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Various efforts have been made in the 
past to build high-frequency communi- 
cations receivers with wide dynamic 
range to combat the effects of cross- 
modulation and blocking. With the high 
level of galactic and man-made noise 
which is present up to about 30 MHz, 
receiver designers generally agree that a 
receiver with a 10 dB noise figure is 
more than adequate for high-frequency 
communications. This is equivalent to a 
sensitivity of 0.2 p V  for 10 dB signal- 
plus-noise to noise (50-ohm input impe- 
dance, 2-kHz bandwidth). In most cases, 
on the high-frequency bands, the man- 
made noise which i s  picked up by the 
antenna is  greater than 0.07 pV, so the 
extraordinary sensitivity of a receiver 
with a noise figure lower than 10 dB is 
no great advantage. While this technique 
was initiated ten years ago by my 
company, Rohde & Schwarz, in Munich, 
amateur equipment designers have only 
recently started thinking along the same 
lines. 

A noise figure of slightly less or equal 
to 10 dB can be readily achieved by 
using one of the new hot-carrier diode 
double-balanced mixers, such as the 
Minilabs SRA3H or SRAIH, which is 
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followed by a low-noise i-f amplifier 
ahead of a crystal filter. In practice this 
means that no rf amplifier stage is 
required. In vacuum-tube receivers one 
of the primary applications for the 
rf input stage was to provide agc but 
this can now be obtained (with negligi- 
ble losses) with a PIN diode attenuator.ls2 

The first amateur equipment to use 
this new design technique is the Atlas 
180 and its later models. There are some 
indications that this circuit is derived 
from the SouthCom SC130 Man-Pack 
Transceiver* and the ANIPRC-I04 of 
Hughes Aircraft, which both use the 
same technique. The main disadvantage 
of this rf input circuit is that i t  is practi- 
cally impossible to suppress feedthrough 
energy from the oscillator to  the an- 
tenna to 15 pV or less, a requirement of 
European regulatory agencies. 

Some military and systems-oriented 

oscillator feedthrough, in many cases rf 
amplifier stages are still required. 

Recently the German amateur jour- 
nal, cq-DL, published an extensive t e s t  
report on the Atlas 1803 which showed 
fairly poor dynamic range with respect 
to what would be expected from a re- 
ceiver with a double-balanced mixer in- 
put and high-power i-f stage before the 
crystal filter. As pointed out in a pre- 
vious a r t i ~ l e , ~  to  obtain the specified 
performance every mixer must see a 
purely resistive load at both the i-f and 
image frequency. An analysis of the 
SouthCom and Atlas circuit reveals a 
tuned circuit between the double- 
balanced mixer and the i-f stage. Since 
the mixer i s  not properly terminated at 
the image frequencies, this results in a 
loss of at least 15 dBm for the mixer's 
third-order intercept point, enhancing 
intermodulation distortion products. 

table 1. Third-order intercept point of Minilabs S R A l H  
high-level double-balanced mixer with various terminations. 

termination intercept point 

50-ohm resistance 30 dBm 
 arrow-band resonant circuit 8 dBm 
Heavily damped resonant circuit 17 dBm 
Elliptical bandpass circuit 21 dBm 
Amplifier (Z, = 50 ohms * l o 0 ,  1-80 MHz) 23  dBm 
Power fet (Zi = 50 ohms +5'. 1-108 MHz)  30 dBm 

receivers still require noise figures of 6 mixer circuits 
dB or less because they are used with 
inefficient antennas (whip antennas 
with loading coils for marine, mobile or 
portable use, for example). Since i t  is 
difficult for the commercial communi- 
cat ions equipment manufacturer to  
foresee whether the receiver will be used 
with a good antenna or a poor one, 
coupled with the requirement for low 

A recent survey published in 
Germany5 showed the results of a series 
of tests regarding the creation of un- 
wanted spurious in double-balanced 
mixers as a function of termination. All 
tests were run with a high-level Minilabs 
SRAlH mixer which requires a local- 
oscillator input of 23 dBm (200 milli- 
watts). The results of these tests are 
listed in table 1. 

"Atlas Radio is licensed by SouthCom Inter- 
national to use the circuits developed by 

Although the Minilabs SRAIH i s  

SouthCom for military and commercial capable of providing a third-order inter- 
munications equipment. Editor. cept point of 30 dBm, table 1 indicates 
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that you can lose as much as 22 dB of be adjusted to set the dc bias so the in- 
dynamic range because the mixer i s  not put impedance is exactly 50 ohms.5 This 
properly terminated. Therefore, to ob- circuit has been designed for optimum 
tain maximum performance, i t  is essen- dynamic range regardless of oscillator 
tial to build an input stage which has feedthrough and does not show any in- 
the required input impedance from dc put selectivity which must, of course, be 

9 MHz 

fig. 1. lnput impedance and phase angle of the 9-MHz KVG XFSB crystal filter 
when terminated in 560  ohms in parallel with 33  pF. 

up to more than 100 MHz. This stage 
must also have an intercept point of 25 
dBm (the double-balanced mixer has 
about 5 dB loss so the mixer output is 
25 dBm at 30 dBm input). 

Extensive tests with various crystal 
filters have been conducted in the past 
and i t  was found that the crystal filter's 
input and output must be terminated 
beyond its normal frequency range of 
operation. This is because crystal filters, 
such as the KVG XFSB, at frequencies 
not too far from the center frequency, 
exhibit impedances between 5 and 10 
kilohms (see fig. 1). These resonant ef- 
fects would significantly reduce the dy- 
namic range of the preamplifier if the 
filter was not properly terminated. 

The best solution to the problem of a 
high dynamic range preamplifier is a 
high current field-effect transistor, type 
CP643 (Teladyne Crystalonics), in the cir- 
cuit of fig. 2 where the input resistorscan 

added. In  most cases input selectivity 
can be provided by a 1.6-MHz highpass 
filter and a 31-MHz lowpass filter, so 
the losses there do not have to  be 
considered. 

fig. 2. lnput resistance of Crys- 
talonics CP643 preamplifier can 

be adjusted to 5 0  ohms by proper setting of 
the 250-ohm potentiometer, RI. current 
drain is 30 mA. 
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The complete rf input circuit, show- 
ing the CP643 high dynamic range pre- 
ampli f ier,  double-balanced mixer, 
2N5109 oscillator injection amplifier 
and 3N200 i-f amplifier is shown in fig. 
3. The injection amplifier accepts about 
200 mV input voltage from the local 
oscil lator and amplifies i t  to the 
required level for the double-balanced 
mixer. The grounded-gate CP643 has 14 
dB gain and i s  matched to the input of 
the KVG XF9B crystal filter. The 
3N200 i-f amplifier has enough gain and 
agc action for most receiver designs. 

push-pull rf amplifier 
with wide dynamic range 

In many wideband, high dynamic 
range applications such as antenna dis- 
tribution amplifiers, input rf amplifiers 
are required which combine extremely 
low distortion with low noise figure. In 
the past both voltage and current feed- 
back have been used to counteract volt- 
age and current distortion. The dis- 
advantage of these circuits is that a 
stable input impedance can be achieved 
only over a relatively narrow band- 
width.6 

Recent research has resulted in a new 

fig. 4. V h f  power  transistors are used i n  push- 
p u l l  c i rcu i t  t o  ob ta in  w ide  dynamic  range 
shown  i n  fig. 5. Transformers  are t r i f i la r  
w o u n d  o n  Ind iana General  F625-9-TC9 t o r o i d  
cores. 

wideband amplifier design217 which has 
extremely low vswr at both input and 
output as well as low noise figure. The 

fig. 3. Double-balanced m ixe r  c i rcu i t  wh i ch  has a th i rd-order  in tercept  po in t  at  +30 dBm. Osci l lator 
requ i rement  is -1  t o  +2 d B m  (200 t o  2 8 0  mV across 50 ohms). Agc range is greater t han  50 dB.  
Levels shown  in parenthesis are f o r  zero d B m  ( 2 2 4  m V )  a t  i n p u t  and zero agc voltage. 
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fig. 5. Performance of the push-pull rf arnpli- 
fier shown in  fig. 4. With an input of -27 
dBm (two-tone signal, 20 rnV each), gain is 12 
dB, third-order distortion products are down 
100 dB and second-order IMD is down 105 
dB. Third-order intercept point occurs at an 
input of about 22 dBm. 

second-order intermodulation products 
can be suppressed nearly 40 dB (over a 
single stage) by the push-pull arrange- 
ment shown in fig. 4. Two linear vhf 
power transistors are used in the circuit, 
and depending upon the large-signal 
handling requirements, either the 
2N5109 (RCA) or BFR95 (Amperex) 
may be used. Both of these devices have 
an FT of I600 MHz. 

This circuit provides about 11 dB 
gain and exhibits exceptional freedom 
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table 2. Measured third-order intercept point of 
several commercial high-frequency receivers. 

intercept 
receiver point 

Yaesu F T l O l  -21.5 dBm 
Ten-Tec Argonaut -19.5 dBm 
Collins KWM2/S-line -10.0 dBm 
Signal 1 CX7 -5.0 dBm 
collins R390A -4.5 d ~ m  
Atlas 180/210 3.0 dBm 
collins 65S1 13.0 dBm 
Racal RA1772 28.0 dBm 
Martin r f  front end (fig. 3) 30.0 dBm 

from second- and third-order intermod- 
ulation products, as plotted in fig. 5. 
The third-order intercept point occurs 
at an input of about 22 dBm. Three 
types of feedback are used: current 
feedback through the unbypassed 6.8- 
ohm emitter resistor, voltage feedback 
through the unbypassed 330-ohm base- 
to-collector resistor, and transformer 
feedback through a third winding on the 
wideband transformer to stabilize the 
input and output impedance. A mathe- 
matical analysis of this circuit i s  pre- 
sented for interested readers in the 
appendix. 

summary 
With very little effort the third-order 

intercept point of high-frequency re- 
ceiver input stages can be increased far 
beyond the values of any commercial 
equipment now on the market. Table 2 
shows the third-order intercept point of 
several popular receivers presently being 
used by amateurs. 

5. M.  Martin, "Extrem lineares Empfaenger- 
Eingangsrnodul mit  grossem Dynamikbereich 
und sehr geringen lntermodulationsverzer- 
rungen," fnternationale Elektronische Runds- 
chau, April, 1975, page 73. 
6 .  A .  Hoen i  ke, "Dirnensionierungsfragen 
b e i m  E n t w u r f  k l i r r a rmer  Trans is tor -  
verstaerker." Nachrichtentechn. 2.. May, 
1966, page 287. 
7. K.H. Eichel, "Einfache Methode zur Erzie- 
lung eines konstanten Eingangswiderstandes 
b e i  Breitbandverstaerkern," Internationale 
Nektronische Rundschau, February, 1973, 
page 45. 

30 october 1975 




