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Interstage Coupling With an
Edge-Coupled Line
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Gascading of active RF devices fyai
cally requires the use of a coupling
capacitor 25 a DO dlock between stages
Unifortunately, this capacitor may exhibit
reactve effects detnmantal o eircut
function. This article, an eniry in. the
1888 AF Design Awards conlest, pre
sents @ simple lechnigue for achisving
inferstage cougling in micrasiog assam-
blies, which passes only the desired
signal componant and costs nothing out
knifg-blades. Performancd of the pros
posed coupling circuil is gvaluated, and
a MMIC amplifier applicatton example
5 presanted

Tna convenional mathod of coupling
signals belween aclive stages while
blecking any OC bias companeant which
mignt be present |s llustrated in Figure
1. The coupling capacitor maunts o,
and becomes part of, the lransmission
line connecting the stages. The chip
capacitor employed s considered a
shorl to AF, an open to OC and, for
purposes of analysis, s tregted as an
extension of the microstnipline on which
it s installed. For this assumption: 10
hald, it is yital thet the installation of the
chip cap not aler 1he characteristic
impedance of the micrastnpling m any
wily

The single most crlical parameter in

Figure 1. Typical capacitive inter-
stage coupling netwark.
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determining microstrip characiersic im:
pedanca on a given subsirate is trace
widith, If the impedance of the interatage
coupling network is o remain constant,
the physical width of the chip capaciton
must match 1hat of the microsinp on
which It Is installad. Impedance disoont:.
nuities caused by differencas in widihs
will resull o oreflections, which  may
degrade stage gain, contorl brequency
response, ncrease infermodulation dis-
janion, induce oscillation or, | taken to
exirames, damage aclive davices

Even a chip cap ol oplimal dimen-
signis, however, s nol withoul limita-
hons: A capachor need not have wire
|eads 1o exmibil inductance, and singe a
Iransmission: ling 15 often modaled a3
senes L. shunt €, It can readily be seen
that the additional series L ol a chip cap
can indeed alter micrastrip characteris-
fic impedance. Ofen, an aitempt 1o
minimize this mpaaot is made by select-
ing the larges! practical value of capaci-
tanca for a DC block, on the (heory that
this will swamp out any stray Inguctance
in the chip, Unforiunately, becauss of
the physical constraints of manufactur
ima mulll-layer chip capacilors, the
higher the valug of capacilance, the
higher the residual inductance s likely
1o be, The process is thus setf-daleating

Ore solution 1o the inductance prob-
lem is o design fof sell-resonance
Given the capacitor dimahsions re
quired to physically match a oiven strip,
il & possible 1o calculate the rasidual
induciance of the component To ac-
complish this, 8 capacitance value which
will resonate with that particufar induc-
tance at the operating freguency s
salactid,

For axample, a 50 ohm micrastop an
1116 in. fiberglass-epoxy circuil board Is
rmughly a tenth of an inch wide. A chip
gap m a 110 in cube should exhibit
parhaps 0.5 nH of inductance. Al a
freguency af 1 GH:, this represents

approximately +|3 ohms of reactance
This ia not much, Bul it can be nagatad
by selecting a capacitor with |3 ohms
ol reactance, which at 1 GHz works out
to about 53 pF A 60 pF, 01 in cube
chip cap Is not an atyplcal ehpice far 1
GHz interstage coupling

Even if a chip capacior of propar
dimensions, with negligible inductance.
15 selected, the fact remains thal capac:-
tive reactlance varies ipversaly wiin
frequancy. Thus any capacilive rtar-
stage coupling network 1=, unavaidably
a high-pass filler. This can only serva 10
degrade ke harmome content of any
signal being processed Since non.
lipearitias in activa devices always gan-
grate harmonig distortion, @ apoearns
that, in the Imerest of spectral purity
what may aciually be deswed 5 nol a
high-pass but & low-pass coupling net-
work. For narrow-bandwidth applica-
nons, a bandpass response would be

‘avien batier

Resonatar Coupling

Consider the popular eoge-coupiad
microstnp bandpass filler, shown in
Figure 2, The eireull, which passes a
narrow band of frequencies cenierad
on s resonanl Irequency, provides
gignificant harmonic suppression @nd
{most imporiant hare) alfods 2 OO block
between |inpat and output |1 properly
designed, such a ool mantans a
unifarm characteristic Impedance across
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Figure 2. Edge-coupled microstrip
bandpass filter.
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Figure 3. Edge-coupled interstage
coupler provides DC blocking,

with uniform impedance and low
insertion loss over a narrow range
of frequencies.

it= operafing band. Furtner, il contains
no componants other than those elched
an the substrate, thus its only cost is in
circuit board real estate

That is, however, a significant cost
Tre individual resonators are each one-
hall wavelangth, and they are over-
lapped at their midpoints, creating a
rather sprawling structure The-number
ol poles ol litering employed is a
function of the required fiter Q. For
interstage coupling applications, whera
the coupling network & not depended
on for primary control of frequency
response real estate can be conserved

by making the number of resonatons
smail, or evean 2ero

Resonator-Less Coupling

Matice in Figure 2 how coupling into
and oul of the hall-wave resonators was
achieved. Edge coupling s accom-
plishad with a guarter-wave matching
seclion, narrower (thus with a. higher
charactaristic impedance) than the inpul
and cutpul fines This saction can be
thought of as a guarter-wave matching
fransformer, with its characleristic im-
pedance the geometne maan of the ow
impedance of the system and the con-
siderahly higher impadance of the reso-
nator

Why can't two such malching sec-
Hons couple into each other? They can,
ol course, as shown in Figure 3. Seen
haere (s an impedance step from the
system fmpedance (say 50 ahms) up to
a highar coupling impedance, then back
down through-an identical section to the
system impedance again. Nofe that the
entire couphng circuil occupes only a
gquartar-wavelength of hoard space, has
a moderate O response cenlersd on
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Figure 4. Tapered, edge-coupled
resonator provides DC blocking
and inlerstage coupling over a
one octave bandwidth.

some design Ireguency, and mantains
DC igofation batwean input and output.

The Tapered, Edge-Coupled
Resonator

The coupling structure daescribed
above shares two major drawbacks with
all guartar-wave malching transtormers
It is eftective only for continuous trains
of waves (not for pulses). and it functiong
only over a fawly parrow range of
fraquencies, cantered on tha design
fraquency For applicalions requirnng
wider bandwidths (such as lyplcal intes-
stage coupling), the favored solution has
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long been the apered matching section,
By gradual transitioning between imped-
ances 1o be malched, reasonable per-
larmance ¢can be achieved aver parhaps
an octave of bandwidih And thereis no
reason not fo edge-couple  belween
laperad transiormers, just as was done
for quaner-wave sections

The basic topology proposed lor inter
stage coupling & ilustrated in Figure 4

Two quarer-wave, lapered. matching
transformers are edge-coupled at dis-
fance 5. The exact spacing is not
particularly cntical. Loose spacing in-
creases both O and insartion loss, so for
wideband, low-loss coupling, a narrow
dimension for 5 15 Indicated. For the
previously described 50 ohm line en
116 In. glass epoxy, the line width Is
about 25 mm, and a spacing of about

0.1 mm 15 acceplable

By no concidence whatever, a tenth
of a millimeter is aboul the thicknass of
a razod blade cul! This means that once
a 5 ohm trace is atched, the coupling
network can be fabricated diractly on the
pe board with a straight edge and an

Figure 5. Swept frequency re-
sponse of a coupling capacitor,
self-resonant at 2 GHz,

Figure 6. Test substrates before
(top) and atter (bottom) making
the required blade cut.

Figure 7. Swept response of the
test coupler.
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Figure 8. 1.5 GHz MMIC amplifier
uses an Avantek MSA-0285.

'approxa’” knife (Ihera's nothing exacl
abaut i

Even-Harmonic Rejection

The |apered, adge-couplad resonaior
just described extibits DC Eoalahon and
iow [nsertion loss across 2 faely broad
oand, centereqd on the egquency al
which {ha taparad seclions aré a quarter-
wave long. But what happens as. lre-
guency Inoreases 1o, say, twice the
design fraquency? Al [ times £, 1he
coupled lines are a hadl-wave long, and
parallel (e, not staggered) hall-wave
coupled lings exhitit 8 null Smce this
mull rapeats of evan mulliplas of a
guarier-wava, | can be seen lhat (he
proposed coupling struclure  aclually
rejpcts all sven harmonlcs. Thes, inter-
stage couphng through gquarar-wavg,
agge-coupled resonators has the hidden
advanfage of improving spectral purily

Test Results

[n order 1o establish & baseline tor
camparison, two denfical 50 ahm mi-
crosinolines, each 3.5 om long and
wrminatag 0 SMA connectars a8 both
ands. were labricated from 0.058 in
thick fiberglass-apoxy printgd circun
siock The rezidual insarion loss ol each
was measured 385 0.5 dB a1 2 GHz. A&
salt-resonant chip capacior was in-
stafled in ope microstip, and swapl
measurements paerformad as shawn in
Figure 5 Note thal the additional inger-
tion loss of the capacitor al its resonant
trequency 15 neghgite, and thal relurn
Ipss = greatest al resonance

MNext a knifa out, visible in Figure &,
was made in the othaf tesl substrate, 1o
provide & DG biock as described above,
rasonant at 2 GHz, Swepl response
indicates aboul 0.5 a8 of additonal
nsernan foss, and return lose which
indeed aphimizes at 2 GHz, although
réafiaclions area more pronounced than
in the previous case. I s probable that
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Figure 8. Swept gain response of
the MMIC amplifier.

varying the thickoess of the knile cul
whl result 'inan optimum level of cou-
pling. which should mprove the ob
sarved return loss Note the obvious dip
al 4 GHz seen in Figure 7, indieating the
expected null al fwices the -design Ire-
gquancy The eoge-coupled resonator
performs aboul as expocted

Design Example

Ta wvenfy the sfectiveress of the
proposed coupling device, a MMIC am-
pliier was bult, with input apd output
couphng by knite cul, | guarer-wive
o) a1 1.5 GHz. The tesl ampliliar is
shown i Figure B, and 18 swepl re-
sponse m Figurg 8 Again, the null af
twice the design lrequency is guite
Evigent

Conclusions

A aimple knife cut on a mictostnphng
car perdorm  intarstage coupling be-
wear sctive devices, affard & DC block,
and provide & modicum of selactivity af
virtbally no cost  Although It 1s doubtiul
the techmgue will avar replace the
ubigquitous chip capacior, o lunctions
s eapected, and appears worthy of
furthiar siudy i |
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