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Fig. 1. ld versus Vgs for 0 temperature shift bias
point.

always fo und o n the FET spec sheet and is a
range of curre nt fro m I rnA to as mu ch as
50 rnA . Different FET's will have different
ranges of curren 1. If one pe rson uses a FET
wit h an IDSS of 2 rnA and you use a FET of
the same number with an IDSS of 10 rnA,
you may not be able to get your project to
work right , and you will find that the
slightest te mpera tu re variation will change
the circuit conditions. To find ou t why, le t 's
look at the curve of the drain current of a
FET under different tempera ture cond itions
to see how they vary. Figure I shows this
curve with the dra in current plotted aga inst
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T he field effect transis tor , or FET as it is
called, has proven to be a very unique

device and is now being used quite wid ely in
the elec tronic industry as well as in ama teur
rad io projects.

The low cost FET is popular with hams
because so many things can be done with
th is electronic ma rvel. T he junction type of
FET is extreme ly rugged , bu t a few basic
facts on these devices should be taken in to
conside ra tion before your next project with
the FET is started . The fo llowing points are
generally ignored. and as a resu lt many
projects do not work out-right, if at all, even
though you have followed the schematic and
used the same parts. In some cases, the FET
has been shunned because it was thought not
to be as stable as the transistor. Let s take a
look at the imp ortant points and how to use
them so we ca n make the FET circuit j ust as
stab le, if not more so , as the transistor or the
tube.

O ne of the most important and over
looked parameters of the FET is the IDSS or
zero bias drain current of the device. This is
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Numbers 3 and 4 cou ld also be used as a
ma tched pair, bu t number I could not be
used with the o ther three as a matched pair
such as in a bridge circ uit fo r a volt me ter . If
nu mber I was matched wit h any of the
other FEr's, the circuit would be unstable
and subject to temperature drift. Any of the
FET's above could be used as an amp lifier
for a zero bias stable condition. Let's use the
FET with the ze ro bias drain current of 6 .1
rnA as an exa mp le o f how we find the
pro per opera ting po int of the FET that we
are going to use .

The example uses a load resistor of 4 .7K
and is being used as a low level audio
amplifier for a mike stage. If the zero bias
drain current is 6 . 1 rn A, then we can use the
average of the .08 to .1 I figure which is
normally .10 as a starting point. Multiply the
figure of 6. 1 rn A times .10 which gives us a
figure of .6 1 rnA of drain curre nt fo r the
FET. Using Ohm's Law , this would give us a
voltage drop of .6 1 rnA times 4.7 K or 2.87 V
across the load resistor. To achieve this
voltage dro p. .we mu st now adjust the source

Here are a fe w examples o f different
Inss currents I measured on several
Mot orola MPF I04 junction Ffi'T's. If a pair
of FET's were needed, such as in a bridge
circuit, numbers 2 and 3 would be the best
suited as they are the closest in zero bias
dra in curre n t measurements.
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the gate voltage. As you can see , when the
temperature is the coldest , the drain curre nt
is the highest at zero bias, and when the
temperature goes up, the maximum drain
cu rrent decreases.

If the FET were biased at zero bias, the
maximum amount o f gain can be obtained
from the circuit , but wit h the maximum
sensit ivity to temperature change. T he three
curves cross at a point with the gate bias
nega tive, causing a low flow of drain current.

Beyond tha t poin t, the ac tion changes. When
designing a circui t for maxim um stability,
such as an amp lifier fo r mobile ope ra tion or
an oscillator for a vfo, we would like to bias
the FET at the cross-over point or the zero
temperature point. This would result in the
smallest change in drain curren t for the
maximum temperature variation . To achieve
this , you could ru n a set of curves on the
FET's that you are using to find this point ,
but there is a much simpler me thod .

Mo st FET manufacturers have found that
the zero temperature poin t is around .9 to
.11 of the ross of the FET. We can use this
handy information to design our circuits for
maxim u m stability and minimum drift. All
we must do is measure the zero bias drain of
the FET that we are going to use , and use
the average of .1 0 times the zero bias drain
curre n t to find the opera ting point of the
transistor : The Inss of the FET can be
fou nd in two ways : wit h a co mmercial FET
tester such as the Sencore TFI5 1 that will
measure this drain current as well as the Gm
or with the circuit of Fig. 2.

The ci rcuit is set up to measure the zero
bias drain curren t fo r an "N" channel FET .
To measure the zero bias drain current of a
" P" channe l, reverse the mete r and battery
connections shown. The battery voltage is
not critical and any value between six and
nine volts can be used with the same figures
resu lting,
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Fig. 2. Setup for measuring IDSS of a FET reverse
meter and battery for "P:" channel FET.
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resisto r in the circui t until the voltage drop
across th e lo ad resis tor is 2.87 V. If you have
the curves for the F ET th is ca n be dam:
simply hy findi ng out ho w m uch bias is
needed to limit the d rai n curren t to arou nd
this figure and. aga in u sing Ohm's La w,
f igure out a sou rce resisto r with the drain
CUTTen t of .6 1 rnA a nd the bias voltage . In
mo st cases it is m uch easie r to u se a resist or
su bst it u tion bo x o r a pot in the source and
adjust th e va lue u n til you fi n d the voltage at
th e drain lo ad resistor to be that whic h you
have calc ula ted.

If a lo w level signa l is to be amplif ied , a
F ET with a lo w lOSS ca n be used , but if a
high level o f signa l is to be amplified , it is
mu ch better to use a F ET with a high lOSS
so that the resulting drain c urre nt will allow
a greater swing and st ill remain in the linear
portion of the c u rve, as you would for a
tube c ircui t. A bo ve all, do not a llow the
F ET to ru n a t a dra in cu rre nt a bove its
normal lOSS o r permanent damage to the
tran sistor will resu lt. If you are replacing a
FET in an e xis tin g ci rc u it, be su re to check
to see how much drain cu rre n t was being

drawn by the pr evious FET. If the c irc u it
draws more dra in c urre n t than the maximum
lOSS of the rep laceme n t FET . you will have
troub le.

The zero bias d ra in cur re n t o r I DSS can
be helpful in ma ny. ways: fo r e xa mple . to
f in d the best o perat ing poi n t fo r a vf'o .
matching a p air of F ET's for a bridge c irc u it.
o r finding the best o pera t ing point for an
ampli fier for best stabili ty. In rf applications
the FET is ideal and in mo st cases is b iased
at zero bias to get the maximum gain from
the circuit with an age volt age to co n t ro l the
sign al level from the stage. In a cascade
amplifier the upper FET m ust have an I DSS
o f two to four times that of lower FET.

The FET is the id ea l device to be used in
rf amplifiers, vfo's, i-f circuits, aud io stages ,
and many o the rs. The high input im peuance
that can be achieved with the F ET a lso
makes it the id eal device to be used in test
equ ip men t a ro u nd the shack. By using
Ohm 's Law and the zero bias drain curre n t
o r I DSS of the F ET , these circui ts can be
made to perform with great sa tis fiac tio n a nd
very little trouble.

. ..K9VMH

Over-the-shoulder , mobile, or at home
Completely transistorized, compact, portable.
Capacity for 6 channels. Built-in telescoping
antenna, and connector for external antenna.
Use barefoot or with accessory amplifier. Ex
ternal 12 voe or internal ni-ead batteries,
built-in 120 VAC battery charger.

GENERA L: • Freq. coverage: 144-148 MHz . 6 channels, 3
supplied • Push-to-talk Xmit _ DC Drain: Rev, 45 rnA;
Xrnit, 450 rnA . Size: 5-3/8" x 2-5/16" x 7-1/8", 3-3/4Ib~

RECEIVER : _ Transistorized crystal-controlled superhet . 1st
IF: 10.7 MHz, 2nd IF : 455 kHz . Ant. Input Imped: 50 ohms
• Sensi tivity : 1 IlV or less/20 d B S+N/N • Audio Output:
0.7 W. Built-in spea ker.

TRANSMITTER. RF Output over 1 W • Freq. Dev. adj. to
15 kHz max., factory set to 5 kHz.

Versatility plus! . . . in a

2 Meter 1M Transceiver

Complete with: Dynamic Mike,
O·T·S Carrying Case, 120 VAC
and 12 voe Cords, Speakerl
Headphone Plug and 10 Ni·Cad
Batteries.

$199!~ur N. t

AA-22 Amplifier $149.95
MMK·22 Mobil. Mount $9.95
BBLT-1440 Hustler Ant. $27.95 1 .I~ mIaD 540 Richard St, Miamisburg, Ohio 45342
R. L. DRAKE COMPANY f J I I '" Phon., 15131 866-2421 • T.I" , 288-017
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