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KA~
BAND MICROWAVE INTEGRATED CIRCUIT

SPDT SWITCH DEVELOPMENT

1.0 INTRODUCTION

1.1 Program Objectives

The objective of this program was to develop a

practical broad band, integrated circuit Ka~
band single—pole—

double-throw switch with driver with the following performance

requirements :

Design Design
Requirements Goal

Frequency : 26.5 - 40 GHz

Power Handling Capability : 2 watts CW

Insertion Loss: 2.5 dB max. 2.0 dB

VSWR: 1.7 max.

Isolation : 30 dB m m .  40 dB

Amplitude Tracking: ± 0.5 dB ± 0.2 dB
RF Transition Speed: 10 ns 5 ns
Total Switching Speed: 20 ns 15 ns

(including driver delay)

Switching Repetition Rate: Variable to 2 MHz
Driver Control: T2’L, 1 or 2 bits
Input/Output: WR-28 t aveguide

Also , the switch must survive looking into a 2:1 VSWR , and
it must be capable of “hot switching ” .
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To meet these objectives, Microwave Associates pro-

posed to build two switches using different microwave
integrated circuit (MIC ) formats. One switch would be in

microstrip, using a Duroid teflon—fiberglass substrate ,

and the other would be in fin-line , also using Duroid as

the integrated circuit material. Both switches are to

use a high-Q, plated heat sink diode developed by Micro-

wave Associates Ltd , M/A ’s English subsidiary .

This report covers the design and performance results on

both switches.

1.2 Background

There are currently no SPDT Ka~
band diode switches

on the market and no SPST switches which cover the full waveguide

band. Thus, there has been a great need for the development

of a broad band switch suitable for use in new systems which

will be operating up to 40 GHZ.

For the past several years there has been growing activity

in extending MIC techniques into the mm—wave spectrum. Much

of this activity has been devoted to exploring the suitability

of various MIC transmission line media——including some quite

novel forms——for mm—wave applications , and their potentials

for low—cost reliable microwave components. Also , improvments

in semiconductor device technology are yielding diodes of

exceptionally high cutoff frequencies , such that MIC circuits

using unencapsulated chips will be capable of low—loss broad-

band operation well into the mm-wave region.
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Fiqure 1.2.1 shows the cross-sections and configura-

tions of most types of transmission lines , either in wide

use or under active investigation for use in the mm-wave

reqion . Figure 1.2.2 compares several of these lines with

respect to a number of properties pertinent to various appli-

cations. They are listed in order of decreasing 0. These

0’s are representative values to be expected in KA-band ;

actual values could vary considerably , depending on size,

materials , surface finish, etc.

The most important transmission medium properties for

the switch application are its suitability for mounting chip

diodes , intercircuit isolation , and the potential for low

production cost. Low line loss and ease of transitioninq

to waveguide are also quite desirable. Microstrip and fin-

line were selected for the switch development because they

possess favorable combinations of the desired properties.
• Suspended substrate stripline was also a strong contender ,

• except that it is not as convenient for shunt-mounted diodes ,

which are preferred over series diodes for switches.

Conventional microstrip, that is alumina substrate

microstr ip , loses its appeal above Ku-band because , as the
substrate thickness is reduced with increasing frequency

to control its tendency to radiate , the line widths become

very narrow and the line losses become unacceptably large.

This problem is alleviated using low dielectric constant

substrates such as teflon fiberglass or quartz. The appli-

cability of Duroid material through Ka~
band and beyond has

been amply demonstrated by Rubin and Sau1~~~ of the Naval
Ocez~n Systems Center, and it is gradually coming into

(1) David Rubin and David Saul , “~tm-wave MICs Use Low Value
Dielectric Substrates ” , Microwave Jnl. Vol 19 , No. 11 , Nov 76,
P35.
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METAL WAVEGUIDE 3000 — 4 4 1 1 4 3 3 4 VERY LOW
IMAGE LINE 2500 3 1 2 1 1 1 1 2 1 HIGH 

—

SUSPENDED STRIPLINE 600 3 3 2 2 1 3 3 4 1 LOW
FIN LINE (DUROID) 500 4 4 1 2 3 4 1 3 2 LOW
MICROSTRIP (DUROID) 300 3 2 2 3 4 2  3 4 2  MODERATE
TIM LINE (ALUMINA ) 

- 

300 1 2 2 3 4 2 3 4 2 MODERATE
CO PLANAR LINE 150 1 2 1 3 4 1 1 2 2 MODERATE
SLOT LINE 100 3 1 1 3 4 1 3 3 2 HIGH

4= EXCELLENT
3=  GOOD
2 = F A I R
1 = POOR

(ADAPTED FROM PRESENTATION BY U. GYSEL , FORMERLY OF STANFORD
RES EARCH INSTITUTE , AT THE SOLID STATE MM-WAVE TECHNOLOGY
WORKSHOP , SAN DIEGO , CA , JUNE 21 , 1977.)

FIGURE 1.2.2 COMPARISON OF MM.WAVE MIC TRANSMISSION LINE MEDIA
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widespread use in the mm-wave bands. Also Duroid microstrip

is being used routinely in broadband siwtches up through 18

G}lz. Thus, it is a logical choice for a circuit medium to

extend M1C switch technology up to 40 GHz.

Fin-line has recently received much attention for mm-

wave MIC applications including attenuators , 
(2),(3), (6)

mixers~
4
~ oscillators ’3

~~’~~
5
~ and switches, 

(3)~~(6) Duroid ,

clad either on one side (unihiteral fin line) or on both sides

(bilateral) is normally used as the fin—line material.

The switch development reported on in Refs (3) and (6),

has been essentially concurrent with that reported here.

The two approaches are different , in that the former used

unilateral fin-line with beam lead PIN diodes , whereas the

present work uses bilateral fin—line with plated—heat—sink

diodes applied with chip-and-wire-bond techniques. The

different results obtained from these two approaches will be

contrasted in Section 5.3.

(2) P. Meier , “Planar Multiport Millimeter—Integrated
Circuits” , MTT Symposium Digest , p385 , June 1977.

H. Hofmann , 11. Meinel, B. Addseck , “New Integrated
mm-Wave Components using Fin Lines” , MTT Symposium Digest,
p21 , June 1978.

(4)
G. Beqemann , “An X-Band Balanced F in—Line  Mixer ” ,

MTT Symposium Digest , p24 , June 1978.

(5)

L. Cohen , P. Meier , “Advances in H—Plane Printed
Millimeter—Wave Circuits ” , MTT Sympsoium Digest , p27 ,
June 1978.

(6) 
~~ Meinel , B. Rembold , “New Millimeter—Wave Fin Line

Attenuators and Switches” , MTT Symposium Digest , p249 ,
April 1979.
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2 . 0  MICROSTRIP SWITCH DESIGN

2.1 Design Considerations

In developing a broadband Ka
_band microstrip

switch , the f o l l o w i ng  impor tan t  des ign considerations must
be taken into account:

a. The design of a broadband waveguide-to-

micros t r ip  t r a n s i t i o n.

b. The choice of series or shunt diodes ,

or a series-shunt combination .

c. The number of diodes to he used in each
arm.

d. Diode selection , wi th  respect to junc t ion
capaci tance , series resistance, I-layer
th ickness , and therma l res is tance.

e. Cons t ruc t ion  techniques sui table  for  low
production costs.

For the t r an s i t i o n s , we chose to use a cosine taper to
a ridge guide micros t r ip  launcher similar to the design re-
ported by Saul.W? ~~ The transition is discussed in

detail in Section 2.2

D. Saul , “Wideband Microstrip Components and the ~FM
Discriminator ” , Proc l~ 74 Millimeter Wave Techniques Cent ,”
Vol 2, p P4—i , 12.
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l’ht’ moun t i nq con f i ~:ura t ions t or series and shunt chip

diodes in microst rip w i t h  a nominal . 0 0 8 ”  dielectric t h i ck -
ness a e shown , rout:h I y t o scale  , i n  I~ i qu re .~ . 1 . I . The equ i —
va le n t  c i i cu  ~ t s t or the :ero or r e v e rsed  hi ased state are

al  so show n;  t h e  ci i~i ’ u it  S f or  t he  f o r war d  biased St at e  are
the  sa me , bu t  with the iu n c t  ion cap .ici  t ance shorted out.

Ser ies  dio d e s  a re  much ea s i e r  to mount since holes

t h r ou qh t he ci rcu it board are  not required . A l so the
series i n d u c t a n c e  can he much less than f o r  s h u n t  d i o d e s

si nc~ o n l y  one’ strap is needed - A series—di ode SPPT switch

has much br o ad e r  b a n d w i d t h  capab i  y t h a n  a shun t  diode
s w i t c h , since the first d io de  is locate~i riqht at the junction .

The di  s a dvan t  aqe o t h e  series d i edt ’ i s t h a t  swi t ch i sol at ion

depends upon t he d i o d es  ‘ c.I p a c  i t  ance , and i t  is ossent t a l l y
impos s i b 1 e to oht a in a use t u  1 amoun t  of i sol at ion at
band f r o m  di odes w i t h  the lowest pv .~ct ~ c a b l e  cap ac i t an ce

F i~~ure 2 . 1 . 2  i i  l u s t  rates this point. It compares t he’

cal en 1 at ed insert ion loss and r e t u r n  loss i n the pass st a t e
and i sol at  ion  o t s i ne  le series and s h u n t  d iod e s  f r om  .~ U t o

40 ~ !l in a U,0 ohm system for C = . 0 pF , R = I ohm ,
• and I = - U nU - (~\ t  ~3 ~llL’ , mid K —hand , - ~) pF is 1 t~U

ohms and - I 2 nh i s  2 ~ ohms of react .ince . I’he insert ion

losses ot both a t e  about t h e  same , i m t e d  essent ial ly by

the mi sma t ch cauSed 1w t he series i nd uc t ance ; t he ser ies
diode  i s  si iqht  l v  be t t ci- because ot t h e  l ower induct  ance

I n c Ve ’J  s i ne  t he  ser ies  re i st  ance t o •~ ohms inc  rea sos t he

inser t ion loss ot  t h e  shun t  diode Lw less t h an  - 0.’ d1~
whereas  that of t h e  series d i o d e  m et-eases by about 0.2 dI~.

The isol at ion , on t h e  ot her  hand  i s approximately U

f o r  t he  s h u n t  d iode , 1 m u t e d  prim arily by the diode ser i e s
res i s t  ,inct ’ , and as low as • ‘~ dB fo r  t he ser i e s  diode .

Even reduc i net C to - 0 1 pF , w h i c h  i s p r o b a b l y  not  p r a ct  i c al

at  le a st  or hieth—speed switch , would only increase t h e

isola tion to 1 1 .  ~ dB a t 4 0 ~lIL -

— 8 —
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Figure 2.1,3 compares the characteristics of series

and shunt diodes in 2-diode SPST switches. The parameters

are the same as in Figure 2.1.2 , and the spacing was chosen

to match the pairs near 33 CHz. The isolation of the shunt

diode switch is about 65 dB; even with R = 3 ohms, it wil l
still be about 45 dB. The series diode isolation runs from

22 down to 7 dB; its insertion loss is also .1 - .2 dB higher

than that of the shunt switch. Clearly, it is essential that

shunt diodes be used for  a Ka_band switch. Also , these re-

suits indicate that two diodes in each arm of a SPDT switch

should be adequate from the standpoints of insertion loss,

isolation and bandwidth.

The return loss at the band edges , calculated for a

SPST with 0.12 nIl series inductance is only about 1 dB highe r
than desired for a complete SPDT switch. The effect of the

wire bond inductance on the insertion loss and match of a

shunt diode SPST switch is shown in Figure 2.1.4. Here again

the spacings were chosen to match the pair near 30 — 33 GHz.

For .04 nI l , the match would be better than 40 dB and the

insertion loss would be negligible. Such a low inductance

is , however , beyond a practical limit. Small capacitance

diodes have very small top contacts--typically under .001”

in diameter--so that the bonding must be done with fine ,

high inductance wire. Consequently, using .0007” diameter

bonding wire , we expect the minimum inductance to be in the

.10 - .1.5 mU ranqe. Also , in fabricating the switch it is

important to keep the leads as short as possible .

For any shunt diode switch, low series resistance is

desired for high isolation , and low capacitance for broad-

band , high frequency insertion loss performance. The pre-

ceding calculated results indicate that excellent performance

can be obtained with C~ ‘- .03 pF and P
~ 

in the 1- 3 ohm range.

— 11—
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Fas t  sw t ch i nq speed demands  a t h i l l  I — I aye I d iode , wh i h e

h iqh  power hand I m e t  . ib i l i t  y requires t h i c k  1— l a yer s  and low

therma l r e s i s t a n c e .  At the’ specified 2 w a t t  1 (‘vo l , d iode

burnout i not the power—limit i liet of feet . L~at her i t i t he

chan qe i n  i sol at  i ~m and i nsei t ion  l o s s  d ue  t ‘ t i o i i — l  i tu ’.ir

resistance antI hio.i t 111( 1 of t lie d io d es .  We t ’st  i m;i I (‘(I t hat

a Lt ~inl I — 1 aye r  d iode  won I (1 represent  a reastmabl e colfll’rernj SI’

i n  t h e  swi t ch in q  speed——pow e r hand  1 i 11(1 t ratk’ o t I . Thus , 1

t he swi t ch dove 1 opnuent , we used an except i on.i 11 y h i  ah — Q

loW cah’ ,lc ~ t aiice , p 1,1 ted—boat —ii i uk dt ode deve l oped by Micro-

WaVe Assoc i at os I t  d , M ‘A ‘ s I~nq I i sh subs i t I i  a iy • rh i s ~i i ode
is descr ibed i l l  dot  •u I I l l  Se c t  ion 2 .

The eve ra 1 1 sW i t  ch des j e t  ii i s dose i i bed i n Sect i on 2 . 4

In des i , u l i  i l i e t  I lie sw i t c h ,  cons i de i ,ut ion was et i von t o keep i  net

t he  u it i m at  e p roduc t  ion coSt s doWn . I n  p a r t  i cu 1 a i , t h i  s
mot i v . it  ~ d I he choi  e’i’ of p l a s t  ic  subst  l at e , r a t  her t han c1~i . u t .~.

and i t - l ed  i t s  t o  den l e n  t h e  W a v e e t n i  d e — m i c r o n t  r i p  t ratis it ion

fo r  I OW con t p roduc I i on.  A I SO , ~~fl Sect iou (~ • 0 we suet~~’ St

atiot hot t i •ins  i t  i on t echn i quo w h i c h  cou 1 d f u i r t  her  lcdnc( ’

vol  nm~’ p r oduc t  i on  cost  n t l b s t  an t  i •il 1 y

— 1 4 —
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2. 2. Waveguide-Microstrip Transition

Single—ridge waveguide forms an excellent,

“natural” launcher to microstrip line , since the field and

current patterns of the two are quite similar. Rubin and

Saul at NOSC~
1
~ developed a tapered ridge, transforming from

full height WR-28 waveguide to a single ridge gap which mated

to a 010” Duroid microstrip board with a 60 ohm microstrip

line. We have adapted and modified the NOSC transition

design for use in the SPDT switch; Figure 2.2.1 shows a

schematic cross—section of the transition as used in the

switch.

The shape of the taper is a cosine curve about 1.5”

long—-about 3 wavelengths at Ka
_band. We increased the

• amplitude of the cosine to mate with a .008” Duroid board

with a 50 ohm line. The ridge is .040” thick . The nose of

the launcher is chamfered to approximately the .023” width

of the line , to reduce the fringing capacitance of the corner.

To match the transition we added a .005” - .010” length of

Duroid in the ridge guide gap as shown . In fact, varying

this length is the only tuning required to compensate for

slight dimensional variations from unit to unit .

In our early experiments we found it necessary to have

a narrow channel with a low roof over the microstrip near the
launchers to avoid mismatch and radiation effects of higher

order modes. Therefore , we have included in the transition

unit a short section of reduced height and width guide at

the launcher end , forming a small bridge over the microstrip.

— 1 5 —
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We have also redesiqncd the transition assembly to make

it less expensive to manufacture than the NOSC version . The

cosine taper, includinet indexinq tabs on each end , is

machined out of flat stock on an optica l tracing miller , and

a standard WR—28 copper quide is slotted in the top wall to

take the tapered part.. The UG—59~ /U flange is added and

the three  pieces are  brazed toqether. The waveeuidc’ end

is machi ned o f f  flat , remov in q one m dcxi nq tab.  At the
launcher  end the quit.I e t op w,~l 1 and the in dcx in q  t ab  on t he’
tape r arc mi l l ed  o f f , l e a v i nq  the side walls and floor as a

e tu id e  to position the bridett’ , which is then soldered in  p lace.
F i n a l l y ,  the enti re assembly is s i l v e r  p l a t ed .

Typical  p e r f o r m a n c e  of t h e  t r a n s i t i o n  is &iivc n  in Fie ture
2 . 2 . 2 , which  shows the loss and match of back—t o—hack  pa i r s
of t r a n s i t i o n s, sepa rated by 0. 5” of 50 ohm m icr o s t r i p  l ine ,
fo r two di I Ic rent  as scmbl i en . The ret urn  1 o ss of t he pa i r
is t y p i c a l l y  much bet t e’ t han  20 LIII over the  band . The
inse r t ion  losses of the c i r c u i t s  ran 0.~ to 0 . 7  dI~ f rom
2 6 .  5 to 40 ~~~ , most of which is due to the m icr o s t r i p  l i ne .

• We did not a t t e m p t  to  eval u a t e  the i n d i v i d u a l loss c o n t r i b u t ion s

of the l ine and t r an s i t i o n s .

— 1 7—
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2.3 Plated Heat Sink Diode

The plated heat sink (PHS) diode construction

developed at Microwave Associates Ltd. can best be under-

stood by reference to Figures 2.3.1 and 2.3.2 which illus-

trate and compare the conventional and PHS mesa diode

structures. A conventional PIN diode is made by growing

the I—layer on an N+ substrate , and diffusing the P+ layer

into the surface of the epitaxial layer. The back of the

N+ layer is completely nietalized and small dots on the P1-

side are metalized prior to etching the mesas. In the PHS

technique , the P+ side is metalized entirely and then plated
up with several muls of copper and then gold plated. Next,

the unmetalized N+ layer is thinned to a fraction of a mu

by etching, and then the dots are metalized on the remaining
N+ material , followed by the etching of the mesas.

The resulting diode has a significantly lower series

resistance, R5, than the conventional diode by virtue of
almost eliminating the contribution of the N+ substrate .

Series resistances around 1.5 ohms at 10 mA forward bias

for junction capacitances in the .02 - .05 pF range are

typical. Thus switching cutoff frequencies of > 2000 GE{z

are attained at 10 mA whereas cutoff frequencies < 1000 GHz

at 10 mA are typical for conventional mesa diodes. Con-

ventional diodes can sometimes be driven into saturation

with about 100 mA of bias to bring its resistance down to

comparable values , but the switching speed will suffer
correspondingly.

The PHS construction also has the obvious advantage of

a very low thermal resistance from the junction to the mount-

ing surface in the microwave circuits, since the normal thermal
path through silicon is rep laced by copper, which has almost

—19— 
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5 times higher thermal conductivity . Thus , for circuits in

which the diode is mounted on an adequate heat sink , such
as shunt mounting in microstrip or stripline , the circuit will

handle substantially higher average power than the conventional

diode . In a typical installation the thermal resistance is

roughly halved and the power handling doubled.

The PHS diode has reversed polarity, that is it is a

“NIP” rather than a “I’IN diode . This necessitates using a

reversed polarity driver or isolating the diode mount from

dc ground. Since the driver we use provides both positive

and negative outputs , we have employed the reversed polarity

approach.

Pafforci of Microwave Associates Ltd. reported on SPST

switches in the 55-75 GHz range , using the PHS diode in a

ridge—guide circuit.(8) He achieved 5 percent bandwidths

with 1.0 - 1.2 dB insertion loss and 23-25 dB isolation in a

single diode switch. He estimated that the switch , with 3 urn

I-layer diode , would handle at least 1 watt CW. Also the

diodes were gold-doped to reduce the carrier lifetime and

enhance the switching speed ; RF transition time under 1 ns

were achieved.

For the Ka~
band MIC switch , where a 2-watt capability

is desired , with a 5 ns switching speed , we chose a slightly

th icker diode , and eliminated the gold doping. We estimated
that a 4-5 pm diode would handle the 2 watts without suffering

insertion loss degradation with 5 volts of reverse bias

applied in the pass state. Also , since the driver will

switch a 8 pin non-gold-doped diode in under 5 ns , we could
forgo the doping, which improves the diode series resistance

at low forward currents.

A. P a f f o r d , ‘An “0” Rand Fast PIN Node Switch” , Proc .
European Microwave Conference, p674.
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The PUS diodes d e l i v e re d  fo r  t h i s  pro etrani  were specif ied
by t1icrowa~’e As sociates  Ltd to have the f o llowi nq  pa ramete r s:

~1un c t j on  C a p ac i ta n ce : C .  = . 02  — .03  pF
Series Resi s tance : 1.0  — 1.5 ohms
B reakdown V ol t  ae te :  90 ‘~

‘

Ca r r i e r  L i f e t i m e : 90 ns
Therma l Resistance : 40  OC~~~~~~

F u r t he rmore , these diodes were p u n c h e d — t h r ou qh  at zero bias ,so th a t  it is not necessary to apply  any reverse vo l taqe  to
m i n i m i z e  in s e r t i on  loss

—2 I—
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2.4 Driver

The switch driver is the MA8417—203 , a thin

film integrated circuit driver developed at Microwave Associ-

ates for high speed , high clock rate applications. It is in

an hermetically-sealed dual in—line ceramic package and is

readily integrable into the microwave package .

Figure 2.4.1 is a circuit schematic of the MA8417. Note

that it has complimentary inverting and non—inverting outputs.

Thus with the outputs wired to opposite sides of the switch,

ome side will be reverse biased to 5V, and the other will be

forward biased to approximately 30 mA. The forward current

can be reduced to any desired value by adding an external

current limiting resistor. Each output is divided into a

resistive and a capacitive terminal. If the two output ter—

minals are tied together , approximately 150 mA of spiking

current is fed through the capacitive lead to obtain fast

switching speeds. In our switch , we used the resistive

output only, and did not add an external limiting resistor.

This driver may be biased by either ± 5V or + 12V supplies;

we provided leads only to the ± 5 Volt terminals on the

final switch. It operates from 2—bit TTL logic. A logic

“1” input yields a positive voltage (reverse bias on our

PHS N IP diodes) on the non-inverting output. It is also rated

• to operate over the — 5 5 °C to + 125°C temperature range .

The MA8417-203 will switch an 8 pm thick PIN diode from

30 mA to 5V with an RF rise time under 5 ns and a total time ,

• including delay of under 10 ns. The switching rate is con-

servatively rated at 15 MHz , although it will operate accept-

ably up to 20 MHz.
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The PUS diodes are about 1/ 3 the thickness of the
circuit board. To help minimize the bond wire length

and to make the diodes sore assessible for bonding , they
are mounted on shims which raise the ground plane in

the holes by 3—4 mils. Because the area around the

diode mesa is copper and not Si0
2 as on conventional

chips , extra care must be taken to insure that a bond
wire does not touch this base and short out. Thus, the
diodes are best mounted 3—4 mils below the top of the

microstrip line. Contact is made to the diodes and the

microstrip line with .000 7” gold wire.

The bias networks consist of .000 7” gold wires approxi—

stately a quarter wavelength long from the microstrip line

to 20 pF alumina chip by-pass capacitors and to the fee-

thru terminals located at the edge of the board. The

feed thrus lead through the housing floor to the driver
housing below. Broadband , low frequency switches use
miniature multiturn coils for bias chokes, however these
cannot be used here since K

a
_band is well above the self-

resonant frequency of any such coil.

The complete switch is shown in Figure 2.5.3. The

main housing is 1.5 x 1.2 x 0.44” . The overall size ,

including launchers , f langes , and connector is 3.64 x 2.47
x 0.75, and it weighs about 3 ounces. The waveguide

inputs are humidity sealed with teflort-figergiass windows.

— 29 — 
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3.0 EXPERIMENTAL RESULTS - MICROST RIP

3.1 Switching Performance

Figures 3.1.1 and 3.1.2 show the insertion loss ,

return loss , and isolation performance in each state over

the 22 to 40 0Hz range. The switch was tuned while obser-

ving only the 26.5 to 40 GHz responses; we then recorded the

responses down close to waveguide cutoff simply to see what

the resulting performance was.

Over the 26.5 - 40 GHz design band the insertion loss

for both throws is under 2.5 dB , the return loss is better

than 14 dB (VSWR < 1.5) and the isolation is greater than

30 dB. The insertion loss tracking of the two arms is

within 0.4 dB.

The insertion loss rolls off above 30 GHz from approxi-

mately 1.4 to 2.3 dB in one direction and 1.6 to 2.4 dB in

the other. This roll off is somewhat greater than should

occur due to the normal increase in loss with frequency .

We would expect the maximum loss due to this cause to be in

the 1.9 - 2.1 dB range. In fact, the Jl—J 2 arm exhibits

such behavior up to 38 0Hz , above wh ich the loss rather
abruptly increases. The excess loss cannot be attributed

to high bond wire inductance or other mismatch , since the

match actually improves in this region . It also does not

appear to be due to higher order modes or radiation , since

the structure should be cutoff to the higher modes and the

behavior is the same with and without the cover plate.
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We were not successful in determining the cause of this
excess loss on this program , but we suspect that there is

a low-Q lossy resonance associated with the launcher-bridge

area. Clearly, eliminating this loss contribution could
improve the insertion loss at the high end by 0.3 to 0.4

dB, bringing it close to, or within, the 2.0 dB design

goal.

The maximum isolation was well over 50 dB , (system
sensitivity was approximately 55 dB) which implies that

the diode ser ies resistance is , in fact , under 2 ohms as
expected. There are several spurious responses between

27 and 34 GHz in the 31—32 arm , but the isolation remains
above 41 dB. The isolation of both arms degrade below

50 dB below 26.5 and above 34 GHz , with some spots close to
30 dB. The reason for these spurious responses was not

explored . One possibility is that the second harmonic

output of the sweeper source is much less attenuated by

the switch than the fundamental, due to finite inductance
in series with each diode .

Below 26.5 GHz , the performance is somewhat obscured
by sharp fluctutations in the return loss due to inter-

ference between widely spaced mismatches as the WR-28 wave-

guide cutoff is approached . There is also a general de—

crease in the return loss , especia l ly  when switched to transmit

through the Jl-32 arm. Nevertheless , it appears that the microstrip

— 34—
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switch still performs acceptably down to 22 GIL~, and that

i t  would only  be necessary to extend the bandwidth of t he

launcher to extend the bandwidth of the entire switch. To
cover the full 18—40 01hz ranqe , however , a transition from

ridged wavoquide or coaxial line , and a transformer section

in the T—junction would be required .

The swi tching  t r ans i en t s  are shown in Figure 3.1.3
which is traced f rom sampling oscilloscope photos. The
RF t u r n — o f f  t r a n s i e n t — — t h e  diodes going from reverse to
forward b i a s — — i s  1.6 ns f o r  10 to  90 percent t r ansmis s ion
whi l e  the t u r n — o n  t r a n s i e n t  t akes  3 .4  ns .  These are both
wel l  under t h~ ~ us des iqn  qoal , and do not  use the cu r r en t

sp ik ing  c a p a b i l i t y  of the dr i v e r .  The bias cu r r en t  was
approx ima te ly  20 mA .

The d r ive r  delays shown are measured from the dr iver
input  pin and do not i nc lude  the de lay  t h rouqh  the cable.
The inpu t  pulse  to the  d r i ver  f rom the  HP 80 82A pulse  et en—
or a tor had a 5’ ampl i tude  and less than  1 ns r i set i n i e  when
fed t o  a 50 ohm m a t c h ed load . The dr ive r loads the  pulsor
such tha t the ri se an d f a l l  time s are severa l  nanoseconds

long ,  and on the rise , i t  l evel s  o f f  at  3 vo l t s  for  6— 8 u s
before continuinq up to S volts. The total  swit ch in e t  t i m e s
shown of 8.4 ns and 18 ns are measured arbitrarily f rom t h e

2 . 5  volt leve l , i . e .  “ 5 0 %  TTT ” , which  is w i t h i n  the r equ i red
20 ns speed. Current spikincu w o uld  shorten the turn-on

delay several nanoseconds.
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3.2 Power Handling

Two watts CW at Ka~
•
~
bafld is not generally available.

Therefore , in lieu of high power testing the Ka~
band switch

directly, we evaluated its performance indirectly at 17.5 GHz.
We assembled a 2-diode SPST switch with coaxial input and

output , using the PUS diodes mounted as in the Ka
_band switch ,

but with the diode spacing appropriate to Ku
-band.

Burnout of the PIN diode is not a problem at 2 watts
CW , even if the switch were terminated in a short circuit.

PIN diodes are safe from burnout in the reverse biased state

if the junction f- e-mperature remains below 125-150°C and the
RF voltage remains below the breakdown voltage. Forward

biased diode are safe up to more than 200°C and are relatively
immune to burnout. For 2 watts into a switch with 2.5 dB

of insertion loss, only 0.9 watts will be dissipated when

the output is matched. Roughly one third of this is dissipated

in the circuit. The other two thirds is fairly evenly divided

among the two reverse biased diodes and the forward biased
diode nearest the T-junctions, i.e. about 0.2 watts per diode

Thus , with a thermal resistance as high as 80°C/watt--twice

the rated value for the diode--the temperature rise will be

only 16°C, well within the safe region even for case temper-
atures of 70—80°C in a typical military environment.

At 2 watts , the diode RF voltage will be about 15 volts
in a matched line and it could be about 30 volts in a shorted

line. This is ~~1l belc~ the breakdown voltage of 90 volts

and is therefore also in the safe region.

At the 2 watt level , the potential high power problem

is possible degradation of insertion loss or isolation due

to nonlinear effects in the diodes. In the reverse biased

—37— 
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state , carriers are injected into the I-layer during the

forward bias half of the RF cycle. At high RF voltages

this carrier injection makes the I-region lossy, increas-

ing the effective series resistance of the diode as the RF

voltage increases. In the forward bias case, when the RF

current approaches the magnitude of the dc bias current , partial
carrier sweep out can occur, increasing the series resistance

and reducing the isolation . These nonlinear effects become

less efficient as the RI frequency increases since the RI

• period become steadily shorter relative to the carrier relax-

ation or response times and the carriers become less able to

follow the RI voltage. Consequently, v~ expect high power

degradation at Ka
_band to be less than any observed at Ku

_band.

In the SPST test switch , at 17.5 0Hz, we measured the

variation in insertion loss and isolation with input power

up to 2.5 watts input for bias levels of b y , OV , 10 isA, and

40 mA. There was no change in insertion loss (i.e. less than

0.1 dB) at b y  and OV. At 2 watts the isolation decreased

by 0.9 dB at 10 mA and 0.5 dB at 40 mA; at 2.5 watts it de-

creased by 1.9 dB and 0.7 dB at 10 and 40 mA. Thus we ex-

pect that the Ka
_band switch will suffer a negligible decrease

in isolation at least to the 2 watt level with 10 mA or more

bias.

The diodes also survived hot switching up to 2.5 watts.

Hot switching was done simply by making and breaking contact

with the bias lead , so that the switching speed was governed

by the carrier lifetime , about 40 ns in this case, and was

therefore much slower than it would be with a fast driver.

Note that the diode voltage at 2.5 watts input is

equivalent to the maximum voltage that could occur at 2

watts with a 2:1 output VSWR , in the absence of losses. A

similar statement holds for the diode current. Thus, the

experiment at 2.5 watts with a matched load represents

—38—
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a slightly more severe test than 2 watts with a 2:1 output
mismatch in terms of the electrical stresses on the diodes.
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To maintain symmetry in the bilateral fin line , we
mounted diodes on both sides of the circuit board.

Since we wished to obtain a direct comparison of the

performance of the microstrip and fin line switches, we
chose to use two pairs of diodes in each arm of the fin

line switch. The two diodes in each pair are located on

opposite sides of the fin line board for symmetry and are

thus equivalent to a single shunt diode in microstrip.

4.2 Waveguide—Finline Transition

For the purpose of developing the transitions

and for examining the properties of fin line , we built a

straight-through , two—port test fixture. Figure 4.2.1

illustrates a typical etched circuit pattern , with a pair

of back—to-back cosine tapers to a fin line gap nominally

.006” wide at the center. It is printed on both sides of

.010” thick Duroid , clad with 1 ounce copper. The total

thickness is about .012” . Each cosine taper is 1” long ;

the gap is under .008” for about .300” along the center.

The circuit board is clamped between two silver—plated

blocks, milled with the wavequide and choke channels , as

shown in Figure 4.2.2. Early in the program we had made

several circuit boards with a line of plated through holes

along the edges of the gap to maintain both sides of the

same potential. However , we found no difference in per-

formance without the holes as lonq as Symmetry was maintained

by makinq both side of the board the same. Thus in most

experiments and in the switches such symmetry was maintained ,

and generally platcd—throuqh holes were not used.

—4 2—
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Figure 4.2.3 shows the insertion loss and return loss

of the test housing without any fin lint’ substrate , with a

dielectric-only fin , and two ditferent tapers. The loss ot

the empty housing is about 0.1 dB , and the match , which is

better than 25 dB over most of the band is essentially that

of the detector.  Adding a Duroid substrate without any

copper in the waveguide adds ano the r  0 .1  dB to the loss and
does not m a t e r i al l y  a f f e c t  the match .

The boss w i t h  the 1—inch cosine tapers, with a .0 0 7 ”
ga p, as i n Fi gure 4 . 2 .1 ran from 0 . 4  to 0 .5  tiE , and i t s
match is excellent. Encouraged by t h i s  per fo rmance , we
later made a new circuit with back to back 1: 2-inch long

tapers. The short-taper circuit had about 0.1 dE less loss
than the long taper circuit , and its match  was still acceptable .

From these loss measu remen t s , we have estimated the

loss of a low impedance gap , .005 — .007” , to be about

0. 3 tiE , in , and a f u l l  he ight  ~iap (Duro id  only f i n )  to be
abo ut 0 . 0 7  dB/ ii i .
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4.3 Finline i mpedance

To estimate the characteristic impedance of

the f i n  line circuits we modified a program to compute

ridge wavequide impedances to include the effect of the

dielectric loading in the gap . The ridge-guide program is

based on Ilopfer ’s~
9
~ formulation for line impedance (power—

voltage definition ) , utilizing Chen ’s~~
0
~ capacitance

formula , and Pyle ’s (11) proximity correction . The calcu-

lations for the dielectrically-loaded finline follow
(12)

/ the formulation of Saad and Beqemann tor a centrally—

located , bilateral f i n  l i ne .  Figure 4.3.1 shows the

computed values of cutoff frequency, f 0 .~ the line impedance

at infinite frequency , Z0, and the effective dielectric

constant , r ff~ as a function of gap width for several 
fin

thicknesses near .012” . The impedance at finite frequencies

is given by
z

z = 
0-’

0 •

~
I1 — ( f  t~)c

(9)
S. Ilopfer , “The Design of Ridged Wavcguides” , MTT-3 ,

20 , Oct 1955.

(10)
T. S. Chen , “ C a l c u l a t i o n  of  the Parameters of Ridge

Waveguides” , MTT—5 , 12 , Jan 1957.

( 11)
J. R. Pyle , “The Cutoff Wavelength of the TE10 Mode in

Ridged Rectangular Wavequ ide of Any Aspect Ratio ” , MTT—l4,
175 , April ‘66.

( 1 2 )
A.M. K. Saad , G. Bcqema nn , “ 1~ I cot r ica I Per formance  of

Fin l ines of Var ious  C on f i qu t -a t io ns ” , Microwave , Optics ,
and Acoustics , MOlt—i, 81 , Jan 1977.
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The effective dielectric constant is given by

- = ( f  ‘/ f  )e f f  c c

where 
~c

’ is the cutoff frequency in the absence of the

dielectric loading . Since it is defined at cutoff , it is

independent of frequency and ignores the very slight dis-

persion due to the inhomogeneous dielectric. For our

typical case with a .006” gap, .012” wide fin , f 7.4 GHz ,

z = 70 s2 , L = 1.55 , and at 33 GUz Z = 58 ~. Thus ,o~’ eff o

the (power-voltage) impedance is only moderately higher than

in the microstrip case, so that we should not expect any

serious limitations due to high line impedance.

—4 9’.
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4.4 Switch_Design

‘(‘he pr i nc ipa l  f e it u r e s  of the f in  l ine swi tch
design are’ sketched in Figure 4.4.1. The circuit with

transitions and series slots is etched on both sides of a

Duroid board with .010” dielectric thickness and .012”

overall thickness. The P115 diodes are mounted on both sides

of the board at the ends of the series slots , as indicated

in Figure 4.1.1. The diode bond wires are .0007” gold ,

and we a t t empted to keep them as shor t as poss ible , w i t h —
out shorting out aga i n s t  the  copper diode heat  s inks . A
short linear taper is cut in the Duroid in the f u l l — h e i g h t  regions
to m a t c h  i n t o  the d i e l ec t r i c  f i n s .

The board is clamped between two s i m i l a r  s i l ve r—pla t ed
housing blocks , c o n t a i n i ng the wavequide and choke channels .
The wavegu id e  he igh t  is reduced s l igh t l y  in the tee junc t ion
to supp ress a reson ance which appea red wi th the f in li ne boar d

in place in f u l l — h e i g h t  gu ide .

The copper—clad areas on each side of the stem oil

the tee on the c i r c u i t  board arc i n su l a t ed  from the hous ing
by 1— m il  m y l a r  tape , se r v i ng  as the dc blocks. The area
abo ve the tee is not  i n s u l a t e d  and is the dc ground to the
hous ing .  Tl~ dc bLx~ks add -thout 0.1 ~~ to the inscrti~~ loss.

The dr ive r is s i t u a t e d  in a cavity in the back of one
of the blocks. The bias leads pass from the driver , through
feed throuqhs in the block a n d make conn ect i on t o the ci rcu it

board t h r o u e th  holes cu t  in the my la r  tape .
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The diode spacing was determined empirically as in

the microstrip case. This will be discussed more fully

in Section 5.1. The first diodes are located as close to

the fin line tee-junction as practicable. The first bond

wire is approximately .005” or 6 electrical degrees from

the center line of the tee.

The complete switch is shown in Figure 4 . 4 . 2 .  I ts
overal l  size is 2 .1  x 1.7 x 0 . 8 ” , inc lud ing  the driver
connector , and it weighs about 3 ounces. The housing was

designed to accommodate the longer 1” taper transitions ,

although we used the 0.5” tapers in the final version .

Therefore , the size could easily be reduced to 1.1 x 1.2

x 0.8” , and its weight close to 1 ounce . The waveguide

inputs  are humidi ty  sealed wi th  t e f l o n — f i b e r g lass windows .
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The transmission resonance at 31.7 GUz , for two

pairs of short wires spaced by .140” , curve 3, implies

a guide wavelength of .310” , iii good agreement with

the v.-ilue of .308” estimated from the computed cutoff

frequency and effective dielectric constant , Figure 4.3.1.

Curve 3, is the isolation produced by two pairs of

striqht , short wines spaced .065” apart , which is approxi—

inately the theoretical optimum spacing for mid—band

isolation . The isolation is 4—5 dB less than that calcu-

lated f rom the es t imated inductance and the spacing.  Curve
4 is the isolation for a spacing of .200” , which is nominally

3 k g/ - I . In  this case , the maximum isolation , at mid—band is

about 3 dB grea te r  than for .065” spacing , and within 1.5 dB
of the calculated value . These results indicate that the

reason for loss—thai-i—expected isolation is the interaction

of the higher—orde r evanescent modes of the closely spaced

wires. Clearly the wide spacinq improves the isolation , but at

the expense of a much-reduced bandwidth.

Next , we did a series of measurements on a circuit which

had a pair of slots perpendicular to the main fin line gap,

as illustrated in Figures 5.l.lc—d. The slot spacing, /
was .066” and the gaps were .006” . First we established that

the loss and match of the circui t with both slots jumpered

with wires , as shown on the right hand slot in Figure 5.l.lc
wore essentially the same as for the straight gap circuit.

Figure 5.1.3 shows the results for the sequence shown in

Fi gure s 5 . 1.  lc—d , and e . The isolat ion for  a s inqic  shunt
W i l e ’ , w i t h  ju mp er ed s lots  is the same as obtained in the

st r i gh t  gaps c i r c u i t  as we would expect. Addin g a second

W i r e  to  form .t V produce’s t he’ i so l a t i on  shown in curve 3 ,

— 57—

_ _  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

E 
~ I 

I I I I I I

i:
3 I :~~~~~~~~~~~~~~~~~~~~ .

—

2 u-~~~~~’ ’ ~~~~~~~~
2 

___ — ~~~ 
~~~~~~~~~

w 20

63 ONE SLOT JUMPERED . ON E SLOT OPEN
(~~~ FIGURE 5.1.1 C
(~~) FIGURE 5.1.1 D
(4) FIGURE 5.1.1 E

25

30 ~ I I I i i  i _ I  I I I I
26.5 30 35 40

FREQU ENCY — GHz

FIGURE 5.1.3. INSERTION LOSS OF SLOTTED F I N L I N E  CIRCUIT FOR
SEVERAL W I R E  CONFIGU RATIONS

0-18934

—58—

~~II~
I._ ~~~~~~~~~~ — - - - ~~~~~~~~~~~~~~~~~ :~~~~ O—-~----. - - — 



which indicates that the inductance of the V-wires is .023

nil , about 2/3 that of the stright wires , agreeing with the

results obtained on the unslotted circuit board. Opening up

the series jumper wires between the legs of the V , Figure

5.l.le , improves the isolation by approximately 1.5 dB. This

improvement is far less than expected. We have calculated

that the isolation should be over 30 dB in the lossless case ,

and 21—22 dB with as much as 3 ohms of series resistance

(simulating a rather lossy diode). For the calculation , the

slot was modeled as a parallel resonant circuit in series

with the line between the leqs of the ‘1; the parameters were

selected to produce a characteristic approximately matching

the slot—only isolation it-i curve 1. The reason the slot

is not as effective as calculated is not at all clear.

Next , in Figure 5.1.4, we have the characteristics of two
pairs ot V—wires simulating the responses with ideal , lossless ,

zero capacitance , diodes , Figures 5.l.lf and g. With the

wires shunting the line , the isolation runs from about 30 to

23 dEl , which is 12-14 dB less than we would expect from curve

4, Figure 5.1.3 , due to the interaction of the closely spaced

wires. I’~ith  the apexes of the V’s disconnected from the tin ,

to simulate the pass state of the switch , the insertion loss

ran 0.5 to 0.9, and , except for the top end of the band ,

the match was better than 18 dEl . Thus, the extra length of

bond wi re  required to reach the diode s adds 0 . 2  — 0.3 dB of

dissipative loss , and degrades the match somewhat , especially

near 40 GlIz . Figure 5 1.4 indicates that oven with “ ideal”

diodes a f i n  line switch with two pairs of diodes Will have

much less isolation than a microstrip switch with two diodes ,

w h i l e’ the i n se r t i on  loss and r e tu rn  loss in the p~ ~s sta t e

may be comparable  or b et t e r .

— 59—
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Figure 5.1.5 is the result with one pair of plated heat

sink (PHS) diodes , corresponding to Figure 5.l.le , but with

real diodes. The isolation is approximately the same as

obtained in the ideal case , Figure 5.1.3 curve 3, except that

it is flatter due to the diode resistance.

In the pass state , however , the return loss is quite

low and the insertion loss correspondingly high. The data

imply a shunt capacitance value between .04 to .06 pF per

diode , depending on how much additional inductance we allow

for the bond wires , and how we model the slot. The estimated

values for the diode capacitance is .02 - .03 pF , both from

the manufacturer ’s specification and our measurements of

reflection angle at Ka~
band with the diode terminating a

50 ohm microstrip line. Thus , in the fin line circuit , the

effective capacitance of the diode is 2 to 3 times its value

measured at low frequency or in a microstrip circuit.

As a consequence of the high shunt susceptance of
— the reverse-biased diodes, the insertion loss and match of

the switch with two pairs of diodes is also rather high , as
shown in Figure 5.1.6. Note that the best match occurs at the

low end of the band , indicating that the diodes are too widely

spaced to match up such large susceptances.

The isolation of the complete SPST switch in Figure 5.1.6

is in agreement with the simulated ideal case shown in Figure

5.1.4.

We also measured the characteristics of the SPDT switch

with wires simulating ideal diodes as illustrated in Figure

5.l.lh. The diodes on one arm simulate forward biased diodes

and on the other , reverse biased diodes. The results in

Figure 5.1.7 show that the performance with respect to insertion

— 61—
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loss , match , and isolation are slightly better than the

corresponding SPST cases of Figure 5.1.4. It is not certain

whether this better performance is inherent in the SPDT con-

figuration , or is within the circuit—to—circuit variability

we might expect , i.e. wire length and position , contact

resistances, etc. Nevertheless , we expect that the performance

with diodes will be comparable to that of the SPST switch.

Figure 5.1.8 shows the result of moving the pairs of

shunt wires from the junction and \/4 away , to approximately

\, 2 and 3\/4 away, moving them out of the center of the wave-

guide T-junction area , but maintaining the .066” spacing . There

was a significant improvement in the isolation from 26.5 to

about 36 GElz , but the bandwidth of the insertion loss side

was markedly narrowed , as we should expect.

The experiments just described indicate first , that the

isolation from the finline switch is significantly degraded

due to the interaction of higher order modes , and second , that

the insertion loss and mismatch in the pass state is much

greater than can be accounted for on the basis of the individual

component values. Nevertheless , much better in band insertion

loss performance should be attainable by spacing the diodes

more closely. Consequently we made new circuits for both the

SPST and SPDT switch with the diode and series slot spacing

reduced to .044” . With these new circuits , we also used the

shorter , 0.5” long , tapers.

Figure 5.1.9 shows the responses of the SPST circuit

with wires corresponding to the “ideal diode” case , similar

to Figure 5.1.4. In this case , howe ver, we measured the
responses with the non-contacting V wires very close (.001- .002”)

to the triangular points , i.e. “low ” wires , and with them
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arched over the slots almost perpendicular to the board , i.e.

“hiqh” wires. Note that the “low” wires, although not adding

very much , sh unt  c a p a c i t a n c e — — p r o b a b l y  less than .01 pF——
creates a substantial mismatch in this configuration .

The isolation produced by the .044” spaced wires is
— 2— 3 dB less than  that obtained with .066” spacing . This

uecrease is about wha t we would expect for the change in

spacing , since it  is no longer opt imized for  isolation; it
flood not be d U O  to an increase in the in terac t ion  of higher
order modes.

Figure 5.1 .10 depicts the characteristics of this
circuit as a full SPST switch with two pairs of PUS diodes.

Clearly, moving the diodes closer together did move the best

match frequency up close to midband , and the match remains
reasonably good down to 26.5 GHz. However , the rolloff in

return loss and insertion loss above mid band is quite rapid ,

such that the useful band is limited to below approximately
1’ 35 CUz.

Computer modeling of this response indicates that the

effective capacitance is .08 — .12 pF (.04— .06 pF per diode) ,

assuming that the wire inductance is in the 0.1 — .025 nIl range.

Since we do expect the inductance to be higher than in the

“ideal diode ” experiments , .05 nIl is probably a reasonable

estimate , in which case the effective capacitance is approxi—

mately .09 pF , or aqain about twice its expected value .

The isolation runs from 26 to 21 dEl , about 1—2 dEl less

than with wites only. The change is comparable to that en—

countered in the . 066”  spacing measurements .
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5.2 Switching Performance

Figures 5.2.1 and 5.2.2 show the switch performance

in each state over the 22 to 40 GHz band. The performance of

the double—throw switch corresponds , in general , to that of

the single—throw switch shown in Figure 5.1.10. The insertion

loss and return loss roll off markedly at the higher fre-

quencies , severely limiting the useful bandwidth , and the

isolation is only 20—25 dEl within the passband.

In the J1—J 3 direction , the passband insertion loss

is flatter and lower than that of the SPST up to 32 GHz , but

it drops off more rapidly above 35 GHz, while the return loss

is somewhat lower. Note also that the passband cuts off

rather sharply at about 23 GIlz on the low side. The upper

band edge of the passband in the .Jl-J 2 direction is consider-

ably lower. The reason for this is not entirely clear , since

both arms of the switch look essentially the same. We had

suspected that the length and dress of the wire bonds might

be at fault , so, followinq the initial tests we made all the

wires, on both arms , as shor t as possible , consistent with a

2-3 mil clearance above the diode ground plane. This did

result in a significant improvement in the Jl-J 3 arm , moving

the upper band edge up by about 2 GHz to its present state.

It had a negligible effect on the Jl-32 arm. Our modeling

experiments suqqest that the effective capacitance is high.

This could come about if the wire bond to one diode creates

excessive frmginq capacitance where the compressed area of

the wire overhangs the l-mil dot on the diode. Since the

overall performance of the finline switch was not as good as

the microstrip switch , and our supply of Pu S diodes exhausted ,

we did not attempt to improve the 31—32 arm to equal the

Jl— J 3 side .
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Within the passbands , where the reflection loss

is negligible , the insertion loss is approximately 1.3 dB.

This is comparable to the loss of the microstrip switch , but

it is clearly not an improvement over the latter.

Because the narrow bandwidth of this switch is

probably due to the high effective capacitance of the diodes,

we measured the responses with diodes on only one side of the

board . In constructing the final switch, we first drilled

.014” holes through the board where each diode and bond wire

would be located , and contacted the two sides by filling the

holes with solder. The diodes were installed on one side

only and the characteristics measured from 22 to 40 G}-lz.

First , the isolation in the passband was nominally

14 dB, -Jl—J2 , and 17 dB , 3l-J3. The passbands were somewhat

wider—-Jl-J2 cut off at about 33 GHz and Jl-J3 at about 36

GHz. The match in the passbands was not as good as with all

eight diodes, although we made no attempt to improve it with

tuning. The low frequency cutoff was at 23 GUz for both

directions. Although the bandwidth was slightly wider with

only one set of diodes , since the band did not extend to

40 GHz , we felt the improvement did not outweigh the reduction

in isolation. Therefore , we did not pursue this asymmetrical

approach further.

The switching speed characteristics of the completed

SPDT fin line switch was the same as those of the microstrip

switch, as described in Section 3.1 and Figure 3.1.3.

— 7 3 —
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5. 1 1)iscuss ion

1 t is c l ear  t h a t  the  t~ inline SPI)T switch per—

tormance is i n t e r i o r  to tha t ot the  miciostrip switch . I t s
p r i n c i p a l shor tc omi ngs art’ in the r o l at  i ve ly  low i s o l a t i on
produ ced and in the  na rrow baiidw iii t h of t he ~)as 5 St ate

t n t e i -o st  i nq I y , the low i solat ion was less due to the
S O F iO S  i I i d L t ct a f l C o , ~is  we had expec ted , hu t  more to  the i n t e r —
a c t i o n  o t~ t he evane seen t modes a round t he c lose ly spaced

diodes. The reason t or the narrow pass state bandwid th  is

less clear  cut . h owever , the ex p e r i m e n t s  and m o d el i n g  c a l —

c ul a t i o n s  St lo ng  I sug~I e s t  t hat it arises I ront excess t t - i I l q

1 t ig  c ap a c i tan c e  o t t lie wi re bond on top o I the diode and of the

wires p a s sin g  over t he me t  a I tin t o teach t he  diode . C l e a r l y ,

excess c.ipacit aiice g en e r a ted  this way would be a di rect conse-

quence of t he  chip and W i uc bond technique.

Ilotniann , et al , repot t ed results oti a two—throw

t i n i  i no swi t- ch using beam lead P IN diodes . They did

not report  ~my des ign  det a i l s , but  i t s  i n se r t  ion loss was jus t
eve r I du and the i sol at ion was 20—21 dU I t-om 2t~ . 5 to 15

The ins er t ion loss  gently increased t o  about  2 . 5 dEl and the

i s o l a t i o n  decreased to 1 7 ~1l1 at 4€ ) fhI ~ . Note t h a t , aside

from the severe h i g h  t I - equency ro t lof t  on our ci r cui t , t h e

performances ot t h e  two switches are quite comparable . Thus ,

we would a t t r i b u te  the  nar row b an dwidt  h we obtained to t he use

ot the  chip—and—wi re—b eti d c o n s t r u c t i o n.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The Ka~
band microstrip SPDT switch developed on this

program met all of the design requirements set forth on page

1. A lso , it met or exceeded the design goals for insertion

loss and isolation from 26.5 to 34 GHz , for amplitude tracking

over the entire 
~~~~~~~~ 

and for the RF transition speed. As

experience is gained in building future units , we expect to

improve the insertion loss and isolation above 34 GHz to

2.1 dB max. and 40 dB m m . ,  respectively.

The plated heat sink diodes, with their low capacitance ,

high Q, and thin I-layers, are superbly suited to this high

speed , millimeter wave switch application . They were the

key to the switch performance attained on this program.

The switch will readily handle 2.5 watts of CW power

with , at most , a slight ( < 1 dB) decrease in isolation above

1.8 watts. We believe that with higher bias current , 40—

50 mA , acceptable performance will be achieved in the 3 to 4

watt range.

f There are three particular areas in which future

development work on this switch should be undertaken.

The first is to ascertain the causes for the high

frequency rolloffs in insertion loss and isolation . Elimination

or reduction of these effects will result in a Ka~
band switch

with performance comparable to X-band switches using con-

ventional diodes.

Second is to broadband the swi tch  to cover the 18—
40 c.hIz frequency range . Th is invo l ves two separate aspects ,

the microstrip circuit and the transitions. The circuit

work would be addressed to improving the diode mountings

to reduce the series inductance , and to adding a broad—

banding transforme r in the T-junction . The broadband
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microstrip portion alone would then be suitable for inte-

grated circuit package, since transitions to waveguide would

not be necessary .

The design of a broadband launcher will depend , of
course , on the type of feed guide to be used. A broadband

waveguide feed would no doubt be either single or double
ridge guide ; the design of new tapers to a ridge guide

microstrip launcher should be relatively straightforward.

The third area is to look at additional methods to

reduce production costs. The waveguide-microstrip transition

deserves particular consideration in this respect. A trans-

ition , etched on the same circuit board as the microstrip

line, as illustrated in Figure 6.0.1, has been developed
*at NOSC. Such a transition would not only reduce materials

costs and labor costs, since no manual tuning would be re—
quired , it would also result in a much smaller, more compact

package.

The performance of the finline switch fell far short of

the design goals and requirements. The pass state passbarid

was quite narrow and the isolation was relatively low over

the entire KA~
band. We concluded that the insertion loss

bandwidth problem was attributable to excess fringing capaci-

tance associated with the diode bond wires. The low iso-
lation was due to the interaction of higher order, evanescent,

modes around the diodes.

* D. Rubin , II. Saul , Naval Ocean Systems Center , San
Diego, CA , private communication ,
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A finline switch using beam lead diodes, reported by

Hofmann~
3
~ , had full bandwidth , but its isolation 

was

comparable to ours , also because of the evanescent mode

interaction . One could improve the mid band isolation by

going to 3A/4 diode spacing, but the bandwidth in both

states would shrink appreciably.

Thus, at best, a finline switch will not have the

isolation performance readily attainable in a microstrip

switch. Furthermore , any insertion loss advantage of a

finline switch appears to be quite marginal. We believe

that improvements in the microstrip switch , such as the

printed circuit transition , could erase the advantage

entirely.

We conclude that the chip—and—wi re—bond construction

technique is totally unsuitable for finline switches.

Also , even with beam lead diodes , a finline switch is

inferior to microstrip and that further development would

best be applied to the microstrip configuration .

—78—
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