
Simple Low-Noise Microwave
Preamplifiers
These preamplifiers cover the 2.3- to 1O-GHz ham bands. They offer
good performance, yet require no RF alignment!
By Al  Ward,  WBSLUA

Rte 9,  Box 132
McKinney, TX 75069

ne o f  the  hurd les  to  overcome in
hu i ld ing  a  mic rowave s ta t ion  is
construction of a eood lorv-noise

prcampli f ier. Techniques using lumped
constants (capacitors and inductors) that
work well  at lower frequencies are ofterr
di l f icult  to real ize above 2304 MHz.. Once
a design is worked out and the preampli-
f ier bui l t ,  the unit must then be tuned for
minirr ium noise f igure (NF) before any sort
of reasonable performance can be expected.
Prcarnpl i f ier tune-up i tself  presents a
hurd le  becausc  many hams don ' t  have
access to NF test equipment that is accurate
in  the  rn ic rowave rcg io r r .

This art icle describes the design and con-
struct ion of low-noise ampli f iers (LNAs)
lo r  2 ,3 ,  J .4 ,  5 .7  and l0  GHz.  I f  the  LNAs
are duplicated exactly from the informa-
t ion  presentcd ,  no  RF ad jus tmenrs  a re  re -
quired. Just bias their act ive deviccs
properly, and the units are ready to go-
rvith l ' l l rs under I  dB at frequencies up to
5.7 GHz. and around I .5 dB at 10.368 CHz!
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Fig 1-Schematic of the 2.3-GHz preampli f ier. Zl through 28 are microstr ipl ines etched
on the PC board. Shaded rectangles marked "50 0" are 50.0 transmission l ines etched
on the PC board. Al l  resistors and capacitors are chip types. C1, C2 and C5 can be 0.05-
or  0 ,1 - in .  square .  C4 and C7 enhance " low- f requency" 'bypass ing .  J1  and J2  are  SMA
female connectors: see text.
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Fig 2-Schematic of lhe 3.4-GHz preampli f ier. Z1 through 211 ate microstr ipl ines etched on the PC board. Shaded rectangles marked
"50 O" are 50-g transmission l ines etched on the PC board. Al l  resistors and capacitors are chip types. C1-C6 are 0.05-in. square. C8,
C10, C12 and C14 enhance "low-trequency" bypassing. J1 and J2 are SMA lemale connectors; see text.
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Fig 3-Schematic ot the 5.7-GHz preampli f ier. Zl through 212 are microstr ipl ines €tched on the PC board. Shaded rectangles marked
"50 0" are 50-0 transmission l ines etched on the PC board. Al l  resistors and capacitors are chip types. C1-C6 are 0.05-in. square. C8,
C10,  C12 and C14 enhance " low- f requency"  bypass ing .  J1  and J2  are  SMA female  connectors ;  see  tex t .

Q 1
A T F - 1 5 1 3 5

J ?
O U T P U TJ 1

I N P U T

E x c e p l  a s  I n d r c a l e d ,  d g c r m a l  v a l u e s  o l
capaqlance ara rn mrcrolarads (fF):  olhers
arg )n prcotarads {pF);  rosrslancas are In
ohms r  v o

The IGGHz amplifier is designed around
the Avantek ATF-13135 CaAsFET, and the
lower-frequency units are designed around
the Avantek ATF-10135. Both devices have
a nominal  gate length o l '0 .3 micron.  The
ATF-10135 has a total gate periphery of 5fi)
microns. The ATF-13135 has a gate peri-
phery of 250 microns, making it more
appropriate for higher-frequency opera-
tion. Best of all, these transistors are not
high-priced exotics: The ATF-10135 sells

fo r  about  $12.00 .  and the  ATF- I3135 is
about  $29.00  in  snra l l  quanr i r ies .

Circuit  Descript ion

Schenta t rcs  l ' o r  the  preanrp l i t i c t  s  a re
shown in  F igs  I  th rough 5 .  F ig  I  shows a
single-stage 2.3-GHz design. Figs 2 and 3
show two-stage preampli f iers for 3.4 and
5.'7 GHz. Figs 4 and 5 show single- and
two-s tage l0 -CHz LNAs.

The same bas ic  c i rcu i t  con f  i cura t ion  is

uscd fo r  each preanrp l i f ie r .  A l l  impedance
match ing  is  accornp l i shed w i rh  mic ros-
t r ip l ines .  None o f  the  ampl i f ie rs  conta i r r
ad jus tab le  RF components .  F ixcd-va lL re
capac i to rs  a rc  L rscd  fo r  inpu t ,  ou tpu l  and
in te rs tagc  coup l ing .  I r i xed-va luc  capac i to rs
and res is to rs  a re  a lso  used in  the  ga te-  and
dra in -b ias  dccoup l ing  c i rcu i t ry .

I  d id  the  in i t ia l  des ign  fo r  these prc -
arnp l i f ie rs  w i th  the  a id  o f  a  Smi th  Char r
and op t im ized thenr  th rough computc r
s imu la t ion .  LNA des ign  is  made cons ider -
ably easier by computer-aided-dcsign sofi-
ware .  I  was  fo r tunate  to  havc  access  to
Touchstone@, an RF design program nrade
by EESOF.

One o f  the  most  impor tan t  parameters
tha t  the  compu(er  can ana lyze  is  s tab i l i t y .
Proper choice of components in the bias
decoupling networks and the use o1'source
inductance in the form of source-lead
length  he lps  to  ma in ta in  s tab i l i t y .  The
results are irnproved input and ourput SWR
whi le  ma in ta in ing  low no ise  i igure  and
modera te  ga in .  ln  the  case o l  the  3 .4 ,  5 .7
and l0-GHz arnpl i f iers, the effecr of '  the
" th rough- the-board"  mount ing  o l '  the
source  leads  is  taken in to  account  in  the
des ign  so  tha t  no  p la ted- th rough ho les  are
nccessary to achieve good perfonnancc. An
in -depth  des ign  ana lys is  o f ' these prcar lp l i -
f i e r s  w i l l  b e  c o r c r e d  i n  a  t u t u r e  O E X
ar t i c lc .

Bias Networks

To rn in i rn ize  c i rcu i t  losses ,  g round the
CaAsFET source leads direct ly to the
ground plane. To operate these devices rvith
the i r  source  leads  a t  dc  g round,  you rnus l

Fig 4-San"ratic of the single-stage 10-GHz preamplifier. 21 through 27 are micro-
str ipl ines etched on th€ PC board. Shaded rectangles marked "50 0" are 50-0 transmrs-
sion l ines etched on the PC board. Al l  resistors and capacitors are chip types, C1 and CZ
are 0.05-in. square (ATC Type A capacitors are preferred). J1 and J2 are SMA temale
connectors: s€€ t€xt.
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Fig S-Schematic ol the two-stage 10-GHz preampli f ier. Zl through 214 ate microstr ipl ines etched on the PC board. Shaded rectangles
marked "50 O" are 50-0 transmission l ines etched on the PC board. Al l  resistors and capaci lors are chip types. C1-C3 are 0.05-in.
square (ATC Type A capacitors are preferred). Jl  and J2 are SMA female connectors; see texl.

bias each device's gate negatively relat ive
to i ts source. This can be donc in a number
of ways, so I left  bias circuitry off  the PC
boards .

Three basic bias circuits are shown in Fig
6 .  Two are  pass ive .  l ' he  th i rd -and most
desirable-is an active bias network that
uses a PNP transistor to set the GaAsFET
drain voltage and current.

The simplest bias network, shown in Fig
6A, uses a 3.3-V Zener diode to set the
dra in  vo l tage.  A  1 .5 -V AA ce l l  i s  used fo r
the bias supply. Bias, appl ied through R I ,
se ts  the  ga te  vo l tage,  wh ich  in  tu rn  de ter -
nrines the drain current. General ly, the AA
cell  is connected so that there is always a
negative voltage applied to the gate. The
preampli f ier is then turned on by connect-
ing  Vp to  a  pos i t i ve  vo l tagc  source .
Because there is a 5 l  -ohm resistor in serics
wi th  the  dra in ,  there  is  somc in tc rac t ion
between drain voltage and drain current:
Creater drain current produces a lowcr
drain voltage. The gate voltage required to
properly bias the device varies from unit
to unit because of slight variations in pinch-
off voltage. (Pinch-off voltage is the gate
voltage required to turn the FET off.)  A
disadvantage of this simple bias circuit  is
that i t  lacks compensation for bias changes
over temperature variat ions. Although not
optimun.r, this technique has been used at
Wtl5l-UA and WA5VJB with good results.
A high-grade, long-life alkaline AA-size cell
should last several months before i ts
voltage drops low cnough to cause the FET
to draw excessive drain current.

An adaptation of the simple passive bias
configuration is shown in Fig 68. Drain
voltage is again provided by a 3.3-V Zener
diode, but this circuit  replaces the AA cel l
with a posit ive-to-negative voltage inverter.
Severa l  manufac turers  make su i tab le
inverter ICs. A less-expensive approach is
to  use  a  common 555 t imer  in  the  s imp le
inverter circuit  shown. With simplc battcry
b ias ,  the  ncgat ive  supp ly  i s  con t inuous ly
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Fig 6-Bias circuits tor the preampli f iers. See text for discussion. Tho passiv€ circuit  at A
usos a 1.5-V cel l  for the gate supply and a Zener diode to stabi l ize the drain supply. The
circuit  at B, another passive arrangemenl, us€s a 555 t imer lC to gen€rate negative gal6
bias, and a Zener diode to stabi l ize the drain supply. C shows an active bias circuit .  The
values of R1, R2 and R3 can be varied for dif ferent FET operating condit ions; see text
and Table 1, The value of R4 should be chosen so that 10-15 mA of Zener current f lows
when the FET (or FETs, for a two-stage design) is powered al rated bias.

applied to the FET gate. With the inverter of satellite TV receiving equipment for
of Fig 6B, gate and drain supplies are years. Although there can be problems if
simultaneously appl ied to the FET. This the drain voltage is appl ied beforc the
approach has been used by manufacturers negative gate voltage, the 5l-ohm resistor
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Fig 7-Circuit-etching patterns and parts-placement guid€s for the preamplitiers. The etch-
ino oatterns are shown at full size. PC board material is double-sided,0.031-in-thick
ndgbrs Duroid 5880 or Taconic TLY-S (dielectric constant, 2.2). Black areas r€present
un€tched copper foil. The back side of the board is left unetched to act as a ground
plane. The parts-placement guides are not shown at their actual size, All components
mount on lhe otched side of the board.

in series with the drain safely l imits the
maximum drain current-even if the appli-
cation of gate voltage to the FET is
delayed.

An improvement on both passive circuits
is the active bias circuit shown in Fig 6C.
The negative gate supply uses the inverter
of Fig 68, but the drain supply employs an
inexpensive PNP transistor in a circuit that
effectively sets both the drain voltage and
drain current regardless of device varia-
tions. It also offers a more constant bias
over temperature than the passive designs.
Drain voltage is set by R2 and R3, a voltage
divider at the base of Ql. The voltage is
then raised by the emitter/base junction
voltage of Ql. Drain current is set by Rl.
The gate voltage required to sustain the
drain voltage and current is set automati-
cally by the voltage divider set up by the
emitter/collector junction of Ql and the
negative voltage source. About - I V is
supplied to the FET gate.

Table I gives resistor values for various
bias conditions. I suggest building a
separate active bias network for each FET
stage to properly set each device's bias
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v oo vos
(v) (v)
3.5 2.5
3.25 2.5
4.0 3.0

R 2  R 3
$a) 6{t)
2 .2  2 .8
2.2 2.3
2 .2  4 .3

Table 1
Actlve Blas Clrcuit Values for
Various Drain Currents

guides are shown in Fig 7. All amplifiers
are etched on 0.03 I -inch-thick Duroid 5880
or Taconic TLY-5 PC-board material with
a dielectric constant of 2.2. The etched PC
board can be installed in a housing such as
a die-cast aluminum box. Another method.
one that I prefer, is to solder thin
(0.02-inch+hick) brass side walls to the PC
board to form a shielded enclosure. The
brass walls also connect the top and bottom
ground planes., which is essential for low-
loss "low-frequency" bypassing, Power
connections for V6 and Vp can be made
via 0.001-pF feedthrough capacitors
soldered to the brass walls. See Figs 8 and 9.

SMA-type end-launch connectors are
used for Jl and J2 to provide a low-loss
transition from coaxial cable to the micro-
stripline. Two- or four-hole gold-plated
connectors are easily soldered to the PC
board or brass side walls, depending on
your assembly technique. End-launch con-
nectors are preferred to the right-angle type
because of the impedance discontinuity
associated with the right-angle transition.
Additional amplif ier tuning may be
required if right-angle connectors are used.

The type and size of the chip capacitors

Fig lO-The FET source leads aro bent,
inserted through slots cut in the PC board,
and soldered to the ground plane. See
text.

used in these amplifiers becomes increas-
ingly important as frequencyincreases. For
the blocking capacitors, I strongly recom-
mend using good-quality RF-type ceramic
chip capacitors, such as those made by
ATC. The values specified are common
and should not be hard to find. The physi-
cal size of the capacitors is especially criti-
cal at l0 GHz, where the 0.05-inch-square
type must be used. Anything larger
produces a sizable mismatch on the micro-
stripline.

The value of the "low-frequency"
bypass capacitors is less critical. Anything
in the 820- to 1500-pF range will work fine.
The value of the "high-frequency" bypass
capacitors is somewhat more critical.
though. Stay within l07o of the values in-
dicated. Again, use good-quality capacitors
for "high-frequency" bypassing.

To obtain a low noise figure, the
preamp's FET source leads must be
properly grounded. ln the case of the
3456-MHz and higher-frequency preampli-
fiers, bend the FET source leads down right
at the case and insert them through slots
in the PC board. See Fig 10. The slots can
be made with a sharp hobby knife or some-
thing similar. Be sure to clean up the area
where the leads will pass through the slots
by removing any extra dielectric material
or copper. The source leads should be
passed through the board, again bent at
right angles and laid neatly along the
bottom foil. Solder them to the bottom
ground plane and try to force the solder to
cover the length of the slot if possible.

Device installation is different with the
2344-MHz preamplifier because additional
source-lead inductance is required. This
inductance is added by making each FET

l p  R l
(mA) (0)
20 75
1 5  1 1 7
20 50

Fig 8-This prototyp€ two-stage 3.4-GHz
preampli f i€r was bui l t  by the author. The
onclosure is made lrom sheet brass
soldered to the PC board (see text). The
trimmer potentiometers are tor adjustment
of the gate supply for each stage.

Fig 9-'A compleied two-stage 1O-GHz
preamplif ier.

point. I have, however, used a single active
bias supply to power a two-stage amplifier
with good success. If the devices are fairly
well dc matched (drain current v gate vol-
tage), this technique wil l be okay. It wil l
not, however, keep the device drain
currents equal if they are not dc matched.

The active bias arrangement can also be
used with a battery instead of the voltage
inverter. Since the active bias network auto-
matically adjusts gate voltage for a required
bias condition, the circuit wil l adjust the
gate voltage as it drops with battery age.
The gate requires about - I V, so the
battery can age significantly before the FET
bias condition is altered significantly. If this
technique is used, it is best to start out with
a 5- to 6-volt battery source. The active bias
network will compensate for a battery
voltage deteriorating to l-1.5 V. Active bias
networks are discussed in greater detail in
Avantek application note AN-A002.1

Constructlon
Construction of all amplifiers is similar.

Etching patterns and parts-placement

lNotes appear on page 75.

J 2
OUTPUT

Ercopt as Indicaled, docimat values ol
capaci lanae are in microfarads (/ ,F):  others
are in picolarads (pF) resrstances are In
ohms

Fig 11-schematic diagram of the self-biased version of the 2.3-GHz preampli f ier. Zl
through_Z8 are microstriplines etched on the Pc board. shaded rectangles marked "50
0" are 50-0 transmission l ines etched on lhe PC board. Al l  capacitors are chip types.
C1 , C2, C5-0.05- or 0.1-in. square chip R1, R3-51-0 chip resistor preteftedi 1/4-W

capacitor. carbon-film resistor with short leads
should be okav.

R2-47-A %-W 6arbon-film r€sistor.
C3, C4-470- or '1000-pF leadless, round,

disc-ceramic capacitor (see text).
J1, J2-SMA female connectors (see t€xl).
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Table 2
Actual Preamplif ier Performance Versus Computer Simulation and Projected
Worst-Case Performance

Noise Figure (dB)
Typ Worst Srmu/

Case
0.5-0.6 0.8 0.60
0.65 0.9 0.70
0.8-0 .9  1 .0  0 .58
0.9-1  .0  1 .2  0 .85
1.25-1 .5  1 .7  1 .25
1.5-1  .7  2 .0  1 .35

SK6WM. OE9XXL and W4HHK on
Z3M-MHz moonbounce (earth-rnoon+arth,
EME).

Varialions
In the original design, source leads were

grounded directly to obtain the lowest
possible noise figure. This necessitates the
use of a dual-polarity supply as discusscd
earlier. The typical approach at VHF is to
self-bias the FET by using a resistor con-
nected in series between the source and
ground. A capacitor is used to bypass the
resistor at RF. As the frequency of opera-
tion increases, it becomes increasingly
diff icult to obtain high-quality, low-
impedance bypassing. Although the self-
biasing technique is simpler to build and
uses a single power supply, some RF
performance is sacrificed.

I evaluated self-biased versions with the
help of the computer, and several proto-
types were built and tested. The artwork
was modified to include 0.075-inch-square
pads to mount the FET source leads. Chip
capacitors were then bridged between these
pads and a ground pad. The ground pad
was then connected to the back ground
plane by using 0. l - inch-wide ribbons
through the board. This technique was tried
on all preamplif iers except the lO-GHz
models. With this configuration, the
preamp NF at 2304 and 3456 MHz was 0.2
to 0.25 dB greater than that of the
grounded source design. The gain of the
2304-MHz model decreased approximately
2 dB, while gain of the 3456-MHz model
was reduced by slightly more than 3 dB. At
5760 MHz, performance deteriorated even
further: NF increased by 0.8 dB, and gain
decreased by 6 dB.

A computer sinulation predicted simi-
lar results. In addition, the computer simu-
lation indicated an oscil lation in the 7- to
8-CHz rangc for all models. Apparently,
the inductance associated with the addition
of the chip capacitors, associated mount-
ing pads, and ribbon ground returns is
great enough to cause instabil ity at higher
frequencies.

In looking for a way to avoid this oscil-
lation, I tr ied using leadless round disc
capacitors to bypass the source leads. I
soldered the FET leads directly to the capa-
citors and soldered the capacitors to the
bottom side of the PC board. This tech-
nique was tried on the 2304-MHz pream-
pl i f ier ;  see Fig 11.

The bypassed-source 2304-MHz pream-
plif ier uses the same artwork shown in
Fig 7 for the grounded-source version.
You'l l need to make one change to the
ar twork,  though.  The input  s tub (23 of
Fig l l) must be made slightly longer (in-
crease its length from 0.22to 0.38 inch) to
help tune out the effect of the source bypass
capacitors. 23 canbe extended by soldering
a piece of copper foil to the end of the
etched line. To mount C3 and C4, the
source bypass capacitors, dri l l  holes the

Device Freq Blas
(GHz) per device

A T F - 1 0 1 3 5 '  2 . 3  2 Y q 2 0 m A
A T F - 1 0 1 3 5 "  2 . 3  2 Y @ 2 0 m A
A T F - 1 0 1 3 5  3 . 4  2 V @ 2 0 m A
ATF-10135 5 ,7  2 .5  V  @ 1s  mA
ATF-13135 '  1O.4  3V @ 20 mA
A T F - 1 3 1 3 5  1 0 . 4  3 V @ 2 0 m A

'Singlsstag€ amplifier
" Self-biased, single-stage amplif ier

Gain (dB)
Typ Worst

Case
13.5 12.0
13 .0  12 .0
23.0 22.0
18 .0  17  .0
8.5 7.5

18.0 15.0

Simul

1 3 . 9
1 3 . 0
24.1
20.6
1 0 . 6
2 1 . 9

I

Fig 12-Parts-placement guide for the selt-biased 2.3-GHz preampli f i€r. The etching
paltgrn is the same as shown in Fig 7, except lwo pads are removed and Z3 must be
lengthened. See text.

source lead 0.07 inch long, rather than
grounding them with the minimum possi-
ble lead length. Cround pads have been
established on the artwork, and these pads
must be properly connected to the bottom
ground plane. Cut slots near the edge of
the two pads closest to Ql. Insert a
0.1-inch-wide copper strap through the
slots and solder top and bottom. Each
source lead is then 0.07 inch long when Ql
is centered on the PC board.

Components for these preamplif iers,
including chip capacitors, leadless capaci-
tors, ch.ip resistors and SMA connectors are
available from Microwave Cornponents of
Michigan.2 Avantek GaAsFETs are avail-
able from distributors around the country
(see note l). Etched PC boards are availa-
ble from Down East Microwave.l

Results
If the preamplif iers are built according

to the information given in this article, RF
adjustments should not be required. A
slight adjustment can be made to the bias
point if desired, but performance should
be very close to that shown in Table 2 with
the bias conditions shown. Based on test
results obtained from preamplifiers built by
a number of hams using available compo-
nents, the average builder should be able
to meet the worst-case gain and NF specifi-
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cations shown in Table 2. If slightly differ-
ent dielectric material or construction
techniques have been used, the amplif ier
can be tuned by moving small capacitive
tabs a long the microstr ip l ine whi le
monitoring NF and gain. A properly modi-
fied toothpick makes a handy lowJoss tool
for moving tabs around on the circuitry.
Cut the end of a toothpick on a diagonal,
Wet the end of the toothpick and use it to
move small metal tabs around on the etch.

Applications
The 2304-MHz preamplif ' ier provides

acceptable receive performance in the
2401-MHz OSCAR Qand with no modifi-
cation. The NF at 2401 MHz should be
only 0.1 or 0.2 dB greater than that
obtainable at2304 MHz, and LNA gain at
both frequencies should agree to within a
dB. Using a pair of these preamplif iers at
the feed o l 'my 2401-MHz sate l l i te  system,
I  see about  5 dB of  sun noise and l0 to
15 dB of signal-to-noise ratio from the
Mode S transponder aboard AMSAT-
OSCAR 13. My antenna is a 4-ioot-
diameter UHF TV dish with %-inch mesh.

A similar two-stage 23M-MHz preampli-
fier is in use at the feed of my 24-foot
home-brew stressed parabolic reflector.
The measured NF of this preamp is 0.65 dB.
With this system, I have worked W3IWI/8, (continued on page 75)
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uration is good too. Compared to thegrounded+ource model, ttr j gain oi irrebypassed-source LNA is wittrl i  i  ;B;";;th.e.NF is within 0.1 dB, of tnut oUtii i . iwith the grounded-sou.ce con figuraiionf
l-1{ lg stability problems are ev-ident, Thistechnrque.is suggested for the 23C!.Mi;
model only.

Several.dozen of these preamplifiers are
1l*"11I in use narionwide with giroa i.ruft l
:^:p,i.:^ of the 10.368-GH, pr."rpriii.rr.
1,9: lrylT.r, were used Uy Wesvjn aniT.A/LJL, ro make the first-ever lO_GHzEME QSOI I also thank G*rg. V."OJi".
lo_ yho,r. t owe a grear deal rorjrir grii*.j
and advice"

l]g-t!:Jn" prorotyp€ setrbiased 2.3.GHzp roa m p_t i ti e r. T h e I a r g e r"c t u n 9 j r lr' f-"oi.-' 
-

19.1 Cq and C4 are'not neeoed and woreoropped from the final anwork.

diameter of the capacitors through the pC
board.as shown. 

'See 
Fig rZ. b?'r*. 't iplace th_e-holes so rhat the FEf ,our.. i.aOiare 0.070_inch long when ql is c.ni.rJjoetween Zt and 22. Soldei , Ur"i i-oicopper. sheet across the holes on 

- 
tf,.ground-plane s ide,  and solder  one; i ; . - ; ;

C3 and.C4 to the sheet. Th." ;"i;;;;ir;di
source leads to rhe rops or cr anJ ia. n-o13is a photograph of th. i l ir;; i ;;r..
. A€OrOlng to the computer simulation,

this technique yields unconditlonaf staLii i j
g,il rhe]- to 8-GHz range. The our."U liu-Durry ol. a preamp built in this way is
111031Ute ro. rhe grounded_source d.;is;:t ne meqsured performance of this conflg_

. Although the preamplif ier circuits are
{e3gned for minimum noise figure, theATF-10135 and the ATF_l3li5;;;t.., ;;;
ftill. of producing moderate il;;;;m-lcrowave frequencies, Wtren UiaseJ ai4 V and 70 mA, the ATF_l0ii; rl Jip"uiJof producing +20 dBm. illxt-;(ry;operating at its l-dB garn-compression
p9,lt-ul 4. CH_2. Slighrty tess po*e, canoe_expected at 5,7 CHz. Ar I2 GHz, theATI-l i.r_35 is capable ;r pi" j"'.i"i
+ 17.5 dBm at  i ts  I -dB garn_compression
point when biased at 4 V and +O"me.-^'
Summary

_ This article-ftas described a series of low_norse amplif iers that require minimatadjustment 
.for optimum performance.

Any one ol them can be constructed easilvrn an evening. They offer tor" noise fiiuie,
::,.,.Jt1b]: sain, so9!. input ana o,irpuioyx, ano good stabi l i ty.
...1 _1v9uld tike to tharik Kent Britain,WA5.VJB, for his valuabfe nelp in iairl
Llj^,lr_flyqrk for atr or trrese pieaniplll
i lers and their subsequent revislons. il is
111?; 

plr,r that of many other peopte, was
lnvaluaDle rn test ing out the prototypes.

Notcs
tA-v_ant€k..AN.A002, as w€ll as other Avanrokappticalion notes, are available lril y;;;1;";Avantok dlstfibutor. lf you do not [no*-t"n?
l9_cfli.r? gt. _yoyr rocal orsrrjoUior,"' idi,rlii

- 6;331"-5rg t,'."#li! #i'l fit'i bra.,i"li

;uii.+iir.#t,",:'**bffi ,ft i.no way warranl thls otfer.

l,t_Y:r(: w\L_I:yA, eorned a DiEE from theuntversity o! Iilinois in t97J. n, iiriii'i"ikxas rnstruments frcm tci: ,-itiiiii7i"L
f:::,y::, loisn .and systems engineer. in fibi,ne Jotn,ecl Avantek as a microwave semlconducl-t,or.lietd_apptko I io ns en gi neer. ri's i t iiiii"Ti,
YryeOzF in. te65, At"is w.ett ri"i^-ii-r"ii,!!!1i::! yr!.opeftilc, acnrcvements on vHFand.a92v?. He hotds H/AS and waiii jO,iil
and 4J2 MHz, and HIAS on ZZO Unz.' ii nasworked i0 slates and ntAC on tZiCUAi.")i
7?!!-'_ 1 _lu,g$ ot rnr)ihFAiiiilfrl
?tstalce- records and has operated EM-i;;;;it
21:,1:1,"ry!!4 to.2i04 ninr. i, ii-,riiniijo.r.t.!!e gn ssB and cil/ on.ott oonis.Irii"ioMHz through I0 CHz, and can even beloundcnosing DX on 160 meters, IEjlFl
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