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Introduction
Although the microwave c ircuit design
is a mature technology, design and
fabrication of electronic circuits in the
microwave frequency hand ( 1.0-30
G~lz) is a nove lty in Sri Lanka.
Designs in the microwave region differ
from low freque ncy designs in many
aspects. Firstly. the theoret ical too ls
requi red to analyze circu its are
differe nt as the wave phe nomena
dominates in this reg ion. The
characte rization of active dev ices takes
a differe nt fonn as microwave circuit
analysis demands the use of scattering
parameters. The mea surement
techniques take a tota lly different
approach as correct data are to be
ext racted from meas ureme nts flooded
with unwanted retlections and
coupli ngs. At present. this is done by
using sophisticated test equ ipment
such as network and spectrum
ana lyzers . Finally. circuit fabrication
needs specia l equ ipmen t as a high
precision (better than 50 micron) is
requ ired.

The work presented in this pape r
foc uses on the design and fabr icat ion
of the front end of an RF ene rgy meter.
Thi s project is funded by the Nationa l
Sc ience Foundation (NSF). Sri Lanka.
The same project includes the
devel opment of a wide-band antenna
system and a fast data acq uis ition
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modu le. Devel opments in these parts
are reported as separate abstracts in
this proceeding.

The paper describes the methodo logy
used for the design and ley issues. All
work covered in this extended abstract
are new tech nica l know-how and
experiences from a Sri Lanka n context.
The principle objective of the paper is
to share the new experience and
technica l know-how gathered in the
design process.

Design of the RF front end
As with any desig n, the starting point
is the design specificat ions to be
satisfied. In this design, we try to meet
the fol low ing spec ifications (Table I).

Table 1. Desiga specifications

Frequency range 1- 1300 MHz
Spurious free
dynamic range
Finall. F
I.F. Bandwidths (of
the final stage)
Min dete ctable
signa l at 200 kl-lz of -1 10 dBm
resolution bandwidth

A super-heterodyne architecture is
selected for the design to avoid
stringent speci fications of tunab le
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Ta ble 2. Specifications of ind ividual stages

Stage 1 Stage 2 Stage 3 Stage 4

Ga in/(d B) 14.6 3.4 2.7 2.7
Max.Noise Figure/(dB) 6.6 I I. I 12.2 12.1
IP3 at input l (dBm) 21.2 19 26.4 26.4
L.O. frequency/ (MHz) 2300-3600 2229 60 10
I.F. Bandwidth / (MHz) 40 4 0.5 0.5,0.3 . or 0.03

I.F. Frequency / (MH z) 2300 7 1 11

band pass filt ers and unw anted
osc illat ions d ue to feed bac k from high
gai n stages (Carlson, 1988). The first
step of the design process is conve rt ing
the g iven specificatio ns (see Table 1.1)
to the specifications of each ind iv idua l
conversion sta ge. The minimu m
de lectab le signa l (AIDS) in d Bm is
linked to the noi se figure, F (in d B) as
shown in eq uat ion (1),
(Cha ng. 2000)
MDS ~ - 174 + F + 1010gB +SNR

(1 )
whe re B is the noi se bandwidth and
SNR is the minimum detecta ble signal
to noi se rat io of the detecto r in d B.
The spuri ous free dy namic ra nge

( DR'I) is linked to the overall third

orde r interce pt po int ( JP3 ) and
the Mo.o;,' by equat ion (2), (Chang
2000) .

DR" ~ y:, (IP3- MDS)

(2)
Therefore, the req uired over all noise
figure and IF3 can be ca lculated. The
key spec ificatio ns of a co nve rsion
stage are, the LF frequency and
bandw idt h. the noise figure, ga in, and
the th ird-order intercept point ( IF3 ).
In thi s des ign, rather than using
cascade for mulas expl icitly, we use RF
Workbench, a freely avai lab le design
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package to avoid repetit ive and tedi ous
ca lcu lat ions. The design resulted in
fo ur stages and the ir specifications are
shown in Table 2.

In obtain ing the va lues in Table 2, we
al so considered severa l pract ical
aspects. These incl ude. limiting the
ga in of each individ ual stage to a
maxi mum of 20 dB to limit potent ial
osci llat ions and limit ing no ise
fig ure, IP3 , and the fract ional
bandwi dth of eac h I.F. fi lter to
pract ica lly achievable va lues. Apart
from these, there are many other
con siderations we do not w ish to
elaborate here in order to lim it the
length of thi s article. However, we
describe few design issues related to
the design of the 1'1 stage as it is the
most cruci al in the who le design.

Issues in the first stage
The frequency band we want to
meas ure is from almost d .c. to 1300
MHz. A down conversion in the first
stage lead s to many co mplicatio ns
such as the poss ib le leakages from RF
to IF. We avo id all these problems by
up-convertin g to 2300 MHz. Ou t of
the two result ing mi xer co mpone nts,
we se lect the di fference co mpo nent,

(f f.() - f/?/- ) .Th is parti cular se lectio n

has many advantages. Firstly , the
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Figure I. Schema. ic d iagram of the firs . eonvers ien stage and sim ula ted result"

image is well separated from the Input
R.F. signal making image suppression
an easy task. Secondly. there arc no
in-band spurious components duc to
the LO which would have been hard to
suppress. This selection also has the
additional advantage of using the LO
leakage to the IF as a marker to
cal ibrate the d.c frequency . This is
similar to the d.c. marker signal in
most commercial spectrum analyzers.

table data can be included. In addition.
Ansoft Designer can directly generate
layouts from the schematic diagrams.
In this simulation. we used measured
Svparameter data and sp ur-table data
published by the manufacturers. The
simulation of all microstrip filters was
done using Ansoft HFSS 10.1
structure simulator to exploit the high
precision of finite element based
electromagnetic field solvers.

Design methodolo gy
The schematic diagram of the ISl

convers ion stage is shown in Figure 2.
Although we use RF Workbench for
system planning. all system
simulations were done using the high­
end package. Ansoft Designer V3.5.
This is because Ansoft Designer
simulations are more accurate as
measured S-parameter and mixer spur

Results
Figure I shows how the 1'1 conversion
stage tunes to pick an 850 MHz signal
with the selection of components.
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