For The

HRO-60

The adapter plugs
into the n.b.f.m. sock-
et in the receiver, ys.
ing an  octal plug
(Amphenol 86-CP8)
mounted on one edge
of the chassis. The
6BA6 if. stage and
it i.f. transformer
(hidden by the tube
shield) are on the op-
posite edge.
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A silicon.diode ring product detector ?‘
. and if. stage in a module Improve

{ the c.w. and s.s.b. operation of an
old standard receiver,

[ NP N N R ]

EVERAL features of the design of the HRO-SO,
S characteristic of the era in which it wag

€rn receivers,

In the late 1940s, when the HRO-60 was de-
signed, narrow-band frequency modulation was
considered g potentially popular mode of ama-

teur ¢tommunication, and in order to incre

the versatility of the receiver, Nationa] pro-

*638 Benvenue Ave., Los Altos, Calif. 94022, Tetters to
the author should be accompanied by a self—addressed,

stamped envelope if reply is desired,
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A Solid Staze Product Detectyy

vided an octal socket in the bower-supply com-
bartment for gn n.b.fm, adapter. With the ex-
ception of connections to the bfo. and a posi-
tive 20-volt power source, all of the necessary
circuits are accessible at socket X-g, greatly
simplifying the installation of the product de-
tector. Use of a module provides a Vvery con-
Venient method of servicing the product de-
tector if it should become Decessary,

vacuum-tube product-detector circuits  were
tried with varying degrees of Success, none copm-
pletely satisfactory from & performance stand-
point.

Circuits originally intended as  balanced
modulators were investigated as they must of
hecessity possess all the characteristics desired
In 4 product detector. The first circuit studied
was the ring, originally intended as a modulator
for multiplexed land lines. Ag perfect balance
Was not required ip order to eliminate the

CRI-CR4

BAL-MOD.

INJECTION
TV RMS.

B.FO.

SRS i
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carrier, several compromises were made in the
original circuit, and it was decided that the
bf.o. input and the recovered audio could be
unbalanced, thereby eliminating one trans-
former (Fig. 1). Isolation from the preceding
driver was considered necessary, however, and ,-_ —_OT
accordingly a 10:1 resistive pad was included @
between the if. transformer, T,, and the bf.o. . L
drive point, which is the junction of two 150~
ohm resistors, R, and R, G
A ring of four silicon diodes appeared to
Possess most of the desired characteristics, in-
cluding no output without sufficient drive from
a carrier generator to self-bias the diodes into
conduction. The diodes function as switches that
are opened in succession as the phase of the
injected b f.0. signal rotates through 360 degrees,
The output consists of various sum and differ-
ence frequencies of the bf.o. and if., with the
desired audio-frequency components separated
from the others by means of the following low-
pass pi filter. Fairchild FDH-600 silicon diodes
were used because of their characteristics of
relatively low capacitance and high perveance,
resulting in sufficiently short switching time for
this application,

Optimum drive to the ring is 700 millivolts
rms., slightly beyond the point where the
diodes are biased on by rectification of the b.f.o.
signal. This is approximately 10 timeg the if. (R, is used to match th
signal input to the ring (about 65 my. rms.)  imped i
required to produce 2.5 volts r.m s. audio output
from Q,. Excessive drive will degrade the signal-
to-noise ratio and linearity of the detector,
consequently, overdrive should be avoided.

@, is a Fairchild SE5025 silicon transistor
functioning as a buffer amplifier for the bf.o. i

.

Jjf
0
,_. +

a direct-coupled audio—frequency amplifier. Ag
the ring is a low-level device, it is necessary
to amplify the 40-mv. r.ms. output to a leve]
adequate to drive the following af. power
stages. Several demands must be met by the

a quite good signal-to-noise ratio are required
so that the excellent characteristics of the ring

effort involved.
are not degraded. The large amount of negative

(o2
O

tJ_

Fig. 2—Full-scale layout of the etched circuit board
component side. This can be traced on transparent stiff
Paper and the tracing used as q ne,

sensitive board. See te

fluctuations of supply volta.
great as 25 per cent will not hav
effect upon the performance of
when used at normal listening levels.
1 mounting a
etched board

To simplify the problem of

parent master can be made by trac
areas on a sheet of vellum or othe
parent paper then making the dark areas
opaque with black drawing ink. Complete kits

xtrem
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t 1 4F-25V €13
025 uF c12 025 vF C11
. /.47 WF-25V C10_— FDH-600 CR4 ;5. pe ,
2200R15
R17 6200 —— , / : 1500-5% R12 5%
FOH-500 CR3 if XFMR. SEC,
02 283565 | " Fou-500 c2 15kQ R7
— 2
R1 10kQ —| ; 5%
T 1500-5% RN
Fig 39k — —————01uF-25v c8
03 2N3565 — = bt
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R22 10kQ — T 68QRIG
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R20 2200 — §- SE5025 01
® AF ouT e 2260814 4o0p10
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22QR9

Fig. 3—Placement of components on the circuit bogrd.
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QST for

gative for photo-
xt.

is insensitivity to
variations ag
€ a noticeable
the amplifier

ing the dark
r stiff, trans-

When the board has been etched and cleaned,

current feedback within the amplifier redy
both noise and distortion to where both 33
difficult to measure, and creates an e
low input impedance so that a 620-ohm re,

uct-detector adapter.
: refer to origina

ges smoothed wit
oles for the componen
with a No. 57 drill. So
ade easier if the j
h a solvent and the

Receiver M

In order to use thf’, 1
HRO-60 several existing
fied. Fig. 4 should be
schematic diagram of
ﬁnderstanding of what
_Socket X-1 in the
ent, _originally inter
adapter, is rewired as in t
Pin 1—Remove lead t
supply and wire it to
Pin 2—Remove ground
. shielded lead from c.w
Wiring to the remainin
Modification of the b
is required to permi.t a
. output level and to imj
the signal, as the ring mu
a sine wave as possible.
mounting the 50K injec
heavy bus wire soldere
the terminals to which it
of the function switch s
plied with regulated 10:
ss.b. reception and di
am. is also recommend:
Automatic gain contr
possible and even desir
a.gc. detector, but mo
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edback within the amplifier reduces
> and distortion to where both are!
) measure, and creates an extremely}

impedance so that a 620-ohm resistor’

+

g. 4—HRO-60 modificati for dating the
oduct-detector adapter. Component designations
refer to original receiver circuit.

cale layout of the etched circuit board,

de. This can be traced on transparent stiff

he tracing used as a negative for photo-
sensitive board. See text.

sed to match the 600-ohm output
of the ring. An additional conse-
the d.c. feedback is insensitivity to [
s of supply voltage; variations as
per cent will not have a noticeable
. the performance of the amplifier
at normal listening levels.

lify the problem of mounting a
small components, an etched board
d. The art work, Fig. 2, is a negative
1 photosensitive board, and a trans-
ber can be made by tracing the dark
sheet of vellum or other stiff, trans-
er then making the dark areas
h black drawing ink. Complete kits
etch boards at home are available
L $3 and $4 and are well worth the
ved.

 board has been etched and cleaned,

it should be cut to size with a hack saw and
e edges smoothed with a file, after which the
s for the component leads should be drilled
a No. 57 drill. Soldering the components
ade easier if the photo resist is removed
‘a solvent and the copper side of the board
tinned.

Receiver Modifications

In order to use the product detector in the

0-60 several existing circuits must be modi-

fied. Fig. 4 should be coordinated with the

ematic diagram of the receiver for better

erstanding of what is required.

cket X-1 in the power-supply compart-
,..originally intended for an nbfm.

rewired as in the follows:

emove lead to --105-volt regulated

ply.and wire it to a 4-20-volt source.

move ground lead and replace with

lead from c.w. oscillator.

e remaining pins is unchanged.

0 CR4 15¢QR8 lion of the beat-frequency oscillator

4 1 to permip a means of varving the
) oR3 if XFMR. SEC. vel and to improve the waveshape of
0 CRZ  15x0R7 al, as the ring must be driven by as clean

2 ve as possible. A practical method of
% R11 5% g the 50K injection pot is by means of
:vc:? sbus wire soldered between its lugs and
i ninals to which it is connected. Rewiring
20 ion switch so that the bf.o. is sup-
a regulated 105 volts during c.w. and
4 47kQRI0 ion and disabled while receiving
—-@NW&FS%‘I":;% recommended.

n control on c.w. and ssb. is
ven desirable with the existing

ut modification of the ag.e.
rcuit board.

QST fOI

decay time constant is necessary. The HRO-50
a.g.c. detector described in May 1964 QST by
W4JDR should be referred to by those inter-
ested in building the product-detector module.

Module Construction

Assembly of the components is on a 24 by
3 x 3% inch box chassis, and is easily accom-
plished. As with other low-level rf. and af. cir-
cuits, all leads should be as short and direct as
possible; and those carrying the input from the
if. and a.g.c. buses should be shielded to prevent
coupling to other circuits. A terminal strip can
be used to mount components associated with
the 6BA6 driver stage for ease of assembly.

Operation and Adjustment

After construction of the module and modi-
fication of the receiver, it would be wise to
check the wiring for errors and to make certain
that all voltages are within five per cent of
those given. Alignment of the driver transform-
er is conventional, and in the absence of a signal
the primary and secondary should be adjusted
for maximum noise. B.f.0. injection is optimum
when slightly more drive is used than is neces-
sary to produce output from the ring.

The ring product detector has been used for
over a vear under widely varying conditions;
from 20 db. over 9 signals to ones barely read-
able in QRM and QRN, and during DX contests
on both e.w. and s.s.b. Under all circumstances
the very low noise and distortion considerably
reduce listening fatigue and allow separation
of c.w. signals differing by but a few cycles that
would, with a nonlinear detector, be either
difficult or impossible to copy.
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