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Amplifier Testbench Report
Here sa look at broadband alllps that spacked with useful insight.

Like many home-brewers, I've squirreled alVay interesting schematics for y ears. When I
recently needed a broadband receiver arnplitier covet ing 3-30 MHz, I found a dozen or
so ideas in my IJIcs. This arlicle presents the best nine umplitiers tIJal I built and evalua ted.
While my purposc was a receiving tunplitier, these designs could be used as IOIV-Ievcl
transmitter sieges as well.

U
sing some scrap aluminum. I
made a simple test fixture to
holda 1-3/S" x 2- 11-1" piece of

PC board stock. I bui lt each ampli fier
on a separate piece of PC stock and
mou nted it in the test fi xture for per
formance measurements. I find that
Manha ttan-style co nstruction is rapid
and low-cost. so that's what I used for
these ampliJiers. Manhattan-style con
struction is well described at K7QO 's
Web site (http://www.qsl.netlk7qo/
manhat.htm] .

These are very simple projects. The

most complicated one shouldn' t take
more than an hour to bui ld. and most
took me less than 30 minutes.

Performance measurements and
summary

The key performance characteristics
of each amplifier are presented in
Table 1. I'll briefly desc ribe euch of
the data ca tegories that I measured. An
excellent introduct ion to these param
eters is found in Watkins Johnson
Commu nication's Tech-note "High

Dynamic Range Receiver Parameters."
lts available on \\'1's Web site at
Ihtt p ://ww w.wj .com/ pd fltech notesl
HighDynRangeRec.pdO.

• Midband gain - the power gain of
the amplifier, measured at 5.0 MHz

• - 3 dB Frequency - the high fre
quenc y at which the gain of the ampli
fier drops 3 dB below the midband
gain. Since I \vas not interested in low
frequency performance. I didn't mea
sure the low-frequency 3 dB point all
were l1at down to 3 ,\ IHz, the lowest
frequency I was interested in. However,

Photo A. Test fixture and sample Mauhanan-stvle amplifier.
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Photo H. SOllie ofme emil/arion amplifiers built hy the author.
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• Output power
(I dB compres
sion) - a perfect
amplifier shows the
same gain, regard
less of input signal
level ; real amplifi-

• •ers can t Increase
power past some
certain level. The
I dB compression
point is the ampli 
fier output power
at which the gain
drops 1 dB from
the low-level gain.

• Noi se figure
- the noi se fig
ure represents the
excess noise added
by the amplifier.
For the 3-30 MHz

range, and normal antennas, atmo
spheric noise is the dominant factor, and
achieving a low noise fi gure is often
not crit ica l.

• Input VSWR - the worst-case
VSWR of the amplifier input over the
3-30 MHz range.

• Spurious-Free Dynamic Range 
this is a single measure attempting to
capture the total amplifier pcrfonnance.
Walkins Johnson describes it as "that
portion of the total dynamic range where
there are no 3rd order spurious responses
exceeding the noise floor by 3 dB when
two equal-power input signals are ap
plied." I've calculated the SFDR based
on a typical voice SSB bandwidth, using

Continued on page 12
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casual checks show that most of these
designs perform well down to 100 kHz
or lower.

• Input IP2 and Output IP2 - second
order intermodulation intercept point,
measured with respect to the second
harmonic of a 5 MHz signal. Input In
is referenced to the input signal, while
Output IP2 is referenced to the output
signal level. Output IP2 = Input IP2 +
midband gain .

• Input IP3 and Output IP3 - third
order intennodulation intercept point,
measured with two equal-level input
signals of 5.0 and 6.0 MHz. Input IP3
is referenced to the input signal, while
Output IP3 is referenced to the output
signal level. Output IP3 = Input IP3 +
midband gain.
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Fig. 1. Classic 2N5J09.

73 Amateur Radio Today· Se ptemb er 2002 11



N
I
:2
o
o-

-. " T •- ~ . .

2.5 dB/div 10 MHzldiv

odB

Photo C. huermodulation test of 2N5109 amplifier s1l0 w;I18
intermodulationproducts dO"'11 56 dB from -I dBm input, Photo D. Typical gain versus freqllenc)' sweep (2N5109 amplifier).

Amplifier Testbench Report
coounueafro mpage J J

the measured pe rformance data for
each amp lifier.

I' ve show n signal leve ls in dBm, or
decibels be low one mi lliwatt power,
referenced to 50 ohms. I' ve take n rea
sonable care in making these measure
me nts. and used professional quality
test equipment St ill . many o f these
parameters are level-sensitive . so use
thc dat a with some degree o f caution
whe n comparing with other sources
of information .

W hich one to usc'!

Each of these amp li fiers has a pur
pose . For a receiver preamplifier. my
favorites arc the classic 2N5109 or the
ne wer l\E46 I MOl ampl ifiers . If you
arc looking for pure simplicity. the

MAR MMIC amplifiers arc hard to
beat . particularl y if you have a con
trolled signa l environment such a low
level stage in a tra nsm itter, Por
min im um noise figure , a 13 10 in
grounded gnte is the clear choice. and
it's an excellent performer hy all o ther
sta ndards as well .

I've not been concerned with perfor
mance beyond 30 MHz in these ampli
fiers . Some of these designs will work
into the GH/. range . if you usc proper
constructio n practices and appropriate
components. Even with normalleaded
compo ne nts and sloppy breadboarding
practices. performance we11 beyond
500 MHz is possible with some of
these a mpli fi ers.

Classic 2N5109

Drake used this design as the RF

preampl ifier stage in its late-1 970s R7
receiver. Slight variants of it appear in
severa l hook s by Doug DcMaw, in
eluding his 1990 WI FH:\' Design Note
book. Regardless of the orig inator, it's
sti ll an impressive performer, clocking
in the best spurious free dynamic
range , IP3. and IP2 va lues of the am
plifiers I built. and offering a decent
noise figure as well .

The design is a simple common
e mitter amplifier. with an unbypassed
emitte r resistor to add degenerati on.
Transistor se lec tion is important. and
the 2N5 109 was developed for CATV
app li cations where gain lineari ty and
intc rmodulation control are critica l.

R4 provides signifi cant negative feed
hack . which both reduces the input
impedance to 50 ohms and flattens the
gain vers us frequency response . Indeed.

Plw/o R. Mounting the SMlJ trans istor ill a Manhattan bread
hoard.

12 73 Amateur Radio Today. September 2002

Photo F. MMICJ' are tiny: The MM!C is the tillY round device wilh
four leads.



Over ' .631.000 U,S, and Inlernatiooal lisl in9S. 128,000
e-reaa addresses, 4.000 photos andOSLcards, 37.000
vanity cal ls,and 20,000 references to OSL managers.

We make a new HamCall every
month! Clearly, the most

current and complete
CCJ.ROM available.

Latest Features
Choosefoot andcolorof data display,
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Shows CO. ITU zone, and continent

History list shows each calls ign enle red,
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Vie.... & search interests of 39.000 hams.
Search far clu b. military. vanity. si lent keys.

name,address. andmore.

HamCal/MOU50pad,w rth mQfs" code reference.
7.5".S".!)jue with yellow lett" rs. $5,00+ $3 shipp<ng

$5.00sl'pping1$81n'dj JIll'order. yOU' satisfaction !JI'Ir<lfl!IlOO!

The Miracle Whip lets
you operate your new
QRP rig with real free
dom! It is a completely
se lf-contained . all
band 50-inch telescop
ing whip antenna with
integrated tuner for re
ceiving and transmit
ting that mounts right
on your radio. Th e
Miracle Whip liberates
your rig fro m coax,
cables, mounts, tripods
and trees, and gives

you remarkable DX performance from desk
top to picnic table. with no ground required.
Take your portable transceiver anywhere
and operate from 3,5 to 450 MHz with up to
20 W SSB. Only 13 inches collapsed. This
quality product features gold plated rotor
contacts and hand-formed solid brass con
tractors. Manufactured by Miracle Antenna
of Montreal with three year limited warranty.

Order #3256 $148.95 (+'9.95 UPS)

Universal Radio
6830 Americana Pkwy.
Reynoldsburg, OH 43068
+Orders: 800 431-3939
+ Info: 614866-4267
www .unl versal-radio.com

Showspalhdislance& bearing
Prec ise laIilude!longrtude for over 90% ofaddresses ,

HamCall ;s $50,00. inClUded is 6months free eeceesic
our HamCalllnlernet Service - request when ordering

~ >:JUCKMASTER 8
6196Jetrerson Highway " Mrneral, VA 23117 USA

e-mall. lnlc@buck.com
540 89405777"800 282·5628" 540.894-9141 (lax)
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Abias
See table
for value
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Continued on page 14

+12 Volts

AFC
27uH

wound over a Fair
Rile 594300030 1
(Ff50-43) core.

T he 2N5109
draws around 50
to 60 rnA current,
and should be
equipped with a
clip-on heat sink.
Slightly better in
t ermodul at ion
performance will
be seen with a
13.8 volt supply
instead of 12 volts.

2N7000

MOSFETs are
also candidates for
linear amplification
of strong signals.
WAIION's Inter
net site describes

an interesting low-frequency MOSFET
preamp using a VNlOKM device
[http ://www.qsl.net/walion /bbva/
bbvaafl .gif]. I've modified WAIION's
design to usc the common 2N7000
enhanceme nt MOSFET.

R4 provides a 50-ohm termination to
the signa l source. Fe rrite bead FB 1 is a
"stopper" to prevent se lf-oscillation.
R2 and R3 provide bias to the 2N7000.
Note that R2 is connec ted to the drain,
not the 12-volt supply, thus providing
some negati ve feedback. The output is
connec ted directly to the drain, with

"'"

fe<.lle8lNld

~ R3

r
<.-

v.

Cblocking

l2

~"
i

Fig. 4. Generic MM1C amplifier.

-

the input VSWR is remarkably good
throughout the 3-30 :MHz range. I used
a 0.1 ~F input coupling capaci tor to ex
tend the low frequency response below
100 kHz. Drake used a 0 .005 JlF cou
pling capacitor to roll off strong hroad
cast signals. If you arc not interested in
gain below 3 MHz, use 0.005 JlF.

The output is connected to the col
lector through an autotransformer,
shown as L1 in the sche matic. Drake
doesn't specify Ll other than by a part
number, but it appears to be around 9
bifilar turns wound on a 0.5-inch-di
ameter toroid using a high Jlr material.
I used 9 bifilar turns of #22 AWG wire

Fig. 3. HFJOOO preamp.



Photo G. MAR-J amplifier ill the test fixture, showing Manhattan construction. including
strip lilies.

14 73 Amateur Radio Today · September 2002

T hree ~ll\t lC amplifiers

!\It\l ICs (monolithic microwave inte
grated circuits) arc deceptively simple. A
MM IC is a tiny integrated circuit that
offers a 50-ohm input and output im
pedance. With fewer than 10 parts. yo u
can build an MM IC am plifi er that o f...
fcrs fl at gain from DC through the
G Hz range. No wideband transformers

$ 1.7 1. [ also made a few other cha nges
in wrs design to reflect its usc as a
stand-alo ne amplifier.

Usina a Gl-lz-ra nec mic ro wa ve tran-• •
sis tor for a 3--30 MHl pream plifie r is
certainly overkill. but it turns out that
the 2-walt NE46 1M02 is about ha lf the
price of the lower-frequency 2N5 109 .

Instead of transformer coupling, th is
design directly feeds the 50· ohm out
put. Otherwi se. it 's quite similar to

Drake 's R7 design.
Breadboard ing the I\'E-l-6l is pe s

sih le with a bit of care . The collector
tall is desig ned to be d irectly so ldered
to a pad . Since the transistor d issipates
nearly I wall . it' s important to have a
large copper area for the co llec tor to
act as a heatsink. Staying with the
Manhattan-sty le cons truction tech
nique. I cut a rectangular piece of PC
stoc k about 112" x 3/4" . and then so
per-g lued it to the base PC hoard. and
so ldered the transistor' s collecto r tab
to it. I used a simi lar-size piece of PC
stoc k fo r the emitter tab. Th is tech
niq ue introduces several p icofarads of
stray capacitance from the co llector
and emi tter to ground. Co mputer simu
latio n of the design showed that the
stray capacitance in m y breadboard
techniq ue reduces the 3 dB bandwidt h
from over 500 MHz to about !OO MHr .
So. if you arc interested in a very
broadband amplifier using th is circuit.
you should use a cons truc tio n tech
niq ue that mini mizes stray capaci 
ta nce , such as moun ting the collector
PC board vertically. or re mov ing the
ground plane underneath the co llector
pad .

Thi s was the only circ ui t that was
unstable whe n first buil t. with a strong
para sit ic osci llat ion arou nd 1.3 G H.r.
A fe rrite bead in se ries with the base
lead stopped the parasitic bu t further
decreases the 3 dB band width.

II

121: 10penl__125 AWG
CI.5OO . dl lOICIId, Type C3 _

~R.do":1

12 ......_~

Watkins-Johnson HFlOOO preamp

The preamplifier s tage in Watkins
Jo hnso n's HF l OOO recei ver has a fa 
milial resemblance to Drake 's R7
design. However. WJ opted for direct
coupling from the transistor co llector
and used a more modem transistor. WJ
used a hard-to- lind Ph ilips BrQ I9 sur
face-mount micro wave NP;\, transis
tor. wi th an f of 5 G Hz. I substi tuted a
similar de vice fro m NEC. a surface
mount NE46 1~to212SC53 37 , avail
ab le from Mou ser Electronics fo r

failures. If yo u wish to run Q l within
its ratings. adjust R5 to 20 mAoA heat
sink is still a good idea. ho we ver. O p
crati ng Q I at 20 mA will slightly reduce
the intennod ulation performance of the
am plifi er.

I

ca.- t rwo
a ,,_1II J- ~

~

I
II '- '" '"~" "I

R3 cr
" .-

R3 protecting Q J should the output he
short-c ircu iled .

MOSFET devices arc not well con
trolled for gate threshold voltage. so it
willlikely he necessary for you to sc
lect R5 to obtain the target 50 rnA
drain current. Start w ith 2.2 meg 's and
measu re the c urrent dravv, If it is below
50 rnA, increase R5: if it exceeds 50
rnA. decrease R5. Once established.
the drain current w ill he stable. so this
is a set-o nce-and- forget task. assuming
Q I isn' t replaced.

At the recommended 50 mA drain
current . Q1 wi ll di ssipate arou nd non
rnilliwntts. which exceeds the device
rating. I usc a slip-on heat sink and
have not had a problem with 2N7000

n : I bIIIIr u,..125 Ii.
IU75 . ...... T"'fPI
T.". """" 1:1

....~_ T1

Amplifier Testbench Report
connnueafro nv page 13

Fi/.:. 5. .13 /0 grounded gate.



maximum gain and maxim um fla tness
are important.)

It's important to have a good ground
plane for MMICs, and the Manhatlan
style construction he lps in this regard.
I made the input and ou tput connec
tions with 50-ohm strip line . For stan
dard 0 .062-inch glass epoxy PC board
mate rial , the trace width for 50-ohm
strip line is 0.158 inches . I j ust milled

3 Models from $49.951

The only no compromise
sound card interfaces.

The easiest to set up, high
quality, complete solution.

The best support tool
Read our user commentsl

runner
Intelligent DC power panel
• ConvenienUy power your station with Anderson pO'M:!rPole®connectors.
• 40 Amps total, outlets to run all of your transceivers and accessories.
• Each and every outlet individually ATC fused with LED open fuse indicators.
• Precision LED and audio alert of safe, over or undervoltage, 4012 & 4008.
• No messy binding posts, frayed wires, black tape or short circuits.
• safe, secure, hot connect, polarized, color keyed, unisex, connector system.
• Cot dol i 16 to the ARES, RACES, RSGB reconvnended standard.
• Pel feet for home, mobile, rover', portable, emergency and contest stations.

Get on WSJT JT44, the
extreme weak signal mode!

RIGblasters: M8, M4, RJ, Plus or Nomic

http://www.westmountainradio.com
West Mountain Radio de N1ZZ and K1UHF

1 8 She ehan Ave n u e , N o rwalk , CT 0 6 8 5 4 (203) 853 80 80

over the 3- 100 MHz range caused by
choke resonances. Omitting the RFC
will give almost ruler-straight (but
lower) gain versus freq uency over this
range. If you use a choke, it should
provide at least 500 ohms reactance at
the lowest frequency of interest. For
the 3- 30 MHz range, the RFC should
be at least 27 J.lH . (S pec ial, resonance
free chokes are ava ilable where both

to wind ; no complicated impedance
matching.

A wide variety of MMICs is avail
able from many manufacturers, and 1
tested three from among the nearly
three dozen offered by Mini-Circuits
Laboratories [http ://www.mi nicircuits.
com). The MAR-l through MAR-8 se
ries is the original MMIC offering by
Mini-Circuits; these arc wide ly avail
able at prices in the $ 1 to $2 range.

Hence. I built lest amplifiers with 1-- - - - - - - - - - - - - - - - - - - - - - - - - --- 
MAR-3, MAR-6, and MAR-8 MMICs,
representing low, medi um. and high
gain chips. The MAR-series chips
don't represent state-of-the-art in
MMIC performance, but remain qu ite
useful for HF through low UHF ex
perimentation. (The leaded MAR-X
series has recently been replaced by
surface mount MAR-XSM packages.
The devi ce specifi cations important
for HF use , however, have not materi
a lly changed, and the older leaded
packages continue to be available on
the surplus markct.)

If you are to achieve decent perfor
mance in the GHz-plus range , you will
need to pay careful attention to layout.
component choice , and printed circui t
board materia l. I was interested only in
amplifie rs up (0 30 MHz or so, and 1
was able to get away with less-than
optimum construction techniques and
components. Even so, the Manhattan
style construction I used worked rea
sonably well beyond 500 MHz. (The
MAR-6 amplifier, I built from a kit.)

The MA R chips contain built-in bias
e lements, and both the input and ou t
pUI arc at a positi ve DC voltage with
respect to ground. Hence , both input
and output require a blocking capacitor,
C~ " , . 1 used 0. 1 II F disc ceramics.

",, ~'~"'i ,...
(Good low-inductance surface-mount
chip capacitors should he used if UH F
performance is desircd.) I used an 8.2 J.lH
RF choke in addition to the bias resis
tor. The MAR chips require, depend
ing o n the particular model, be tween
3.5 and 7.8 volts , and must be ru n from
a higher supply voltage through a se
ries bias resistor, Rho'A' If you don' t use
an RFC, R_ shunts the output, so you
will lose some gain - typically 1 to 2
dB. If you use a common leaded RFC,
expect to see a dB or so of gain ripple
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.B IO grounded gate a nd 2r\7000
foll ower

With a little extra work. we ca n
el im inate the transformers from the
13 10 grounded gate amplifier.

The input trans former can easily be
re placed with an appropriate Rt:C and
blocking capacitor. The RFC carries
the DC current. but looks like h igh im
peda nce to the RF input. C3 blocks the
DC from the signal input.

We can re place the output trans
fo rmer with a load resistance. R2.
Since th e sam e signal curre nt fl ows
throug h R2 and the input source, the
voltage gain is the ra t io o f R2 to th e
50-ohm input source, or, for the 2Xklhm
resistor in my design. 4.4:I. or I2 .~ dB.

To connect the amplifi ed sig nal to
the 50-ohm outpu t. we can usc a
source fo ll ower. A source fo llower has
high input impedance and low output
impedance and thus effic ient ly couples
the signa l amp lifi ed hy Q I to a 50-ohm
output pOll. Our test circu it uses a
2N7(X)() MOSFET foll ower. A so urce
fo llower has a voltage gain slightly

both the input and output, the vo ltage
gain o f thi s ampl ifier is simply th e ra
io o f the transformer turns. In thi s

case, T 2's primary has a turns ratio o f
4- : I; hence the theoretical voltage gai n
s 4- . or 12 dB. (The impedance of the
unput 50-ohm load seen by QI 's drain
ransformed by T2 is 800 ohms. Thi s

gives a voltage gain of 16:I. However.
T 2 has a 4- ; I voltage step-down ratio.
Hence the net vo ltage gain int o the
50-ohm ou tput is 4-; I. ) TI and T2
carry the DC drain c urrent as well ;
th us so me care should he taken to
avo id core saturatio n. part icu larly with
T 2. The size cores suggested on the
schematic are satisfactory. (A no-trans

former ver~ion of the grounded-gate
131 0 is sho wn later.)

This is a good-performing amplifier
with a very good noi se figure . but a
di sappo inting high freq uenc y re
spo nse . Computer simulation suggests
that the upper 3 dB freq uency comer
should be nearly 100 MHz. I was un
able to c oax the high frequency re
sponse past 2 1 MH z, despite extensive
ex peri ments with di fferent o utput
transformer de sig ns.

'1..-"-

ca t

'" r -- ..,.
..l.

' C3 1--- CO f-..- ~ , IJ - ,
0 I I , 9 C3

0< --- I- - ,- , II 0

" \u ,-<-<
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t~::::= I- n

1 T
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Fig. 6. ./3 I0 grounded gale and 2N70()Osource fo llower:

•

a slive r o f scrap PC stock to 0 .1 58- am plifie r input. I didn't foll ow this sc-
inch wid th and Super-g lued it j ust as if qucnce as c are fully as I shou ld. and
it were a Man hattan-style pad . This ap- consequently destroyed two ~IMICs

preach makes the MMIC stick up while running tests.

above the board surface , so the two
J3 tO grou nded gatearound leads are longer than desi red .- -

For Hf use . strip line co nstructio n is Grounded-gate f'1:."T amplifiers have
not necessary. Remember. however, a good repu tation for low noi se perfor-
that M~1ICs have gain well into th e mancc . and the 13 10 circuit doesn' t
G UI. range. and sloppy layout could d isappoint in this regard. turning in the
yield an oscil lator, not an amplifier. best norse figure of the am plifiers I
Usc a good gro und plane and layo ut bu ilt .
to keep th e o utput clean. I d id not sec The input impedance of a 13 10 in
any indication of oscillation up through grounded-gate configuration I S close
1.5 GH/. in my test circ uits. to 50 ohms, so the input transformer

It 's good prac tice to connec t an am- shou ld have a I : I turns ratio. Since the
plificr in the fol lowi ng seq uence ; fi rst. outpu t tra nsformer primary carries the
connec t the o utput : seco nd . co nnect same signal curre nt as the seco ndary
the po wer gro und; th ird . connect the o f the input tra nsformer and we ha ve
po wer positi ve ; and last. connect the designed fo r 50-ohm impedance at
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Fig. 7. CLC4()() high-speed Of' ami'.
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• MHz -3 dB Input Input
Output

Noise
3-30 MHz

Output Output
Amplifier

Gain F"",""""y 1P2 ,.3 Power
A g ure

Input
1P2 ,.3 Spurious Free Dy nam ic

Config uration
(dB) (MHz) (dBm) (d Bm)

dBm (1
(dB)

VSWR
(d Bm) (d Bm)

Range (d B)
dB Comp) (max.)

I 2NS109 " ". 56 33 ,. 58 ' .221 " .. "" I
I ,.""" ta '" " za ze .. 1501 es os '" I
I J310" 2N7000 " sa " aa ,. r , 1 29 1 55 '" '"

J310 GG HIgh to zr 55 as ec a.a 1291 65 38 '"Gain

I MAFl-3 ta '00 as " " z. a 1,291 "
,.

"'
I t,4AR·6 rs aao -" -, -e ,. 3,00 1 , r "'
I MAR-8 so .'" ~ -3 " 35 1.92:1 as ze ee

NU61M02 " ' 00 '" za ,. 35 125 1 .. 38 ""
L ClC400 re " " te " " 162.1 ee " " I
Table I. Summary performance table.

j ud icious se lection of a step-up ratio,
it's possible to balance noise vo ltage
and no ise curre nt contributions in the
amplifie r. I used a CoilC raft \VB 1040
1:2 broadhand transforme r, confi gured
as an uutotrunsforrncr, to yield a 1:3
voltage step-up. RS te rm inate s T I to
match the input to 50 ohms. A I:..l
transformer wo uld yield a better no ise
figure, and additional gai n. With a I :..l
transformer, R8 sho uld be cha nged to
820 ohms . You could , of course, wind
your ow n transformer: 10 q uadrufilar
turns on a ().375·inch d iameter ferrite
toro id using type 43 mate ria l should be
suitable.

The voltage gain Av of the am plifier
is de term ined by the ra tio of R7 and
R6 in the fo llowing fo rmula: Av ::::
( I +K7/ R6). Keep the sum of R6 and
R7 to he at least 200 ohms, however,
a s th is feed back divider shunts the
a m plifier o utput.

Op am ps don ' I like capac itive loads,
and R3 is essential to preserve stability
when feed ing a 50-ohm coaxia l cable.
Unfo rtunately, R3 th rows away 6 dB
of the amplifier's gain, as it forms a
vo ltage di vidcr with the output load. If
you were usi ng a C LC400 to di rectly
d rive a 50-ohm mixer, for exam ple,
through an inch of wire , R3 could
like ly be omitted and the additi onal
gai n reco vered. But. as a sta nd-alone
preamplifier to be connected to a re
ceiver throug h eve n a short length of
coa xia l cable, R3 is essential.

Op amps are .most often used with

Contin ued 0 11 page 58
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less than unity. the net ex pected chips shou ld
. .

Nationa l Serni-so VI sit

gai n is close to 12 dg. conductor 's We ll sill' [http://w ww.

Because MOSfETs arc poorly COI1- national.corn ] and download data

trolled for threshold voltage, yo u may sheets for members of the CLC fami ly

find it necessary to adj ust R7 to yield of chips and an excellent series of rc-

around 6 volts al Q" source . R5 luted Application Notes. In part icular._ s

should be a z-wau com ponent. as il Application Notes OA-7, OA-I !. and

di ssi pates nearly three-quarters of a O A-I..l- are instructive.

watt. This particular c irc uit runs Q2 's Using a high -speed op amp as an RF

dissipatio n somewhat exceedi ng Its ampli fier usu ally exposes ao umm-

rol led va lue . I use a sma ll clip-on heat prcSSIVC norse figure. However. Na-

sink and have nu t fou nd problems with tiona! provides an inno vative so lution

de vice reliability, to the noise problem. and I bu ilt a 15

Pa iring the g rou nded gate input dB gam ampl ifier usmg a CLC~OO

am plifie r w ith a source fo llower c hip following the pro totype in App li-

marked ly improves the high freq uenc y cation Note OA- 14. Some members
o f th e C LC4XX fam ily ha ve higher

response over the tra nsfo rmer-
co up led g rounded gate 13 10. but with

ga in or lower noi se figu res tha n the
cl.ewo.so pick the particular amplifier

a worse no ise fi gure.
you need to match your req uirements.

CLC..l-OO cur ren t feedback or a m p The circui t has severa l points of in-
tcrcst. I' ll hit the high lights, but a de-

National Semiconductor 's high-speed tailed study of National's Application
c urrent feedback op amp series has in- Notes is we ll worth the tim e invested .
teresti ng applications for wideband RF The key to improving the noise figure
amplifiers. Anyone interested in these IS an in put step-up trans former: hy

Typica l Max. Max. Output Power Noise Output
Bias Resistor

Moclel HF Gain Frequency (dBm) 0 1 dB Figure '.3 +12VDC (Ohms)
(dB) (GHz) Compression (dB) (dBm)

"AR-l 18.5 , +1.5 s s +1" 0 '"I ..AR,2 12 5 , ~, s s +17 0 '"
I M...R.3 12 .5 a ..10 0 s +230 "'" I
I .....R... . 3 , +125 e.s +255 ""

.....R·1I zc 2 .'" 3 +''' 5 ""

..AR·7 ras a ..55 , +' 9 0 '"
" "'R-a '"

, +12 ,5 33 +270 '''' I
Tahlt' 2. MAR amplifier .~/,('c ificati(JflS.



Fig. 2, The trick with a rail is TO coordinate space for operations while allowing passage
from nile position TO the next.
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eq ua l plus and m inus voltage power

supplies. M ost o p amps, howe ver,

don 't have a "groun d" te r mina l, a nd it

isn 't d iffi cu lt to use a single su p p ly

voltage. I n this c ase, the noninverting
(+) in p ut p in needs to be held a t a vo lt

age equal to halfway between the supply

vo ltage and g rou nd . R5 and R6 a re a

simple vo lt age d ivid er to p rovide Vec!

2 b ias to p in 3. C2 kee ps the D C off TI

and a lso p reve nts R8 from load ing down

the voltage d ivider. (The inp ut resistance
of the CLC4oo' s noninverti ng input ex

cccds l OOk o hms, so its c urrent doesn' t

significa ntly alter the voltage div isi o n

ratio of R5 and R6. ) S ince we are us
ing a sing le po we r sup p ly, a DC volt

age o f Vecl2 appears o n the o utp ut pin
a nd is blocked by C I.

working space . T he actual rig could the n
be placed under the o perator's seat.

I ' d mount the o ther radios a long one wall
of the van , either in nile line, or in a mini
cubicle arrangeme nt as shown. T his wo uld
leave a sma ll but usable aisle along the other
side. Of course, wi th a van I'd lo ve to in

clude a so lar array on the roof and a gas- or
propane-powered generator that could pro
vide power when nee ded witho ut running
the van engine.

With either design, there arc a num ber of
safety issues that need to be addressed . You
want to limit access to a certain degree so
that the amateur rad io operator on duty can
concentrate . You also wa nt to make sure that
others do not operate the rad ios wi thout
permissio n. In add ition you want to make
sure that people cannot inadvertently come
in to contact with antennas or other connec
tions that could expose someone to high lev

els of radio frequency ex posure or result in
an RF burn. As mentio ned earlier, any lead

acid sto rage batteries need to be located in
a we ll -ven tilated area. Un li ke o ur ham
shacks back home, operating in this e nvi 
ronment will expose eq uipment to many
people of all ages who have no understanding
of the potential dangers that might exist.

Designi ng a potential operating location
can be a lot of fun and makes a great project.
This is one of those ac tivities that can in

volve both new hams and e xperienced o nes ,
with both groups being able to contribute .
Let me know what ideas you and your pub
lic service team may have with regard to
the ideal operati ng locat ion . fa

HF Vertical on
f-+ _. ange mounted on

at sheet of metal
r plywood

perhaps the Red C ross. As such, the vehicle
is ide ntifiab le and known, which often
makes it easier to access the location where
the station is needed.

F ig, 2 shows one possible layout fora van.
The idea is loose ly based o n the communi
cation van used by the Brevard Emergency
Amateur Rad io Service (BEARS) o n the

east coas t of cent ra l Florida.
VHF and UHF equipment shoul d be

readily accessible 10 the driver. In an ideal
world (one with no budge tary constraints),
I' d put something like the Ke nwood TMD
100 or Alinco DR I 35-TP so that I wo uld
have access to 2 meters while d rivi ng . I'd
also ha ve APR$ available using the same
rig. There are times, such as duri ng hurr i
cane season . when a mini weather station
transmitting data via APR S would be hel p
ful to the National Weather Service . Tem
perature and humidity se nso rs co uld be
permanently mounted or all sensors, incl ud
ing a wind directio n and speed indicator,
field -mounted on site . In a van, rad ios with

detachable control screens may free up more

• • • • • •

· . . . . .
. . . . . .· . . . . .

HF Voice Radio

2 Meter APRS

LapTop to
APRSIPacket

. . . . . .. . . . . .. . . . . .

o

o

2 Meter
Whip

HF Whip

would prefer to be near the window but not
in line of sight. You ne ver know.

Fig. 1 shows one possible station layo ut.
I' ve based th is on items readily available in
a hospital or school. Tables. such as those
fou nd in the cafeteria, provide an operating
location as we ll as a bo rder of SOitS . Well
meaning people may not realize that in su b
opti ma l c o ndi tio ns, a h igh degree o f
concentration may be required whe n oper
ating. The banery and antenna arc located
j ust outside the buildi ng but e asily con
nected th rough the wi ndow. It may be ad
vantageous to rope off the area to keep
people from coming into contact with the
antenna. Likewise, the battery may prove a
tempting ta rget. so it may he wis e to COII

cea t it and/or chain it {Q some th ing sol id.
Some clubs take a who le di ffe rent ap

proach and set up their station in a van or
camper so that it can be taken to wh ere it is
needed and put on the air almost immedi
ate ly. In some cases, the use of a van has an

added advantage in that it is managed and
or funded via a pub lic service agency or




