE RADIC

. +
TYPICAL PERFORMANCE DATA ¥
OUTPUT POWER, TOTAL EFFICIENCY, OUTPUT POWER, TOTAL CURRENT, 4
INPUT VSWR VS, FREQUENCY FIRST STAGE CURRENT VS, .
CHARACTERISTICS INPUT POWER CHARACTERISTICS :
10 T » 100 30 3
L] = 'r 1] <
8 80 ¥ : 10 e =1 i
: B e A = P
- e, | N 2 ST 05 .,
c 6 N 8- e 3f] "y 03 L&
H % n w H W
2 T o = 2 e 0.2 ¢« 5
[ - b ] = O - «
g A Binin: SUNEE S . A, — 01 3y’
2 ' DS R o.; VA To=25C loor 29!
5 N < €5 osltAa Veo=9.6V 505 £
o RN ] o » O 4 Vbb =5V e
2 S— 20 - 42,05 0.3 t=430MHz {0-03 g{
- [ =
T\ - - 29=21=500|%02 &,
0 0 10 5 0.1 [ oo
490 43 450 470 490  s10 ) 05071 2 3 5 710 20 30 50
FREQUENCY ( {MH:) INPUT POWER Py, {mW)
g
OUTPUT POWER, TOTAL CURRENT OUTPUT POWER, TOTAL CURRENT, :
FIRST STAGE CURRENT VS. FIRST STAGE CURRENT VS. :
INPUT POWER CHARACTERISTICS " INPUT POWER CHARACTERISTICS %
30 3 30 3 ¥
20 ! —=12 20 # e B
Ir Lg-r" < Iy LA <
s 5 N B AN AL =t P
R O —=t——10.7 £ 8 E 2l 0.7 %8,
o St—f Po—1i> 0.5 =, o ST - 0.5 . ,
a L -1 > a 9 PO/‘ =5 !
x 3 0.3 L T 3f 0.3 Lur
w « w 4 /] Ze ¢
3 2 <jo.2 g 2 2 0.2 g
<] - S 5 3,
a L~ 0o & / .- g0y
= 1 et bt 4 0.1 Ow = 1 L [P - 01 Ow’
2 07l4,4 =] PN NS <7 (PR oF =] To=25C oo 29
5 oslAed Veg=9.6v |\ T2 5 oshdt- Voe=9.6v [, 0o I
8 . . . -
o o Vbb =5V 2 o Vbb =5V O T
0.3 1=dsompz {003 7 2 0.3 r=aromnz (003 72
0.2 Zg=7i=500{0.02 & 0.2 zg=z1=500]0.02 € *
0.1 l l 0.01 0.1 0.61 ’
05071 2 3 § 7 10 20 30 50 05071 2 3 5 710 20 30 50 :
INPUT POWER Pj, (mw) . INPUT POWER Py, (mw) )
4
- OUTPUT POWER, TOTAL CURRENT, OUTPUT POWER, TOTAL CURRENT, 3
FIRST STAGE CURRENT Vs, FIRST STAGE CURRENT VS, M
SUPPLY VOLTAGE CHARACTERISTICS SUPPLY VOLTAGE CHARACTERISTICS '
30 I 3 30 T 3 :
20 I e s = 20 ——= =2 :
- z I _ T,
10 a— o t . 1o ,1" =] 1 H
E3 § Sy L — 0.7 £ 8 £ g4 — ] 0.7 T 38..
R jo/—l 0.5 Y o slx< jo/Z 0.5 . .3
z g z
g ] ! 2 52§ A o BE7
g T | g8 8 Tleer™ LN
Y S L 0 3w 1%" L 01 Zu-
g o1 fo=25C )7 2 ¢ g o7 To=25TC 0.07 <9 -
3 oslA Wb=5V - fhes S 5 s Vob=5V  fyos 25
= - 1= 430MHz e o / {=450MHz or
0.3 Pin=20mw 003 " & 0.3 Pin=20mw {003 &
0.2 Zg=21=500{0.02 = 0.2 ’ 2g=21=500[002 &
0.1 ! 0.01 0.1 ) l 0.01
2 4 & 8 10 12 14 - 2 4 6 "8 10 12 14
SUPPLY VOLTAGE Ve (V) ) SUPPLY VOLTAGE Vcc (V)
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MITSUBISH! RF POWER MODULE

M67705M

Copn

[ o 430~470MHz, 9.6V, 7W, FM PORTABLE RADIO
OUTPUT POWER, TOTAL CURRENT, OUTPUT POWER, FINAL CURRENT
FIRST STAGE CURRENT VS. VS. FIRST STAGE SUPPLY
SUPPLY VOLTAGE CHARACTERISTICS CHARACTERISTICS
30 l 3 T30 I 3
20 T -t 2 2 20 leor —Em === 2 2
_ 10 ’_A” /l/ ) . = a 10 "/'T N R :
' E ? ," /1 0.7 2 :.d £ R 7 ,l 07 —— 0.7 E -’9’
. 2° Str Po 0.5 »r\ o 5 7 0.5
A o /17 :
\ g .3 I 03 L ¥ & 7 o ee 03 L ¥
; z 2 teet 102 ¥ < g Y o Jo2 W
s e & -—1" <O e ! / Veece=9.6V &3
5 1f—A 61 S¥ 5 Veb=5V oy 3w
Ly & o1 A Te=25'C 1o oy 22 g o7 / 1=430MHz Jo07 2
3 os VA - Vbb =5V 0.05 £ @ 2 os [ Pin=20mW -10.05 £ o
e 0 / ImaToMHz | R 03 / 2g=21=500]501 F
. 0.2 Pin=20mw 1,0 & ozt 082
) Zg=ZI=50Q| T I :
: 0.1 i | 0.0 0.1 0.01
2 4 6 8 10 12 14 2 4 6 8 10 12 14
SUPPLY VOLTAGE- Ve (V) \ SUPPLY VOLTAGE Vcc (V)
OUTPUT POWER, FIRST STAGE CURRENT OUTPUT POWER; FIANL STAGE CURRENT
VS. FIRST STAGE SUPPLY VOLTAGE VS. FIRST STAGE SUPPLY VOLTAGE
CHARACTERISTICS | "CHARACTERISTICS
30 3 1 30 3
I 1
20 fcce > S 2 ez _— 2 -
A= 2 B z
0 | YALY 10 -l | Al . =
£ 1A ,/_°, 02 T8 E 1b—4 1"0/—"'—' 07 2 8
o 5|l—p 0.5 i ] 05
: 3t / 0.3 £ & e ¥ ,/ / : 03 £
£ 2 d 02 w&E £ o2p 0z &
o / To=25C & = ° / 0=25C 3
. Vocz=9.8Y Joy Zw = f —Vecz=3.8V {5, Zu
& 07 1 Vb =5V 40.07 i :5 & 0.7 ’ Vbb =5V 0.07 : S
2 0s 1=450MHz 19,05 = » 3 os : [=470MHz g 05 » &
° Ll Pn=20mw [ P 7] Pin=20mw =
: =Z1=50Q] & 1 Zg=z1=509|>% &
0.2 | 29=21=50Q404, & 0.2 0.02 @&
0.1 I l 0.01 0.1 l l 0.01
2 s 3 8 10 12 14 2 4 6 8 10 12 14
SUPPLY VOLTAGE Ve (V) i SUPPLY VOLTAGE Vee (V)
5
e
s
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MITSUBISHI RF POWER MODULE

M67705M

430—470MHz SW FM PORTABLE RADIO

OUTPUT POWER, TOTAL CURRENT,
FIRST STAGE CURRENT VS,
SUPPLY VOLTAGE CHARACTERISTICS

0 3
20 l = =t 2
. [ ,—r" .
T el Ty
= rd - . -
z 7 ] ] 6.7 <
A Fy 0.5
« 3 03 5
4 2 /;\.. 0.2 W
I Ry e e
= 1A 01 3
g oL Te=25C o5y o
"3 o5 L Vbb =5V 0.05 g
o3l - :‘";;":; .03 &
=
0.2 : 3
i Zg=2Z12=50Q 2.92
0.1 | ] 0.0
m

2 ' 6 [ 10 - 12
SUPPLY VOLTAGE V¢ (V)
OUTPUT POWER, FIRST STAGE CURRENT

VS. FIRST STAGE SUPPLY VOLTAGE
CHARACTERISTICS

FIRST STAGE CURRENT Igey (A)

L

* OUTPUT POWER, FINAL CURRENT
VS. FIRST STAGE SUPPLY
" CHARACTERISTICS

30 I 3
20 toor T == 2 <
; 10 as 1 <
> S -
g —A o 01 I8
° 5 7 0.5
. (1 / z
.. 3 0.3 bW
A VA V4 To=25¢ | Z&
.8 / / Veez=9.6V . % 8
5 vob=5v * o'y Jw
& o7 [ 1=430MHz g 07 ;g
3 05 / Pin=20mW -10.05 1 ©
" 03 [I 29=21=500 4503 *
0.2 0.02 &

0.1 I 0.01
2 4 6 8 10 12 14

SUPPLY VOLTAGE Ve (V)

OUTPUT POWER, FIANL STAGE CURRENT
" VS. FIRST STAGE SUPPLY VOLTAGE
CHARACTERISTICS

‘a0 i 3 30 l 3
20 20
LT SN gy S z X fogz == z -
- < f’?‘ <
- 10 /‘ P e ! .= | 0 L4 T ——— 1 - .
£ 1A = 07 28 21—yl —Poo 07 <8
v /’ 05 ry “\| A5 7’ 05 rp
S K 073 A 5 3z 0.3 & §
z 2 / 3 0.2 Y 2 f— 0.2 W«
] / G c=25C €3 o c=25C €3
5 1 Vecr=96V oy Zw 5 i __Vecz=9.6v [\ 3,
£ o —Vb=5V  Jog; 2 X E 07 Vob=5V |54 o @
5 os r=asombz Joos 5 3 o ,1 \ 1=470MHz Jo0s & 5
| Pin = 20w 2y | Pin=20mwW e
0.3 ] IR L DA 0.3 | 4 oy T2
0.2 I 9=21=00% 002 & 0.2 9=21=500l02 &
0.1 l l 0.01 0.1 l l I 0.01
2 4 6 8 10 12 14 2 4 3 8 10 1z 1a
SUPPLY VOLTAGE Ve (V) SUPPLY VOLTAGE Vcc (V)
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