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Build This IP3 Test Set
A receiver 's third order input intercept point is more than just a mouthful.

Receivers for shorllvave ana ama teur use need to be able to hear we,1k signals without
creating distortion from adjacen t strong ones. In a poorly designed receiver, distortion
can completely override and mask o u t a desired but weak station. One number in a
receiver's spec sheet that tells you just how good it is in preventing distortion is tile third
order inpu t intercept point - IP3. But what does that mean?And how is it measured?

A
ny circui t handling more than
one siunal will create some
distorti:'n. If two steady radio

frequency signals at, say. 14.060 kHI
and 14.080 kl-lz, enter the ante nna ter­
mina ls of a receiver. then hy tuning the
receiver we can separate a nd ide ntify
these two signals at two points on the
tuning dial. However, due to non­
li ncaritics within the receiver's c ir­
cuits , there will a lso he weaker signals

found at 14 .().lO kHz and 14.100 kf-lz.
Where did these come from? The two
weaker signals are called th ird order
d istortion products. If you are try ing to
listen to a weak station at 14.(M0 kf-lz,
you might not he ahle to hear it be­
cause the di stort ion product generated
in the receiver itself co uld he stronger
than the station you are trying to hear.
No amount of tuning or IF fi ltering ca n
separate the distortion product from

the desired signal. It si ts right on top of
what you want to hear,

Ncnli ncari ties in the rece iver 's RF
am plifi er a nd m ixer ci rcuits c rea te
harm on ics . The second harmonic of
14.060 mi xes with 14.080 to produce
14.040 kHI , Like wise , the second har­
mon ic of 14,080 mixes with 14 ,060 to
produce 14.1 00. T he mi xing can occur
in the rece iver 's mixer circ uit o r eve n
in the RF amplifier. Remember. non­
linear devices make good mi xers,

Un dersta nding IP3

The top line in the graph of Fig. 1
shows the output versus input le vel of
a mi xer circuit. Mi xe rs have two in­
pu ts, In this case . the input on the
graph is the signal input. The oscillator
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Photo A. Measuring intercept performance ofa receiver:
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Special Purchase
Nickel-Metal Hydride
AA "Flat-Top" Cells

MAll ORDERS TO;
ALL ELECTRONICS

CORPORATION
P.O. Box 567

Van Nuys, CA 91408
FAX (818)781-2653

e-mail allcorp@allcorp.com

1-800-826-5432
SHOP OUR ONLINE STORE

www.allelectronics.com
CHARGE ORDERS to Visa, Mastercard,

American Express or Discover

For power supply we suggesl our regulated 5.7
vee @ 700 rna supply. Needs plug replace­
ment to mate with camera, Appropriate connector
and hook·up instructions are inclUded,
CAT # p $-Sn $5.50 each

20 or more $5.00 each

SOLDER-TABBED
CAT< NMH-ll0T

Panasonic # HHR·11AAO
1,2 vert, 11 00 mAh 'net-teo" rechargeable AA
cells. These ce lls are designed for use in
batte ry packs: they do not have the raised but­
ton found on most replaceable batteries, 0.55"
diameter X 1.9S"long Large quantity eveuaoie.
Two styles:

REGULAR-FLAT TOP n'="''''''3l
CAT # NM~H~-1~1~O~=~IJ~_lJ)~!~_:;:~

$1 50 40pcs $1.25· 120pcs $1 .00
each BOOpcs 85t each

$1 75 40pcs $1.50 • 120pcs $1.25
each 800+ $1 .00 each

CALL. WRITE
FAX or E-MAIL
for our FREE

96 Page
CATALOG

Out,ide the U.S.A.
send $3.00 po,t39!'.

Sharp # YH·7550. New,
NTSC. color CCO video
camera. Ideal for serves­
lance or video coorere rcnq
2" oe.. x 3.35" long Adjust­
able table-top stand, 6' cable
with RCA plug for video and
2.5mm LD. coax plug for power.
Operates on 4 5 - 7 VOC @ 1 Watt (Power
supply not included). Features: 512 x 492 prx­
els 300 line resolution 20 lux min illumma­
non. Auto while balance F2 2 lens 3.8 mm
rocetienctn . Manually adjustable focus from

30mm 10 infinity CAT# VC-250

120 or more $40.00 ea. 1 $43?a~h
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How is IP3 measu red '!

the corresponding vertica l axis level is
ca lled the output IP3 level. When a
spec sheet does not speci fica lly indi­
cate which, it is usuall y referring to the
input IP3 leve l.

When comparing two mi xer circuits.
the higher the input IP3, the lower the
distortion products will be. A good
mixer has a high input IP3 poi nt. Keep
in mind . however, that the mixer is not
capable of operating at the IP3 poi nt.
It 's just a way of comparing two mix­
ers. The mixer can only reasonably
hand le signals up to the poi nt at which
the ou tput fl attens out, called the
com press ion point.

In order to measure the IP3 point of
a circu it, you need to inject two fairly
strong independent signals into the cir­
cuit. They need to he stro ng enough to
cre ate measurab le distortion products.

The signals a lso need to be com­
bined without creating distortion be­
fore they get to the circu it under test.
One good ci rcuit for producing a sig­
nal is shown in F ig. 2. A circu it hoard
patte rn is shown in Fig. 4. Component
locat ions are shown in Fig. 5 and
Photo B. A crystal osc illator with a
high-Q tank circ uit, and low loading
on the crys ta l, generates a c lean signal
with low phase noise. Inductor Ll has
a Q of over 250. See the Radio Com­
ponents Handbook for more informa­
tion on construc ting high-Q inductors .
A JFET transis tor, 1305 , is used in
the c irc uit. An M PF102 would he an
accep tab le s ubst itute .

An emitter follower using a 2N3904
NPN transistor isolates the oscillator
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Fig. 2. Generator schemauc diagrcun. Tl = primary 21T#22 wire on T50·C core; secondary
37#22. T2 = 7 bifilar lIIrns #26 wire on Ft: 23-43 core. LI = /2T #22 wire all T37-6 core.

input is held at a constant leve l. Both
scales are measured in units of dBm or
power in dB above one milli watt. We
see that the mix er has a gai n of 10 dB
and can handle signals up to about 10
dRm ( 10 milliwatts) at the input and
then flatte n out. The line has been arti­
fi cially ex tended to higher leve ls with
dots, but note that the mixer docs not
operate at the dotted points.

Suppose two equal strength signals
arc fed into the mixer. Each one has
the level shown on the horizontal
scale. Then there will be two outputs,
each one having a level equal to the
vertica l scale as read using the top line
of Fig. 1. In addition, there will be the
two weaker IP3 distortion product sig­
nals. The level of each IP3 signal at the
mixer output is show n by the lower
line in Fig. 1. You immedia tely notice
that (he slope of the lowe r line is three
times that of the upper line. This is the
way distortion products usually work.
Again the lower line has been art ifi­
cially ex tended by a dotted line.

The point at which these two dotted
lines cross is called the IP3 point. The
corresponding level on the hori zontal
axis is called the input IP3 level and

Fig. 3. Hybrid combiner schematic.
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Fig. 4. Pr imed circuit panem fo r generator (100%).
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Negative feedback in the power am­
plificr circuit provided by the 5 10 ohm
resistor means that the output imped­
ance is depende nt on the input imped­
ancc. Trimpot PI is adjusted first for
a 50 ohm output. A highe r value of
PI produces a lower output impcd­
ancc . I used the se tup shown in
Photo D. An ~lFJ·259 SWR analyzer

.01 12 3.31( 220

XlAl __ ' r,) ~ CJ 0 ;=() = -=- ()

circuit from any load variations that
might modulate the oscillator and
cause distortion.

A fi nal power amplifier circuit is
configured using trimpots PI and P2 to
provide an exact 50 ohm output at a
leve l of 6 dBm.

Fig. S. Generator cml/lumenr locations.
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on Microfiche !

I]UCKMASTER r=
(11)6 Jefferson Highway - CJ

Mineral. Virginia 23117 USA
5-10:X9-1-5777-gOO:282-562X

Fax 5-iO:89-1-9 14 1
e-mail: info @huck.cllm

The entire run of 73 from
October 1960 th rough last year ls
now available. Over 800 fiche!

You can have access to tne
treasures of 73 without several
hundred pounds of bulky back
issues. Our 24x fiche have 98
pages each and will fit in a card file
on your desk.

We offer a batteryoperated hand
held viewer for $150. and a desk
model for $260. Libraries have
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availableasanentireset, (nopartial
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backl
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_________ _ ___--' Set for 50 oh m output

Photo B. Signalgenerator board with components.
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Photo C. Hybrid combiner.



Fig. 6. Printed circuit pattern for hybrid
combiner (100%).
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Photo E. Setting the output level.
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Fig. 7. Ilybrid combiner (¥JIIl/lIlI1ell/ locations.
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set for 1·1.070 kHz measures the out-
put impedance. Supply voltage must be Photo D. Sett ing the output impedance.

applied to the power amplifier and emit­
ter follower. hut the crystal oscillator
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Photo G. Completed test sa Photo A shows a typical lest se tup.
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Photo I ': Circuit boards mounted ill box.

must be disabled. You can disabl e it by
removing the crystal or by temporarily
shorting the crysta l leads together.

Next, insert the crystal and adjust
the 36 pF trimmer in paralle l with T l
unti l a signal appears at the output.
The 36 pF trimmer in series wi th the
crys ta l call be adjusted to se t the exact
frequency. T hen. as shown in Photo E,
P2 is adjusted for a 6 dBm output into
a 50 ohm load. The d Bm meter de­
scribed in the Nove mber 1995 issue
of Electronics Now can be used to

..
•

Table l . Parts list. A complete kit ofparts.
including two generators, combiner. and
drilled case. is available for $60 plus
$4.50 shipping from Unicorn Electronics,
Va lley Ha:a Drive, Johnson City NY
13790; (800) 22 1-9454; [www.unicomelex.
com]. Kits fo r the dbm. meter and step at­
telll/aw r are also available from Unicorn.
A set (3) ofetched and drilled circuit boards
f or the IP3 test set is available for $10,

measure the level . You will also need a
step attenuator, such as the one de­
scribed in the Apri l 1999 issue of Elec­
troll ies Now, lO drop the 6 dBm level
dow n to whe re the dB m meter can
read it. Note that a 50 ohm low-pass
fille r LI and the two 220 pF capacitors
in the output reduce an y harmonics on
the signal. T he 6 dll m leve l should be
measured after the signal passes through
the low-pass filter.

Two such c ircuits are needed, wi th
crysta ls 20 kHz apart . To prevent any
interaction between them via the power
supply, it is best to power them scpa­
ra tely using battery packs. Two pack s
of eight AA cells each. as shown in the
photos, is satisfactory.

Hyb rid combiner

The tw o signa ls must be combined
befo re injection into the test circuit.
The 6 dB hybrid 50 oh m combine r
using a ferrite trans former shown in
Fig. 3 works well. A circuit board is
shown in Fig. 6. Component locations
are shown in Fig. 7 and P hoto C. Note
that this circuit must be fed with two
50 ohm sources and he terminated
with a 50 ohm load. Both generators
must be powered on for the level s to
be correct. Each signal wi ll be at 0
dBm at the output.

Building the test set

A complete test set consists of two

gene rators and a hybrid combi ner. All
three can he include d in a sing le
shie lded box as show n in Photo F. For
those who prefer, a comple te kit is
available. See the parts list, Tab le 1.
The completed IP3 Test Set is shown
in Photo G .

Making the measurement

Fo r each s ignal generator :

1 4.70

a 12Q 1

l' 91 n I
l ' 220 (1

1
1 5100

1 1k

2 3.3K

1 10k 1

1 " k 1

1 300 0 trimmer 1

1 5k trimmer I
6 0.01 ).I F disc ceramic I
1 O.l).1 F mcnolyttnc 1

2 36 pF trimmer cap (purple) I
1 30 pF silver mica

1 180 pF silver mica

2 220 pF ceramic

1 crystal, 14060 or 14080 KHz

1 J30S FET

2 2N3904 NPN transistor

1
T37-6 powder iron core (small yellow).
wind with 12T #22 Wire (orange), use 7"

TSO-6 powder iron core (large yellow).
1 wind primary 21T #22 wire (orange). use

15"; wind secondary 3T #22, use 3"

FT23-43 1errite core (small black). wind
1 with 7 bililar turns #26 wire (green), use

two, S" each

1 1 Circuit board

For the hybr id combiner:

I' 51 ,~

FT23-43 1erri te core (small black). wind
1 with 10 bil ilar turns #30 wi re (small

orange), use two, 7" each

1 Circuit board

For the case:

1 Hammond 1411 N utility box,S x 3 x 2,2"

l ' BNC chassis mount connector

112 1/4" g rommets

1
2 Battery snaps

I' 4-40 pan head machine screws 318" long

24 4-40 hex nuts

A step att cnuutor is used between the
IP3 test se t and the rece iver to be
tested. In the photo, the receiver is my
Kenwood TS-S30S transceiver. An old



Input IP3 (dBm) Rating

>10 Outstanding

o to 10 Very good

-10 to 0 Good

- 20 to - 10 Fair

<-20 Peer

Table 2. Rating /990s -era receivers.

With thi s test set, you can make ac­
curate IP3 measurements of your re­
ceiver 's distortion performance. Good
luck w ith the building and with th e
measu ring!

Further reading

"Build a Step Attenuator," Electronics
Now, April 1999, pp. 34--37; correction,
June 1999, p. 7.

"d ll m Meter, " Electronics Now,
November 1995, pp. 112- 113, 158-1 59.

Ladder Crystal Filters, John
Pi vni chny N2DC H, MFJ, Stark ville
MS, 1999.

" Produc t Rev iew: Kenwood TS·

830S ," QST, May 198 1, pp. 38-40.
Radio Components Handbook.

G uido Silva I2EO, M FJ , Sta rkville

MS, 1998. fll

r------------------------~LED FLASHLIGHTS (and more!) • Lasts 4 times longer than regu lar I
1'" fl ashl ights I

• Lifetime warranty including LED I
lights

• Shockproof I
• Features 4 high intensi ty LED I

lights I
• Powered by 3 AA alkaline batteries I

Colors: whi te , blue, red, and green I
D & L Antenna Supply C o. After continuously being tumed on for I

Secure Orderi ng On Line at 14 days (336 hours), it was possi ble to I
www.wavehunter.com read a newspaper using only the output

I 1-800-965-8880 from this amazing system. This item I
I G reat C hri stmas G ift ! ($4 .95 and Up) sold out at Dayton! I
~------------------------~

product review in QST lists an average
IP3 at 14 MHz as - 9 dBm. 1----------------------------

Connect up the batteries and locate
the two crystal oscillator signa ls. These
signals wi ll be extremely strong and
you will need to switch in some at­
tenuation to get a reasonable reading
- say S9 level s for the distortion
products. The two input signa ls will be
much stronger. Now tune to one of the
IP3 distortion product frequencies and
note the signal level on the receiver S­
meter. Tune back to one of the crysta l
oscillator frequencies and switch in
additional attenuation until the signal
level is the same as the disto rtion prod­
uct signal was . IP3 is then calculated
from :

orld's best ham weather station*
The ULTIMETER@2000 tracks
more than 100 values so you can
monitor and record weather
extremes in your area.
I n st a nt a cce ss to : • c u r r c n t vatu e s -

"LV: ... \'I: today's highs and Iowa - long term highs and Iowa -
\ ~-'.Le~ f,'/: y. time/dale for all highs/lows· rain totals] for today. yes-

/,>ctll(\ terday. and long term- alarms, and much more. Easy 10 install.
Features superbly accurate: • baromet- Only $379 plus shipping {j Optional
ric pressure· 3-hr. pressure change · sensors add'!.) Other ULTIMETER mod­
indoor/outdoor humidity t e dew pointt e els starting at $ 189 .
wind speed/direction · indoor and cut- *Even WeatherWatch magazine con­
door temperature e wind chill tempera- eludes "the best we have seen."
ture • rainfall t ,

The Weather Picture"
An eyepopping add-on to your ULTIMETER

The mo st popular accessory for our precision weather
systems, T he Weather Pict ure" continuously displays
all the vita l weather data you 've pre-selected from your
ULTIMETER IO Weather Station. Big red numeral s are
easy 10 read fro m across Ihe room, day or night.
Available in two sizes, in brushed aluminum, traditional
oak, or solid teak. Size shown: 1 ~ Y,' x II Y,'

407-957-9786 1·800·USA PEET FAX 407-892-8SS2
PEET BROS. COMPANY, Dept. 73, 31 E. 17th Street, St. Cloud FL 34769

Our 2~ lh Year Wireless displa now available! © 2000 Peel Bros. Co.

IP3 = Origina l Signa l Le vel + 0.5 x

Additiona l Attenuation

IP3 = - 36 + 0 .5 x 52 = - 10 dBm

The original signal leve l is 0 dBm
minus an y attenuation you started wi th
on the step att enuator. Note that thi s
procedure measures input IP3 but not
output IP3.

For my measurements of the
Ken wood rece iver, I used 36 dB at­
tenuation to produce two distortion
signals at S7 on the receiver 's signal
streng th meter. Then, tuning to one of
the generator frequencies, an addi­
tional 52 dB was required to reduce
this signal to S7. From the previous
equation, then:

which agrees approximate ly with the
ARRL's average of -9 dBm.

From my experience, I would use
the chart in Table 2 to rate 1990s·era
receivers. Even very good older re­
cetvers will fall further down on the
chart.

73 Amateur Radio Today. November 2000 15




