
RFC

)-L--j' E-
Out'

r-<>+' DC

R

~

GND

LEAD
INDUCTANCE

price than their low-frequency counter 
parts. Unfortunately, this is very true;
microwave components are costly . All
e_ample can be made IOf not using
c heap er ch ip caps inst ead 01 mi.
crowave varieties. One manufacturer
depicts a microwave amplilier that has
blown out. The power FET blew out,
due to an overrated , cheap chip capac
itOf. The advertiser ridicules saving a
dollar by buying a cheaper capacilOf
when you wilt end up haying to replace
that capacitor plus the e_pensive FET,
at premium dollars. Nel resull: No sav
ings at all.

Their claim, a very valid one, is that
the deYice would not have been de
Slroyed if !he circuit designer had used

a capaCitOr raled lor low dissipatiOn,
tow toss. at the Irequency used. Circuit
krsses of several dBs are possible with
tow frequency components used in mi
crowave frequencies. The circuits will
work with low frequency components,
but do not real ize their lutl capability. I
have observed capacitors so IlOt from
circulating AF cUn"ent that they SQuirm
in a sea 01 molten solder that previous-
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drill bit
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to 30 pF or so). Chip capacitors can be
suppl ied even in the llF ranges . 01
course, they are not suilabte for mi
crowa ve work~ty the very low pF
ranges are used e t AF. The RF bypass
capacitor is the escepton. Other avail
able chip type components include in
ductors, fuses, d iodes transistors and
aboul anything else you care 10 men
tion. Most components are made lor
low Irequency work to reduce circtJit
size, and some are usable at the mi
crowaveleYel .

You musl get into catalogs to make
determ inations 00 component suitabil
ity. I suspect that mosl 01 these compe
nents offered loday. including surface
mount (Chip) componen lS obta ined
from scrap PC boards. are Quite useful
inlO the several hundred MHz ranges.
With trial tesling. this Irequency-gener
aliza tion call be extended . On un
known components , testing Ihrough
use is !he Oflly sure method to deler
mine suitability at the microwave level.

SeveraJ manufacturers ' advertise
ments bslthe COSI 01microwave com
pooeets as several factors higher in

Figurl/2. CeramICcapacitors. (a) Disc ceramic. Thebasic ronstruction is s circular
walet with metalizalion 00 each side. lorming lhe capacitor. Wire leads are
soldered to the rmttalization. Sizl/s vary from 118" to larger. (b) CK.Q5 cersmic
capacitor IS Chip with packsged leads soldered 10 Ihe Side of tllB chip. The chip
Cl/Il be recovered by cracking the epo_y case and unsoldering the wire leads,
making slower inducfance ceoecaoe. The chip is approXimately 0.15" x 0, I S ~

square. Both the disc cr1ramicand CK.Q5 capacitors are good to I GHz anddisplay
lumped resistance and induclancr1 degrading UHF operatiOll.

Figure 2(c), A typical capacitor at 1- 2 GHz.

,..
"

Figure t . Standard and chip-lype resistors. (a) MMIC Amp/iftel': You could com
biflfif fhe resistorsndRFC by wincJmg smsN RFCoutol the resistOflead Ol'l Ofle fffld.
fbI Chip resislors sre very smsNsnd srI/ usable for microwallff, with in reason.
Radio SMeIl 's assortment has the value prinledOfllhe resistOf. Examples: 102 ..
10 + 2 z",-os _ :OOסס,1 103 .. 10 + 3 zeroes = 10,oooa: 100 = 10 + OZl/fOeS 

lOCI

Basic Capacitors

Some of the more common type-s en
countered are the poly. mylar. or mica
and metal film types. Of lhese capaci
tor types, only the mica is suited for RF
to the VHF/UHF IreQllency ranges ,
The disc ceramic and encapsulated
Chip types with ieacs (such as Ihe CK
OS) use a plated ceramic material to
form th e capacito r. They are Quite
good to 1,000 MHz. (See Figure 2.)
At frequencies above 2 ,000 MHz.
connect ing leads on capacitors ren.
e ers them ineffective, a nd o ther
methods must be employed , The ne_t
generatiOn of capacitor improvement
a t higher RF d ict ated a capacilor
withoul leads. The uncased ceramic or
earty ch ip is an e_ample 01 Ieadless
capacitors. (See Figure 3.)

This Ieadless or chip capacitOf can
be a mul1i-layered high Quality, high 0
eevee. Values range from the small pF
ranges for microwave capacilors (0.2

catalogs, in addition to supplying com
ponents lor you r projects.

Resistors

ReSistor lead length can also be cnl i
cat, In some circtJils this can be put to
use ill e ither a positrve or negalive way.
For e_ampl e. , let 's assume a resistor
tead tengthoI 1f2." , at a trequency 0l 3O
MHz. ThaI equates to such a small in
ductance al30 MHz tMI it can be total
ly ignored (O.OO6 I-1H Of so). HoweYef,
at microwave. frequencies this lead
length would represent Quite a bit of
inductance and funct ion as all RF
choke, a negative exampe.

The e_replion , where a resistor lead
length teems all RF choke and is use
1111, is in an MM IC ampl il ier circuit
where the long resistor lead tength is
COiled in to a very eaecwe RFC. and
leeds DC power to the amplifier, eo
lating n. Th is DC feed resistor and
lumped RFC provides good isolat ion to
me power supply and uses coe cceeco
nent. This provides lor an ine_pensive
solution and circuit simpl ici ty. This is
one example ot a device's long leads
working lor you in a pos itive way. It
works wetl because the resistor and
lead tength RFC form a circu it in sbunt

with the device . II il had been in series
with the device , it would have Shut
down the circuit operation.

Removing the. leads on ree.stcrs.
and changing the package style , re
sulted in a chip resistor. A resister with
out the inductance associated with
leads is suitable for very high frequen
cy work. A ch ip resistor is constructed
by placing a deposited carbon fi lm on
one side of a cararmc Chip. Solder caps
are provided for connections. These
chips are well suited 10 strip tine con
s trocnon. You can buy a basic assort
ment of chip resisters (200 pieces) at
Radio Shack lor under $6 , part #27 1
313 . (See Figure 1.)

Choose Your Components Carefully

Be ing a parts junkie, I ccltect compo
nent parts in quant ily from many di ffe r
ent surplus sources . The variety ot
components I see run from Mil-Spec
high tolerance devices to garden van
ely resistors and capacnore. Using
junk parts is cos t euecuve.

In retrospect, one project comes to
mi nd that I had difficully with - it woul d
not funct ion at first , What I co nstructed
was a 70 MHz IF am plifier, eight steqes
with log output for a spectrum aM lyz
er. It was supposed to have 90 dB of
gain at 70 MHz, bUI in testing , all
stages were very numb. Total gain with
full tune-up was about 25 dB. Well , to
make a long story short. I traced Ihe
trouble to lhe high precision resistors
t used- t % high quality Mil-Spec re
sistors . They were inductive wire
wound tsces. and operated like RFCs
(RF chokes). Replacing them With junk
bo_ carbon 114 watt types soIYed the
problem.

For low trequency work the 1% resrs
tors were spectacolar. but at RF they
were the pi ts . I should have known
better. Now when I obtain surplus corn
ponents I refer to catalog$ to delermine
their SUitability and marl< lhat 00 the
envelope that I store them in. In thiS
case I was careless and did not heed

my own adYtce, and it tltl me. Ooo 't get
bitten. Obtain a general ca lalog and
keep It 00 hand , Two V1lry good parts
suppliers are Allied Etectroo ics and
Mouser Electronics (addresses below).
Both are good sources lor intormatiON

Number26 on your Feedback card

ABOVE AND BEYOND
VHF and Above Operation

C.L. Houghton WB6/GP
San DIego Microwave Groop
6345 Badger lake Drive

San DiegoCA92tl9

Microwave Considerations
for Resistors and Capacitors

This month,let 's ecvee reSistors and
capacitors as !hey relale to mICrowave
constructiOn. ThiS lopte is in direct rela·
tiOnship to the PUFF miCrowave de

sign program I described last month.
Special components are required !of
microwaV1l constructiOn SO I thought
that covering some of those consider
atcos wou ld be a good lopic lor you
wh ite you wait for your PUFF program
toarrM:t. TheselectiOn Nlesaregener
aI and can be used in most construc
tion forVHF through microwave .

Selecting a proper component can
not only prOVide proper operatIOn at
higher Irequeocl8S, but It can also pre
vent poor performance in a prOJect.
Componenls should not be selected
IOf value, but lor type Of component.
ConstructlOl'l and case slyle are impor.
tant tactors to consider. You must con
sider mechanical and electrical param
eters as they euecnne cirCUit at a rated
lreQuency, Failure to observe proper
component selecncn could lead to pro
ject failure .
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The microwave chip capacitor is
packaged in a 50- and 10o-mil-square
package to be compalible with strip
line connections. It would not be ac
ceptable to place a capacitor wider
Ihan a strip line on that strip line. It
would upset the impedance 01the ctr
cuit and increase loss. Most ccnnec-

has led to the oevelopment of chip ca
pacitors of superior construcrcn. They
are different from surface mount ca
pacitors (a form of chip cap), which are
not suitable for use at microwave fre
quencies. Non-microwave capacitors
are basically rectangular, unlike their
microwave counterparts.

Figure 3. Surface mount device ($ MD) ch ip capacilOrs and resislors. (a) Solder the
capacitors on each end of the ceramic substrate. A lower Q at microwave levels
produces a higher loss. This chip is usable 10 several 6 Hz. The loss becomes
unacceptable al5 6Hz. The normal stock value comes in large steps (2.2 pF-tO
pF-47 pF, etc., The value/size ratio is too large for most microwave projecls. (b)
First, solder the capacitors to each end of the ceramic substrale. Pul film-deposit
ed resistance material where indicated. Precision-trim the film, by laser cutting, 10
the test vatue. Under normal use, this model is good to 106Hz forbias and voltage
feeds in ampiifiers.

the problem by mounting the FET up
side down. This made for much shorter
source leads to ground, several thou
sandth's of an inch made the differ
ence, Here again minimum inductance
allowed the circuit to function.

These same inductance and circuit
losses make other compon ents unsuit
able for higher frequency use. Pack
age inductance and equivalent series
resistance (E$R) make higher losses
to increasing frequency. If you look at
the frequency ratings and Q of capaci
tors, you find them rated at frequencies
of 1 kHz and a lew MHz, Q is qui te high,
but when measured at higher frequen
cies lhis is another matter. The con
struction of the capacitor plates adds
inductance ; resistance is formed and
the IR and dielectric tosses are differ
ent at increasing frequency.

Disc capaci tors are usable at very
high RF frequencies and were an early
VHF/UHF type. They were shipped un
cased, without connecting wire leads .
These uncased disc capacito rs rasem
bled a wafer with a small deposited
metallic contact on either side 01 the
device. They were attached to the en
cuit directly, without connecting leads.

This technique is OKto about 2 GHz;
higher trequencies dictate st ill different
methods. Remove the coating on stan
dard disc capaci tors and you can un
solder the wires and have uncased
caps. Be careful-they are very fragile.

Microwave Chip Capacitors

The need for lower inductance in ca
pacitors for microwave frequencies

ly attached (soldered) them to the PC
board.

I don't want to appear to be really
tightly postured on component use, as
there is no real right answer. Lots of
eubstrtuttcns can be made with good
results. You just have to keep in mind
whal is happening io tnecomponent.ts
RF passing through the component, or
are you trying to bypass RF?

For RF coupling, the disc ceramic is
very effective for low MHz to several
hundred MHz operation. At the 500 to
1,000 MHz frequency range. a capaci
tor's lead length becomes a limiting
factor in its use. Disc ceramic types
can still be used, but their connecting
leads must be kept to an absolute mini
mum for the capacitor to be effective.
With long teeds, the capacitor might as
well not be used as its inductance (in
the leads) could render il useless.

These considerations are not impor
tant below 30 MHz, as component size
is a fracton Of a wavelength (100 inches
equals 1/4 wavelength at 30 MHz).
However, at 5 GHz a 1/4 wavelength is
quite small in respect to the compo
nent, so it deserves consideration. At
10 GHz, component size is twice as
critical. At 24 GHz, soldering methods
used to attach components can form
RF notch filters in the solder coonectco
if the component is not fully soldered
to the PC board substrate in a fully
soldered trace. The gaps or bridges in
partial solder can cause real trouble.

In an amplifier we constructed with
MGF-1402 for 10 GHz, we had trouble
obtaining gain at 10 GHz. We solved
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Figure 4 , Standard microwave chip capdCitor. ThiS type usually comes 0,050"
square for Sand 106 Hz projects . The/ow loss ceramic porcetain material is rated
for microwave use (low ESR-Eql,livaI6llt Series Resistance. The case dimen·
sions are well matched to microwave son stfJP Ime widths , These capacllors are
supp"ed in very small fractional pF ranges: 0-1 pF, and higher values normally
0-30 pF. Examples: ATC-loo from American Technical Ceramics; 5·9 10 from
Johanson; and MA· 18 from Murafa/Erie.
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346-6873. Mouser also Offers full·hne
services to all of the U.S, and Canada I
have ordered from them and have had
the order delivered the next day. They
are very prompt Both ol lhesa compa
(lies have cetaioas avauable. low mini
mum orders , and a very good Slack of
compone(lts on hand

Next month, when your copy 01
PUFF arrwes . I WIll get into some c0n

siderations using PUFF. I will cover
some 01 the problems Kerry and , ran
into, and a short~ 01PUFF.

Well, mat's it for !his month. As <II
ways, Iwill be glacllO answer questions
regarding Ihis and other related icccs.
For a prornpl answer, send an SASE.
73, Chuck WB6lGP,W

.O!b"
T

standard 01excellence in construction,
jf not top-ot-the-line. I have used SMD
capacitors up to 4 10 5 GHz, bot I al
ways queshon their eccnceto o. II In

doubt. go lor lhe better capacitor. The
boIlom line is how well yOY want your
crcuetc lunClion.

The Manula<:turers

Allied Elec1ronics Administrative of·
tees ale at 4801 N Ravenswood Ave.,
Chicago IL 60640-4496; lelephone:
(3 12) 748-51(10. They havtl d 'stf ibY
101"$ in most states, and in mosl prov·
inces in Canada, Mouser Electronics is
located al 11433 Woodsicle Ave., San
tee CA 92071; telephone: (619) 449_
2222. Their Mtional n l,lmber is (800)

Our 10 GHz amplifier ATC·100 caps
of 1 to 2 pF were used to cooce lhe
coa~ ial eonneclors to the ampl ifier and
interslage couplIng. By lhe way, a 0.9
pF eeoecace is sert-resonant at 10
GH.z, 2 .5 pF is sel f-resonant at 56
GH.z, and 20pF is resonanl a12.3 GH.z.
There are two schools of though!: (1)
Use a se"-resananl capacitor for Ire
quency Of deSign; an(! (2) Use a 10 pF
cepacrtcr and don 't worry about sell
resonance, Both seem to wol1l well ,

Standard chip caps, 01 sur face
mor,mt type, can be used lor the power
supply bypass con nect ions (100 pF 10
0 ,001 IlF or so). They do not have 10 be
the low40ss RF types as we want them
to bypass RF to ground , These are
what we call surface mount devices
(SMD). They are very good capaci tors
but lhey're just not rated lor microwave
str ip line work at microwave frequen
cies. Basic caramlc SMD capacitors,
while high 0 devices when used in high
current applications , can fail due to
greater losses and over-dissi pating in
RF circuus.

The dielectric constants of the ma
terials being used lor microwave ca
pacit ors give smaller capacitor size
lor unit value. This reduces me induc·
tance and equ ivalent resistance, mak
ing a higher " 0" device with less
RF loss. This drives up prodUCl cost
over the basic SMD ceram ic chip ca
pacitor C1l,1ile a bit, but performance is
markedly improved in the microwave
region.

ATC makes several lines of e~cellenl
miCrOWave chip capacilors that are a

lions are made with 50 ohm strip-l ines,
such as amplliler input and outputs
connected to coa~ial connectors (SO
ohmj, Make the capacitors the same
dImension, o.csc-ocn-eouare. so that
lhey match the Slrip line width well .
Their porcelaIn insulatIOn will provide
lower losses to RF currents.

ThIs porcelaIn substra te that forms
Ihe cera mic insulaling st ructure is
more ex pensrve than you r baSiC ee
ramIC and is one 01 the prime reasons
lhe capacilor will perlorm al microwave
frequencies . ATC (American Technical
Ceramics) makes the capacitors lhat
are rated lor microwave worlc. They are
the ATC-HIO style 01 chip caps. They
have precious metal erecncoes and
low-loss porcelain 10 make microwave
AF ci rcuits work beller.

A circu it tested a t 500 MHz allained
a 1,4 dB noise ligure with a device rat
ed at a 1.2 dB noise figure, oemonstrat
ing the eeceenc-e' part in helping 10
give low loss Characterist ics. Any loss
is directly added to the bas.c no ise l ig
ure and degrades ie. The lower losses
can be put to real advantage. whether
you are reaching lor the ull imale or just
look Ing lor improvements in your basic
system.

II has been reported that omer types
of chip CapaCItors used in amplilier cir
CUItS have not produced proper ga in
and noise figure measurements, Im
provements 01 1 to 2 dB have been
anained whefl SWItching 10 the low loss
ATC·100 type capacitors al micrOwave
neceeoces. See Figure 4 lor details
about ATC-l 00 capaCItors,
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