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Fig, 5. Laser current pulse versus ON time of a p-i-n diode.

Thus, we have limited our measurements to a window of 10 ps

pulse width and 1 Hz repetition rate.

As the laser power increases, more electron–hole pairs are

created in the i region of the p-i-n diode and the resistance, and

hence the insertion loss, drop. Table Illustrates this effect and

shows that at an incident laser power of 116.7 W the insertion

loss is still dropping. At the time of these measurements, 116.7 W

was the maximum available power. Table II depicts the change

(increase) in insertion loss with bias voltage. To minimize the

insertion loss at higke voltages (which are needed as the RF

\power requirement is inc eased), the 50 L? bias resistor (see Fig.,

4) should be increased proportionately. Isolation (switch off, no

light) decreases with frequency (Table III); in the OFF state the

p-i-n diode is similar to a fixed capacitor.

It is important to note at this point that many applications

require CW switching. The HF antenna coupler is one important

application (an antenna coupler is a tunable matching circuit
between a high-Q antenna and a generator across a very wide

band). For this application, we have chosen to use a silicon p-i-n

diode in order to take advantage of the long carrier lifetime.

Fig. 5 depicts the laser current pulse of 10 ps (top) versus the

p-i-n diode’s ON time. This ON time is more than three times the

duration of the laser puke. We have utilized this concept by

using pulse 2-D laser arrays having an optical power output of

116 W to close a switch for a duration of about twice that of the

laser pulse itself. This technique is very important in reducing the

complexity of the antenna coupler system, and in realizing a CW

switch with a puked laser array. It is conceivable to increase this

ratio, which is a function of the carrier lifetime and the voltage

applied. Fig. 6 depicts the ON state of a p-i-n switch, lower trace

(the OFF point of tHe laser is indicated), and the HF signaf

propagating through the switch at 400 V bias voltage. The laser

diode is on for 10 ps, while the switch (p-i-n device) is on for an

additional 15–20 ps.

III. CONCLUSION

We have demonstrated, for the first time, the feasibility of a

laser-activated semiconductor switch at low frequencies (2-30

MHz) with an RF power capability of up to 250 W. This

approach, when fully developed, will have the following advan-

tages: small size, jitter-free switching, fast rise time, noise immu-

nity, and high voltage isolation, in addition to having a CW

switch by utilizing puked laser.
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Abstract —To evaluate rectangular spiral transformers for use in mi-

crowave monolithic integrated circuits (MMIC’S) on Ga4s substrate, we

have calculated the chain matrices of multicouductor coupled line sections
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Fig. 1 Schcmatlc of a 1.5 turn rectangular spiral triformer. (a) Multiconduc-

tor coupled lme scct]on (b) Trlformer layout

mxt bends from rrmithrrorfe characteristic impedances and effective dielec-

tric constants. A Mew kind of MMIC tmrrsfomrer, called a triformer, has

been analyzed by this method and may be used as an integrated circuit

balun. Theoretical results are presented for components over the range

1-10 G-Hz and compared to measurements.

I. INTRODUCTION

Rectangular spiral transformers that operate in the gigahertz

frequency range have been reported elsewhere as useful coupling

and matching elements [1], [2]. As shown in Fig. 1, the layout of a

typical transformer consists of a series of turns of thin metallized

coupled microstrip lines. The theoretical approach used in [3] for

predicting the electrical behavior of planar spiral transformers is

applied here with the following simplifying assumptions:

i)

ii)

iii)

As

the capacitive and negative mutual coupling between oppo-

site and adjacent spiraf sides is neglected;

spiraf corners are modeled by single 90° bends;

the parasitic effect of the lead-out bridge connecting the

center of the spiral to the outer circuitry is ignored.

was pointed out in [4], these secondary effe,sts should be

taken into account for accurate prediction of the electrical behav-

ior of the transformer up to and beyond the first resonance

frequency. The effect of the lead-out bridge may be accounted

for by Y to chain matrix conversion, as indicated in [5].

Nevertheless, the analysis method adopted here is quite general

in nature and gives results accurate enough to be useful.

II. METHOD OF ANALYSIS

In this approach, the mldticonductor structure is broken down

into a series of parallel coupled line and coupled bend substruc-

tures. Using this method, each substructure chain matrix is

calculated separately and cascaded with the preceding one to

obtain the chain matrix of the complete structure [6].

A. Multiconductor Coupled Line Section Chain Matrix

The theory of wave propagation on multiconductor transmis-

sion lines with inhomogeneous dielectrics presented in [7] is

applied to a section of N coupled lines of equal length 1 (cf. Fig.

1) to obtain the multidimensional (2 N, 2 N ) chain matrix R

defined as follows:

VI

II

V2

12

VN

IN

=R

VN+l

IN+l

VN+2

IN+2

VN+N

IN+N

(1)

where Vk and [k are the voltage and current at port k = 1,....
N+N:

R(2nz–1,212–1) =A(rn,n) (tn, n=l N) (2)

R(2nz–l,2n) =B(nz, n) (3)

R(2rn,2n -l)= C(rn, rr) (4)

R(2rn,2n)=D(rrz, n) (5)

where

A= Mv. cosh(r.l]It4[>-l (6)

~=Mzl.sifi(r./).ML-’.ZO (7)

C= Mi. sinh(I’.l). Mi-l. YO (8)

D= Mi. cosh(r.l)Mi-l. (9)

Mu, Mz, 20, YO, cosh(I’.l), sinh(r.1), and r are the

frequency-dependent (N, N) matrices of multiple coupled strip

transmission lines and are obtained from a data base generated

with the aid of the program MCLINE [8].

B. Multiconductor Coupled Line Bend Chain Matrix

As shown in Fig. 1, the multiconductor bend substructure is

divided into two triangles of N coupled lines and a network of

isolated discontmuitles. The chain matrix T1 of the first triangle

is computed from a cascade of coupled line sections as follows:

T1 =

o
0

where UI is a (2 N–2,2N

00
l’n :

. . (lo)
. . . 10
. . . 01

– 2) matrix partitioned into N – 1

submatrices Wi, each of dimensions (2 N – 2, 2):

U1=IWN–11 WN–21 . \ w2/ W1/. (11)

Each submatrix Wi is calculated from partitions % and Yi of the

chain matrix Si for a section of N – i coupled lines of length
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equal to W + S:

wN–l=xl. x2... x2- YNY1-l (12)

WN–2=X1. X2,, .XN–3UYN–2 (13)

W2=X1. Y2 (14)

W1 = Y1 (15)

Si=l Xil yil. (16)

Here Xi and YZ are partitions of dimensions (2N – 2i, 2N – 2i –

2) and (2 N – 2i, 2) respectively.

The chain matrix Z% of the isolated discontinuities is calcu-

lated from [9] using a lumped tee network model for a single

bend:

~b= Ab Bb

Cb Db “

Rb is therefore a (2,2) chain matrix.

Rb

Rb O

Tb =

O“Rb

Rb

Tb is therefore a (2 N, 2 N) quasi-diagonal chain matrix.
The chain matrix T2 of the second triangle is obtained

T1 by the following formula:

T2=E-TI-1. E

where E is a (2 N, 2 N ) diagonal matrix defined as

+1

–1

E=

+1

–1

(17)

(18)

from

(19)

(20)

The chain matrix T of the complete bend is then calculated by

cascading Tl, Tb, and T2:

T= T1-Tb. T2. (21)

C. Multiconductor Coupled Line Transformer Chain Matrix

As shown in Fig. 1, the transformer is subdivided into two

sections, between ports 1 and 2:

i) an upper-side section characterized by the chain matrix R1

of dimensions (2N1, 2N1),

ii) a lower-side section characterized by the chain matrix R 2

of dimensions (2 N2, 2N2)

where N1 and N2 are the numbers of coupled lines in each

section.

The chain matrices RI and R2 are calculated by cascading

sections of coupled lines and bends as stated above. To account

for feedback effects, the chain matrix R1 is further partitioned as

follows:

(22)

where Rll, R12, R21, and R22 are of dimensions (2N1 – 2N2,

2N2), (2N1 – 2N2,2NI – 2N2), (2 N2,2N2), and (2 N2,2Nl –

2 N2) respectively.
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Fig. 2. Electrmal models of MMIC triformers, (a) 15 turn trlformer ( !4’ = 5

pm, S = 5 #m). (b) 1 turn triformer ( W= 10 ~m, .S = 5 pm),

The chain matrix R of the complete transformer is then

obtained after seine matrix algebra as, follows:

R= R12+RII .( U–R2. R21)-1. R2. R22 (23)

where U is the (2 N2, 2 N2) unit matrix.

III. CALCULATIONS AND RESULTS

A computer program has been c[eveloped for the analysis

and optimization of planar inductors and transformers and has
been used to calculate various MMIC components [10]. A new
kind of transformer, which is a planar version of a three-line
RUTHROFF transformer [11], is shown in Fig. 1 and is referred
to as a triformer.

Using values of epsr = 12.9, tan d = 0.0003, metal thickness= 2

pm, metal resistivity = 0.03 Q pm, W=1O pm and 5 pm, ~ = 5

pm, and substratk height H =100 pm, the theoretical fi parame-

ter values are calculated for the triformers shown in Fig. 2 over

the frequency range 1–10 GHz.

The computed ~ parameters compare favorably with the mea-

sured parameters of MMIC triformers shown in Fig. 3. The

differential pliase shift between output 1 and output 6 remiiins

nearly equal to 182°, as shown in Fig 4; therefore, this triformer

can be considered a wide-band balun

IV. CONCLUSIONS

Multidielectric planar structures such as transformers and tri-

formers have been analyzed by cascad ing multidimensionaf chain

matrices. The distributed-line model facilitates the use of these

elements in MMIC applications as wide-band transformers and

baluns. High-speed routines suitable for inclusion in CAD pack-

ages for desktop PC’s have been implemented and used to

calculate ~ parameters.

Wide-band MMIC triformers have been fabricated and mea-

sured, showing good agreement between theory and measurement
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Fig, 3, Photograph of MMIC triformers,

I S21 I ( 1 turn tri-former : port 6 open-circuited)
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Fig. 4. Comparison of computed and measured .S parameters, (a) Magni

tude. (b) Differential phase shift.

over the frequency range 1– 10 GHz. The application of these

devices as wide-band baluns for MMIC balanced mixers is fore-

seen.
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Analysis of Edge-Coupled Elliptical (Oval) Rods

Between Infinite Ground Planes

KODUKULA V. S. RAO, MEMBER, IEEE, AND

PRAKASH BHARTIA, FELLOW, IEEE

Abstract —The paper presents an analysis of the even- and odd-mode
impedances for a generalized edge-coupled structure consisting of two

elliptical (oval) conducting rods. Data on the even- and odd-mode

impedances for different special cases of the generalized elliptical (oval)

strncttrre are presented. Some special cases of the present formulation are

compared with results available in the literature.

I. INTRODUCTION

The analysis of parallel edge-coupled strips has been presented

in the literature by Cohn [1]. Wheeler analyzed the transmission

properties of a single round wire between two parallel planes [2].
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