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ABSTRACT We have devdaped a brvadband 180' phase 
switch using oae-aided @mar gromnded slotline design. The 

(aw) to slotlime trams" acting as abdu.TLir&s@ 
OdFerr several advantages over exidimp topoh@er it 
ml d t e d  to " d i t l i t L i e  "wave  &egmted 
(MMIC) i.tegrstioll. Tle mdpbar  rllarn for 
simple modale hteg" and tbe dot truryia #h a 
ataLi frcq.e.ey sem the same fk" as a w a w  
trandtioa .sed in "Wptiera rad mixers. We f'aW a 
switch .dag flipcL$ Sch&tky diodes amd dewnhated the 
circait as a W-bud p i u e  switch amd a aoirer. The switch 
has 5 dB hertiom loss and phase fl.tlrars f l O o  from 90-110 
GHz As a mixer the d d t  performa with 12 dB coaverdon 
ku frea 76-112 GHZ, with an IF hdwidth excecdimg 25 
GBlr. Tkis performance is anpmabb to a-w 
avaUsble waveguide mixers, which are f i ! ,  uUh 
MMIC integration. 

rcriB .poll a Boudtd c0pl.n 

1. INTRODUCTION 
TIE development of millimeter wavelmgths for 

tekcommunications, miIitary and radar applications has 
v e d  up new challenges for fresuency convgsion and 
signal moddation. Pbase switchq used tbr direct signal 

hkh-ZeLmda d g u r a t i o n  are a key component 
required hr broadbandmillimeter wave systems Mixers 
and multipliers at these fkquencies require bahms for 
dlkht  broadband balanced opuation. Historically, good 
perftnmance has been obtained using waveguide based 
balrms. Altemative designs use doublesidd stripline 
toporOgieg to obtain a broadband 180' phase o w  (ref 
PMPdcsigu). 

The circuits described hete were designed for 
ajvplkatim in an ESA/NASA mission to sbdy the 
Cosmic Microwave Background The receiver design for 
the P h c k  Low Frequeaq Instrum& requires a phase 

fl0" Imd amplitude balance of 0.25 dB. nese strict 
m q t k n m t s  were twesary to obtain receiver switch 
khth, while canceling residual r d v a  1/f noise. The 
MAP eqieximat had similar require.5lents which mere 

phase modulation, and amplitude "n - t l n r n g h  

SW&& with 90-110 GHz bandwidth, phase balance Of 

met with stripline base slot transition phase switches. On 
Planck, the density of receiver elements requires the use 
0fMMICink.p" . aadannpactmodnhThcnseof 
x 6 m - q + e W ~ ~ ! l R u C m c f i a a i b l e .  

I t ~ r e E a g p i a e d c a d y O n t b a a t h t s a m I e  
component for m, using GSc swif&lg 
SchottJcydiOdeg wuldfimctionasapbmswitch,mixa 
and a multiplia. The desiga and devdopmmt of this 
component is described below. 

11. CIRCUIT DESIGN 

T h i s c i m u i t m r e s a C l P W t i m k d i n g ~  dish 

transiticlmdtoCPWtObringtht~aot~clesispUf 
o(IMIccted to the edgp ofa skdiue Thc dotline isdren 

the d c a l  CPW-s€dine b" is the key 00 the 
devekqment of this component. Several CPW-slot 
transitions have been described in recent years 11-51. This 
circuit has all elements located on one side of the 
substrate, making it compatible with MMIC pmcesses,. 

The approach taken was to adapt the eva~-mode 
CPW transmission line to odd-mode dot, tbu& an 
abrupt transition with CPW ground tuning to provide the 
necessary phase delay. Impedance tuning of the transition 
is accomplished through a high impedance section 
immediately before the transition. To design the tuna, 
the transition was modeled in HESS and mode-matching 
techniques employed to provide an efficient coupling of 
enerw to the slot. Grounding of the slot metal to bottom 
metal provides a cutoff frequacy in the slot. This proved 
to be a valuable trait fbr the use ofthe circuit as a mixpr 

or multiplier, separating the ditkent fkquency 
components. 

The phase switch was desi@ to usea PIN or 
Schottky diode with less than 0.02 pF junction 
capacitance and 5 ohms on "e Such diodes are 
available commerchlly in beam-lead and flipchip die as 

demonstration, we opted for a Schottky diode pair 
produced by UMS (UMS part numh DBES105). We 
have also developed this circuit on TRWs InP PIN 
process and on Dtimlez-Chrydtx's PIN process, with 

well as in commercial finmmyprocesseg In this circuit 



similw phase switch results. The diode has a capacitance 
of 0;015 pF and a resistance of 4 ohms, so the makhmg 
circuit was actually over-tuned. 

111. CIRCUIT FABRICATION 

Several variations of the circuit were produced 
on 4 mil thick alumina substrate with 4 mil -via 
holes. The variations allowed us to evaluate subtle efE& 
of via holes, slot length and the impedance tnners. The 
mcxpasive medim, readily available, made this a hDw 
cmt approach. The Circuits wae designed with CPW 
inputs and outputs to allow fm wafer probing and easy 
multichip module mtegration. 

Figare 1. BuIc drcdt layout. The CPW bpt is s h  on 
the left with tk a p p ” t e  loeptioa of the l ! 4 ~ M p  diode 
sbcmz The tm“ from slot to CPW Is shown om the 
right. The circles show the locations of tke top metal 
grolladirg via hdes. 

Chefid study of passive back-teback transition 
structures revealed the presence of unwanted radiative 
modes propagating fium the abrupt i r a n s i h ~  -B 

modeling of the structure confirmed the of k 
modes and also revealed that i”e . shathagofthe 
topmetal grounds, would eliminate &e modes. We 
d e d  this with bond wires placed across the CPW 

grounds near the transitions (Figure 2). 
The diodes are desigad for flip-chip bonding, 

with -5 micron high gold bumps. The diode pair is 
placed manually and attached to the substrate by 
thennosonic compression. The diode package could 
alternatively be soldered or epoxied into place. The 
assembled Circuit is shown in Figure 3. 

Figure 3. Assembled drcmit with diode8 inrt.llod. The 
circmit is also shown with the external bias tee used in 
the mixer tests. A second diode pair is shown face-up 
at tke bottom of tke photo. 

rv. MEASURED PERFORMANCE 

The phase switches wae 6rst IIle8wIcBd using 65-115 
GHz wafer probes and iiequu~cy srtendas anan He8510 
vector network analyzer. The circuit was firsttc&cdasa 
phase switch- The “d pdm”x is shown in 
Figure 4. The inSatian Aoss -at91 GHz is due to 
substrate modes Bssociated with the via hole sjmchg 
Modification of the via holes was effectivre at mwiog the 
resonarrce~equeacy,butwearpre~to  ‘. . itm 
thisfinti”. 

The Circuit was sobscguently tested as a mixer. A low- 
pass filter attached to the RF line with aboad wke suved 
asanIFpurt .  ThelocalosciuaOar-pmviddbya 
multiplied ampMed sou~ce connected to the circuit 
via wafg probe. n e  RF s i @ d  &-5 a n w a s  SimiMy 
cormected.TheIFwasalsocumddwithaudkr~ 
sigaallevrLsarprecatibratedwithRF~mdasatleac 
pro?= wave@de purrs The logs of tbe probes - 
assumed to be -1.2 dB, as given by the I”- ed 
back-bback loss measuremeats The IF port loss is 
assumed to be 0.5 dB. The umversion loss of the mixa is 

Figare 2. Backto backtransitions shasri.g with 
bond wires to reduce radiaiive effects. 



shown in Figure 5, as a h d o n  of LO freq-cy. The 
data are also shown in Figure 6 as a h & o n  of IF. 

kquency. The umversion loss as a hct ion of LO 
power are shown in Figure 7. The mixer conversion loss 
is comparable to commercially available waveguide 
miXas[6,7]. The circuit exhibits record simultaneous RF 
and IF bandwidth. 
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v. CONCLUSION 

We have demonstrated a planar 90-110 GHz phase 
switch. The circuit has also demonstrated staboGthtxut 
performance as a hdammtal balanced mixer fhm 78- 
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Figure 7. Conversiom loss as a fuetioa of LO 
power. The LO frequeacy was 93GHq 96 GHz 
R F  

110 GHz with 25 GFJz bandwidth. The circuit was 
fabricated using flipchip GaAs Schottky diodes and has 
also been d e a n d  using PIN diodes in a fony 
integrated MMIC process - 
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