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ABSTACT

In this project, the L band video transmitter with modulated carrier frequency 1250
MHz (24 cm in wavelength) is analyzed. In the technical term this project use the Voltage
control oscillator (VCO) with nonmultiple oscillator type so that the complication and noise are

&

réduced. The experimental results is quite agree with the theorictical
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1
Zy, = Zyy = Lay = Zy = JE(Ze +2.0) cot 8 (L13)

A 1
213 = 231 = 224 = 242 = _j..i(zc +Z°) cot 6

. 1
Ziy=Zy1=2p =25 = JE(Ze J] Zo) cot®

P a ¢ va ¢ &
Tov 6 = B1 nnuait1d dusezensodnnequauAveINITULY 4 NBTAN

A ' ' P Po! d o d
tudoulvden 18 wu lunsdiidmomoveanedan 2 uaswetan 4 danosdnuaald

1 ‘J b 4 A
TugUit 18 2957 I8 Tszidlunsesuuy 2 wosaunumils

d - 3
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P = a a ¢ . . ¢ e
FUTVTANWITONIMDUUIDUNUAUY (image impedance) ﬂamwsu’lu;ﬂuﬂq Z,Z,uae
~ d’d 4 a 4 o a A 4 ‘. o o

18aadife Weannmumgufaees Wiy 2 #eda BUNDURUAUTUASAIAIAIBUILIN

( { . . - a o (
IUdINDT (image impedance and image trasfer constant) ﬁzmuu'lﬁ"luiﬂum Z M15UIReT
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Z, = \/Z'u 1 Y{
Zyy =2 1 Y (1.14)

cosh = ZI'IIY{I /(lelYl’l - 1)

y

4 < 4 4 v. a ed 8 v d
psnnnstivesyulil 16 i 1, = 1, = 0 Aalu Z mnine i lAezilunal

'VIT —IIT s
Vs 0
03 -1zl I3
A 0
J o A (1.16)
K .
vi ":Zn 213:[11]
| v |12 Zss |15
fufinesld
’ —
Z), 11
7. =2
12 13
’ (1.17)
Ly =24
-
Zy, =Zg
!
Y, _ 222 _ 233
|3 SR r
Zy *+Zg ZyZys T ZygZy
_ Zs;
2 __ 5 2
Zy Z,

A . 9 ‘1' '
Wehaums (1.14) unuasluaums (1.17) udnhrat 18l unusas lugums (1.15) 9214
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( ) ( ) (1.20)
leo/ Zﬁ-f-Z10 + va/ZeZle

v/(Ze+Zl°)+v/(Zc+Zle)

Ze(zlo + Zlc) + Zlozle

- .

22 +7Z, +Z
[ 1o le

o g a a ¢ d o ¢ d ¢ A A ¢ o
Taeit z,, uas z,, WhuduRuaudvesTnuanuas Tnuagiussnnnedanl 1 Adufiuaudns

Y A L} .Y -«
apaii luaamildaemede idsuuadaInas  szamnsadon1dTagldndnmsvesmeoh

1 4
o & A

dygunail

A Zg +jZ, tanb (121 )
=Zo7 +iZ. tan6

Vie Z.+jZ.tan® (1.21 )

e =T, %7, +iZ, tand

Z

.d ( - f o v a 4 -5 én
Teoit O = B1 uaziluanuen luTasaadudaumimeduye e T msuuadfufuaud
' s y r v A v4 o "o
ptuystRid U Z, sxdeaniiny z, deldloulvdsnaniimuasluaums (1) o2

4
TRanuduiutsznin z, fu z,, waz Z,, lugdae’hil

Ze = Z10Z1e (1.22)

4 P v v ¢ 4
uasounuiiaums (1.21 ) waz (1.21 ¥) alueums (1.22) oz ldnnudunusssnin z,

fu z,, waz Z,, Tugusie

Z.=AlZ,Z (1.23)

[ o—¢e

A 4 . M - d
el ddeu lumuaums (1.23) fiTaoia luanunaveuouluTas aafilynd

[ L3 v o 1 -
imsshfesdygradinesuauainhdnfamisy
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lumsfnsenineesauyaaugil 112 sehoudiuladaduiadiinled1dsdn
z L y ! A A - la: & "
s 9zvh 18l neudwilesninaums (1.23) sxdusialaeluTudus ©
- P L IJ o A @ U ¢=v
wieanuem | Januei z, = z, Taolituduanuen deulvdndnihld v, = vusn
S 4 A & v v v ¢ o ¢ ' ’
anudlefinsanTaseadveslad nduiadtilessatuldnlianuaunassznianesia
& v ¢ d 1 ¢ 4 o P ) t
71 fuwedait 2 uazsenianesah 3 dunedan 4 Faeldwani v, = v, v, = v, V=
A L4 o " L.
v iz v, = v, e ldanuduiuiisuduaums (1.21) nasaums (1.23) svernToiou

1 4
fusasunsdaang 18lugida Ty

Vi =V (1.24 )

¢

vsine(JZ/zo =/} /ze)

Vo = Vge T Voo =] 124 9
i 2cose+jsine(\fze/zo+Jzo/z,) (124)

V3 = V3, T Vay = 0 7 (1.24 9)

2v

V4 =V4c""V4

' ° 20050+ jsine(\/zc {Z, + ﬁo [Zc) (124 9)

1 a

dnyd 4 4 a o o :
munad 168 flesnn z,_ = Z, uar v, = 0 FmnedinSunniimsuuadeRauyseiaslil
“ & - < : v d o v w -
mdsrUieenlimanedail 3 tesitediqaauiadinladaduiadides lumsfingan
+ v @ - J ] c‘: ~ (4 ] 1 &
iitdasulidlesnnuanesad 2 iWhailaidy szfinsanldnndasadusnin v du

o ] ! ] Y] . »” t [ y
v, S iiiaify « nsdid 0 = 12 wie 1= A 4 i sndoulddad

(z.12,)+1 @2

1 (1.26)
C =20lo ‘g
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_ jksin® (1.26 N)
27 \/T—PCOSG-&-JShG
W1-k%v (1.26 v)
V4=\/rk?cos6+lsin6 .
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MAR-1 Operating Voltage = 5.07 V

Voltage Resistor Temperature Bias Power Gain
Drop, Value, degrees Current, @100 Mh,,
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0 0 -10 9.5 0.5
25 18.4 18.8
100 *x *x
kP 82 10 14.2 17.0
25 17.3 18.3
100 "24.1 19.0
2.0 100 -10 H6:S 18.5
25 189 18.9
100 24.6 19.0
7.0 412 . -10 16.1 18.3
25 18.8 18.1
100 183 17.5
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TABLE | — C(horocteristics of amplitude-modulated, vestigial-sideband telervision sysiems

. . Simplified presentation of the main differences beiween sysiems *
RF-channel Video Width of vestigial . Sound carrier
System Lines/fietds btndv:idth. bandwidth, sideband, PO:::;’; of pasition relative
pet second nominsg} aominal nominal X to vision cacrier
(MHz) (MHz) (MHz) modulation (MHz)
B 625/50 7 b 0.75 Neg:(ipve 55"
D, K 6257350 8 6 0.78 Negative 6.8
G 625/50 8 5 0.75 Negative 5.5
H 625750 8 s 1.25 Negative 58
f 625/50 8 5.5 1.2% Negative ' 6
K1 625750 8 6 1.25 Negative 6.5
L 625/50 8 6 1.25 Positive 6.5
M 525760 6 4.2 0.75 Negative 45
N 625/50 6 4.2 0.75 Negative 45

TABLE 11 - Simplified peeteniation of the main differences hetween the compaosite
videa signals used in 1erresinal television *

(line sequential)

Chrominance . ;s .
Colour coding system Chrominance signals sub-carrier frequency Type of chrommln.ce sub-czmer‘
modulation
(MHz)
Suppresscd-arriér amplitude-modulation of
NTSC e — two sub-carriers in quadratuce
PA Eu E ~ 4.4 Suppressed-cacrier amplitude-modulation of
L Ll (3.58 for M/PAL) two sub-carriers in quadrature
L. i
SECAM Da. Ds ~ 441 (when Dy) Frequency moduol::u')inr:cal;):ma ing
~ 425 (when D) .

oae line Dy

* For [uller information, see CCIR Report 624 reproduced in the following pages.
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. Rep. $24-3

TABLE 1-1 — Details of line synchronizing sigisals (see Fig. 1}
Durations (measured hetween half-amplitude points on the appropriale edges) for various systems

. = B,G,H, I,
Symbol Characteristics M ’ N () D, K. KL L N
(sce also
Rec. 472)
H | Nominal line period {us) ) "63.492 64 6409
: (61.5555)
o Line-blanking interval (jis) 10.210 11.4 10.24 to-11.52 12 £ 0.3(Y
(10.9 £ 0.2) (12 £ 0.3)
b Interval between time datum (Oy) and back edge of 3.9 10 10.3 8.96 to 10.24 10.5 (")
line-blanking pulse {us) (9-2 10 10.3) (10.5)
. l-rant porch (ys) 1.27 10 2.54 1.28 to 2.56 152 03¢
(1.2710 2.22) (1.5 £ 0.)
d Syncheanizing pulse (ps) 4.19 10 5,71 . 4.22 10 5.76 47+ 02
(4.7 £ 0. (4.7 £ 0.2)
I'4 Ruild-up time (10 to HP%) of the edges of the < 0.64 < 0.64 03t 01
linc-blanking pulse (us) (< 0.48) (0.3 £ 0.1)
b2 Ruild-up time (10 to $0%) of the edges of the < 0.25 < 0.25 02+ 0.1(")
line-synchronizing pulses (us) (0.2 £ 0.1) N

() Valucs in beackets apply to M/NTSC. )
(%) The vatues in brackets apply to the combmamn N/PAL used in Argemuu.
(" In France, and the countries of the OIRT, the (oknnce for the instantaneous line period value is £ 0.032 ps

V] In 625-line countries using Teletext System B as specrﬁcd in the Aanex to Recommendation 653 to reduce the possibilities of
data lass. the fodlowing vabwcs are p«fcned {CCIR, 1982-86c 3ad df:

a) line blanking interval: 12 4-03 s

¢/ front porch: { 5+oo ps X !
(%) Average calculated value, for informa(ionfi’i;ir;s(eﬂl"-l the value is 104 [CCIR, 1982-36b}]
(% For system I, the values ace 1.63 £ 0.1,

() For system 1, the valves sre 025 + 0.05.
ﬂ‘ﬁ'Nllﬁﬂiﬂmiﬂﬂm:ﬂﬂﬂizWIﬂiﬂﬂu (AD)



Rep. 624-3

TABLE 12 —~ Details of field synchroniring signals (see Fig. 2)
Duration (measured between haif-smplitude points on the tppropriate edges) for various systems

R.G, H I, D K,

equalizing pulses (j1s)

Symbol Characteristics M N K1, L (see also
. Rec. 472)
r Ficld period (ms) 16.667 (%) 20 20 >
116.6333)
j Ficld-blanking imterval (for H and a, sce Table I-1) 19102V H+ ()] (191025} H+ a 25H+ a
(25 H 4 a)
Y Build-up time (10 to 90%) of the edges of < 6.35 < 635 03 + 0.t
field-blanking -pulses (ys) ©3to1)
k(Y laterval between front edge of fickd-blanking interval (1.5 £ 0.1) 3 £ 21" (systerns
and front edge of first equalizing pulse (u<) ' B/SECAM,
G/SECAM, D, K,
K! and L only:
no ref. in
Rec. 472)
! Duration of first sequence of equalizing pulses JH 3 H 25 H
2.5 )
m Duration of sequence of synchronizing pulses 3H JH 25 H
2.5 H)
n DNuration of second sequence of equalizing pulses JH IH 25 H
(2.5 1)
p Duration of equalizing puise (us) 2320 2.30 10 2.56 2135 2 0.1
(2:35  0.1)
q Duration of ficld-synchronizing pulse (us) 27.1 16.52 to 28.16 27.3¢")
(nominal velue) (21.3) {(nomimai value)
r Interval between field-synchronizing pulse (us) 4.7 £0.0) 3.84 1o 5.63 47+02(M
(4.7 £ 0.2), 1
T Ruild-up time (10 t0 9P4) of synchronizing and < 0.25 < 025 02 £ 0.1 (%,
(02 = 0.9)

(i) The valuey in beackets apply to the combination N/PAL used in Argeatina.

(*) The value in brackets applies to the M/NTSC system.
() The following vaives are used in Japan:

0.07 v+g‘m Y for colour transmission,

0.0s v* g'oj ¥ for momochrome traasmission,

where v is the field period.
(‘) Not indicated in the diagram.
(%) This value is to be specified more precisely st a later date.

(9 The following specification is 1iso applied in Japan: sn equalizing puise has 0.45 10 0.5 times the acea of & line-synchronizing

pulse.
(") For system 1: 27.3 £ 0.1, .
(") For system ): 4.7 £ 0.1,
(M For system 1: 0.25 £ 0.05.
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Rep. 624-3
System uscd in bands:
Country/Geographical acea VI w o /v
. VHF broadcasting UHF broadcasting
{Band 8) (Band 9)

Afghanistan (Dergocratic Republicol) . ... ....... D/SECAM -
Albania (Socialist People’s Republicof)*®. ... ... .. B/PAL G/PAL
Algeria (People’s Democratic Republicof) . .°. .. ... B/PAL (11) G/PAL ()
Germany (Federsl Republicof) . . ............. B/PAL G/PAL
Angola (People’s Republicof) . ... ............ 1/PAL () - an
Netherlands Antilles . .. ... ........ ... e M/NTSC -
Saudi Arabia (Kingdomof) . ............. . B/SECAM G/SECAM
Argentine Republic . .. ... ... . i ‘| N/PAL N/PAL
Australia . . . . . .o e s B/PAL (n B/PAL an
AUSITIZ o b v o v v e o s s et n e e e e e e B/PAL G/PAL (1)
Bahrain (State of) . . . ... i e B/PAL G/PAL
Bangladesh (Peopie’s Republicol) . .... .. e B/PAL -
Belgium . .o o e i e s B/PAL H/PAL .
Benin (People’s Republico®® ... ... ... K1/SECAM Ki* (16)
Bermuda . .ot i v it e i e s M/NTSC - .
Burma (Socialist Republic of the Unionol) . . ... ... M/NTSC -
Bolivia (Republicaf) . . . ... .. . it M/NTSC M/NTSC
Botswana (Republicof)*® . .. . ... ..o v vv o 1/PAL I/PAL
‘Brazil (Federative Republicol) ... ... ... v M/PAL M/PAL

_ Brunei Dacussalam . . .. .. o iea e e e B/PAL -
Bulgaria (People’s Republicof) . .. .. ... ovn v D/SECAM K/SECAM
RBurkina Faso . . . . . . vt ittt v em e v eonsn e K1/SECAM (11) XI1°/SECAM (1Y)
Burundi (Republic of)*® .. . ... .. ... .. Ki°® (16) KI/SECAM
Cameroon (Republicol) ... ... . covve et 8/PAL G*/PAL
Canada . . . .t e e e e e M/NTSC M/NTSC
Central African Republic . . . . . . . oo v vvne oo K1°/SECAM (16) Ki*/SECAM (16)
Chile. . ¥ .. 0070 . L1IL" "N ¢ -/ LI« M/NTSC M/NTSC
China (People’s Republicof) . ... ... .ot D/PAL D/PAL
Cypeus (Republicof) . .. ... oo B/SECAM G/SECAM
Colombia (Republic of)** . ... ... ... ..o an. M/NTSC M/NTSC
Comoros (islamic Federal Republicof) .. ........ - (1) - arn
Congo (Peoplc’s Republic of the)®® . .. ... .. ..... K1*/SECAM (16) K1*/SECAM (16)
Korea (Republic of) . . ... . oo ii i it M/NTSC M/NTSC
Costa RICA . o v v v v v v o te vt e e i e s n oo aes M/NTSC M/NTYSC
Cate d'lvoire (Republicof)*® . . .. .. ... .0v. KI/SECAM K1 16)
Cuball I .. 50 =€ Al . /AN AT AT M/NTSC M/NTSC
Denmack (Including Greenland and Facroe Isiands). . . B/PAL G/PAL
Dijibouti (Republic 0f) ... ..o v e B/SECAM,
H KI/SECAM (I1) - )
Dominican Republic® . . i vt e v e e M/NTSC -
Egypt (Arab Republicof) ..o oo B/SECAM (1) G/SECAM (11)
United Arab Emicates. . . . v v v v s v v no s v ao o B/PAL G/PAL
[ TE Y [ R S M/NTSC s -
SPRAIN . . o B/PAL G/PAL
United States of America . . ..o v v vv o oo o e o M/NTSC M/NTSC .
Ethiopia........... B S S . B/PAL G*/PAL
Finland . . oo it e et e e e e e B/PAL G/PAL
FIANCE . . o o o v en e e ae o e e amne s st L/SECAM (8) L/SECAM (8)
Gaboaese Republie®® . . . ... ... . n. .. K1/SECAM Ki* (16)
GRAMS . o o v et e s te s cae v e . B/PAL ay G*/PAL (n
Gibeaitar . . ... ... D B/PAL G/PAL
Greece . . . o oo v e Wy, - - - OMLD L B/SECAM G*/SECAM
Guatemala (Republicof)**. ... . .. .. o0t v et M/NTSC -
Guinea (Republicol)** . . . .. . ... ue.... e K{/SECAM . K1°* (15) (16)
Equatorial Guinea (Republic Of) v vt B/PAL (1) - (N
Haiti (Republic 00)®® . . .. .o i M/NTSC -
Honduras (Repablicof)** * .. ......... e e M/NTSC . - Ry
Hong KORg. . - v v o e cm s m oo cneesoansns ‘. - 1/PAL .
Hungarian People’s Repubtic . . ... .. R D/SECAM K/SECAM
India (Republicof) . .. .. ..o cvvee e PRI B/PAL -
Indonesia (Republic of). . . .« . oo v cem v mae oo B/PAL -
Iran (islamic Republicol) . . . . ..o cvovr v e B/SECAM G/SECAM
Iraq (Republic 0)** .. . F ..o veo e PP B/SECAM -
frefand ... v oe e e e -.. | /PAL @ I/PAL ()]
T R B/PAL T G* o
lsrael (State of) . .. oo v s v B/PAL G/PAL  : (6)
Maly . oo ci e i [ER B/PAL G/PAL . - -
Jamaica®* RN RN M/NTSC —
Japam L L. e e e M/NTSC M/NTSC e
Jordan (Hashemite Kingdom of)®® . . . ... & - wiv e B/PAL G/PAL R Lo

mrauerasszuy Insimn i lulsemerneg




Rep. 624-3

oh

System used in bands:

it gean

Coun(ry/Geographit:al. arez 1 Vv
: = YHF broadaasting UHF broadcasting
(Band 8) (Band 9)

Kenya (Republic of) B/PAL (1)) G*/PAL (1)
Kuwait {(Stateol) . ........... B/PAL e G*/PAL (10
Lesotho (Kingdom o) 1°/PAL (. 1*/PAL " (1) ~
Lebanon®™ ., .. ... e B/SECAM i G/SECAM

Liberia (Republic of) B/PAL '
Libya (Socialist People's Libyan Arab Jamahiriya)** B/SECAM G' (16)
Luxembourg . . . .. it e s 8/PAL G/PAL, USECAM
Madagascar (Democratic Republic o' . ... K1/SECAM Kie (16)
Malaysia ... ... ... e B/PAL . G/PAL

Malawi . . L L L e e e e e e */PAL an G*/PAL [13)]
Maldives (Republicoly . . . . . ... coev e e /PAL -

MalifRepublicol). . . ... vin ooy B/SECAM (1) - (1)

Malta (Republicof) . . ... ... .. oo B8/PAL . -

Morocco (Kingdom 0(1 .................... B/SECAM - - G/SECAM (1) =
Mauritius . .. .. 0L e e . B/SECAM B N . :
Mauritania (Islamic Republicol) . ... .. ... ... .. B/SECAM (1) - (n
MEXICO . . . vt it i e e M/NTSC ™ . M/NTSC

MOMICO . v vt vt e e e e L/SECAM G/PAL, G/SECAM
Mongolian People’s chubllc" ............... D/SECAM -

MORBISErTal . . oo v it iee s ie e e e M/NTSC [T B

Mazambigue (People’s RepublicoN)*® .. . .o o0 0o - G/PAL

Nicaragua®® .. . .. ... . ivenn e =AY M/NTSC - A
Niger {(Republic of the)** . .. .. .. S S~ i K1/SECAM | SR (16)
Nigera (Federal chubhc ol . ol b b AL, - B/PAL [*/PAL (43))
NOIWEY . o o v e e et o e b e e B/PAL G*/PAL (3) -
New Zealand . . . .o i oo B/PAL (13) G/PAL (13) «-.
OmanitSultanate 0f). . ... . v v i v v et s e B/PAL G/PAL

Uganda (RepublicoN®® . . ... ... .......... B/PAL G* un
Pakictan (lslamic Republicof) . . ... Lo v vl B/PAL G/PAL

Panama (Republicof) ... [ ... .. . . T M/NTSC M*/NTSC

Papua New Guinea ..+ . . . ..o v v v e i oo e e B/PAL G/PAL

Paraguay (Republicof)*® . ... .. .. ... ... N/PAL -

Netherlands (Kingdom of the) . ...y « « o o v v o v v e B/PAL G/PAL

Pesd [ _[79090902) 2 VY. AN, AL T M/NTSC M/NTSC,

Philippines (chubllc o Shind 1 RO (AN BT o M/NTSC - .
Potand (People’s Republicol) . . . . ..o cv v v D/SECAM K/SECAM '
Portugal L e e e B/PAL G/PAL
.Qatar {State of) ...... NG 2537255 SR T DN B/PAL foae G/PAL

Syctan Arab Republic .. . .o i it i B/PAL N G/PAL

German Democratic Republic . ..o o v oo v v e v o0 B/SECAM G/SECAM

Democratic People’s Republic of Korea® . v vinnn. D/PAL K/PAL

Romania (Socialist Republicof) . ..o o - ow v v v oo o D/PAL K/PAL

United Kingdom of Great Britain and Noﬂhcm lrcllnd - $) 17PAL Lo
Rwandese Republic . . . o oo oo v ein s R Kt (16) Kie (16)

St. Christopher and Nevis ', . . . oo oo v vn v v on e M/NTSC -

Senmegal {Republicof)*® .. .. ... ... K1/SECAM Kie (16)
Sierra Leone®® . .. . ... RS Y e S B/PAL (14) G* S8
Singapore (Republic o) i v ov v v v oot PPN B/PAL G*/PAL (12)
Somali Democratic Republic B* (16) G* (16)
Sudan (Republic of the)®® . ... ..\ i oo one s B/PAL - s

Sri Lanka ({emacratic Socialist chubhc oN** .. ... B/PAL - .

South Africa (Republicof) . .. ... ... ... 3 ! 1/PAL I/PAL )
Sweden . ... e e oYL, B/PAL - G/PAL : )
Switzertand (Confcdcrauon Of) i e e e e e . 8/PAL , G/PAL RO
Surinam (Republicol) ... .. ..o e awai M/NTSC =~ t

Tanrania (United Republic 0o0)** B/PAL, I1*/PAL (11) - 1*/PAL (af)

Chad (Republic of) . . . ... ... eu..s K1*/SECAM(16) + | KI*/SECAM(I6) |
Czechoslovak Socialist Republic D/SECAM K/SECAM - e
Thailand . . oo i e B/PAL ‘G/PAL® - el
Togolese Republic®® . ... ... ... oovnn K1/SECAM Ki* (16 :
TURISIE . o o v v et e e e e B/SECAM, PAL (2) G/SECAM, PAL (2) '
TUKEY o e e e e i e e e B/PAL G/PAL “

Union of Soviet Socialist Republics . ... ... Vel D/SECAM K/SECAM . -
Uruguay (Eastern Republic’ ol) N/PAL LT «¥
Venezuela (Republic of)** . . . .. M/NTSC - v
British Virgin Islands . . . . .. .. M/NTSC - v
Viet Nam (Socialist Republicol) .. .. ... ....... D/SECAM K/SECAM .
Yemen Arab Republic*® . . .. ... ... ...¢ B/PAL - P i
Yemen (People’s Democratic Republic o)** . - L. B/PAL - .
Yugosiavia (Socialist Federal Republico). . .". . 1" ... B/PAL G/PAL
Zaire (Republic o) . . . . i i K1/SECAM Kie (15) (16)
Zambia (Republic of) . . - o .o o i it B/PAL v to |G*/PAL . oo
Zimhabwe (Republic o) . . .. oottt B/PAL G*/PAL

msnurasszyy Insvimfn S lulssmemaeg
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R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26

R28

75
300
75
18
75
10K
1K5
10K
1KS
39K
6K8
2K7
1K
1K
560
15K
10K

4K7
5K6
100K
39K
39K
470K
4K7
1KS
10K
47K

d A \
1wmsqﬂmmmmmmm

R29
R30
R31
R32
R33
R34
VR1
VR2

C6

8

C10
Cl1
C12
C13
Cl4
C15
C16
Cc17
C18
C19

100K

330

1K

100K

22

220

1K SUB MIN PRESET
1M SUB MIN PRESET
1n CERAMIC
680pF CERAMIC
10uR

10uF

1uR

10uF

47fF

10uR

4TuR

470pF

10pF CHIP

10pF CHIP

1nF CHIP

1oF CHIP

1nF CHIP

10F CHIP

1oF CHIP

1nR CHIP

100uF

1oF CHIP

C21

c27
C28
C29
C30
C31
C32
C33

C35
C36
C37
C38
C39

Cal

c4a2

C43

C45

can
VCl

1oF CHIP
1nF CHIP
4TuF
1000uF
100nF
1uF
4.TuF
10uF
IuR
2.2uF
220F
10nF
10nF
10uF
4TuF
15nF
10nF
330pF
390pF
150pF
150pF
33pF
10nF

100F
10nF
100F
1.5 - 5 pF



VC2 1.5 - SpR DI IN5401
Q1 2N3819 D2 1N4148
Q2 2N3704 D3  1N4148
Q3 2N3702 D4  IN4148
Q4  2N3T04 2 OFF HEATSINKS
Q5 BFT9S

Q6 2N3704

Q7 2N3704

Q8 2N3704

Q  2N3819

Q10 2N3702

L1  10uH RADIAL CHOKE

12 TOKO MKANSK 1731 HM

L3  0.15uH SURFACE MOUNT
I4 0.15uH SURFACE MOUNT
L6- 0.15uH SURFACE MOUNT

L10 TOKO MKANSK 1731 HM

RL1 Inductive Resistev 100 Ohm + 1turn NOW R34 SEE TEXT
RL2 Inductive Resistev 75 Ohm + ltun
RL3 Inductive Resistev 75 Ohm + lturn
IC1 LM592

IC2 MSA0485 ' .
IC3 MSA0485

IC4 M6771SM

ICS UA7808

IC6 UAT808

IC7 SL6270C

IC8 TLO81

CD1 BB10S



Parts List

Item

WV 0 N9 O v s W e

—
=

11
12
' 13
14
15
16
17
18
19
| 20
21

83

26
27

sunginiaimaneunsimes

Resistors Capacitors Transistors
470R 1 - 6pf BLU98
220R In BFR91
470R in BFR91
180R 4p7 BFRY1
470R 1-6pf BFR96
180R . 1n BFY50
150R in BC548
470R 4p7
1K8 1 - 6pf
150R in
33R in
470R 4p7
180R 1 - 6pf

2 - 10pf

33p

in

2 - 10pf

33p

in

In

In

In

3 - 30pf

Selected 4p7 or 8p2
10uf
100n

In

Diodes

6v8 zener
6v8 zener
6v8 zener
HP2800

6v8 zener
10v zener

1N4005



Item Resistors Capacitors Transistors Diodes

28 1n
29 10uf

30 100n

£2 vh TasmaRuvantavinaidusigudnats 2 uu. 1 seuvuddumu R11

v | e m ¢ 1 e o
- -

1 - 6pf thm
2 - 10pf GIUELN
3 - 30pf filen
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CH f CH f CH _f
i 90 - 96 MHz 22 524 - 530 MHz 43 650 1656 MHz
2 96 - 102 MHz 23 530 - 536 MHz 44 656 - 662 MHz
3 102 - 108 MHz 24 536 - 542 MHz 45 662 - 668 MHz
4 170 - 176 MHz 25 542 - 548 MHz 46 668 - 674 MHz
5 176 -182 MHz 26 548 - 554 MHz 47 674 - 680 MHz
6 182 - 188 MHz 27 554 - 560 MHz 48 680 - 686 MHz
7 188 - 194 MHz 128 560 - 566 MHz 49 686 - 692 MHz
4 194 - 200 MHz 29 566 - 572 MHz 50 692 - 698'MHZ
9 200 - 206 MHz 30 572 - 578 MHz St 698 - 704 MHz
10 206 - 212 MHz 3 578 - 584 MHz 52 704 - 710 MHz
11 212 -218 Mlz 32 584 - 590 MHz 53 710 - 716 MHz
12 218 - 224 MHz 33 590 - 596 MHz 54 716 - 722 MHz
13 470 - 476 MHz 34 596 - 602 MHz 55 722 -728 MHz
14 476 - 482 MHz 35 602 - 608" MHz 56 728 - 734 MHz
15 482'- 488 MHz 36 608 - 614 MHz 57 734 - 740 MHz
16 488 - 494 MHz 37 614 - 620 MHz 58 740 - 746 MHz
17 494 - 500 MHz 33 620 - 626 MHz 59 746 - 7152 MHz
18 500 - 506 MHz 39 626 - 632 MHz 60 752 - 758 MHz
19 506 - 512 MHz 40 632 - 638 MHz 61 758 - 764 MHz
20 512-518 MHz 41 638 - 644 MHz 62 764 - 770 MHz
21 518 - 524 MHz 42 644 - 650 MHz

T A ' d d
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E EUROPEAN STANDARD Channel 61 790 MHz - 797 MHz
(CCIR) Channel 62 798 MHz - 805 MHz
Cliannel 63 806 MHz - 813 MHz
Band I YHF Channel 64 814 MHz - 821 MHz
Channet E 2 47 MHz - 54 MHz Channel 65 822 MHz - 829 MHz
Channcl E 3 54 MHz - 61 MHz
Channct E 4 61 MHz - 68 MHz A AMERICAN STANDARD
(FCC)
Band III VHF
Channel E § 174 MHz - 181 MHz Channel A 2 54 MHz - 60 MHz
Channel E 6 181 MHz - 188 MHz Channel A 3 60 MHz - 60 MHz
Channel E7 188 MHz - 195 MHz Channel A 4 66 MHz - T2MHz
Channel E 8 195 MHz - 202 MHz Channel A § 76 MHz - 82 MHz
Channel E9 202 MHz - 209 MHz Channel A 6 82 MHz - 88 MHz
Channel E 10 209 MHz - 216 MHz Channel A7 174 MHz - 180 MHz
Channet E 11 216 MHz - 223 MHz Channel A 8 180 MHz - 186 MHz
Channel E 12 223 MHz - 230 MHz Channel A 9 186 MHz - 192 MHz
Channel A 10 192 MHz - 197 MHz
Band IV-UHF Channel A 11 198 MHz - 204 MHz
Channel 21 470 MHz - 477 MHz Channel A 12 204 MHz - 210 MHz
Channet 22 478 MHz - 485 MHz Channel A 13 210 MHz - 216 MHz
Channetl 23 486 MHz - 493 MHz Channel A 14 470 MHz - 476 MHz
Channel 24 494 MHz - 501 MHz Channel A 1S 476 MHz - 482 MHz
Channel 25 502 MHz - 509 MHz Channel A 16 482 MHz - 483 MHz
Channel 26 510 MHz - 517 MHz Channel A 17 488 MHz - 494 MH2
Channel 27 518 MHz - 525 MHz Channel A 18 494 MHz - 500 MHz
Channel 28 526 MHz - 533 MHz Channel A 19 500 MHz - 506 MHz
Channel 29 534 MHz - 541 MHz Channel A 20 506 MHz - 512 MHz
Channel 30 542 MHz - 549 MHz Channel A 21 512 MHz - 518 MHz
Channel 31 550 MHz - 557 MHz Channel A 22 518 MHz - 524 MHz
Channel 32 558 MHz - 565 MHz Channel A 23 524 MHz - 530 MHz
Channel 33 566 MHz - 573 MHz Chanpel A 24 530 MHz - 536 MHz
Channel 34 574 MHz - 581 MHz Channet A 25 536 MHz - 542 MHz
Channel 35 582 MHz - 589 MHz Channe! A 26 542 MHz - 548 MHz
Channel 36 590 MHz - 597 MHz Channet A 27 548 MHz - 554 MHz
Channel 37 598 MHz - 605 MHz Channel A 28 554 MHz - 560 MHz
Channel A 29 560 MHz - 566 MHz
Band V UHF Channel A 30 566 MHz - 572 MHz
Channel 38 606 MHz - 613 MHz Channel A 31 572 MHz - 578 MHz
Channel 39 614 MHz - 621 MHz Channel A 32 578 MHz - 584 MHz
Channel 40 622 MHz - 629 MHz Channel A 33 584 MHz - 590 MHz
Channel 41 630 MHz - 637 MHz Channel A 34 590 MHz - 596 MHz
Channel 42 638 MHz - 645 MHz Channel A 35 596 MHz - 602 MHz
Channel 43 646 MHz - 654 MHz Channel A 36 602 MHz - 608 MHz
Channel 44 654 MHz - 661 MHz Channel A 37 608 MHz - 614 MHz
Channel 45 662 MHz - 669 MHz Channel A 38 614 MHz - 620 MHz
Channel 46 670 MHz - 677 MHz Channel A 39 620 MHz - 626 MHz
Channel 47 678 MHz - 685 MHz Channel A 40 626 MHz - 632 MHz
Channel 48 686 MHz - 693 MHz Channel A 41 632 MHz - 638 MHz
Channel 49 694 MHz - 701 MHz Channel A 42 638 MHz - 644 MHz
Channel 50 702 MHz - 709 MHz Channel A 43 644 MHz - 650 MHz
Channel 51 710 MHz - 717 MHz Channel A 44 650 MHz - 656 MHz
Channel 52 718 MHz - 725 MHz Channel A 45 656 MHz - 662 MHz
Channel 53 726 MHz - 733 MHz Channel A 46 662 MHz - 668 MHz
Channel 54 734 MHz - 741 MHz Channel A 47 668 MHz - 674 MHz
Channel 55 742 MHz - 749 MHz Channel A 48 674 MHz - 630 MHz
Channel 56 750 MHz - 757 MHz Channel A 49 680 MHz - 686 MHz
Channel 57 758 MHz - 765 MHz Channel A 50 687 MHz - 692 MHz
Channel 58 766 MHz - 773 MHz Channel A 51 692 MHz - 698 MHz
Channel 59 714 MHz - 781 MHz Channel A 52 698 MHz - 704 MHz
Channel 60 782 MHz - 789 MHz Channel A 53 704 MHz - 710 MHz

Channel A 54
Channel A 55
Channel A 56
Channel A 57
Chanoel A 58
Channel A 59
Channel A 60
Channel A 61
Channel A 62
Channel A 63
Channel A 64
Chanoel A 65
Channe! A 66
Channel A 67
Channel A 68
Channel A 69
Channel A 70
Channel A 71
Channel A 72
Channel A 73
Channel A 74
Channel A 75
Channel A76
Channel A 77
Channel A 78
Channel A 79
Channel A 80
Channel A 81
Channel A 82
Channel A 83

710 MHz - 716 MHz
716 MHz - 722 MHz
722 Milz - 725 MHz
728 MHz - 734 MHz
734 MHz - 740 MHz
740 MHz - 746 MHz
746 MHz - 752 MHz
752 MHz - 758 MHz
758 MHz - 764 MHz
764 MHz - 770 MHz
770 MHz - 776 MHz
776 MHz - 782 MHz
782 MHz - 788 MHz
788 MHz - 794 MHz
794 MHz - 800 MHz
800 MHz - 806 MHz
806 MHz - 712 MHz
812 MHz - 818 MHz
818 MHz - 824 MH2
824 MHz - 830 MHz
830 MHz - 834 MHz
836 MHz - 841 MHz
842 MHz - 847 MHz
848 MHz - 853 MHz
854 MHz - 859 MHz
860 MHz - 866 MHz
866 MHz - 872 MHz
872 MHz - 878 MHz
878 MHz - 884 MHz
884 MHz - 890 MHz

J 1 .
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LEFLE. Micrawave Band

B Frequency Range, Gliz
I .03 0 vl
Vi 0.030-0.30
(LD (1. 31100

L Lon-2.0

S 2K (0
Cc 4.0 X 0y

X 8.00-12 0
K, 12.0-18.0

K 18.0-27.0
K, 27.0-40.0
Millimeter 40.0-300.0
Submitlincter greater than 30

f3tiogavs Oghds Millimeter | Submillimeter
L l1s [ c] xTrul«x Jka
? Gily 8 GHz 18 Giiz 40 GHz 0.300 THz
1 Glir 4 GHz 12 GHz 27 GHz
Lascr
e Intrared| visible
5 Ttz 300 THz, 1000 Tiiz
%.n Gamma | Cennue
e -Hlays
eLr |rur [vir b ur | e Jur |vier |UlF [SHF | EHF |Intsared| Light Y flays Rays
ann tir an ¥itz 3 MMz 300 Milz 30 GHz 430 THz " L
' n't e
an tiz 3 Kit: 00 Kifr 30 Bz 3 GHz 0.300 THz 1000 Thz '
Fig, B0 voabd ety spen timun
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nn-m amplifiers >«

board layout, parasitic su uppression, groundmg

‘and biasing are described with one- and multiple- sfage designs,
performance curves, and detaﬂed S-parameter data.

finding new ways ...
setting higher standards

[=IMini-Circuits



The MAR-cascadable amplifier series is a family of sili-
coh 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-

i 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 resuits, as well as a full set of S-
parameter data and curves for each model.

The low 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 kel specifications, is shown in Table 1A. For
designer's convenience, Mini-Circuits offers an amplifier
kit, DAK-2, and chip coupling capacitors from 10 pf to
0.1 uf; values are shown on page 3. A handy selection
chart (Table 18) indicates which models are best suited
for low noise, flat gain, wide bandwidth, and power
output. S-paraimeter data and performance curves for all

i models appear on pgs. 8 to 10.

Typical Circuit Arrangement

Vee 2 7V

color dot

'JIMini-Circuits

amplifiers ¢ o 2ot

oy

?features

T to EMI

easy to use, 50 ohm lnput/output
: ’».smooth response over the band
:easy for printed-circuit designs,
‘one input and one output

o ‘can operate as low as 5Vdc

. ,extremely broad bandwidth,
‘usable up to 4GHz

. smooth response over entire

low power transmitter

boost signal for improved

_ detector efficiency

multl -stage amplifier chain
buffer amplifier for oscnlators

|solator
CONTENTS page

inside the amplifier........................ 3
board layout suggestions................ 4
parasitics and grounds................ 4,5
75-ohmsystems. ...l 5
proper biasing calculations ........... 6,7
S-parameter data
and performance curves. ............. 8-10
single- and three-stage designs ... ... ..10
cascadingMAR-8s............... 11
garallehng MARs .

r higher power output............. 12,13
experimental results of paralleling...... 13
hermetically-sealed amplifiers ...... 14,15
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table 1a
K _.J’t.-
GAN, B MAXMM | DYNAMC MAXMUM DC PRICES§ =S
Typical (at MHz) POWER, ¢Bm RANGE RATNG, POWER roireis o st TC‘
Teor] Wlercept e f e o s gl StPind | .rouEES 6
pl. dBm T
Model ( No!e) Oulput hput NF 3rd =8
. No. Color | FREQ, 4 7} (4cB) Com  (no g8 Order| VSWR | - (25°C) Cutrent Voit, T
Dot Mz 1100 S00 1000 2000 MN | pression damoge)| Typ. Typ. [ Out{Kma) P(mW) | (mA) Typ.| Ea. Qly
MAR.1 Brown  [DC-000{185 475 155 — 430 0 410 50 15 [151154 < 100 17 5 099 (100)
cose VV1I0S MARZ Red DC-O0[13° 128 125 11 85 v 3 (X 85 18 131164 &0 35 25 5 1150 (25)
MAR3 Oronge (NC-00[13 128 125 105 80 A 8 115 60 23 nat1etf 0 <0 35 S [170 (25)
MAR 4 Yelow [DC-0ONOf 62 82 80 —_ 70 b1 15 70 27 }1912¢ 85 500 0 S |190 (29)
MARS wWrde |OC.200{20 19 15 L] 9 0 HiS 28 15 (21 181] 0 20 1 35 1129 (25)
MAR7 Viclet  10C-200{13.5 131 125 105 85 v 4 +15 50 20 |21 451 60 275 2 4 | 490 (25)
i1 MAR.S Bue OC-000133 28 2 - 19 $ 40 +15 35 27 O 0Ol 6 00 3 75 1220 (25)
- NOTES: .
A +4cBm(1-2 GH) 3. Pice and specifications subject to change without .
O MAR-8 nput ond output mpedonces ore not S0 ohms, notice. )
see S paometer dota. Conditionaly stable * for souce/ 4. Memum gon al highest frequency pont ond over tul E
lood VSWR & 3:4. termperatuse range. .
1. Operalng temperatue —20°C to +85°C .
Storage termperature - 55°C to +100°C MAR-8. hout /Output Impedonce is not S0 ohs, see
2. With no load outpul. derote maximum Pout power (no data sheet.
i dormoge) by 10c8. Slcole for source flood mpedance VSWR less thon 3: 1.
j YN . pi .
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 v MAR-3 MAR-3 MAR-2
MAR.-8* > MAR-8* MAR-6 MAR-3
: MAR-7

* MAR-8-Conditionally Stable Below 2GHz. the amplhifier is conaionally stable. which means uncer certan conattions of temperature, current, load, andfor
source imoedance. the amghfier can oscillate, However, if the load and source impedance both have a VSWR of less than 3:1, ft&Hl Iréauericies pelow 2GHz
the amphliespwill be stable. Furthermore, &s the source and load impedance show better VSWR {dloser to 50 ohm impedance), Stabiily will be lurther improveg,

designers ampliﬁer 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 SIS Y rolerariee—  Tem@matond #vae
onl $59 95 a(omiséo = Charfgoeﬂsuc 10. 22, 47, 68. 100, 470, 630, 100 of
Y . 80 X 50 10% XA 2200, 4700, 6200, 10.000 pi
. 120 X 60 0% X7R 022, 047, 063, .1ut
T Mewmum Orcer 50 oer Vate

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 ampli-
fier indicates the model number fisted in Table 1A. The
use of both series feedback (Re adjusting the emitter
voltage of Q2) and shunt feedback (R adjusting the
basevoltage of Q1) reduce the effects of variations in ac-
tive 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 Rc
will decrease the collector voltages, tending to shut
dJown the transistors.

ST 2 i~
figure 1a’: ;.-
MAR AMP schematic.

ARy
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Since device 8 (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 al thé amplifier 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 suggestiofis

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 fines should be as

close to 50 ohms as possible to realize full specified per-
formance. For various board materials, line width dimen-

* sioris for a 50-ohm fine are given in Fig. 2(b)- Operationin _

systems with characteristic impedances ‘other than 50
ohms'is possnble with somewhat reduced performance.
MAR amplifiers offer very good return loss in a 50-ohm
system

[:.:lMlnl-CerUItS

The board material for the microstrip structure should
be selected to suit the intended frequency of operatlon
PTFE woven-glass performs well to frequencies in ex-
cess of 2 GHz, is a fairly rugged material that can tolerate
substantial rework,.and 15 not partxcu!arlyﬁsensmve to
heat or humidity. . ... LT aRasthe e

Duroid is the favored matenal of microwave desngners
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 to its
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.

o = ‘Dielectric Material

:e. . ..  Bottom side ground surface
nuialt_tia’ i (sofid metalization) -
microstrip  structure’

-“figure 2a

= R -

Line Widths for 50 chm line for various board materiais.

Board material €  Thick w/h for 500 w lor 500

_ RT/Duroid 5870" 23 .015” 2.90 044
'PTFE-Woven Glass 2.55 .010” 2.55 025~
" Fiber (Typ.) .031” 2.55 .079~
. .062” 2.55 .158”
Epoxy-Glass (G10) 4.8 .062” 1.75 .108”
Alumina/E102 -100 025"  0.95 024~
e .0s0” 0.95 .048”

'1 Tradenmolﬁogers(bm for its PTFE nor gtass PC

(RT s reinforced tefion and PTFE is polytetraliourethyiene)
: 2Ewand pstam-10 are of 3M for its filed PTFE

.

L = ﬁgure 2b

~



- 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
0 the package. This requires that a hole be made in the
board so that the MAR-ampiifier leads are in the same
plane as the transmission line. MAR-amplifiers should
be mounted qn the etched side of the board to minimize
the inductance of feedthrough' Connections. Abrupt
changes in transmission line width also create parasitic
effécts, 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 séries inductance. Tapering the
transmission dines from 50 chms 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 circulaling 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
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 proger 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 Effects of Parasitics on VSWR and Gain

MAR-2, =0.9 nH
No Parasitics Parasitics Only

MAR-2,

Freq. + Parasitics

MHz VSWE Loss, dB

VSWR E.oss. dB | VSWR Loss, dB

500 1021 00 | 101:4 00 | the1 o3
1000 -1 1.23:1 .04 | 1121 01 | 1391 .11
1500 7-1.29:1 07 | 1221 08 | 1461 A5
2000 | 1.2%:1 07 | 1300 07 | 1451 15
2500 | 1261 .05 | 1381 At | 1451 45
3000 | 1.26:1 05 | 1451 .45 | 1531 .19

=
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i .b'.!v.'rf’_- T

che 4

s
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30 £ b, Wrap sround” of copper-* &, Pigtad Brough hole (side
. - fod {may be used with st T1." wats of hole metalzed). © - -,
I board); Yiivstey £ TP T e
R 3 * .

ek T R
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. Methods "of realizing minimal length return paths to
ground. .

01, .1 3 . t 16
g y Frequency, GHz * !
Sy 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 75-0hm system,
retum loss will drop to 14dB (VSWR 1.5:1 yand mismatch
loss will be 0.184dB at each port. In practice, the return
loss change may be higher due to finite isolation. Table 3.
shows the gain and retum loss of a MAR-3 amplifierin a
75-ohm test system. Gain is about the same as in the 50
ohmsystem. Inputand outputreturnloss (75 0ohm)isbetter
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.

tabfie 3 75-ohm Gain and Return Loss

Frequency Pin Gain RL#ZIN RL#OUT
{MHz) (dBm) {dB) (dB) (dB)
30 . —32.99 11.72 - 9.78 -11.61
1. —=33.15 11.62 -~ 98.72 —=11.62
12. -33.54 11.64 -~ 9.86 - 11.69
102. —33.88 11.57 - 975 ~11.67
254. —-34.18 1145 =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 - 8.72



WR ampliﬁerS doto2GHz .

proper biasing calculations

‘n Ol'der o deliver fU" performance, MAR—amEhﬁe_rS must ) table g—— E"ecgg of RC on performance over tempeyau"e -
be biased, correctly. The intemnal resistive networks " MARS operamg Voltage ='5.07 v =55 ml,

determine individual transistor operating points; all the — .
. Voltage | Resistor | Temperature Bias Power Gain .
user needs to do is present the proper voltage at the DC Drop, | Value, degrees  |Current,| @100MHz, N
input terminal. For the purpose of bias stability over tem- volts ohms c mA ds
perature, the internal transistors should have their bias 0 0 —-10 95 —05
supplied through a collector resistor (labeled R¢ in Fig. 5). 25 18.4 18.8
This resistor compensates for increases in device § (beta) 100 T -
with temperature by dropping the transistor’s collector 1.5 82 : ;g :;g :g-g
yoltages whenever they try to draw more collector cur- : 100 241 19.0
rent. Coupled with this effect is the fact that the collector 20 100 0 63 55
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 13(5) :gg :?;
temperature drift of the negative coefficient on-chip . :

°* Dewce destroyed due 10 excessive current graw

resistors.

For bias stabilization over a temperature range of
—10° 1o +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- .. the value of the bias stabilization
lows the bxas swmg 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. ( ~ Vee — Vg h
Notice that the amplifier may seif-destruct at hlgh tem- Re= g ophs
peratures if no bias resistor is used.
where

Vee= the power supply voltage
applied to'Rc (in volts)

Va = the voltage at the DC input
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:

figure 5 Paiss = lg? X Re watts ~
General MAR AMP chematic

C_IMini-Circuits



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

- er -

table 5 bias'resistor values for MAR amplifiers

- Resistor
Bias Bias Approximate Bias | Dissipation
Amplifier{ Current | Voltage Resistor (Ohms) (Watts)

lg (mA) Vo | #5V +9V +12V +15V| +Vee =12V

MAR-1 17 ~5 | — 235 .412 588 12
MAR-2 25 ~5 | — 160 280 400 .18
MAR-3 35 ~5 | — 114 200 285 .25
MAR-4 50 ~6 |— 60 120 180 .30
MAR-6 16 ~3.5 |98 344 531 719 14
fAR-7 22 ~4 145 227 364 500 .18
MAR-8 36 ~8 | —" — 111 194 14

1 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 rescnant with the blocking capacitor. Oper-
ation above the frequency may_leaq to highly unpredict-
able circuit behavior. Blocking capacitors with highQs(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 as a 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
g in series with the bias stabilization resistor. Although the
1 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 oudtput 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
jas a choke at frequencies as low as 10 MHz; it can be ei-
3ther a molded inductor (for low-cost applications) or a
ichip inductor (in cases where space is at a premium). At
‘higher frequencies, several tumns of wireon a high perme-
‘ability ferrite bead should be used. If the choke is omitted,
“&xpect a gain loss of between 0.5 and 1 dB and a de-
Creasein P, 4 Of as much as 2 dB from the guaranteed
"performance due to load impedance mismatch.

H
H

l.';lMini-.Qirg_:,uii_s"

. . " -
- - =

pesr PR L

A large value bypass capacitor (1 uF or so) sh'oalé 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-andh ...
ground.” - - S '
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MR amplifiers o2+

MAR-4 (T = 25°C, la = 17 mA)

2, ? GAIN ve. CURRENT AND FREQUENCY

-

OUTPUT POWER © lnwcouni”m.
MOSE HOURE AND S,, ! GAIN v, CASE TEMPERATURE
1500 MHz, J, =17 mA

OUTPUT POWER g 1 ¢8 GAIN COMPREISION
vo. CURRENT AND FREQUENCY oo’ =

1) Fae - 18— TR BT ST D
100 My e [Ty DR BN IO 2 e : 150 vz -
A 300 Wz &, ; o] o . o e
3 1000 Mve] - OF T ? sl T .
< ] — T .3 R I -
i == = {2000 wns| R, - ) - ~

=18 » > .

= K L ) S AN e 1000 Me]

- o83 ] --'—/ > ’;V Al

s [ — = L
o J [ s e e T
.u 18 20 23 » s L ¢ -2 . ] £ s o .w Rt} 20 s - @ -3 - ""~'\.“;:
1, mA N Tempersture, *C 1, mA
$44 (Input Retum Loss) Sq4 (Power Gain) S42 (isolatton Out-In) S22 (Outpul Retum Loss)

Freq.

MHz [-1:} Mag Ang ds Ang ds Mag Ang d8 Mag Ang
100 -23.10 0.07 164 18.5 71 -21.94 0.08 4 —-23.10 0.07 —-14
$00 —~24.44 0.06 106 17.5 144 —21.94 0.08 15 ~23.10 0.07 -48

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

1508 -27.96 0.04 59 137 87 -47.72 0.1 26 —20.00 0.10 ~164

2000 —-24.44 0.0¢6 449 12,3 67 —145.92 0.16 21 -15.92 0.16 -477

2500 -20.00 0.10 142 104 9 —14.89 o.18 18 -15.92 0.16 155

3000 -18.42 Q.12 139 9.3 u —13.98 020 12 —16.48 0.45 144

3500 -13.98 0.2¢ 129 7.9 19 —13.45 Q.22 5 —-15.92 0.16 135

4000 -11.06 0.28 120 (X 3 —12.04 0.25 —4 ,—1539 .. 047 . T {277

1
MAR-2 (TA = 25°C, lg = 25 ITIA) OUTPUT POWER O 1 4B GAIN COMPARESSION, -
NOISE FIGUAE ANO Sy, * GAIM vu. CASE TEMPERATURE QUTPUT POWER 4 1 €8 GAM COMPRESSION
S0 # CAIN ve, CURRENT AND FREQUENCY 1=1000 MMz, | =25 mA ve. CURRENT AND FREOUENCY
18— ‘ 2 w°
100 MMz <12 1800 =]
* /‘-:—-_——_-— "::w‘::;'q—‘ & " - " 100 Wtz
2 l— . _ — 300 MHy-
é e b 1 &n -
R / A = 500 W w4 e, — = /L,‘—’}'—‘\ 1008 My
< 1 . — T va
;¢ 3 . N — T —
T 5 D I == | )DL P« e
¢ % AT .
- 2 | ey d
10 0 3 49 e L] =25 s 23 35 3 19 ™ 30 AR - I L ] "
M L. mA Temperatues, *C 1, mA
Sq4¢ (Input Return Loss) S24 (Power Galn) S42 (Isolation Out-Iny S42 (Oulput Retum Loss)

Freq. e T
MHz d8 Mag Ang dg - Ang dB Mag Ang a8 Mag Ang
100 -~18.42 0.12 173 13.0 174 —48.42 0.12 1 -17.72 .13 -8
500 -19.17 0.1t 154 128 156 -18.42 0.12 5 ~18.42 0.12 -3

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 11.8 109 -17.08 0.14 10 —18.42 0.12 -112

2000 -24.44 0.06 126 11.0 0 ~16.48 Q.15 44 -17.72 0.13 -121

2500 -2092 0.09 147 10.4 &7 —-15.39 0.17 ] -12.72 0.13 - 145

Jooo -17.08 0.14 147 Q.4 a8 —44.42 a.19 -1 -17.72 0.13 171

asca -13.56 0.2 136 8.2 o -13.98 020 -5 —-17.72 .13 155

4000 -11.37 0.27 123 73 14 -13.56 021 =10 —18.42 0.12 142

MAR‘3 (TA = 25°C, lg = 35 mA) OUTPUT FOWER & 1 48 GAIN COMPRESSION,
NOISE FIGURE AKO Sy, " GAIN ve, CASE TEMPERATURE QUTPUT POWER @ 1 48 GANM COMPRESSION
Sye t GAIN ve. CURRENT AND FREGUENCY 101000 MH2, 1, = 35 mA ve. CURRENT AND FREQUENCY
1. = ” ‘”
[—' - 12 St
14 TS0 WAT 3 "

- =300 Mnz 21 100 Msrg
L] e 1000 13 [ - 500 Mnr
3 10 /,' Ao e o T g =. ': —dp,.._ | s VV‘ 000 M
by T * T . | z . Pe
el * : NE . r/ﬂr/—_~~“-mm

' s, = ! (
w
x °
10 20 30 « » [ L] -23 ° 13 [ s 10 70 0 a0 0 [ r
) t, mA YTomporstore, “C ° 1, mA
bs, 4 (nput Relum Loss) S24 (Power Gain) S42 (Isoiation Out-in) S52 (Output Retum Loss)

Freq.

MHz . ds Mag Ang dB Ang d8 Mag Ang dB Mag Ang
100 -23.10 0.07 172 < 13.0 174 -18.42 0.12 1 —16.48 0.15 -11
500 —24.44 0.06 186 128 152 —-18.42 0.12 5 —-15.92 0.16 —-45

1000 ” -26.02 0.0 125 125 128 -17.72 013 10 —14.98 0.13 -88

1500 —-27.96 0.04 172 118 103 —17.08 0.14 12 ‘—13.56 0.2¢ - 120

2000 -24.44 0.06 173 10.5 83 —-1498 0.18 1 —-1204 Q.25 - 142
2500 -15.39 a.47 475 “40.3 59 —-14.42 a.1¢ 5 -11.70 0.26 -473
3c00 -42.40 0.24 157 9.4 s —-13.98 0.20 -0 —-12.04 0.25 168
3500 -9.90 0.32 140 78 21 -143.56 0.24 -4 -12.04 0.25 152
4000 -8.18 Q.39 124 &5 3

[IMini-Circuits



rformance curves
R-4 (Ta = 25°C, 1o = 50 mA)

8o ? CAMY ve, CURRENT ANO FREOUENCY

‘ [AMini-Circuits

WTWV POWER @ § 08 CAN COMPRESSION,
FIGURE AND s..vmn.usszmn
121000 MMz, 1, =58 mA

QUTPUT POWER & | ¢8 GAm COMPRESSION
wa. CURRENT ANO FRECUENCY

- Eun - BT e X X - -
" Fim » ~
—-1:.:'::1 a1 P . . /5—’-—— ;: z:
Z’f'—""_‘ e = 0 £l — et
-~ A= N ¥ /V PR
= - P N o
L — S0l — ‘..-..?m — 1000 vy
KE [2s r)/-#" I FES) BEHIRN o - .
= 7 -
. b1 s
< 8
T ]
’ 4 t - ™ » ” -23 L] 23 3 s 3 a0 s0 0 T " 0
1. mA Tomparature, T 1, mA
$44 (Input Return Loss) So4 (Power Galn) $42 (1solation Out-In) S22 (Qutput Return Loss)
(-1 Meag Ang de Ang dB8 Mag Ang dB Mag Ang
- 1442 0.19 177 8.2 174 -145.92 Q.16 0 -20.00 0.10 ~-14
- ~14.89 a.18 149 8.2 154 -15.92 0.16 1 -17.72 0.13 -54
-15.39 0.17 159 a.1 135 —-15.92 0.16 3 - 14,89 0.18 -94
-15.39 0.47 157 8.0 112 —15.39 0.17 4 ~12.40 0.24 —-124
-14.42 0.19 151 2.7 90 —~14.42 .49 3 -11.06 0.28 —-145
-42.40 0.24 159 7.6 (34 —-13.98 0.20 -1 -9.37 0.4 -~ 145
-10.17 0.34 454 4.9 46 ~13.45 0.22 -6 -9.12 0.35 176
-8.18 0.39 139 6.0 27 —12.77 023 -11 , —8.44 0.37 160
~4.74 0.46 126 49 8 —1204 025 -2 ~8.40 0.38 147
AR-6 (Tn = 25°C, g = 16 mA)
OUTPUT POIER ¢t 1 4B GAIN COMPRESSION,
NOISE FIGURE AND 5. * GAIN vu, CASE TEMPERATURE GUTPUT POWER @ 1 48 GAIN COMPRESSION
8, * GAIN va. CURRENT 10,8 GH1. 1, 416 mA va, FREQUENCY
] ln'f + p—
8.1 GHt 2 1 loo20 mA s - e
) — 0.5 CHr—] T St 4 = N
ot & e et . g w F
; z’,L s o o b 1 € ajle=tsma - N
v’ = %
A ~—l2.0 Gr 9 s b < ™\
J ] N . 2o
[ L] . N
g 2 — —r. X —=s :
s s : - 2 ¥ enma - — =
Y i) ~
o Y i Y b = ~ s
10 " 0 23 30 -2% [+ ] .38 -85 4 2 3 L] 10 E= 40
1, mA Tempersiura, C Froquency, GHE
e eem- -S44-(tnput Return LOsS) So4 (Power Gain) S 42 (Isolation Out-in) S22 (Output Relurn Loss)
1. 3
r d8 Mog Ang ds Mag Ang ¢B Mag Ang dB. Mag Ang
-27.96 04 17 20.1 10.09 174 -5 . 075 5 -27.96 .04 -30
-246.02 05 -108 18.7 8.57 138 -213 088 21 —20.00 .10 -104
-1{7.72 A3 -118 16.4 6.57 107 .—18.8 415 28 -17.08 14 -150
-13.56 218 - 140 141 5.06 84 —17.1 .40 28 - 16.48 RE) 130
~10.75 29 -~ 143 12.0 .98 45 —-158 183 26 -15.92 .16 157
-9.37 .34 ~176 10.3 326 85 -15.2 A74 28 -15.92 16 150
~7.74 41 169 8.7 271 42 —14.8 8t 25 —16.48 RES 143
-6.74 & 157 72 2.31 3o —142 94 2 -17.72 A3 144
-4.20 A9 144 8.3 2.01 18 -1l 203 20 —20.00 .10 156
4AR'7 (TA = 25°Cv ld = 22 mA) OUTPUT POWEN @ 1 8 GAIN COMPRESSION.
) MOISE FIGURE ANO Sye ? GAIN v CASE TEMPERATURE QUTPUT POWER 51, + ¢B GAIN COMPRESSION
Sye 1 GAM va. CURRENT AMO FREQUENCY L= 1000 ML, |, =72 mA vs CURRENT ANO FREQUENCY
" o 1e o ™.
] 100 M2 M o | : I
14 ~—r ==om2 500 Mk s $e ? 100 amer
= s it kel B " B s o
G - £ 8 S
" - 2000 12 s, =. " ’,4 o e = el 1008 MYy
3 // -3 S ?ien e, L0 | |
. R b » « y ] 1ovo s
o ! e / T i
' : :. - ‘
i, I o= Wi T |
1 10 m a9 53 . -3 1] 23 5 (1] 30 (1] 0 (]
1, mA Termperwrore, °C 1, ma
S44 (Input Return Loss) S24 (Powoi Gain) S42 (Isolation Qut-n) S22 (Output Retum Loss)
*q. .
Hz dB Mag LAng ds8 Ang dB Mag Ang dB Mag Ang
G0 . ~26.02 Q.05 149 135 ! 173 —19.47 0.11 1 -{7.08 0.14 -7
00 ~ <30.48 0.03 133 131 150 -18.42 0.12 [} -47.72 0.13 —41
06 =20.00 0.04 58 125 122 —-17.72 0.43 10 -19.47 ~ . 0.11 -94
0o ~24.24 0.06 -113 1.8 95 -16.48 0.15 10 -11.72 0.13 ~ 148
o —16.48 Q.15 - 144 40.5 70 —-15.39 0.17 7 -15.39 0.47 174
a0 -11.37 0.27 - 185 9.8 48 —14.89 .18 1 -44.42 0.19 154
hs] -3.64 0.37 169 8.1 2 -13.98 0.20 -4 -14.89 Q.18 124
00 -4.94 0.45 150 8.5 10 —-14.42 0.19 -11 -15.39 0.7 144
le] —5.98 0.54 134 5.0 -4 - 14.42 0.19 -5 . -15.39 Q.17 152
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S-parameter data and performance curves

) MAR-8 (.TA = 25°C, ‘d = 36 mA) . ouTPUT POWER @

wOHSE PCURL ANO Sy, ? GAIR ve. CAST TEMPERATURE '

1 4B GARS COMPREISION, = -*

e

Coaows

T ouTPUT POWER o 3 48 GA COUPRESSION  *

$,0 # GASY ve. CURRENT ANG FREOUENCT To 1008 MR, |, =36 mA we CURRENT ANMD FREQUENCY
38— - g 8 N PSP I TN PR
. r . 100 Wris . . 2t -
3 / ' b S £ Py
yAs iclson e n - . "
* P - E 0 - =t § et B L
» e = 31008 wouat I e SR St N NP - ,;z" e
. Z— 2200 ¢ " Gl sl i ¥ e s G T Toirsewm
0 = s —" 4
- 3 = 2 = . .
1 » 30 ] 0 1) re -23 [} 23 ss " 10 » 2 Py s0 0 n
1, mA Yomgpurerure, *C e A
¢ S44 (Input Retumn Loss) Sq4 (Power Galn) S49 (Isolation Out-in) S22 (Output Refum Loss) X
1eq.
MHz d8 Mag Ang d8 Ang ds Mag Ang ds Mag Ang
100 ’ ~15.92 0.61 -21 1.0 162 —40.00 0.0% as —-4.73 0.58 —-24 0.79
500 -8.18 0.39 -77 27.8 109 —~27.96 0.04 52 -9.37 0.4 -9 0.75
1000 -11.37 0.27 -113 230 80 ~24.44 0.06 51 ~13.56 021 ~447 0.29
1500 -11.70 0.26 -139 19.4 42 -21.94 0.08 44 - 14.89 0.18 174 0.94
2000 ~10.46 0.0 - 158 16.9 47 ~20.00 0.10 41 -145.39 a.47 153 097
2500 -9.63 033 -180 1438 32 —-18.42 0.12 k¥4 - {442 0.19 127 4.0¢
3000 ~8.87 0.36 167 129 20 —-147.72 0.13 .27 -17.08 0.4 144 3.07
3500 -17.54 0.42 153 11.4 [ -17.08 0.14 21 —147.72 0.3 107 $.04
4000 -4.94 G.45 144 98 =5 —16.48 0.15 14 -19.17 0.1 406 1.10
single and three-stage layouts —
A typical MAR-layout is shown in Fig. 7 using 1/32” 1 vV
PTFE woven-glass board—a reasonable compromise cc
between cost durability, and electrical performance.
Note that the transmission lines have no bendsandare T g i “® i Pl =~ @ ®
tapered near the package to minimize step discontinui- ) . 1
ties. Twelve plated through holes, including two under T = bl ond
. . & b £ o, E 0 0Lme 0 ¢ ~o
the emitter leads, provide solid ground planes and min- - ——
imal emitter parasitics for best high frequency perfor- : — )
mance. The gaps in the transmissionline are appropriate %, & 57 /@
for 50 mil ceramic chip capacitors, which have relatively g 46 ax"e 7 e
low associated parasitic inductances—typically about 3 at

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 Vce supply line, and the bypass
capacitor would be attached between the Vec line and
ground. Spacing is appropriate for 1/4 watt carbonresis-
tors, molded inductors, and 1 uF electrolytic capacitors.
The layout has been designed so that Fig. 8 can be
repeated for muttiple 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. 8.

E:JMini-Circuits




$cascading MAR-8s

The MAR-8is a high-gainamplifier optimized forlow noise
figure with a typical power output of 10dBm up to 2GHz.
gut the amplifieris only corditionally stable, whichmeans
under certain conditions of temperature, current, load,
and/or source impedance, the amplifier can oscillate.
iHowever, if the load and source impedance both have a
iVSWR of less than 3:1, atall frequencies below 2GHz the
-amplifier will be stable. Furthermore, as the source and

1
1
t
&

low frequency amplifier

[CIMini-Circuits

load impedance show better VSWR (closer to 50-ohm

impedance), stability will be further improved. Withanin-

terstage matching network, unconditionally stable two
stage amplifier can be designed, which preserves noise
and power output characteristics of the ampilifier. Follow-
ing are twoexamples which areoptimized forlowandhigh
frequencies.

high frequency amplifier

Fig. 9 shows the schematic of an amplifier optimized
for the frequency range of 100-500MHz. with a gain of
34 +1.508. and a noise figure of 3dB typical.

GAIN AND COMPRESSION RETURN LOSS
‘Frequency Gain Comp Pout Run Rlour
i- {MHz) (dB) (dB) (dBm) (d8) (dB)

4a7.01 27.15 2 439 1041 .8.59
| 99.38 33.06 50 959 1282 ° 1441
121.69 3404 T1 1047 1401 16.51
225.81 35.39 114 1116 1902 2521
322,50 35.18 107  10.79 2151 2949
419.19 34.69 .81 1039 2060 25.83
501.00 34.10 59 9.94 1801 2335
523.31 1388 55 976 18.63 2280
620.00 3321 2 . 1695 2107
820.81 31.83 < & 7 S 1433 1924
*817.50 3120 o7 707 1344 1874
499931 30.67 .04 631 1283 1843
$014.19 30s9 04 615 1272 1834
10344 29.99 - .10 543 1205 1777
a3 30.01 - 13 550 . 1205 1758
. [
1215.00 2939 — a3 509 1149 1725
1311.69 © 28.84 - 10 433 1066 17.77
415,81 T 2ma2 - g2 a3 1017 1728
1512.50 778 - 07 3 949  17.48
1609.19 27.17 -09 212 84y 1872
1711331 26.50 - 40 LT0 808  21.06
810,00 24.62 - 87 2 560 848
829,25 23.40 - 46 =~ 1.06 705 8.81
'306.69 22.44 - 33 - 116 7.08 8.87
003.38 24.07 ~- 16 - 112 828 - 858

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 and, typically 3dB noise figure.

GAIN AND COMPRESSION RETURN LOSS
Frequency Gain Comp Pyt Run Rlour
(MHz) (dB) (dB) (dBm) {d8) (dB)
188.63 2732 1.42 1290 11.85 5.83
270.44 28.41 1.81 13.46 16.23 6.30
441.50 29.05 2.0 13.60 24.21 6.92
523.31 2817 20t 13.58 22.00 7.3
605.13 29.17 200 13.64 19.15 7.77
686.94 29.12 1.75 13.40 17.18 a.26
768.75 29.03 163 1237 15.86 8.77
850.56 28.98 1.54 1345 15,02 9.43
80263 28.97 1.44 13.32 14.65 9.91
83238 28.97 1.42 13.28 14.44 10.16
1096.00 28.84 1.05 13.00 14,16 11.57
3118525 28.63 1.05 13.31 14.61 1236
1267.06 28.49 1.02 13.06 15.02 13.15
1348.88 2825 .89 1263 15.29 1427
1430.69 Ts3 75 1222 16.10 1523
1512.50 27.65 76 12.04 16.65 16.28
1594.31 2732 B3 1214 - 1743 1T
1757.94 26.30 Pl 10.77 18.46 24.10
1839.75 25.82 25 10.21 15.94 20.82
1929.00 2539 28 1023 16.37 1840
2010.81 24.87 20 9.27 15.89 16.90
2092.83 pat - .03 7.36 12.58 15.70
217444 24.05 19 8.56 10.69 11.58
2328.06 225 A7 792 9.83 9.65
2501.69 21.99 - .14 8.55 8.41 8.35

o



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
_ belimited 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 guarter-wave transmis-
sion lines and Wilkinson n-way divider/combiners. Mini-
Circuits’ power splitterfcombiners 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 batanced 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 Joad resistor in phase
with each other and, assuming that each is a perfectrep-
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
driver.with four times the input power.

A push-pull pair of MAR-ampilifiers 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.

At first 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

[—IMini-Circuiis

Q1 MAR-3

figure 11

Q1 MAR-3

figure 12

»12V

Q1 MARS3

figure 13
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:of the feedback reactances are canceled because of the

énecessary inverse feedback is provided through an in-
.ductor{or capacitor), which does not track the reactance

:§of the capacitive (or inductive) feedback over frequency.
iConsequently the conventionally-neutralized amplifier is
‘stable only over a small frequency range. What is reaily
‘needed is not an inductor or a capacitor, but a circuit ele-
ment which is always equal in magnitude but opposite in
sign to the positive feedback reactance of the device in-
cluding all parasitic elements of the device itself, its pack-
age and the circuits in which it is installed.

Such a negative element can best be simulated with a
duplica'te active device. In the case of the push-pull con-
figuration, it may be obtained by cross-coupling between
the input of one of the two amplifier devices and the out-
put of the other, and vice-versa. In Fig. 13, this condition
is provided, with the input transformers serving the dual
purpose of 4:1 impedance transformation and balun.

The reason that the MAR-amplifier is so easily uni-
ateralized is that its internal feedback network is of very
low Q compared to that of conventional amplifiers; in
conventional amplifier devices, the feedback elements
tend to be more reactive than resistive. Unilateralization
of a push-pull pair of MAR-amplifiers would appear to ne-
gate some of the advantages of the basic amplifier itself.
In general, this is true. Unilateralization is only useful in
providing slightly higher gain or substantially more iso-
ation. ' ]

After an amplifier has been unilateralized, the load
mpedance will no longer affect the inputimpedance and
vice-versa, but unilateralization often increases the ef-
iective input and output impedance of the amplifier, the
mechanism which actually increases thegain. Careful at-
-ention must be paid to the effects of unilateralization on
e input and output match.

experimental results
of paralleling

The parallefing techniques were tested in single-ended
and push-pull experimental amplifiers, Two amplifiers
vere built with fittle effort toward optimizing board lay-
sut, and with standard components such as carbon com-
sosition resistors and chip capacitors. To optimize per-
‘ormance, microwave printed circuit layout techniques
ind microwave components would be preferable.

Table 6 shows the performance results while Figs. 14
ind 15 show the single-ended and push-pull harmonic
yerformance.

[

table 6

PN
Hvel

ST T

A e e

2n'ci'ﬁéilr'ri1.onic level (dBc)

Configuration | Freq. | Gain { P 448 | 2nd Harmonic @ P —1as°
(MHz) | (dB) | (dBm) | (B below carrier)

Singleended | 100 { 12 |+10 -5 . -l

Push-pul . | 100-| 15 | +135 -26 e

{Unilateralized)

Push-pull 100 | 12 |+17 —34

SNt

4

T .

RS PR S

RS RS

300 352400
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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 brea:

off. Models are unconditionally stable and available covering frequency ranges 0.5 tc
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dE

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C
fine and gross leak, and burn-in for 86 hours at 100°C under normal operating
voltage and current

Internally the MAN amplifiers consist of two stages, inciuding coupling capacitors
A designer’s delight, with all components self-contained. Just connect to a dr
supply voltage and get up to 28dB gain with +SdBm outpu’

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

breakthrough
'/ .
finding new ways.Z
setiing higher standards
— Mini-Circuits
e
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Amplifiers
upTo +15dBm

'0 5 to 2000 MHz

LAMini-Circuits

FREQUENCY GAl MAX. POWER OUTPUT, dBm | DYNAMIC RANGE ]| YSWR DC POWER DISTRIBUTOR
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. - - 1. A
- . ntercept - “ ? é
mid NF t.. Bm ’ o c
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w = Low Range ffL tofu/2)

isolation (08) —

* Active Dkrectivity (d8) =~

NOTES:

1. For quality control procedures. environmental specifications.
see Table of Contents.

2. Absolute Maximum Ratings. see Table of Contents.

MAN-1LN, MAN-1

Gain (¢8)

m = midRange (2 f, to f/2)

U = Upper Range (f,2 o f.)

3. Prices ond specifications subject to change without notice.
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