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Design Techniques Enhance
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Isolation In Switch
H B ] ] PCB lay

nssem h'les rrf;:fff::::ﬂf:;;f E::E::‘FTH 5 HI’I.:'::';}':!;
with low-cost, off-the-shelf
MMIC components.

Roberi Silversigim HANNEL switching represents a key Tunction in cellular snd per-
it Mivirwmor Cve, 2 O sonal-communicationssenices (PCS) basesiation applications.
Wl Wbwrre, NEA £11800); (TR ) 9T This switehing may be bnplemented in varons sectkons of & systes—
TIGT, FAX TR ) Pr3-AuE for insdance; beiween the transmil and receive paths, beiween mul-

tiple lncal-oscillator (L0} sources, or beiween antennas. A certain amonnd
of iEodation is required between paths, with this kodation requirement
often being up to GO dF {in sosse cases, more than [0 dB). In addition,
oofimercinl applicatiens rogildie saall, lew-cosl salibons. Uonseqaestly,
it s desirable to implement switching matrices nsing standord, ofT-2e-
shell mopollihle-micrewave-Integraied-cireuli { MMIC) composenis In
Mastie parkages. Geldelses For deshznlng high-lsolation BF switching ma-
triiees with standard components—inclading pringted-cirenlt-taard [ PCE)
layoui iechnigoes for minimizing secondary effecis sach as coopling, rads-

—i
~

ation, and leakage—are exasined using two swilch assemblies developed
by Hittite Microwave Corp. (YWobnrn, MA )

Hath dlestgns (Bl 1) @se bow s parpinh (Feg. 21 empdens foier positive
TSy FH4 substrules, The firss il H ML I.:hl?||."'\-‘|'\-.'|,'||'-|- dit, il
s a fsar-channel anienna selection  be-dhrow (SPDTH saitches amd & in
madrix which proviaks -0 csnoe rle negative-conirol HMOIEES14
Fejisbiinn poross an Esrabing frspien simgle-pasbe, Toijir-Lhiew (SPTH switch
ey range of 100 X Hs to 2 GHE This - with an on-etaf 29 decoder, & 2001

FEATURED ARTICLES

1. T Bouf -chaning) B enna sebic s matiin (6] a5 Two-thannel LD aelatsn S cull [FIghe] denste aerbid i
freequancy fangs of 100 MMz o T GHe.
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S-parasmeler data was olitalmed (oF

Table 1: Iscolation versus switch spacing each operating stato of every prod

| Wman inokaion jne shestng: 110 2 SRt

 TrnaTimdon-ii oS betweon pmdches

h.“‘lﬂllﬂuﬂh iargih

Shat  edien Leng
Forin | oan T

TEGdD | TPEGD H:hﬂ

e —

oo es 2008 @ «lTEE

| e ST

cimpilEme HLARY - s Lal-dx il e-senai-
coectuctor (CMOS -compatible lovel-
shifterflecoder dreait (osing Lener
diodes) is also imcorpornted, with
MO Joghe pates o drive the fTve
MMIC switches, Posttive azal nisg-
tive supply voltages (=5 VI ame
meqgaired.

The secons] design is & high-lsoks
Bl = 0 B Dwa-channel LD selec
Bl slpet wiieh alao operales fioan
1k MHz to 2 GHe This elreull uses
three positive-rontrol HMC 194058
SPDT switches and requires only
U coptr] Hnes (Flg. 81, BEach of the
HMAC IRENER swlilches §s cipabile af
delivering dlto-f-d B lsodation up te
2 GHe Ry naing proper

opeead for several prodocts of Hittite
Microwave, including the
HMOC152514, HMOIDOMSE, aml
HMC I MES switches, These stan-
thaml= support desrmbaedding ilireet 1y
ta the leads of the plastic XM
packages, This apprasch i consider-
.|]:||_l|' mare Reciirate tham obher oom-
mini dli-eembediling methodds sireo i
porims for actusl PCH mismatches,
ligss lomeaes, aiul Blocking-capacitor
kmses, However, there may be small
wrrors aesneiabipl widh sleght (siTer-
enoes between the enlibentlon and
evaluation FCHs due o proecssing
LaliEranoes

|'-:|||¢ LEN callbrntion, - et

wet. For instence, an SFOT switch
such @ the HMCIBIMES pnississes
fouir Pwo-peort dalh sl oorresaml-
ing ta the <0ON® and “0FF* states
abong bt switeh paths.

A simgle el for e desbed sy
e o subeystem ean be comstrsctod
with the Libra simudstion packsge
from the Hewleti-FPackard HE-
EEsal Dhvisbom (West ke Wil laga,
) By usingg this Ewo-pert heisin bl
b S:parumeters for the packged
MMICz. Thiz model takes into ac-
ooimd, anly the direct KF patls—ine-
glecting the mediation, coupding, &nil
lemkRge whizh may ooour (Uhisn s
omdary effects will b sddressed 15t
erl, The model may be as smphe as a
Fow G0-11 lines aftnched Yo the snput
abul anitpug of & sisgle Pwo-par dsls
i oF s extermive i e eseading
ol multiple two-part data blocks for
diflerent pasckapged MMICs 5 well as
Eramsmission Enes, Blocking capsc-

Axyoagl Lichshijues, sola-

tion levels from B0 [a
maore tham 108 B are
achieved in o BPOT
aasembly Tormesd with
aly theee suliiches

In erder bo desigm an

— —vwa—{>

Ly

RF sysiem wsing malti-
Mo packaged MMIC
COMpOnenis, Rerursle 5-

parumater datn st be
it for Uhe inadivid-
| EBfanenle, This =
et necomplisheil by
destgming & cusfom eval-
uation printed-cirenit
Bl (PUHE sl @ st off

LEM (lige. reflect,

match) ealdhration stan-
dards for snch of the
commponenis, These sfan

idarels Ly ieally cofsdat of
i zero-length throagh,
am open or short, mnid &

-] lomal on the same
Bayeist s ihe evaluation
PCH traces,

TRALH

LEM ealibration stas- 2. The four-channsl anienmas selection matris uses fhve MMIC switches hal are controlisd
durids have been devels using intgrabed CMOS difmr-loge ehicuitng,
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Switciing Marrders

Table 2: Four-channal

switching matrix performance
BO8 b 1003 MHy 1803 10 7000 MHy the amount of

far the worst.
crse path, as this
gEreatly redoces

antenna

— recuined data
h-h 1838 14 il i‘l:L:|r Lhpse
[r— .'_' 5 o Ewitch-malriy
= |t|l:-:|jl'|-. Phe
 rowmrin kg (FT -l T ] Librs simuslation

incorporated

groindled] copla:
AAF-waVEgEide
T P e e bt |

midels {lbenoted
as UCPWG e
L ibrmb in erdder 10
wehileve thi heesy
11l-¢|-i|:|||' imolation

for thae fimal phys

1

1 ical layowt, The
_ﬁ"j: II_'_&'l f||||||'|l.ll'.ﬂ Jarainie-

'I TErs Wérn §EE-

e

sumeill { modeling
low-eael  FI4
frislar izl

Relathve dlidkie-
e eomstant (i) =
'

3, This bwo-chanmel LO sebection Clrcuil provides belier

et nd-plane
ipacing (H] =

Tham S0-08 isolstion whils reguining sy bes santiel ines, 0000 |5 (0,702

Lo, G Glhier BF oo pofeils. For
iEw II.|.':||II||£ msntAx, there will be 13-
b mawbels for the O3 (threagh) il
OFF (issdated) states nlong esch path
of the matrin. Fer singhe-pole, N

throw (BPNT) switch mabrices, Lhere
will b midtipli LRFF state miodsls
corresponding to the [solation
belween two chanrsls when eash of
thie oLher channels (s selected. e
wlgrers sy waek Lo mss ally 1he data

(T T

Gi-Lh line widih (W5 = 0002 i,
| DEHES il

Ciajilsnsir gy (e} = 0L . (00
(11

Lz {nmpent (lam 5w 0027 (LG8
mmk

[MC-hlocking mipacitance = 380 pF

Flipare 4 slanis the Libra schimat-
les for ihe feer-chamsne] antonea se
lection matrix. Figame 40 models the
RF-common (RFC pis-EF2 OX

state. Note that the HMC100MSBE
and HMOCI523314 swilches are re.
placed By ihe Dwo-port S-paraimneber
ilata bleks guprespomEng o ke ap-
propriate states for eseh switch, This
masted ix valid for all four 5-parme

tirw of the O state, However, when
corstrsct g fmodels for the jsslation
|u|:ha-. thi Sparumelers af LR e
all wireuit euneat be obénined from o
ringhe schematic model. For exam

e, releiming Lo Fig. 2, the maich at
antensa 2 whes |4 = OFF {solatsli b=
Fouml |:|'| moilellng n wingle HAC-
IMEN wwitch whose RF1 path is
selected and terminatisd by & 50-01
chip resistar, Figure b shaws Lhe
schoreatie for this statke,

Figure & presints the S-paramater
reaponse for the fearchannel amten-
na mati g fmeodeled in Libeas with
wwasarml data bnelisied for Euffipar-
soni, The worst-ease |zalation |=
shown eorresponding to adjacent
fpoirts 2wl A The isolation befween
itingonal ports 3 and 4 & approx-
mately Bl better, with the difer-
ence being mssociated with the pack
nging pin-out of the HMCIZ2Z514
v e

Fignuiie §i ghows {he Libra schemat -
ke Tar 1k two-channel [0 selector
ibeslgm, This schematic cupres pedxls
to the RFC-t-EF1 ON state, The
mesde] uses quarter-wavelength (L)
spmcing @l 2 UHe (=~ &7 in) belween
Fwilches Loenhanor edatbei. Figire
k] prosenbs Uhe measured e mod-
eled B-parnmeters.

LAYOUT GUIDELINES

Thatr i i pismber of Tactors (Bal
wre pok Enken into seeount | the slen-

mm €1 H'II_ Ttll"l'I. a
eﬁgm

X Wi W o ows gw e O h
i1 :

4 Theam Libra modeds wers oblained Tor the Tou o= el anterms matnz for the IFC-1-0F2 ON (s) and OFF wtstes (5],
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] =il
= 'E%: -1
=Bl L~
Y -n = =
- ——
-m " et '.1‘" et
= ;-“ 'I||r = =__.__ - _.F__. -
- 1. =0 P L
e |
00l el } i
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(111 (1] Frigeangy—&Hi

malestion mairis

e mmlel. These fsctors imehide ra-
ilistive eoupling. tmesmission-line
coiplisg, amd BF-go-control line ledk-
ngr. |n some eeses, negleeting thess
effets may only cost o fiew tenthe of a
decibel. In cther cases, the resulls
Ay by devastalang—es the anber of
20l B oo e 1w tems of performanoe
degradation. In o design where s
imadation is ecpasctosd (30 AR or lower),
effects such as afation aml BEF lesk-
age may b rises Kl b Chas |ndue et
l=olation Hmistions of the selected
et iows, Hindeset, [R coes i e g
MNIC lenlstien “nolse Goor” i kever
£ 50 e 0 1R, Lyt rednbisd] Bssnes
b sigmilicant. Following appr-

prsate HF-layouat gubdelines cas mini-
mine oF eliminate these secondary
4" -
Truditions] RF:layout paldelines
Inelude the use ol mitered benids, e
uste sacing bt veen KF transmis-
sl |Ipmes, Lapweriad transitions, main-
tnieing progesr 0k Hne widths, e
wiell as proper grounding of eampso-
nents nod connectors. However,
high-EBalatiecn switching malrioes
Frgalre Ilgl"Jrl' |.u:||'l.|'| aEELFsTLE ih
oriler te achleve the performance
wharihi [0 Pewalids,

Baoth af the elreuit deslgns present-
el here tse grotumded-eoplanar-wave-
Emide (CPWh trsnsamissson |ines, as

%, firmaabed and measuned Eanamiasian (a) and malching performancs {b) are showm lor the Iowr-channed andenna

opposnd to mierustrip, There sre s
eral m=sons why CF'W s a desimble
Ragred!, ehioboe

o UPW cransmisslan Haes with
tight gaps support narrower lines,
therehy sasing layoat constraints

= UCPW shomlsd reduce radintion
mnd eoupling sisee fringing Gelds
shove the PCE will have a top-laver
groamad on whizh to terminate.

& CFYW provides a ground under adl
gl componenis, By usdng n higher
e I'|n|l:_'¢' ol |r|r|:r-||-lllnlll._ﬂh grond
wwlan wiiuler coimEenba, islatinn can
I | regparosi el

& W Enies wre cory enlent foe BF
bypassing of [ and low-frequency

T
- T

™

]_-“:["'?En

—
= ] PTG 3]
L2 CFW

#]

& This Librs maciel wad obiained foe the iwo-channel LD seletion matre in e AFC20-AF 1 0N alate,

S-% wron
RFE
o o

“l.ll.-l 2% &T ER TN 13
il Frogeavey—a=i

5 L7 18

LU

]
B @3 BS A B8 17 13 1A AT 19

Frbaabncg - GH2

welgction matrix,

T. Monsored &e well &8 simulaled Irensmissson (8] & matching parsmeten (D) wede oDLEMSd Mof (P Pwo-chanded LD
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Feogumaty—GHr

e % ie FE I

8. The efiects of different

Bohemes are examined using the

maasuned AF leakege prosent ol 1he solsied ewilch outpul.

lifvi=s minoe the grotnd plass is in eloss
proximity te all lines—supporting
plesoment of shumnt chip enpaciton

= W trunsmission lines regquire
fnr heis tooling e for profobyping
on eircait milling machines, This {=
dini tomiost of e groanil plane being
befl intact.

When ustig CFW, il I8 necessary
1o inclode plated throagh hobes 1o
conneet the top anid boettem greanid
panes. These holes must be spaced
closaly (A0 o ks relative 1o the
wavebength ot the maxbmum operat-

imgr fregoency, The effect of plated
throagh holes is to channelize the sig-
fals am] prévent “hot spots™ on the
copilanar grouml.

Aol b pecoamemeruded Lyt Lech
nhgae # the tise of a mallilager PCH.
Al of the disigns resentinl bve bee
a four-lnyer PCHs Ssbricatod st Cle-
cufl Peoaord Express (Blaverhill, MA)
Theere are Swo Koy neasors why this i
tlieerabibi

* Twoelayer boands may resull in
D gnall JoweEroquemsy lines dividing
the RF ground plane, so that yurioas

Koty

in

D A D
] s

LE N

Ak
SEEENENE

[ 1] ar (L] 14 13 15 17 1.8
Frpmaty—OHE

. Messiiusamants parformed on Tha two-channet L0 selection clrouit
demonsiraie & relationship belwesn switch spacing and ieolation.

eumporsnts will met share o comemon
groumsl. 1f mubltiple lavers are used,
the metal layer directly below the RF
Irmdis iy b Kegil Biact bo ackieviea
eontinsons KF proamd plane,

& A sinndard tobe] PCE Ehlciresss of
0062 jee (1T mn) pusrsnlees n me
chanically stunly design and pronvides
eampalibibty with standsrd INCB
edge-moant eonneclors. However,
usimgg an RF-groond.plane sparing of
U063 i b= ok desdrnble beoause of the
widle lisee widlihs redpibred. & malikay-
or PUB enables the BF grousd-plane
spacing to be kept small, while the
overall layer stack-up =il remains
e andoadly favorablo.

The henefit of waing & multBayer
topology is demonstrated by the
fomr-chanes] sntonne selection ma-
trix fromn Fig. £ In thal desion, ol of
the BF components were plassl on
matal lnyer | while all of the contned-
logie eomponents were placed an
metal layer 4. The control-lagie
traces are of moetal lavers 3 and 4,
w hibe et Liyier 2 e lieft indaed s an

KF ground plane.
MINIMIZING LEAKAGE

In maedition bo the BF imgrot mnad ot -
pal pins; packaged SBIC switches
afleh coflald & samber of TR or Jow.
Frequeney contml and sugiply s,
i s b il crplligg, besal wrire
coupling., umd RF leakage within
the MMIC components, o amall HKF
levvel willl bee pressent 51, theeve pon- RF
s, I thse PO Byrous, f be peosilde
Lo rrinimiee te ofSects of this akmge
by pladng BF-bypass mpacilors on
Rl I arad loww -Treduesncy Bnes. These
bypise capacitors shoild ke as dose
tivthee B F benboge souren s (e layout
will allow—ideally direetly 51 cach
MMIC costrol or suppdy pine 1 the
R F-bypass capacilors are ton far
from the leakage soarces, the RF
lenkage may endiate or couple to
other structures in the cineuit.

Leakage beiween parts may be
ferther redluced by placimg series
resieiors on Lhe contred lises and by
ndiding Bypass ewpasitors on long
traces bitween awilehes. A model
wus constmiclid in erder to deman-
sirati the efTect of Lhis leakage on e
performranoe of o kgh-leolstion e
euit. Using & test fixtore with SALL
connectiors, the S-paramelors b
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Swatebrag Matricrs

Table 3: Twoe-channel LO
selection circuit performance

50 b 1000 MiHe | 1808 1o 2000 WHs

mataon s 158

twewn Lo B FC and e A mnd B con-
trd lines of the HMCTHMSS SF0T
switch were measured. Thiz mes-
surement was performed by using o
bibms e Lo bn et [AC onbo Uhe contined
lime. The |ssertbon loss due to RF
lealkage was agproximetedy 25 (o B0
il at 2 GH

Nenl, Lhe messursl BFdo-rontrml
B-paramster datn wias weed to obain e
Likbrn model for 5 mingle eagth of con-
trul line betwesn bwo switehes on the
twe-rhanne] L0 selection ot Fig.
ure H shows the FLF hevel present af
Lhi lsedsiten] wadneh mitpi dui Lo the
leabage on this single control s for
fiar ififfierent by pssing schemes. For
high-lsolaiion cellalar or PCS applies
thorm, KEF hypassing of EH 5F with a
sieries 1-K{] resistor on each contrl
linis 18 PR e

There B2, hirwever, & trade-oll he-
tween swilching spesed] and lsolsties—
gorverned by v = RC (where 1 |s the
swilehing Ume cofstant, I = resls-
tamee, mnil L s capacitanoe ). The lang
esi presible hypass aapacitors which
slill meet the switehing-speed re-
gillrermeils shiiikl be selectod in or
der 1o malntaln m ow s banee |;g||_|1
1o groumil. This i particubardy impor-
tant in the lower frequeney runge
since Lhe impedance (2} of & eapseitor
1® govermed by £ = 1/l (where »
Is the railinn Prasguticy 1.

Kndintive coupling & & criticsl fac-
lor in spplications requiring extreme-
|y-Bigh Balation. When o trursmis-
slos line termicates sl the pin of &
packuged component, most of Lthe
sigmal is eiher launched Inte Lhe
device or refllected. However, the
nieh-udeal patime of the tramsition will
resiny in m sreall frsction of the power
being radiated, In effect, the tratiss-
tion behaves like o antones (foris-
nately, an extremely ineffickent one)
The intensity of the radistisn
deereaees rapidly with distance.
However, some of (b Fadiation may

couple back into
the circuit, This
Fan aftur in unde-
slrshle losalione,
mach ns the i=olat-
e paith of m ewiteh
T

A demonsira-
tion of ihe efferts
of radintive cow-
plEng was per-
[, Thiress visr-
&lanE f the
two-chaspel 1O
eslection eirenlt
were bullt—with
thi tFamemisEion-line l:llm:i ng he
tween Pwibodes al (K7, 05 afd 0.9 in.
(L.78, 200, ard £ 5 e}, Pespctively,
Figure I corqures the measared s
Iation for each design while Table |
presents the menn bolstien in the
basare

There = & direct. relatbonsbip be
tweeen swited gpacing asdl iselation.
Mote that in wll theee cases shown in
Fig. 9. the isclation performance flls
far short of the modelsd dais from
l“."t Ta. This eiscrepancy is primariy
due to chanselfo-channel rallative
cougling. To mindmize this effect, i s
Necessary o tse F shislding covers,
By encosing each switch in o =enall
|HH.I.|I«.|I'|.!. Lhar Faadistsoe It wewr chan-
nels |= nlmost totally elimisated, im-

USING A MULTILAYER
BOARD PROVIDES

SEVERAL ADVANTABES,
INCLUDING THE

ABILITY TO MAINTAIN

A CONTINUOUS
RF GROUND PLANE
AND 3MALL
GROUND-PLANE
SPACING.

proving isolation performance by
e thas 25 4B (Fig. 0L The BF
shiplds used are standard off-Lhe-
ghalf preduets (e Folofabricslon
Caorp. (Chissgn, [L1

The reaulis in Table 1 suggest
pemsitbeming the awitches as far apart
a8 paesible in
ardioF L6 T
imclation. Howey-
ier, this i imprae-
Ueal dae 16 8 rese-
fiiihed Lhil moeves
down infreguency
ms the spacing
between swilches
i Encreassd. Fig-
ure 11 ehivws imdal-
eled dais for ihe
isolation perfors
inance as a fane
thom of ewitch
Epasng When the
transmiss|om-ling
length reaches 16
in. (EH1 cm), the
resoeance b 5 Lhe PUS requency
bamd]. Consequently, there i o trade-
ofT bElween reticing the raliative
eonpding (anshbelded) nmd avold|ng
this resonance. A reasonable com-
pramise [ to allow & kil epacing
Bt wreas @witches al the haphesd fre-
peeney of Eerest.

M=t of the dhesigm nnd modeling fo-
a8 has been on deserihing the jsolat
sl slates of the switching malrices
Hewever, there sfe sofne cofmbifiora-
tions that muosst be tnken ingo secowni
im order todevelop an securate model
of 1he transmissbon stales. The pri
FEAFY FMjLSInehls afe

® Aecuraie line-longth measire-
meerts. (whin back modeling existing
phiveical designel,

Lo L=

e

| f—b-""':

=1
=148

1 83 8% BT AN
Frageemsy—o)

Vich g o

L] L R & T 1.8

I The inctatisn pariarmancs of Ehe feg-chanme LD seleclion cintus is
sigraficandly iImperoved by emplaying AF shislding,
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d 4
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& Vil meedels for DiC-Blacking ca-
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andl resonenee frequency|

The first eriieris Is easy (0 pevem-
plish. However, it is impartant be-
enuse an errer of o few Lenths of an
inch in Ene-length estbnslion cam me-
sult in & few handred megnheriz of
offset for certaln performasee a1-
tribwtes, such ne nulls in the retarn
lns= or isolation.

Muaterial paramsters such as o, and
tan B e generally not specifled pre-
elmely for low-cost materials soch ae
FEA. However, these parameters can
be determined experimentally. Note
that &, affects not only the trans-
milszlin-line lmpelanee, bl also the
wheetricall lengib For the FRY mate-
Hal s, the meamsired PCE loss for
H0-01 Hnees was approximately 0.1
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An meoarate cireuit model for the
apaciiors should be abtained from
ike manafacturer. This is critleal
sinew ot high frequencies (> 2 GHz),
typlenl how-cost eupaciiors exhibit 5
rodl-0iT in their insertion=loss perfor
g (dise 1o Lk rssonance char-
actoristics). The mideled dais given
here uses the Librs CAPF2 maode] for
non=iden] mpacitors.

It may be undesirable to uss DO-
bdocking enpaciiors |n high-frequen-
cy designs due to the insertion-loss
rodi-off induced by thise devices, In
thee two-chansed L0 seloction circuis,
|& may be pesible to efiminate DHC-
biockieg capacitors i the system in
whizh the cireait s nesd s AC-con-
plesl. However, in the four-channel
antenns selection matrix, the inter-
switeh D0 blocking s required snee
the fomr HMCIS0MES chips and the
HMC18Z214 switch are operated ol
itifferent logie levels. An aptional
desipn invadves operating the HMC-
LHOMSE with negative bogle levels,
eliminsting the need for the fve
imter-awitch DC-hlocking capacitors.

Tablis 2 ] ¥ supamarioe the men-
miFed peEfformmance of the SPAT an-
tenna switehing matrs and the SPOT
L-selection eireult, respeetively
With twa design iterntions, the mea-
sired performance of the devices
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