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YIG HARMONIC MULTIPLIERS A ND COM B GENERATORS

APPUCATION NOTES

YIG t uned multiplie rs and com b generators, manufactured at OMNIYIG, contain a
St ep Recovery Dtode , whi ch behaves as a non-linear capacitor. Thts pr operty is
ut Hized to ge nerate a time domain impulse (fig . 1). Th e fr eque ncy r es pons e to
thts impulse is a series of harmonically related frequenctes that Io llow a
(sin2 x)/~ type envelope {soltd lin e fig . 2). There is s ome des ign latitude in
the placement or loc at ion of the ee r ces of the tun etton . For low harmonie numbers
(Ies s than 20-30) the output cao he first lobe , the out put coovers ion los s can he
approximated by a 1/ 02 dis t rfbution . For narrow band out puts wit hin the first
lobe , the output cao be greater than that tndtcated by l /n2, t hrough careful loc atton
of the fi r st ze ro . Also the first lobe cao dr op be low 1/ 02 as it approaches the
first ze ro. For moder-ate and la r ge ha r monie numbe r s , the output will cont a in
the s econd third Iobes , The average power in the s ecend lobe will be about 6 db
be low a l /n2 distribution and the third lobe will be about 12 db be low l / n2.

For the cas e of YIG tun ed m ultipliers, the out put fil ter structure has loe s es that
can become s ign ific ant and will add to the above mentioned convers ion Ioases .
Thes e filter loss es wi l l vary fr om as little as 2 db to as great as 12 db , de pe nd ing
on the le west r equired out put Irequency . All YIG spheree have a Iow Irequency
cut- off potnt . Th ts c ut-off c an be extended to lower- frequencies by increas ing
the am ount of Gallium doping in the YIG s pher e , but on ly at the expeose of lowe rtng
the unloaded Q of the sphe r e , The resultant Inc rease in filter los s es can become
great e nough that system des ign choi ces of ope r at ing with ei ther the n--I or n- I
ha rmonie numbe rs will s how a distinct advantage for th e 0+1 case . Even though
the n-t case will r esult in a lower diode conve r s ion tees, the n-tI cas e wiIl allow
us age of a highe r Q s phe r e and r esultant lowe r fil ter los s es . T hi s situation will
occu r when output a r e be low 2 GHz a nd espectal ly whe n be low 1 GHz .

Due to the fac t that the Step Recovery Diod e bas a ve ry low input impedance and
that the time domain geometry of the impuls e is very c r itica l , the input matching
is ve ry delicate and highly s us ceptabl e to interactions between the amplifier
and multi plie r s ec t tons , An exc lus ive m atch ing technique, devel oped at OJ\.l NIYIG,
all c ws opc ratlon of the multiplie r at the (sin2x)/x2 ze ro loc ations with only a
moder-a te power loos in what would norm ally be a zero power out put condition
(s ec fig . 2 das hed Hne) , However , tbe mos t c ritical matching and amplifier­
multiplier int eractions oc cur in the vac in ity of the (sin2x)/x2 zeroes , The simplest
solut ion to th is situatton is to purebas e the am plifie r and multiplier from the same
souree s o that the two unit s c an bc tun ed as a matched set. Lengtbs of c able between
the mu lti plie r and a mplifier should be ke pt under 6 inches . lf the amplifier should bc
purc hascd Ir -om a sepa ra te sou r ee, therc are a fe w impor tant it e ms to cons tde r ,
In thc c ase of broad band inputs such as 1-2 GHz or 2- 4 GHz , the a mp li fie r s hould
have an output bybrid (fig . :1) that is weIl matched to 50 ohms . 1"01" thc c as e of a
s ingle Ircqucncy input suc h as 100 or 200 MHz, the nmpli fte r- should bc r cac tt vely
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matc hed to 50 ohm s a nd, in addtt ton, s bould contam a 2 or 3 db pad to pr ovide
a r es istive la ad (fig . 4). This 2 or 3 db pad ca n be either an e xte r na l coaxial
type or cao be a Pi type restster pad that can he built as an integr al part of
the ampli fie r output circuitry . In any c ase whe r e the amplifier is purchased
Irom a s eparate souree it will be highly advantageous 10 provide a typical
ampli fier to the m ultiplie r vendor for tuning pur-poses , Solid s tate am plifiers
are the best for multiplie r us e as tu be types have ext r-emely bad output VS'WR's
end require prohi bitively la rge amounts of padding between amplifie r a nd m ultiplier .

Whe n tes ting a multiplier. do not exceed 1 watt input power and preferably not
greater tha n +29 dbm . In the case where lar ge amounts of interaction bet wee n
mult ip lier and amplifier a re cccurtng, the res ult ma)" be observed as le w output
power . especially in the vic inity of the (s in 2x) /x2 zeroes , In thi s case , an Inc rease
of input power wi U not neces s ar ity r esult in an inc reas e of output power and ma)'
easily de s troy the diode .

T he output mat ching requirements are not 50 c ritica! Ier the YIG tuned multiplie r .
as the filter secnon tsolates the Ste p Recovery Diode from the out put lead. Poweve r- ,
for the case of the comb generator the output load match can be signi fic ant. In this
case, if the output VS\\'R's exceed 2:1. the r eflected power returned to the diode ca o
result in s ub-harmonie end / er s ideband Ircquency gen er-at ions ,

Ideal oper-at ton r equi r eme nts a re s hown in fig . 3, fig . 4 and fig . 5. \1G t uned
multipliers r equi r e the s ame cons iderations as all ether YIG devices . Tuning
coil connec ti ons mus t fo llow the manufacturer 's polar ity marki ngs , and heate rs
must be turned on with approximately 30 s econd s warm-up time.

'---- --+-----!-- Time

K / Al 2K / At

Pr-cquency

Fig. 1 Fig . 2 P roquc ncy r es pons e to tm puls e
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YIG
MULT IP LIE

F ig . 3 Multfpli e r Operation with Broad Ba nd input

Solid State +3Odbm 2 db +28dbm YIG
Oscillator Am pli fie r pad . MULT IP LIE R

F ig. 4 Mult ip lie r Oper ation with narrow ba nd input

+28 dbm
6 db

2 db Comb pad or Load
Am oli fie r I-- -
+30 dbm

pad Gene r ator is o lator
••

Fig. 5 Comb Generator Ope ration
Note: **Unneces s ary if load has broad band VSWR les s than 2:1
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YIG-TUNED HARMONIC
GENERATOR SOURCE
0.5 - 18 GHz

DESCRIPTION

Omniyig SOXXX series Yig-tuned Harmonie Generator Sourees
provide RF Power Output in the trequency coverirq 0.5 - 18
GHz. These units have been designed to have inlernal lnte­
graled erecnonrc Yig Filter tuning tor selecting the output
frequency requlreo: al the same time provide reieenort of all
harmonies ano epurous responses, in soma cases, - 60 dB
rejecnon. The internat oscillator provided wilh me Harmonie
Generator Souree can ba any one of Ihe meestee designs.
either a fixed or variabie output frequency. The Hannonics of
the input oscillator are generaled by tne mtearateo Comb
Generator to me output frequency range determined byeach
individual unit. The integraled Yig Filter telther 2, 3, or 4·Stages)
serects me required output Irequency trom the Gomb Generator
end is eiectronicauv tuned throughout me Irequeney range ct
tne device. The Yig Filter can be eummated end have an
open-ended output from the Harmonie Multiplier with all the
combs presented at the RF output at the same time .

The frequency coverace on all moeets is from 0.5 - 18 GHz
in octave or multi-eetave bands. One unit ean cover the full
frequency range of six (6) octaves from 0.5 - 18 GHz. These
compact Harmonie Sourees can be mounted ehher on a base
plate (as iUustrated) or can be put in an enelosed case.
Yig analogie and digital drivers are avanabie for input tuning.
All the drivers are temperature compensated for frequeney
stability a;;d RF power vertenon. All devices ean ba quatified
to MIL·E-5400, crass II Soecmcaton.

Integrated Package
Component Features

2-4 STAGE YIG FILTERS
o Low Insertlon Lass, 2.5 dB In some medeis.

o Frequency vs . Temperature Stability as
tew as 5 MHz/GOOG.

o Repeatable RF Performance from Unit
to Unit.

o Package Sizes Typlcally 1.4 Ineh 3•

o Quallflcatlon to MIL-E-5400, Class 11
Speclficatlon avallabie.

INPUT OSCILLATOR
o Crystal Stabillty In some meeets SO ppm.

o Miniature Packaglng.

o Super Temperature Stabitlty.
o Excellent Tuning Linearlty ± 0.10%

(for variabie units).

o All other Spurlous Signals GO dB down.
o QualificatIon to MIL·E·5400, Class 11

Speclfication avallabie.

HARMONIC GENERATOR
o Low Harmonlc Conversion Loss

o Excellent Spectrum Purity.

o Repeatable Performance from Unit to Unit.

o Input Matched far BI ladband Perfonnance.

o Integrated sen BIasing.

o SmaU Packagl~g.

OUTPUT RF PERFORMANCE
o Excellent Signal Purlty.

o All Harmonie and Spurlous are
- 50 dB mln.

o Minlature Packaglng.
o Alrborne Oualified.

o Ouallficatlon to MIL-E-S400, Class 11
Specification available.
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SPECIFICATIONS

OUTPUT (NaTE 1) OUTPUT - (NOTE 3) OUTPUT
FREQUENCY FREQUENCY SPURIOUS POWER HARMONie VIG fiLTER

STEPS RANGE, GH z OUTPUTS MINIMUM REJEcnON NO. STAGES

SOOMHz Q.S-18 GHz -eoee -16d8m SOdB a
1000 MHz 2·18 GHz - SOd8 - lOdBm SOdB 2

500 MHz 2-18 GHz - SOdB - 25 dBm SOdB a
200 MHz 2-18GHz SOdB 36dBm SOdB a

' -1.5GHz 2·1BGHz - 40 dB - 20 dBm N'A NoFilter

100 MHz 2-12GHz - SO dB -30dBm SOdB a
200 MHz 2-18GHz -40dB -45d8m WA No Filter

ADDITIONAL SPECIFICATIONS - ALL MODELS WITH INTEGRATED YIG FILTERS

1. Typical Tuning Sensi~vily (Note 2):

2. Maximum LinearityDeviabon:

3. Maximum Tuning Hysteresis:

4. Typica l Tuning Coi l aesisra-ce:

5. Typical Tuning Inductance:

6. Maximum Weight :

7. Yig Filter Speed:

22MHzJmA 8 Mallimum Tamperature ccettcent :!:200 KHzJ"C

0.15% 9 Healer Voliage: 2Q-JOV

JOMHz ie. Healer Current:

6 ohms Mallimum 4 second surge : 900 mA
Mallimum slaady stale el O"e: SOmA

110MH ".Operating Temperafure: O' -55'C
eocooces

20 Milisae

Mechanlcal Speclfications

Output AF Conneclor

OC Connector

Oimensions :
Model S0369
ModelS0367
Models S0381 . S0384, S0385,

S0386, S0368

SMA !emala

SolderPins

2.87W" 4.00 L" 0.55H, inches
3.25 W " 4.68 L " 0.55 H. inches

4.00W" 7.00L " 2.10 H. inches

Model No.

S0389

S0387

50381,50384,50365

S0386, S0368

Oul tine Orawing

62394

82394

Weighl (oz.)

"
""es

Mounling

,125 Dia. through 4 etaces

.166 rxa.through 4 ptaces

6·32 THO through 6 plaoos

6-32 THO through 6 praces

Power Supply Requlrements

OMNIVIG ([] INC.

:!:15 Volts at 500 mA

20-30 vons unregulated
4 S{lC, 950 mA
Steady Slate 60 mA

:!:15 Volls at 500 mA - 900 mA

Olher designs are a~ai lable wilt1 different tuning lfequel'lCy steps.

Units are available wilh anak:>g arld digilal tuning or without drivers.

Other frequency ranges are availab le.

Driver Supply (~used)

oecaeto- Supply
(includes 1 watt amp lifier)

Heelel Supply
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YIG TUNED
HARMONie MULTIPLIERS
The QMNIYIG YM 100X YIG Tuned Harmonie Mul·

tipliers ser ies have been des igned te alectronicallv

tune in octeve and mulneetave bands and to provide

harmonies of the inpu t f requency w ith extreme purity .

The harmonies can be selected by the continuously

tuneere YIG Filter wh ich is in teç rated with the mul­

tiplier in ene compact pac kage.

Model YM 100 1 eccects an inpu t signal f rom 1 to 2

GHz. The harmonies of that signaI is serecteo by a

tunable YIG Filter and offers a continuously sweot

ou tput f requencv t rom 2 to 13 GHz . Mode ls YM1Q02,

YM1003 and YM1004 are operared with a fixed in­

put signaI of 100 MHz , 250 MHz and 500 MHz

rescecnverv . Harm onies up to 12.4 GHz can be se­

leered with ttiei r 3 stage f ilter te o btain signa I wit h

extreme purity.

''' ~I ._ _ '- .90

I

.28,
I,,

The integrat ion of the mult iplie r and f ilter in one

compact package gives en effici ency in the harme nie

generation never obta ined befere.

The YM 100X Series YI G Tuned Harmonie Multipliers

have applications in eetave and multi oc tave sweepers,

fr equencv synthesi zers, Oband oscilla tors, frequency

counters, d igital tuned ECM recei ve rs.

Ot her special designs can be provided te r octeve bands

with highe r RF powe r ou t pu ts or e ther extended

freque ncy ranges .

Featur es:

• Compact Design
• High Effi ciency
• Outstandi ng Reliabili ty

\ COtL T ERMI NALS

\\,
\ :.\ ,

\
HEA T ER TE RMINALS

CONNECTOR 3 MM F EMA LE
2 PLACES

1. 1 1 V &32THO X .25DP.
~ 4 PLA CES
,-",+,-L-_ '- -.

I I
1.70 1.420

L'T-+_ +~
1.420.2- :.) 040

,.... 1.23 J
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SPECIFICAT IONS

OMN IYIG Models YM 100 1 YM 1002 YM1Q03 YM1004

Input Frequency 1·2. 1 GHz 100 M Hz 200 MHz 500 MHz

Output Frequency Range 2-13 GHz 1-1 2.4 GHz 1- 12.4 GHz 1- 12.4 GHz

ICont inuovs Coverage)

Input RF Power ,W , W , W ' W

Harmonie Reject lon 40 dB 60 dB GOdS GOdB

Ou tput Power (at 12.4 GHz ) 4 mW -33 dBm - 28 dBm -10dBm

Tuning Sensitivity (typical) 18 MHz/mA 18 MHz /mA 18 MHz/m A 18 MHz /m A

Lnearitv 0.15% 0.15% 0. 15% 0.15%

Tun ing Hysteresis 30 MHz 30 MHz 30 MHz 30 MHz

Tuni ng Coi l Beststance (t y p ical) 80 ohms 80 ohms 80 ohms 80 ohms

Température Coefficient 200 kHzt C 200 kHztC 200 kHz /Oe 200 kHz/Oe

Weight 16 Ol. 16 Ol. 16 oz . 16 OZ.

Heater Vo ltage 18- 32 V 18-32 V 18- 32 V 18-3 2 V

Heater Cu rr en t (ty pi cal)

Surçe lor 4seconds 500 mA 500 mA 500 mA 500 mA

Staadv State at O°C SOm A SO mA SOmA SOmA

Size (excludi ng connectors) 1.69 in. x 1.69 in. x 1.69 in., all rnodels

Connectors

RF Input and Output 3 mm (5 mA) Femate, all moeers

De Solder Terminals, all models

141210664

OUT PUT FREOUEN CV. GHz

2

INPUT " 1 WA TT
..._ - . .... INPUT FR EO. 1 TO 2 GH z- -- -'.<.

.. ... ....... ... ..
-e .,_--..... , -

MODEl NO. VM100 l
TV PICAL CONTINUOUS L V OUTPUT POWER

V ERSUS 1 WA TT INPUT POWER

50
;:

" 40
",-
w
;: 30
0
c,... 20:>
~...
:> 100
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YIG-TUNED HARMONie

MULTIPLIERS

The OMN IYIG YIG·Tun~ Harmonie Mul liplier Se"es YM 100 X
des igns I'lavl! be'en ,m pro wd .nd U ll!nd «l 10 cover contInuous OU t ­

PUt. Tl-.cv can lune el~!,on ,caUv .n oc taw and mull 'OCI3vt' f~.

Quency 'a"9l'S w 'll'l eKt.em. Du"tv OulPut " gnal, These Y IG·Tun~

Mult .pl,!" s can ee osee as conl.nuou s output joca t OSCIllators wllh
inpul/rj!Quencv synl l'les" ed trom use, 's K!u,pment .

YIG Mult Iplie r Mode l YMllJ'2 accepu an inpul signa l contInuous
, .om 200 MHz la 400 MHz. The harmonies o l th aI input signa l are
sereeree bv the lunabie Inlegra ted J ·uage YIG Filter in Ihe YIG
Mul"plier , which ot ters cont.rwous ou lput freQueney fro m 1.0 G Hz

TYPICAL PERFORMANCE CURVES

APPLICATIONS

• Octave Sweepers
• MuJtioctave Sweepers
• Frequency Synthesizers
• Frequency Counters
• ECM Receivers

FEATURES

• Compact Des ign
• High Efficiency
• Outstanding Reliab ility
• Dig ital or Linear Tuning

10 18 GHz. Th e OUIDUI Signal, as a resul, ol the J-$t&gl! ,nlegrl t l!'d
li lt!!• • WIU uh,b 'l a ll harmonies anel sounDUS rl!$p()tl5eSdown bv 60

dB . The user can synch,onin Ihe YIG Mult iplier filter ' un ing wilh
Ihe input frl!Quencv la provode 0 1,1 11'1,11 , r8l:king.

MOdeis· YM11J l :VM10S1, YMllJJ and YMl 134 are ope.a'~w;lh

tne seme pnneipJe; ou lpUI rangel are d iffere nt , Many~i.l YIG
Mulllpl ie. designs can be built la meel lhe freQuencV ranqes or
power ou tpu ts. OMNIYIG wiU be pleased la olfer cnce Quota lionl
la vo ur ~Quiremenu.

I
l- YM 1132

"
11 ---..

YM1087....

E
+20

"''"a:
0w

;:
0
e,
....

- 20:>
e,....
:>
0

-40 , 2 4

OUTPUT FREQUENCY (GHz)

8 '2 '8

OMN IYIG INC. 0 3350 sccn Blvd ., Bldg, # 66 0 Santa CIara, Cali lornia 95054-3125 0 (40S) 988.0843 0 TWX 910133817356



SPECIFICATIONS

CONTlNUOUS CONTlNUOUS INPUT OUTPUT
INPUT OUTPUT OF OF HARMONie

MODEL f REQUENCY FREOUEHCY POWER PO WER REJECTION OUTUNE
(GIU) (GHz) MAX. MIN.

YM1131 O. t - 0.2 0.5 -12 l w ~33d Bm 60 B
YM 1087 0.1 - 0.2 1.0 · 12 l w - 30dBm 60 B
YM 1132 0.2 · 0.4 1.0 · 18 l w -25dBm 60 B
YM 1133 0.2 ·0.4 0.5 - 12 lw - 2OdBm 60 B
YM 1134 1.0 - 2.0 2.0 - 8.0 lw +10d Bm 60 A

ADDITIONAL SPECIFICATIONS- ALL MODELS:

1. Typical Tuning Sensitiv ity :

2 . Maximum Linearitv Deviation :

3. Maxim um Tuning Hvsterests:

4. Typical Tun ing Coil Resistance :

5. Maximum Weight :

OUTLINEA

22 MHz/mA

0.15%

30 MHz

8 ohms

16 ounces

6. Maximum Temperatu re Coeffióent :

7. Heater Voltage:

8. Heater Current

Max. 4 sece nd surge :

Max. steady sta te at O°C:

OUTLINEB

±200 KHzf c

20 - 30V

700 mA

aOmA

-- - ---- - ._-- _.- -_. -
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