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How High the MoonlHow Wide the 
Band? 

High frequency is a relative thing. Take 
the HF ham bands. (Please!) The only 
thing "High Frequency" about them to 
most microwavers is that they're fine for 
coordinating scheds (we've all heard our 
friends on 3818 kHz saying "I'm gonna 
send 0 s  now"), and they make dandy IFs 
for real RF converters. True hams (and 
if you're reading this, that's you) long for 
the more exotic frequencies up the 
spectrum. 

But one person's exotic is another's 
mundane. About fifteen years ago I ap- 
plied for a position as a microwave 
receiver designer at a well-known aer- 
ospace company. I had recently deve- 
loped and published a number of preamp, 
filter and mixer designs for the 23-cm 
amateur band, and thinking myself quite 
the microwave engineer, brought some 
manuscripts and prototypes along to the 
interview. "Interesting," was the 
manager's comment, and he hired me to 
work in the IF Amplifier Section. 

Ah, but what IF amplifiers they were! 
This company was converting wide ex- 
panses of the millimeter waves down to 
the "lower spectrum" below 10 GHz! An 
early task to which I was assigned was 
the design of a 2- to 6-GHz amplifier with 
flat gain and noise figure. A challenge to 
be sure, as we hams seldom think in 
terms of true wideband performance. Our 
widest microwave bands are scarcely ten 
percent from end-to-end, and here I had 
to span an octave and a half. It turns out 
the project was a challenge to the profes- 
sionals as well; before the amplifier was 
completed, a dozen engineers ended up 
occupying two large mainframe com- 
puters for the better part of a year. Broad- 
banding microwave circuitry, it seems, is 
no trivial task. 

Why so Narrow? 
Solid-state microwave active devices 

tend to be frequency selective by nature. 
Consider the scattering parameters of the 
familiar MRF-901 silicon bipolar junction 
transistor, as seen in Table 1. Note that 
the magnitude of S2,, forward voltage 
transmission coefficient, diminishes 
predictably with frequency. Each time fre- 
quency doubles, this figure for unmatched 
forward voltage gain drops in half. 

If we expressed gain logarithmically, 
we'd see that gain is rolling off at rough- 
ly six dB per octave-exactly the perfor- 

Table 1 
Scattering parameters for a typical microwave silicon bipolar junction transistor, 
the Motorola MRF-901, biased at 5 volts V,, and 5 mA I,. Note that beyond about 
200 MHz, S,, decreases quite uniformly with frequency (see text). 

sll s2 1 S12 s22 
FREQ MAGN ANG MAGN ANG MAGN ANG MAGN ANG 

Table 2 
Scattering parameters for a typical microwave gallium arsenide field effect 
transistor, the Avantek ATF10235 biased at 2 volts V,, and 20 mA I,. Note that 
beyond about 4 GHz, S,, decreases quite uniformly with frequency (see text). 

Sll s21 s1 2 s2 2 
FREQ MAGN ANG MAGN ANG MAGN ANG MAGN ANG 

mance we'd expect from a monotonic 
(one-pole) low pass filter beyond cutoff. 
Field-effect transistors are no different in 
this respect, as Table 2 indicates. Even 
MMICs., often used as uniform gain 
blocks, have a pronounced gain roll-off 
with increasing frequency (see Table 3). 
Which leaves us with the conclusion that 
all microwave active devices are inherent- 
ly lowpass, and will resist producing uni- 
form gain across a wi'de band of 
frequencies. 

Forti~nately, as can be seen in Tables 1 
through 3, the input and output reflection 
coefficients (S1 ! and S22) of most micro- 
wave active devlces are somewhat great- 
er than zero, which means there's more 
gain to be had at the higher frequencies, 
by matching the input and output to the 
system impedance (typically 

50 ohms). Of course, matching the tran- 
sistor, MMlC or FET at the higher frequen- 
cies (where gain is lowest) will tend to 
increase gain at those frequencies, while 
leaving the device mismatched at the 
lowest frequencies (where there's likely 
already too much gain) will tend to reduce 
amplifier gain in that region. Thus a tech- 
nique widely utilized to obtain wideband 
performance from microwave transistors 
is frequency selective matching. 

In optimizing performance of that com- 
mercial 2- to 6-GHz IF amplifier of long 
ago, my colleagues and I developed a 
seven step procedure for wideband am- 
plifier design. It's still valid today, and is 
illustrated here, over that same range of 
frequencies, in the design of an amplifi- 
er using more contemporary active 
devices and software tools. But before we 
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