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Here 's a neat RF modulator/detectorfor use with surp lus microwave SWR meters.

Microwave test equipment has never been plentiful or inexpensive, This fact becomes
readily apparent as soon as y ou want 10 make a measurement of power, gain, frequency,
and so iorth. Here 's something y ou call build {or yourself.

T
he earliest microwa ve e xperi
me nte rs found value in modu
lating their sources with a I kHI

tone and using a simple crystal detec
tor followed by a tuned audio umphficr
and voltmeter as a measurement tool.
The technique was quickly adapted for
li se with s lo tted line s fo r mak ing im
pcdancc and SW R measurements.

Even today. the techn iq ue is used for
amateur radio YH FIU H F/Microwa\"e
ante nna ga in measurement contests. A
lone-modulated oscillator or signal gen
erator with a broad bcamwidth antenna

Photo A . From \ ";t'll ' ofmodulator/detector:
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is used as a source. and a crysta l or
video detec tor fo llowed by a n HP -t I5
or similar SWR meter is used to make
power measurements re lative to an an
tcnua with known gain .

Thi s idea works well if your source
can he eas ily amplitude-modulated
(A~l). However, most microwave
brick osc illators. klystrons. and Gunn
d iodes do no t lend themse lves to di rect
A~l modu lation . Most can eas ily be fre
quency modulated (f1\ I). hut A.\1 must
he done with an externa l modulator
s uc h as a PI N-d iode . The only PI:\"-

d iode switc hes I own ex hibit a large
re flected impedance difference he
tween their on and off states which can
upset the stabi lity of some sources.

I wanted to he able to test wi th a va
ricry o f microwave sources without
having to build a un iq ue dedicated
modulato r for each so urce, so I de
cided to modulate the rece ive r instead
of the transmitte r. Thi s idea is noL that
much diffe rent than wha t is dune with
a Dicke rad iometer or e ve n the earliest
uutornou vc radar de tectors . The idea is
to chop the input line to the de tector.
With no RF present. there is no o utput.
When RF is prese nt. the outpu t is an
AC signal at the c hoppi ng freque ncy.
proport ionalto the ampli tude of the in
co ming RF. The onl y difference be
twee n the two approac hes is that with
this syste m. the meter wi ll re spond to
a ll RF present. whereas with the modu 
lated source. the meter only respond, to
the modulated RF. While a simple RF
bandpass ti ller should cure any inter
fe ren ce prob lems i f they occur. I have
yet to need one.

Years past. at a hamfest, I had pur·
chased severa l Hcwlc n-Packard (H P)
PI:\"-d iode S POT switch modules as an
investment that no w seemed ideal I'm
the task. All I would have to do would
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Plw/(, H. stodutator/actector with cabinet cover and driver shield removed.

Photo C. Modulator/detector 1\,;,11 cabinet cover removed. PIN-diode dri ver at /01',

1'(1\1'('1' SIII""Y ;11 the middle. and PIN·diod" switch with de/ector in/ower rig ht.
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~1C 145 15 1, when operated from a 5 volt
supply, has an upper freque ncy limit of
15 Mil l. and is hardwirc-program
mabie to divide by any integer from 3
to 16.383. To divide by 960. the N = 9.
8,7 and 6 pins (5 12 + 256 + 128 +64
= 960) arc left fl oating (internal pull
ups) and all other divi sor pins are
grounded, Usc whate ver divisor wi ll
di vide your particu lar osci llato r down
[0 4 kl-lz.

Why did I go for 4 kH:l instead of 1
kHz? Well, I war ned 10 drive the PIN
diode switch with a 50% duty ra tio
square wave . The output pulses from
the MC I45 15 1 arc not a 50~ duty ra
tio square wave, but have a pulse dura
tion equa l to the period of one cycle of
the input signa l. 0 .26 microseconds in
this case , Therefore. I knew I wo uld
need to add at least one binary fl ip
flop following the MC 145 151 to
achieve the 50% duty ratio , Since most
integ rate d c ircuit flip-Flops have at
leas t t\I,'U stages per package. the out
put of the MC 145 151 could he either 2
or 4 kl-lz. I chose 4 kH z. The divider I
se lected to follow the ~1C 145 1 5 1 is a
CD40J3. a common two-stage type D
flip-flop. A type D flip-flop wi ll toggle
or divide by two if the se t and reset
pins are grounded and the not-Q
(compleme nta ry) output is connected
to the D input. T he n ip-n or inp ut is
the C or clock pin, and output is taken
from the Q pin. As I men tioned. I used
both stages to divide by fou r and
achieve a 50~ duty ratio I kH z square
wave ou tput.

Of course, the CD40 13 C~10S inte 
gra ted circ uit does not have the capac
ity to directly drive the Pl jc-d iode
switch . I para lleled the six inverters in
a C D4049 to act as a drive amplifie r
followed with a simple 2N2222A
switching transistor. or course , all six
inverters arc not needed, hut the inputs
to the un used inverters wo uld have had
to have bee n tied to ground or the sup
ply anyway. so why not just parallel
them and not worry.

The Plfc-diode switch is supplied
current throug h a 120 ohm resistor
from the 5 mit supply line . I init ially
tried a lower value resistor to gel a
higher PIN-diode c urre nt, hu t the in
crease in signal outpu t was marginal.

because it will probably otherwi se never
he used, Usc whatever osci llator you
have. as long as the output frequency
is an even integer multip le of 1 kl'lz.

Following the oscillator, I used an
MC I4515 1 integrated circuit to divide
the 3.84 MHI by 960 to get 4 kl lz. The
~1C 1451 51 was designed to be part of
a phase loc ked loop and has ma ny in
ternal functions which arc nor needed
for this applicat ion. However, the di
vidc-by-N portion ca n he used indc
pc ndcruly of the othe r functions. The
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adjustments or calibration requ ired 
too many knobs spo il the measurement.

Having decided to start with a crystal
oscillator, why didn't I uSC' a common 1
MH/.TIl.. fN.illator'? \\'cll. a quick check
of my junk box revealed several TIL
unit oscillators. I hated to usc one of 111y
U XX) MHz units when I had some
other units with seemingly odd-ha ll
frequencies. I selected a :l ~4 MHz unit



and the power consumption and radi
ated no ise level were much higher. The
difference in detected output between
using a switch that switches from 0 to
10 dB vers us one that switc hes from 0
to 100 dB is less than 10%.

The 2N2222A tra nsi stor, w he n
switched off, has no influence o n the
PfNcdiode curre nt. W he n sw itched o n,
the 2N2222A shunts all the c urre nt
through the 120 ohm resistor to
ground , thereby reducing the PI N·d i·
ode c urre nt to zero. The Plbl-diodc
switch is o n when the transi stor is on
and vice versa. By using a shunt
swi tching co nfig uration, the current
through the 120 ohm resistor is rela
tive ly constant. This way, no large
switch ing currents arc generated tha t
can radiate and he picked up by the HI'
4 15D SWR meter. After all , the HI'
4 15D has a useful se ns itiv ity ap
proachi ng 0.1 microvo lt, and the fin al
sys tem noise Door will determine the
ultimate se ns itivity of the co m p lete
ins trume nt.

The voltage across the Plfv-diodc
switch is 0.1 V when the transistor is
on and 0.9 V when the transistor is o ff
and all of the current is passing
through the PIN-d iode. T he 120 oh m
curre nt limiting resi stor is d issipa ting
0.2 W when the tran sistor is on and
0. 14 W when the transistor is off. The
average power di ssipated by the resis
tor is 0 .17 W. For reliability. I used a
re sistor with a I W ra ting. T he current
drain o n the 5 V regulated power sup
ply, not including the LEO power indica
tor. is approximate ly 60 mAoTbc LEO
power indicator draws an additiona l
12 rnA .

To further reduce rad iated noise. the
driver circ uit board is mounted inside
a shie lded enclosure and the TTL os·
cilla tor modu le and each integrated
circ uit is bypassed with a 0 .1 Ill" ca
pacitor. The c ircui t board. mounted in
its shie lded enclosu re . is sho wn in the
pho tograp hs bot h with the s h ie ld
removed and in place.

The shielded driver is mounted in a
larger aluminum c abinet along w ith
the regulated 5 volt power supply,
Pllv-diode switch. and crystal detector.
The cabine t volume is less than the HI'
4 150 and is easily stacked under o r

over the H P 415D as see n in the photo
graphs. Coax cahles are used internal
to the cabinet between the front panel
feedthrough connec tors and the PIN·
diode sw itch input and the detector
o utput. A short SMA jumper cable
connects the PIN-diode sw itc h and the
detector as see n in the photographs . An
SMA to SMC cable is used to route the
I kHz drive to the PIN-diode switch . I
mou nted the PIN-diodc switc h a nd the
detector o n a com mon bracket for ease
o f assembly and to minimize the
length of the interconnect cable. The
usual paint trim. handle s. and label
decals were applied to the front panel.

In o peration. the HP 4150 "INPUT
SELECTOR" switch is set to ··XTAL."
e ither 200 ohm or 200k depending o n
which position g ives the stronges t
reading with your detector. I usually
usc the 200k position . Do not use the
"BOLO" or bolo meter position. as it is
designed to supply a current b ias to the
detecto r and ca n destroy the c rysta l
diode. If you usc a Hewlett-Packard
detector with its o wn. matched.
sq uare- la w optimized load resistor. usc
the 200k sett ing .

Because a diode detector. when used
with low leve l sig na ls. is a sq uare- law
device. [he dB scales are reasonably
acc urate relative power indi cators . For
exam ple, a c hange in mete r rendi ng.
up or down. of 3 dB , represe nts a fac
tor of two power cha nge. The unit can
he used for antenna gain measure
ments. re lat ive to a known antenna. at
tcnuation measurements. and small
signal amplifier gain measurements. as
well as slotted line impedance mea
surements as explained in the HP
4 150 manual. Whi le thc unit was de
sig ned a nd built with the H P 41 5 D in
mi nd. it should work equally we ll with
othe r I kH z tuned SW R meters having
a crystal detector input.

How we ll docs it work ? I continue to '
be pleased w ith the performance and
use it regularly. Usi ng a mid-va lue
gain se tting o n the HP 4150, the noise
fl oor is mid-scale o n the 50 sw itch p0

sition. At I GHI:. a sig na l o f -42 dBm
is 3 dB (full scale deflectio n) above
the noise floor. At 2 GHz, a signal o f 
47 dBm is also 3 d B above the noise
floor. T he onl y reg re t I have is that I
did not build it soo ner. ii
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