‘where

ont - Yz{ — ¥;PMTE5inh y, (1 —~ y)eoshyp!
— Y™ T eosh v, (1 — p)sinh vyt
— VM TERTNTE oy, (207 )} fsinh® (1 - ) /0

‘

- and
v= Sinh‘r'z,}’[YlTM"rE + ™ cothyy(f - )’)1
+coshy, p| ¥R 4+ ™ Feothy, (4 — %)

i In the electrostatic case, we can take the limit &, — 0; and
¢ hence Eq. (8) reads

sih T(¢—y) +ecoshT(r~y) dmaAJ(al)m,
e, cosh 't + sinh T T

(11)
. | -
‘where T = Ja? + 8%,

"SUMMARY

: The electric field and electric potential due 10 a thin, mag-
_nctic-current loop radiating just above the ground plane of a
-grounded dielectric slab are derived. The electric potential in
“the electrostatic case is then oblained by setting &y = 0. These
.expressions are useful for the characterization of the mi-
-crostrip, via, and via hole discontinuities appeating in com-
.puter circuit-board packaging,
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ABSTRACT

Microstrip ring resoniators with fundamental frequencies neor 3.5 Gifz
have been fubricated in semi-inswating Gads using an eleciroplating
technique for conducior deposition. Test signals were coupled imto the
resenators by focusing moduluted light inte a photoconductive micro-
stripline gap. Loaded Q-factors measured for one of the rings with optical
excitation ranged from 54 ai the fundamental frequency to (03 ot the
third harmoni,

There is increasing interest in the use of optical techniques in
the characletizasion of high-speed GaAs integrated circuits,
Pulses from modelocked lasers provide picosecond sampling

GaAs Subatrate
Photoconductive
Gap Region /
Ground
. 4— Plane
Bias Pins
Microwave
Qutput Signal
Ring Resonator
19 -
\\
LY
Blas Pad and RF Choke

Figure 1 -Configuratien for ring resonator in CraAs,
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.windows [lor noninvasive probing of voltage wavelozms in
GaAs integrated circuits [1, 2). The use of optically injected
‘carriers lor the peneration of short electrical pulses in the
‘measurement of microstrip transmission line response has also
.been reported [3, 4].

Previous work on optical characterization of electronic and
‘microwave circuits has concentrated wpon the usc of short
,optical pulses for time-domain response measurements. This
‘paper describes the application of optical signal injection for
_frequency-domain characterization of microwave circuits. Op-
“lical excitation provides a means of introducing waveforms
“into the circuit while avoiding transmission line effects and
interconnections associatéd with conventional microwave
‘probes. The microstrip ring resonator {3, 6] was choscn for
‘study as a simplc test circuit in which the frequency-domain
“response lo optical excitation can readily be measured. The

fabrication of the resonators on GaAs substrates and their
microwave and optical characterization are described.

The resonator cireuit configuration is lllustrated.in Figure
1. The undoped semi-insulating GaAs substrates had resistivi-
ties in the 107 Q-cm range. The substrate thickness of 0.015
inch was chosen 1o maximize the resonator O-facior near 10
GHz [7]. The ‘microstrip lines were 274 pm wide, the ring,
diameter to the center of the lines was 4.72 mm, and the gaps
separating the feeder lines from the rings were 3 pni across. A
pad attached to one side of the ring through an inductive ac
biock was used to apply & de bias across one of the gaps for
the optical measurements,

A plate-through process was used to fabricate the thick Au
electrodes for the resenators. Alter deposition of a ground-
plane electrode on the reverse side of the substrate, 750 A of
Au-Ge followed by 105 A of Ni were evaporated onto the
front of the wafer. The desired clectrode pattern was ihen
defined photolithographically in positive resist, which served
as a mask during the plating process. After a hard bake at
135°C, 3.5 pm of Au was plated through the mask, The
photoresist and the thin Au-Ge-Ni layer in tbe unplated
region werc removed, and the substrate was then annealed for
2 min at 450°C with a resistive strip heater to promote
diffusion of the Au—Ge underlayer into the GaAs. This pro-
duced chmic contact between Au electrodes and the substrate.

Microwave measurements were made using a test fixture
designed for gentle handling and essy interchangeability of
the brittle substrates [B]. A photograph of one of the res-
onators in the test fixture is shown in Figurc 2. The §,,
characteristic for this device measurcd with a Hewlett-Packard
8510A network analyzer is shown in Figure 3. The rescnator
peaks are at 3.475, 6.885, and 10,295 (iHz. Additional struc-
ture can be attributed to reflections from the rf choke and bias
pad.

Opical excitation was accomplished by focusing the light
from a current-modulated 0.843-pm semiconductor laser sup-
_plied by Ortcl into one of the gaps between a feed line and the
ring, Threshold current for the laser was 20 mA and it was
operated at a-dc bias level of 25 mA. The laser package
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Figure 3 S, specirum for ring resonator.
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Flgure 4 Microwave outpul spectrum from ring resonator with aptical excitation for a gap bias of 25 V.

contained a series resistor for impedance matching to a 50-8
transmission line. A microwave power of about —15 dBm was
_supplied to the laser through a bias tee by a Hewlett-Packard
8340A synthesized sweeper, The microwave outpul power
-spectrum from the ring as measured with a Hewlett-Packard
-8565A spectrum analyzer is plotted in Figure 4 for a 25-V de
.bias applied across the resomator gap. Output peaks corre-
‘gponding to the first three resonances appeared 3.48, 6.89, and
‘10,30 GIIz, close to the values observed in the microwave
.measurements, The loaded Q-values at these frequencies were
.54, 75, and 103, respectively. This increase in Q with fre-
‘quency is expected becausc the substrate thickness was chosen
to minimize the microstrip loss near 10 GHz. Corresponding
.microwave power levels at the first three resonances were
- —43, —52, and — 65 dBm, The 22.d8B decrease in microwave
‘response from the fundamental to the third harmonic com-
-pares with an 18-dB reduction in microwave from the lascr

over the frequency range [rom 3.5-10.3 GHe, as measured
with a photodetector with a 3-dB bandwidth of 8 GHz. The
microwave outpul power was an increasing function of the
gap bias voltage, as illustrated in Figure 5,

In conclusion, ring resonators in {faAs have been charac-
terized with microwave and optical cxcitation. The results
demonstrate the usc of optical signal injection for frequency-
domain characterization of a simple monolithic microwave
circuit element, Optical injection climinates transmission line
effects which are present when microwave probes are used.
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5 Dependence of microwave power from the ring under optical excilation on the de bias voltage applied across the
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" ABSTRACT _

" A method for detecting many simultaneons signals in un TFM receiver is
* deseribed. The methad uses corvelution lags to caleufate the frequenties
L of the input signals. Practical considerations und performance are dis-
© clssed.

1, INTRODUCTION
» An instantaneous frequency measurement (IFM) recciver uses
“phase correlators to obtain the correlations of different lags of
“the input signal to measure its frequency [1-3]. Conventional
:IFM receivers have relatively wide input bandwidth—some-

times extending over one octave. The receiver can measure
. [requency accurately on short pulses. One major deficiency of
"an IFM receiver is that the receiver cannot measure simultane-
L ous signals. Worst yet, under simultuneous sipnal conditions,
“the receiver may generate an erroneous [requency report. The
.erroncous [requency report which cannot be recognized will

cause tremendous problems to the digital processor following
the receiver, Even the detection of the existence of simultane-
ous signals is useful information to ke digital signal proces-
sor. This deficiency of the TFM limits its applications in
electronic warfare (EW) receiving systems. :

This paper presents a theoretical approach which takes the
outputs of the phase corrclators and performs the proper
mathematical operations to obtain the frequeney (or frequen-
cies) of the input signal. Theoreticully, this method can be
used 1o solve many simultancous signals. It has closed-form
solutions for up to four [requencies by finding the roots of a
fourth-order polynomial, Beyond four frequencics numetrical
solutions can be used. In the next section, an TFM receiver
operating under simultaneous signal conditions will be bricfly
discussed. In Section 3, the basic idea of measuring, simultane-
ocus signals will be discussed, In Section 4, different choices of
correlation lags are employed to save hardware. In Section 5,
the performance of an TFM receiver will be discussed.

2, CORRELATOR OUTPUTS AND SIMULTANEQUS
SIGNAL CONDITIONS :

The phase correlator in an IFM receiver is made of power
divider, delay line, 90° and 180° hybrids, video detectors,
differential amplifiers, and low-pass video filters [4], The out-
puts of a correlator with delay time r and input signal
Asin(wr) where A is the amplitude and w is the angular
frequency can be written as

R{7) = Pcos{wr)

i
R,(1) = Psin{ar) )
where P = 4% /2 represents the power of the input s;ig,na]. The
above equations can be written in complex form as

R(7) = R,(r) +jR(7) = Pexp( jur) (2)

where j= ¥ — 1 represents the imaginary operatot.
“The input frequency can be found as

m=(1/'r)tan"'(R,/Rr) (3)

There are two simultaneous signal conditions: leading-edge
time-coincident and noncoingident [5]. Here the discussion
wilt be concentrated on the leading-edge time-coincident casc.
In order 10 keep the discussion simple, let us first consider
only two signals and also assume that the lrequency separa-
tion is far apart such that the differcnce frequency will be
filtered oul by the low-pass video filter in the correlator.
Under these conditions, the putputs from the correlator are

R,(1) = P cos{w ) + Pycos{wr)
R,(r} = Pysin{wT} + P,sin(w,r)

(4)
where P, and P, are the power of the signal with frequency «
and w,. If one still uses Eq. (2} to find the input [requency, (he
result will be erroneous. If P = P, = P, the resull is

1 ][ ) + oy

- fan tan{-—ﬂ—-r)

T 2

Wy + @y

= )

£
|

b | sin{eyr) + sin(w,)
= _‘[a —_— -

T cos{ w T) -+ cos{ w, )
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