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l. OVERVIEW
A newham radiocompany, called Atlas Radio, was created in 1974. Their first product wadlaisd 80 -
an all solid state mobile HF SSB transceivemost allHF transceivers ghat time had vacuum tubes for
the transmitter final amplifier.The 180 progressed to the 210/215 models, the 210X/215X modikls,
350XL model, and finallyhe 210X215XLE moda. The amateur radio community owes a deep debt of
gratitude to Herb Johson for enabling the average ham haveaccess to factory made SSB transceivers at
very low costs.This document applies to the 21@245Xand 210X LE models, but the same pipals can be
applied to the entirdransceiverseries.

Please note that tlsi document is a work in progress and will probably never be totally finishesl.hoped

that this document will provide sufficient information to the user community such that one does not have to
reinvent the wheel in trying to discover the backgrounidtbry on the various operating and maintenance
quirks for these radios.

These radios had some problems even when brand new, and have developed additional problems as they
have aged wer the past40+ yeas. Most of these problems can be resolved ifeohas a good working
knowledge of the radio and has the patience to search out solutions.

In the 70s, most SSB transceivers had minor and major compromises in a number of areas. The Atlas series

of radios was no exception. Resolving the areas of comjse could have been costly, delayed production,

and maybe would not have been appreciated by most hams. You will probably come across areas of the

NI RA2 6KSNB &2dz gAff 0SS FaA1Ay3 @2d2NBSEF aoK®n RAR (K¢
one area creates problems in other area®lease keep in mind that computer aided design and high
performance spectrum analyzers/tracking generators were not available in the 70s.

A. Audience
This document is written foamateur radio operatorshat want to better understand the operation of
the Atlas radios, repair problems as they occur, and improve the operation of the radio by
implementing engineering changes that improve upon the original design. Most of the repairs/changes
are easy to makef one hasthe patience and tenacity to keep going, even when thingsiaitelly not
working quite right. Experimenting with these radios offers a rare opportunity for putting a large
amount of theoretical knowledge into practice, at a low cost for pattnlike modern solid state
transceivers, one can be reasonably assured that an expensive part, such as a microprocessor, is not
going to be blown out by shorting out a wire/terminal point while doing testing.

Most of the recommendedhangescan be impemented very quickly and with a minimum amount of
technical skillg i.e. replacing capacitors, resistors, etc. A couple of the improvements require some
moderate technical skills and also require several hours to compiete. installation of digital
frequency displaypr DDS VFO

B. Objectives
This document was writte with the following objectives:

Provide a consolidated source of technical information associated with the Atlas radios
Generate feedback from users for additional information that bardocumented

Restore the transceiver so that it operates at the original factory specifications

Install modifications that correct original factory design deficiencies

Install modifications that improve upon the original factory design

Increase theife of the radios by having a single source of information for repairs

C. RestorationversusModification
This presented informationshould not be considere@ restoration document but there are some
pieces that deal with that area. If you complete thedifizations described in this document, then the
resulting radio will be considerably different from a factbnyilt unit.
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Most of the described changes can be restored to the original factory configuration. The outside visual
appearance of the radio W remain the same; there are no new controls added to the front panel
except for the DDS VFO mod

The authors havéested the modifications in this document on several different 210X and LE models.
Kevin was the true engineer for most of the chasgeHe would pose the problem, offer up several
solutions, and Clint would test and document the results. The sampling quantity has been small and the
testing time has only been @uple of years You may find that a particular modification does not work
well in your radio. That could be due to slight differencesinguit boards, other problems in other
boards, and/or Kevin and Clint may have overlooked something in their testing. Please share your
experiences with the team. We may need to do addisibtesting.

For any modifications, it is recommended that you only complete a small subset and then test for
several days/weekkefore making additional changes

Example: Replace all of the electrolytic capacitors on th8@oard, test for seval days, and then
move on to the next board.

One ofthe wonderful things about the Atlas radios is thatost of the modifications are not very
expensive and it is relatively easy to return the radio to the previous condition if a particular
modificationdoes not work out.

D. Recommendations
Some of the modifications in this document only affect a specific area of the receiver or the transmitter.
There are some changes that affect both areas. Common areas for both the transmitter and receiver
include:

Low pass filters
Relays

Voltage regulator
VFO

Carrier Oscillator
15tand 29 mixers
15tand 2nd IF amplifies
FEToscillatorswitches
Crystal Filter

Meter

Each reader will have their own specific reasons for using this document. The folldawvirgf pttack is
recommended:

1. Repair the radio such that it is fully operationdihis would include areas such as:

Lowreceiver sensitivitpn all bands or some bands

Low or notransmitter power outon all bands or some bands
No SMeter operationor pegged Meter

Distorted receive/transmit audio

Broken VFO dial comhd/or broken plastic frequency drum
Excessive frequency drift

2. Install modifications that correct original factory design issuBsis would include areas such as:
IF Trap andimage filter coils and capacitors

StableTXcarrier balance adjustments
SMeter calibration
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AGCtime constants
Receiver audibandpass

3. Installmodificationsthat improve upon the original factory design. This would include areas such
as:

Improvedreceiversensitivity

Improved receiver overload performance
Less loss through filters and impedance matching networks
Smeter and VFO drum backlighting
Improved receiver/transmitter stability
Reduced transmitter spurious signals
Less ripple inaceiver Ipass band
Improved receiver audiband pass

VFO frequency stability (CumbrigL¥ck)
BHI DSP

Receiver band pass filter board

E. Dirty Switch Contacts
One of the most common problems with the 210X/215X radio is dirty contacts on the-dveitath
wafers, the antenna relay, and the DC Switching relay-OKiewill need to be applied to the switch
contacts and the relay contacts will need to be burnished.

Here is a recommended process faterminingif the bandswitchcontacts have aighresistance (this
process does not include the TX band pass filter contacts).

1. Connect ohmmeter test leads between the antenna jack and ground and measure the resistance
on each band. It should be less than 2 ohms. This check measures the continuityrbetweass
filter switch contacts, the low pass filter coils, the antenna relay RX contdmsnput switch
contacts for the RX bangass filter, and the interconnecting wiring. There should be a direct short
to ground since the electrical path will mathrough the RX input band pass filter coils to ground.

On one test radio, the receiver sensitivity was sometimes poor on the 20M and 15M bands.
Moving theband switchbetween bands would usually help. The measured resistance on 20M was
70 ohms and orl5M, it was 50 ohms. After application of -Deit to the Low Pass filter switch
contacts, the inconsistent readings were greatly improved. All bands now had 10 ohms resistance
to ground. After the RX antenna relay contacts were burnished, the resist@opped down to

1.5 ohms.

2. Remove the PQO0/PG120 board. Connect ohimeter test leads between pin 1 on the PC
100/PG120 edge card connector and ground. The reading should be less than 2 ohms.

This check measures the continuity between outputlod RX band pass filters, the IF Trap/Image
filters, and the interconnect wring. There should be a direct short to ground since the electrical
path will pass through the RX band pass filter output filter coils to ground.

3. Clean Antenna Relay Contacts
Theantenna relay is located on the AC00C board. The following steps need to be followed in
order to remove the plastic cover on the relay:

Remove two screwsn the sides of the PA modudend swingopen themodule

Remove the four screws holding the Ipass filter cover to the back of the chassis

Remove the two screws holding the-PT00C board to the back of the chassis

On the low pass filter switch wafer, at the switch tabs, unsolder the input and output wires going to
the PC1100C board
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Remove tle top cover to the ALC/1LORHzCalibrator adjustments

Slide the P@100C board slightly to the left side of the radio so that the top of the Antenna Relay is
fully exposed in the opening on the top of the chassis

Use a small flat blade screwdriver to efully disengage the visible Antenna Relay cover tab (tab is
located at bottom of relay)

Slide the cover off the Antenna Relathrough the opening in the top of the chassis

Burnish the RX and TX relay contacts

Install a spike diode on the circuibard pads for the antenna relay coil

Install the Antenna Relay cover

Reassemble the boards and covers

Note: For replacemergurposes the part number on the Antenna Relay was:
Sigma 77R22DC

Antenna Relay with plastic cover removed

4. Clean DC Switching Relay Contacts
The DC Switching Relay is located on thd B&ZPC120 board,

It is very easy to remove the plastic cover on the DC Switching relay. TI@ORRCG120 board
should be removed from the radio before attempgi to remove the cover. Once the cover is
removed, burnish all relay contact#\ few ohms of resistance on the TX meter contacts can cause
the meter to be totally inoperative in the TX mode (meter would be showing TX current).
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The following éagram can be helpful in troubighooting the switch contacts of this relay:

Atlas 210X
PC-120 Board

RL121
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5. CleanSwitch Contacts
This process applies to thabd-switch contacts, but can also be applied to other switches.

Very small drops of D&xit should be applied tde switch contacts on each of tewafers There

are two wafers in the VFO compartment, one behind the VFO compartment for the TX band pass
filters, one in front of the rear wall of the chassis for the RX baask filters, and one in the PA
compartmentfor the TX/RX low pass filters.

You will find two different types of switch wafers on the baswitch assembly. Most radios used
phenolic wafer switches.

210X LEs used wafers that appeared to be ceramic (they are white in color), but are actually some
type of hard plastic that will not melt. Some LE radios used a combination of phenolic and hard
plastic wafers on the switch assembly.

It is relatively easy to apply drops of it to the phenolic wafers since all of the contacts are
exposed. On thavhite wafers, there are some small round holes in the clear plastic sealing cover.
You can apply D&xit in the holes as you rotate the switch. You should be able to clean all
contacts.

LE Low Passteill White Wafer Switch Contacts

II. Atlas Factory Changes
TheAtlas2104215X LE moded wereintroduced in June of 1979. There were supposed to be only 1000 LE
units produced. B@ctoberof 1979, Atlas Radio had gone out of busirfesghe first time

A. Differencesbetween210X and 210X LE Models
Per the Atlas marketing literature, the LE model offered these additional features over the standard
210X model:

Receiver Incremental Tuning (RIT)

CW coverage of 10 metefsanslatedg coverage of 10 meter CW band)
Power increased to 250 watf{translatedc power input increased to 250 watts)
Special front panel with commemorative gold name plate

A 210X LE user manual was never produgettlas provided the esting manual for a 210X rdel.
Atlas did produce a two page 210X LE addendum that included a schematic diagram of the new RIT
control and the Dial Set control.

LE Changes
The following changes do not seem to appear on all LE moKelspin mind that the production run
was onlyabout five months long.
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Two braided, insulated straps between the ground foil on thedBCboard and the back corner of the
VFQOchassis. This to improve grounding on the P@DO0. It was rot really successful, as the single
sided filter board hd major ground impedance issues.

Top and bottom covers af@ackvinyl over steel andblack vinybn the inside, as opposed to being bare
metal

VFO bottom cover igaintedvinyl black{or green)as opposed to being bare metal

The bottom VFO cover has sbrews holes, but on the |iBe chassis hole next to the front panel is not
drilled on some units

VFO tuning dial cord is red in color instead of black

Paper speaker cone color is a very light gray as opposed to black

The LE front panel does not havenater zero hole

Some electrolytic capacitors on the-BA0 board have a silver insulated sleeve around the aluminum
can as opposed to being blue or black in color

VFO plastic frequency drum is from a RX110 receiver

Internal speaker is wired so that & active all the time, even when an external speaker is plugged into
the rear panel speaker jack

Different routing scheme&vasused for some of the wiring on the bottom of the chassis

ALC control knob is slightly thicker

Lots of solder flux residue oneéPG500 printed circuit boar@dnd the chassis ground connections
Receiver IF transformer cans were not fully seated before being soldered to the circuit board

RF gain control is only effective for the last 90 degrees of CW rotation, as opposed tortied 230
degrees

Plastic VFO window mounting changed to two screws at bottom of window as opposed to screws on
either side of the window

Dimmer switch for dial lights has been removed

AGC delay time constant has been increased

The Atlas Tech BulletinGC mod appears to be fully implemented in the AGC circuit @0BC The
delay capacitor was increased from 15 uf to 47 uf. This resulia AGC delay of about 5 seconds as

opposed to 1 second with a 15 uf capacitor.

The LE model has a slightlyfelient color scheme on the front panel, there is a different scheme of the
white accent lines, and the front panel is anodized on the front and back sides.

B. Alignment Addendum
The alignment information provided by Atlas often did not cover later modeleX215X and the LE
models) and/or was missing for all models.
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C.

User Manual & Diagrams

Atlas did not create a user manual for the 210X LE model. They continued to provilartiard210X
manual. They did provide a single sheet that described thegds made in the LE and provided a
schematic of the RIT control circuitry.

Test Equipment

Various pieces of test equipment will be needed for trousi®oting and upgrading the 210X/215X radios.
Hereare some recommendations for needed equipment:

A.

B.

Audio Generator

Soldering Station

Qualitytemperature controlled soldering station

Oscilloscope

50 to 100 MHz dual trace oscilloscope watlow capacitance probe (<10 pf)

The oscilloscope is needed for measuring high signal levels that have little harmotgiotc

Spectrum Analyzer

The spectrum analyzer is needed for measuring low level signals that may or may not have significant
harmonic content. The 10X scope probe can also be used as a probe for the spectrum analyzer if
sufficient attenuation is placedt the input to the analyzer so that it will not be overloaded.

In using a typical scope probe, you will probablyl finat it will detune some receiver and transmitter
circuits due to the capacitance of the probe. In some cases, you may want to thsgrbbes on a dual
trace scope so that your test points can have constant loading.

Example:

The scope can be used to measure the insertion loss of the TX Low Pass Filter. One probe is attached to
the output of the PE&00 board. The second probeatached to the antenna jack. Both test points

have the same load from the probes, so your readings should be relative accurate. You can quickly
subtract the difference between the two traces, apply log to the base 10, multiply by 20 and you have
the DBdifferencec i.e. insertion loss of the Low Pass Filter.

Signal Generator
Needs to generate elean sine wave down ta-120 dbmlevel

RF Power Meter
Frequency Counter

Extender Boards

A draight extender boardfor PG100, P€L20, P00, and PE00 bardg makes it much easier to do
trouble-shooting. A right angle extender board is needed for providing access to {dePibard. It
can also be used to provide access to the oldeB@Cboards that had the capacitor adjustments on
the backside of théoard.
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Extender boards are available from:
John Nerng WA1ESO

3 Springer Ave.

Tiverton, RI 02878
WAIESO@JUNO.COM

Keep in mind that the extender board for the-2@/300 socket in a LE model needs to beglmthan
' 02FNR F2NJ G6KS Hwmn- Y2RSt o CKAa A& 0SOFdzasS 2F Ay

I.  Oscillator Interconnect Cable
hy GKS NRARIKG NBIFN OKIFaaira LIySts GKSNB Aa | az2018Si(
socket. Normally, there are jumpers connected between pins 2 to 3 and 5 to 6.
If the jumper is removed between pins 2 to 3, then an external VFO signal can be fed into pin 2 and 4
(ground). An external oscillator cable can be fabricated using a 9 p@etxtenderplug, some coax
cable and a RF connector (BNC, SMA, etc.). The 9 pin tube extender can be obtained from Chinese eBay
sources (do a search @pin tube socket adapter). He is a picture of a fabricated oscillator cable:

W
Pih 2 is still available on the top side of the socket plug for attaching an oscilloscope or frequency
counter.

J. DC Power Supply
Just about any low current power supply can be used for testing the receiver in the radio. It just needs
to be stable, have lIoRRF noise, and have minimum AC ripple.
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Power supply requirements for testing the transmitter are more stringent. In order to accurately assess
TX power output capability, the power supply should provide 13.6 volts to the back of the radio on the
banana pligs/jacks. Lower voltages can be used, but one will have to extrapolate the transmitted
power to account for the lower voltage.

You may have a good power supply that shows 13.8 VDC at the output terminals, but the voltage at the
radio could be low as 1B.VDC.

The large voltage drop is directly related to the high current requiremertks amps on 80M to 15M.

This high current creates voltage drops in places that you might not be aware. A 0.05 ohm resistance
point (wire, Power Pole connectors, etapuld have a 0.85 volt drop to the radio when a current draw

of 17 amps is present.

In order to do any type of testing on the transceiver, one is going to need a DC power connector to plug
into the back panel of the radio. Positive power is carried wo banana jacks and the ground
connection is carried on a banana plug.

Power Supply Voltage Drop
AnAstron SS25Nutsout 13.81 volts under no loadVith a17.5 amp load, the \tage drops to 13.74
VDC.Thatis 0.5% regulation.

Best Case DC Power ke

yé 2F I mn I dzAS SANB RANBOGEE FTNRY LI2gSNI &dzLlLx &
of the radia Voltage drops to 13.65 volts (power out was 112 watts on 80M and 69 watts on 10M).
That equates to a 0.09 volt drop ¢ime power cable.

Test Shop DC Power Feed with SHeigtail and Power Pole Distribution Panel

a .

Myé 2F I mn 3FdAS LAIGFAT d@é t2BSNma 28IS5dzRS 4K dkh 2 WA

to banana plugs/jacks to the radio.

Voltage drops to 13.11 volts at the back bétradio with a 17.5 amp load (100 watts out on 80M and
65 watts on 10M).Keep in mind that the radio only draws 9 amps on 10Mbst of the voltage drop
was coming from the Power Pole distribution panel.

Final Solution for High Current Testing

océl @F Al dz3S Fdzi2Y20ABS TAL) OFLotS G2 yé¢ 2F I wmn 3l d:

power supply.¢ KSNBE FNBE t26SNJ t2tS 0O2yySOi ZINEPowerSRblg S Sy
distribution panel is bypassedlhe supply ®ltage drops to 1%4 VDC at the back of the radio with 17.5
ampsload (110 watts out on 80M and 70 watts out on 10M).

K. LC Meter
One of the most useful pieces of test equipment is one of the Chinese Inductance/Capacitance meters
available on eBay for about $30. Typical eladumbers are the LC100 and the LC200. The LC100 is
open board construction with brass standoffs on the bottom circuit board. It gets its power from a USB
connector.
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Here is a picture of a typical LC100 unit;

o

10®i® ' ¢
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L. Pulse Noise Gasrator
To test the noise blanker in the receiver, one needs a way to simulate the ignition noise from an
automobile. Two different generators are describedepending upon the availability of parts from your
junk box The design for the first unit cameof the Swan MX.00 user manual. The second unit was
engineered from a Chinese NE555 oscillator module.

1. Swan Unit
The following circuitescriptionappeared in the Swan 100MX manual.

The noise blanker circuit utilized in the 210X/215X, like allteféenoise blankers, is designed to
detect the presence of impulse noise able a certain threshold, and to mute, or blank, the output of
the receiver for the duration of the pulse. There is no circuit or scheme that can eliminate static or
background hisg/pes of noise.

Since operation of the blanker circuit depends upon the presence of this high level impulse type of
noise, itis difficult, if not impossible, to service the circuit unless a source of such impulses is
available. Efforts to service it ngi the commonly available test equipment lineup are ineffective,
and may well lead to miadjustment. Most often, this section of the receiver is never checked out,
but merely accepted on faith.

It follows then, that a simple, inexpensive instrumentttganerates this type of signal could be
most useful in the service shop, yet commercial instruments are prohibitively expensive. For that
reason the circuit of such an instrument in included here, so that it may be built up locally and
added to the shopquipment inventory for such service.

Referring to the following diagram, we see that the 2N1671 is gumgition transistor, connected

in an oscillator circuit. The 0.22 uf capacitor is charged through the 100K and 1M ohm resistors,
with the latter made adjustable to control the charging rate. When the charge reaches a certain
level, the UJT fires, discharging the capacitor, and generating a sharp pulse of current through the
56 ohm resistor. This in turn fires the 2N5060, delivering a relatively tangent pulse through the
inductor. This pulse is used to simulate the impulse noise. Level is adjusted by the 100 ohm
potentiometer. Power is can be two 9 volt batteries in series, although a suitable DC power supply
deliveringapproximately 12 18volts at a fewmill amperesvould also be suitable.

Using the design from the Swan manual, a simplified circuit was built leaving out a power switch
and level adjust pot. The frequency adjust pot can vary the pulses from about 2/sec to 20+/sec.

Atlas 210X/215XTransceivers 14 Engineering Supplement




Pleasenote that the signal strength of the pulses into the receiver from the pulse generator will not
be as high as one might expect. The receiver band pass filters provide quite a bit of attenuation to
the pulses. However, you should still be able to se®-ar8ading on 80M and 40M. If the noise
threshold pot on the PQ20 board is adjusted for no pulse noise on the 40M band, then there will
still be low level pulses on the 80M band. Further adjustment of the noise threshold pot can
reduce the 80M noise gses. However, this will probably result in worsédder IMD distortion
products when strong SSB signals are present.

Here are pictures of the pulse noise generator mounted inside a Hammond case.

Here is a schematic of the pulse r@ggenerator.

Pulse Noise
Generator

T 125vdc@8ma

M
b Output
0.22uf BOM = 35 uv
40M = 6 uv
' —a 20M =1 uv

Hammond 1590LB Box
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1. Chinese NE555 module
Inexpensive NES555 oscillator modules are available on eBay. With a couple of additional parts,
ignition noise can be easily simulated. The output circuit was modeled after a design fr@AVE7
This particular design puts out pulses across the 80M to the 10M bands, but the signal strength for
80M to 20M is less than the Swan MRBO design.

Chinese Pulse
Noise Generator

Signal Strength
80M = 1.6 uv
40M =1.8 uv
20M =1.4uv
LED 15M = 1.4 uv
A 10M = 1.8 uv
S1
Veec—— +
= 9 Volt Battery

NE555 Oscillator Module

Out— ™ 1Ns148 0.01

2
=
;-

é

IV. Modification Overview
Most of the component parts of the radio are very rugged and are not easily damaged from a physical
standpoint. It is easy to poke a hole through the paper cone of the internal speaker. It is recommended

that you tape a piece of thin cardboard over the frarftthe speaker cone before starting any work on the
radio.

A. Function Switch

In order to troubleshoot the radio, one needs to understand how thumction switch operates. This
switch has fivepositions

OFF

The radio is inoperative in thigosition, but the PA module still has DC power applied vig 23 High

Amps)

Notesbmo @2f Ga A& ILIWIXASR (2 GKS abmo w95¢ fAYyS Ay I
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SR o0& | LliuR.Ay3 bwmo
The receive modules are energized by applgngo @2t ( a i '

of
G2 KS abmMo w95¢é f AyS¢
The transmitter can be activated by pressing the ptestalk switch on a microphonerlhis places a

INRdzyR 2y GKS aY9, [Lb9o¢tod

REC

The receive modules are energizedlbyJLJt @ Ay 3 bmo @2fda (G2 GKS adbmo w95
activated by pressing the pugb-talk switch on a microphoneTlh & LJ I 0Sa I 3ANRBdzyR 2y
TRANS

The receiver is placed in the standby mode (no audio from the speaker)trartsenitter is keyed by

LX F OAy3 | 3ANRdzyR 2y GKS aY9, [Lb9éod {{. wC 2dzi Aa
CwW

The receiveis placed in the standby mode (no audio from the speaker). The transmitter is keyed by

LX F OAy 3 | 3IANRIWRD AWR AN R G&¥9 ) f ARb LI +O3S/BIts B placddK S &/ 2

on the +CW line. This unbalasdbhe TX balanced modular. RF is produced from the RRtennajack
if the CWkey is closed (or CW plug is removed from J7) and the Mic Gain canadVénced in the
clockwise direction.

On pin 11 of the P200 board, the DC voltage varies from 0.0 volts to a maximum of 1.44 volts, when
adjusting the Mic Gain pot from minimum to the maximum clockwise position.

On pin 16 of the P00 board, the D@oltage varies from 5.6 volts to 1.44 volts, when adjusting the
Mic Gain pot from minimum to the maximum clockwise position.

The voltage difference between pin 16 and pin 11lasifriom 5.6 volts to 0.0 volts, when adjusting the

Mic Gain pot from minimunto the maximum clockwise positionThe actual carrier unbalance is the
result of a DC voltage being applied to one side of the TX balanced modulator bridge diodes (comes
from pin 7 of P€120). The voltage on pin 7 varies between 0.0 volts to 0.34 wvagttsthe Mic Gain pot

in the full clockwise position.

B. Component Parts

1. Parts Availability
Most of the parts used in the Atlas series of radios are still available on the ham forum swap
boards, eBay, and parts vendors. The RF Parts Company has theblestf ftarts specifically
related to the Atlas 210X/215X.

https://www.rfparts.com/catalogsearch/result/?g=atlas

Ly Ylye OFasSasx az2vyS$S 27F (2RI & Qé&hah tielparts thai wefe LI NI & 2
installed back in the 70s. Some of the ICs and transistors used in the radio are no longer
manufactured, but are still available from various vendors.

A number of RF chokes (using Pie constructizere used on theAtlas boards.In many cases, Pie
construction was not the best design, but was the only available part for the required inductances.
Here is a page from a 1972 James Millen catalog showing the available Pie RF chokes:
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34300 SERIES INDUCTORS

Self

Catalog Inductance Resonant Fig. FiG. 2
Number Microhenries Freq. Mc. No.
6T 12T 5% 65 3 i -!-:-i__
34300-15 15 + 59 22 8
3430018 18 + 5% 22 8 .
3430020 20 + 8% 8
T34300.22 22 3 & L e
24 4 " '
25 3 8 FIG. 7 ‘n’-T-Ha—
27 8 -
34300-30_ 30 ] l ==
34300-33 33 + B X FIG. 8 e
34300-36 36 + 9 T_
somant Fig. 3430039 39 8 (e smsdoi
Part Microhenries Freq. Mc. No. 3430047 YR 8 FIG. 9 e
[ 34300.0.15 015 + 10% 645 MC. 1 3430050 50 + 7 ¥
34300022 0.22 + 10% 510 1 3430056 _ 56 + & % r-‘-"
34300.0.33 0.33 —aas 1 3430068 68 + 9 FiG. 11 J——_‘?:ﬁ-._
34300-0.47 0.47 375 2 34300-75 75~ 5% 12 8
3430005 05 + 350 2 34300-100 100 + 5% 13 8 ] [“a
"34300.0.68 0.68 + 300 2 34300120 120 + 5% 12 8 FIG. 12 Tiwd
34300.0.82 0.82 = 10% 265 2 34300150 10+ 8% 11§ % ¥
343001 1+ 10% 175 4 34300.180 180 + 5% 58 8 ks
343001.1 11+ 10% 210 4 34300200 200 + 5% 7.5 8 FIG. 13 Tod
34300-12 — 1.2+ 10% 210 3 34300-220 220 +~ 5% 12 11 T ==
34300-15 I5 + 5% 190 "3 34300-250 250 & 5% 68 8 FIG. 14 ‘_d__
3430018 18 = 5% 171 T3 34300-270 A
160 3 34300.300
i 3 34300330
"3 34300350
343003 3 34300-470
3430033 — 3 34300-500
3430039 3 34300-750
34300.4.7 - 3 34300820 5.7
343005 3 34300-1000 e
34300.5.6 — 3 34300-1200 48
343006 2 g 34300-1800 26 u.m..
3.,383.6 0 3 34300-2200 2200 =+ 5% 2.8 8 Fe. 17 '1'_"_ %
34300-8.2 o 34300-2500 2500 = 5% 2.7 18
3430010 7 34300-10000 10000 = 5% 1.5 18

ThePie constructed Réhokes are easily dargad if anything scrapes agairthe outer coilsg often
breaking a wire in the outer coil. The broken wire can usually be repaired by carefully removing
one turn of wire and resoldering to the wire lead of the choke.

The following boards used Pie congtred chokes:

PC100
PC120
PCG200
PG300

L204200 uh
L127200 uh
L204200 uh
L30%33 uh (solenoid single layer construction)

L1285mh L129200 uh

Modern ferrite cores can probably be used to make new chokes. About six turns of wire on-a BN73

2402 corewill give 200 uh of inductance.

More turns can be added to get to 5 mh.

Capacitors Replacement

There are several different types of capacitors used in the Atlas radios. Due to the age of the units
(40+ years), various problems can develop in thpsets. Typical capacitor types include silver
mica, dectrolytic, tantalum paper, Mylar/poly, and @ramicdisc.

Problems with old capacitors include:

Shorted open, microphonic, and/or leaky (high ESR)
Low capacitance (for electrolytic and tantalums
Lower than stated capacitance at RF frequencies
Low Q at RF frequencies

Shorted capacitors are theasiestproblem to find. These capacitors usually cause the radio to
draw high current and/or the radio does not work.
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One of the low cost overseacapacitor testers can be used to check for capacitors that are open
and/or have low capacitanceAn ohmmeter can be used to find shorted capacitofm ESR meter
is needed to find capacitors that have high ESRs.

Capacitor ESR
http://en.wikipedia.org/wiki/Equivalent _series resistance

The recommendation is to replace all electrolytic capacitors in the radio. There are a large number
of these capacitors on thBCG300 board ad a lesser number on the PQ0, P€00, and P&00
boards. There are also a couple of large DC filtering capacitors on the main chassis.

You will notice the newer type electrolytic capacitors are physically smaller than the original units
that were usél in the 1970s.Thus, largercapacitycapacitors could go back in the same physical
space on the radio. Replacing an older capacitor with a higher capacity unit is not always a good
idea.

Some of the electrolytic capacitors are used for decoup§ngainly on DC power supply lines.
Installing larger capacitors in these areas is usually i@#wever, some of the capacitors are used
for timing circuits and/or shaping audimand pass Using a larger value capacitor in those areas
could degrade the perfanance of the radio.

It would also be good to replace all tantalum capacitors, but they are more expensive than the
electrolytic units. These capacitors tend to be stable for capacitance values and ESR, but can short
out. On the P00 board, there arewto 0.1 uf 50 volt ceramic di€apacitors that are very large in

size. Small 0.1 uf 50 volt monolithic capacitors are nice replacements.

X5F ceramic disOF LI OAG2NE 6SNB dzaSR Ay | ydzYoSN) 2F GKS |
very unstable \ith temperature changes, the capacitance gradually decreases over time, and the

ESR is poorCapacitors having low capacitance and/or low Q at RF frequencies are difficult to find

unless one runs some frequency sweeps of the associated filfdrasetypesof capacitors should

never have been used in RF circuit®vincalls these type dd I LI OA 12 NB aY2f RSR YdzRé

The X5F capacitocanhave a venhigh insertion loss at REChanging to ailver micacapacitor can
greatly improve the frequency respom®fband passand notch/trap filters. Please see the section

on the PE120 board for data on Q changes when going from a X5F capacitor to a high quality
ceramic or silver mica unit.
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Here is a spectrum analyzer sweep that shows thiemifice between a 240 pf X5F capacitor and a
220 pf silver mica capacitor when used in a simple pdraf@ circuit. The trace for the 220 pf
silver micacapacitor isshown inpurple.

RIGOL 12: | J Marker

Status oRef 0.00dBm

Select Mkr
oy i K234
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Delta

Delta Pair
Ref

Span Pair
Span

Off

Mkr Trace
Auto
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Polyester filmcapacitors present similar problem# typicalexampleis the 2200 ptapacitor used

in the receiver and transmitter IF Trapad the 80M receiver band pass filteForty years later,

these capacitors can show varying amounts of capacitance at RF frequencies. These capacitors had
a very low Q, even whmenew.

Green mylar capacitors were used in the audio circuBsme of the small greeMlylar capacitors
are labeled 0.002 uf, but they test out to be 0.0015 ufhis issue will be discussed in detail in the
section dealing with IF Traps/Image Filters

3. Coil Forms in Traps/Filters
Thepaper coil forms used for the IF Traps and Image Filters tend to get loose from the coil turns.
This can result in the entire coil form turning when you try to adjust the tuning ungapplication
of Super Gluer Q Dopebetween the coil form and the coil turns will secure the wiring to the coil
form.

4. VariableResistors
Almost all of the potentiometers used in the radio are theniature exposed carbon track type.
This includes the carrier balance pot, the PA bidjast pot, the SMeter adjust pots, and the TX BP
filter equalizing pots.

LG Aa a2YSOGAYSAa RAFFAOMzZ G G2 3ISH GKS LINBLISNI I Rac
arm causes a large change in the adjustment reading. Replacing these pots @i&mnuaits can

make adjustmentsmuch easier and more stable over the long tertm most cases, the modern

pots have mounting wires that mate up with the existing solder hole traces on the circuit board.

C. Transmitter Power Testing
One of the most commonrpblems with the Atlas series of transceivers is low or no transmitter power
output. This particular problem is one of the more difficult issues to troghigot. Best case, you may
have a bad resistor, capacitor, or dirty switch contact.
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Worst case, gu may need to replace the two PA final transistors at a cost of $40 to $100 for a matched
pair. Fixing the problem is usually pretty egdinding the problem can be very difficult.

The secret to finding the problem is being able to isolate the proble a specific area of the radio.
Initially, you would want to isolate the problem to the Q0 board or stages earlier than the-BQD
board.

A simple, low cost modification, can make that isolation process easier. There is a sthadl e of
coax cable going between the band switch output of the9®G board to the input of the RP&D0
assembly. The cable is about 15 inches long.

The existing coax cable is replaced with a cable that has mating MCX connectors in about the middle of
the cable un. By pulling the mating connectors apart, one can measure the RF output power from the
band pass filters and can also inject a signal generator signal into t680P&ssembly.

Two adapter test cables are needeé BNC male to MCX male and a BNferto MCX female. Quality
cables are available on eBay for less than $10. The output power from the band pass filter is about 0.1
mw. It takes about one hour to make this modification. Here are the steps for replacing the coax cable.

Remove the PQ00/120 board
Remove two screws and mounting spacer from the band pass board

Document the position of the wires between the band switch and th®®Cboard. There should be a
different color pair going to each band. In my unit, the following colonewsed:

80M Black
40M Red

20M Yellow
15M Green
10M White

Unsolder all 10 wires from the PBDO board and remove the band pass board.

Unsolder the existing white coax cable on both ends. Pulbéme switchend of the cable through the
feed through hole to the bottom part of the chassis.

This would be a good point to apply DeOxit to the switch contacts of the mode switch and band switch.

Attach your new cable assembly to the end of the cable that was attached to the band switch. Use the
existirg coax cable as a pull string to pull the new cable into place

Place a plastic sleeve around the mating MCX connectors so that the connector bodies will not touch
the chassis.

Strip back the new coax cable and solder both ends to the original conngxiots.

Replace the two 0.0022 uf capacitors (C918 and C919) with quality 0.0022 uf ceramidtdisMy two

units measured about 2100 pf, but they usually read much lower at RF frequencies. You want as much
Q as possible for the IF Trap so that yon gat the best possible notch of the IF.

If you suspect that C902 and C903 are no longer at 1800 pf, then they should be replaced with quality
ceramic dis units. My particular units were X5F which is not good for RF frequencies.

Insure that the coiforms on the two IF Traps are securely glued to the coils so that the coil forms do
not move when turning the tuning slugs.
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Move the PE00 board into place and solder the 10 wires to the board in this order: 80M, 40M, 20M,
10M, and 15M.

Install the nounting spacer and install the two mounting screws on the@P@board. Install the RC
100/120 board.

Align the 20M, 15M, and 10M bands on the board for maximum power out. Adjust the two IF Traps for
minimum IF signal on the 80M and 40M bands.

1. PG900RF Power Out
With the MCX cable installation previously discussed, one can easily measure the RF power out of
the PC900 board. The male and female MCX connectors need to be separated and a low level
power meter, with 50 ohm loads attached to the endf the cable that goes to the band switch.

Here are some typical readings that you might see. The mode should be in CW, with the Mic Gain
turned for max signal on each band. The equalizing pots were set for minimum loss. Additional
output can be obtaied on some bands by adjusting the filter tuning caps. For these readings, the
caps were not adjusted.

BAND Drive to PG500- | Drive to PC | Drive to PC Antenna 3 Order 5th

Equalize Pots Sg 500 Start of 500- power out ¢ IMD Order

For Max Power | Compression| Equalize max/opt drive/PA | IMD-

Single Tone/Two|l ¢ Two Tone Pots driver
Tone Optimized

80M | 0.055/0.048 mw| 0.230 mw 0.025 mw | 119/90 watts | -35/-28 db | -55 db
40M | 0.051/0.045 mw| 0.021 mw 0.025 mw | 121/90 watts | -33/-28 db | -53 db
20M | 0.028/0.025 mw| 0.011 mw 0.020 mw | 82/82 watts | -30/-26 db | -50 db
15M | 0.047/0.043 mw| 0.023 mw 0.031 mw | 109/90 watts | -25/-30 db | -55 db
10M | 0.028/0.024 mw| 0.012 mw 0.022 mw | 70/70 watts | -26/-26 db | -56 db

Please refer to thédppendix, sectiotM - Signal Measurements to see thgextrum analyzer sweep
of the IMD products.

2. PG500 RF Power Out With Maximum Drive Signal
With the MCX cable installation previously discussed, one can easily measure the RF power out of
the PG500 board.

The male and female MCX connectors need to dygagated and a signal generator connected to
the cable that goes to the P&DO assembly. A wattmeter, with 50 ohm load, is attached to the
antenna jack. Here are some typical readings that you might see.

The mode should be in CW, with the signal gatmroutput turned for max signal on each band, at
GKS TYLX ATASNRA O2YLINBaaAzy LRAYy(o®

BAND | Drive to PG00 Equalizel Power Out at Antenna
Minimum Jack

80M -14 dbm 110 watts

40M -13 dbm 110 watts

20M -17 dbm 90 watts

15M -5 dbm 105 watts

10M -6 dbm 68 watts

3. PG500 RF Power Out With Varying Input Signal Levels
With the MCX cable installation previously discussed, one can easily measure the RF power out of
the PG500 board while varying the signal level into the PC500 assembly.
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The male and female ®IX connectors need to be separated and a signal generator connected to
the cable that goes to the PED0 assembly.

A wattmeter, with 50 ohm load, is attached to the antenna jack. Here are some typical readings
that you might see. The mode should beGhV, with the signal generator set for varying levels
from -20 dbm to 0 dbm.

CAUTION: Make sure that the 210X band position always matches up with the signal generator
output frequency band. Otherwise, you mapWwlout the final PA transistors at higlower levels.

Power Out Versus Drive Level
120
p 110 EEREED
° lgg ﬂé.’;"“‘# 1
W g { Wi
20 | P Power Out 80M
e v 7
. 60— // Power Out 40M
50 - —
40 ~ Power Out 20M
30 ’/ ,‘i/
> L~ Power Out 15M
20 A
u Py A
10 = Power Out 10M
0 L=
-20 -18 -16 -14 -12 -10 -8 6 4 -2 O
dbm Input Level

4. PG500 Stage Gain
A spectrum analyzer or high frequency oscilloscope can be used to make RF output power
measurements.
You would want to make these measurements on an operating Atlas raditroubleshooting a
problem radio, you wouldisethe same test equipment setup. You are looking for relative changes
within the amplifier chain as opposed to absolute values.

Please note that the piessthat you use can déune some of the circuits in the amplifier (you may
notice that output power goes down). That is OK.

Here are some relative stage gain checks on a standard 21-8R(Pitbard that were made with a
100 MHz oscilloscope and a 10X probe.

The tests were run at a 10 watt power output and then extrapolated ud@6 watts. Try to
minimize the amount of time that you run the PA at full power output in order to reduce heating of
components and damage to the PA transistors.
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PC-500 Gain

210X7T 20M
Pre
Input . Driver PA LP
Input ——— : > Driver - > - > - —— Out
Di
river IN3366 40?82 Final Filter
0.032 mw 40 mw 1.6 W 10 mw 1w 110w 100 W
-15 dbm 16 dbm 32dbm 10 dbm 30 dbm 50.4 dbm 50 dbm
Input to base Input to base Output  Input base Output Output Output
Q501 Q502 collector Q503 collector PC-500 Antenna
Q502 Q503 Jack

Please note that the power levels shown are calculated values, assuming a 50 ohm ingpatlanc
each measurement point. These figures were confirmed with a spectrum analyzer, but the
spectrum analyzer is also using a 50 ohm impedance.

The voltage levels are more accurate for doing trotgdileoting, since they can be easily measured
with an osdloscope,exceptfor the Input Driver area.

Power Output Troubleshooting Example
Here is an example of an actual trousleooting scenario that happened to one of our 210X units.
The transmitter power output on each band had been previously measurd¢bdeoradio.

In the process of testing, the band switch of the radio was on 40M, but the signal generator was
tuned to a frequency in the 80M band. Full RF drive from the signal generator was applied to the
radio. The power out was quite high and wentz&ro after about 2 seconds.

Verification checks were made on all bangshere was no power out and the amp meter
continued to read about 1 amp of current. The MCX connector junction was separated and power
out of the PE00 board was measured on allrs. The readings were the same as previously
recorded.

A signal generator was then attached to the input of thed®Q board. There was no power at the
antenna jack. | then started testing the various stages in th8@Ccomparing the readings with

those previously recorded. The signal levels looked normal up to the base of the final PA
transistors. There was an extremely low signal on one base and no signal on the other base. There
was a slight difference in the bias voltage on each base. Osamearmal at about .65 volts and the

other one was about .575 volts. Normally, the bias voltage should read the same on both bases.

It was suspected that at least one of the PA transistors was bad.

The PA transistors were the original CD2545 units. Batisistors were replaced with a matched
set of SD1405 units. The replacement process took about one hbbere was no heat sink
compound on the bottom of the transistors. After removing the transistors, it was discovered that
there was a base to emdt short on the transistor that had shown zero input signal on the base
(one with low base voltage).

After completing the transistor replacement, the unit was fired up and checked for power output.
There was close to normal output on each of the bamsdsthat confirms that at least one of the PA
transistors was bad. See the -BD section for details on using the replacement SD1405
transistors.

D. Transmitter Audio Testing
An often reported problem with the 210X/215X transmitter is low or no TX audere 14 aredrawn
schematic of the mic gain circuit on the-P@ card.
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With a test input audio signal of 30 mv, then the audio out on pin 13 of th@@®@oard should be
about 100 mv with the Mic Gain set to the maximum clockwise position. If shouldegs&éhan 30 mv
on pin 13 to drive the transmitter to full power output.

Tranmitter Mic

Audio
T-Line 4y B.0 VDC TX
F3 ] ..
3K —_ “zg': 3 k.
A = R213 R211 =
T & 470 GAK
R214 ‘::j-, s
1 T 13 TX Audio Out
220 7 7 >
e i oy 8 = 14 2 i PC120-7
i In o . = 6.8
A bg—{az024 — i 4—{azoeg> O ! ~ 100 mv out
30 mv l B 12
Ri o1 7 [+-2F 13 with Mic Gain
i l 47 22 set max CW
cxa ca18 213
REil] 230 a0
R21E < < R21§ R207 < <R R0 R208 <
100K I = K zzxfj = 820 2.2H"i S
el
Ll
D206 I czi
PC-200 14143 I a1
16 11
Mic Gain R12 2
Adjust 10K =

V. Summary of Replacé¥odified Parts
In addition to replacing bad parts, tHellowing parts were replaced on the 210X boards and the chassis
order to improve performance

NOTE If you feel that an IC is bad, cut the body of the IC away from the leads. This will make it easy to
remove the solderedn leads and should eliminate problem with damage to the circuit board foil traces.

A. Chassis
R5¢ added 5k ohm resistor in paral with R5¢ increases range of control of RF Gain pot
Speaker replaced with high output unit
VFO Tuning Knatreplaced with weighted tuning knob
Meter lampsg replaced with white high intensity LEDs
S0239 antenna connectag replaced with Teflorwonnector
C7¢ replaced with 2200 uf electrolytic
Replaced low power voltage regulator with LDO unit
AppliedDeOxit D100L to all switch contacts
Replaced rubber feet on bottom of enclosure panel
Added spike protection diode across antenna ralay
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B. PC120D

R135¢ replaced 500 ohm single turn pot with 500 ohm mutliin pot

R134¢ checked to make sure that 68 ohm resistor was installed

R136¢ checked to make sure that 68 ohm resistor was installed

R131¢ replaced 2.5K ohm single turn peith quality 2K ohm single turn pot
C130¢ replaced with new 47 uf unit

Dxxx- added spike protection diode across relay coil

C129

schematic shows 150 pf capaciminstalled unit shows Q0 pf
Measured93 pf with LC meter

120 pf dver mcameasured 125 pf with LC meter

C131

schematic shows 150 pf capaciinstalled unit shows 80 pf X5F
Measured 84 pf with LC meter

180 pf dver mica capneasured 184 pf on LC meter

C134
0.001 uf X5F capacitgrmeasuredd76 pf with LC meer
1000 pf silver mica measured 1032 pf

C136

Schematic shows 240 p€apacitor installed unit shows 200 pf X5F
200 pf X5F capacitay measured192 pf with LC meter
Measuredl76pf in RF Trap on S 16.96MHz

-26 db null at 16.96/Hz

200 pf silver mica measured 200 pf on LC meter

-33 db null at 16.96/Hz

C137

0.001 uf X5F capacitgrmeasuredl013pf with LC meter
Measured910pf in RF Trap on SA 7.14MHz

-11 db null at 7.48/1Hztrap

1000 pf silver mica measured 9p8on LC meter

-23 db null at 7.1MHztrap

C141

360 pf X5F capacitarmeasured 300 pf with LC meter

Measured300 pf in RF trap on SA

330 pf silver mica cap had about 3 db better notch dasitrap SAat 12MHz

C142¢ replaced with ew 47 uf unit

C143c replace with a unit that is physically smaller in size

Note: Installing silver mica capacitors for C129, C131, C134, C136, C137, and C141 usually improves the
receiver sensitivity by several db.

PG200D

C205¢ replaced 130 pf X5capacitor with 130 pf silver mica

C221¢ replaced 2200 pf capacitor with quality 2300 pf ceramic dist

L205¢ insure that there are’ turns of wire on the coivith either a short or long tuning slug
Q201¢ installed 8 pin dip socket

Q202¢ ingalled 14 pin dip socket

L128¢ in case you need to replace this inductor, the value is about 4.5 mh
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Replaced discrete mixer parts with MCL Tl jrackaged mixer
Added 1N4148 diodes across pins 4 & 6 on Q201 (diode bands reversed)

C. PG300D
C317¢ replaced 0.1 uf ceramic disvith 1 uf tantalum
C320¢ replaced 250 uf electrolytic with 470 uf electrolytic
C221¢ replaced with high quality 300 pf ceramic dis
C322¢ replaced 0.47 uf tubular capacitor with 0.471{0 voltgreenMylar
R309¢ replacal 2.5K single turn pot witBK multiturn pot
Q301¢ installed 14 pin dip socket

D. PCG400C
Q403¢ replaced MPS6B! transistor with a 2N2222 unit

E. PG600
Installed low pass filter on output of carrier oscillator board

F. PG900
C913¢ replaced with highlguality 2300 pf ceramic dis
C919¢ replaced with high quality30 pf ceramic disk
L916¢ insure that there ar& turns of wire on the coil with either a short or long tuning slug
L918¢ insure that there are&’ turns of wire on the coil witteither ashort or longtuning slug

G. PG1200
Replace all 2200 pf capacitors with quali80@ pf monolithic ceramic units
Insure that there ar& turns of wire on the coilssingeither shortor longtuning slugs
Adjust 20M Image Trap to bottom of frequency rarifa station does not need to be nulled out
Adjust 10M Image Trap to bottom of frequency range if a station does not need to be nulled out

VI. Modifications ¢ Chassis Components

A. Back Lighting
The 210/215 transceiver series used small incandescencs (mriin of wheat) to provide backlighting
for the front panel meter ancthe VFO frequency di@iwo bulbs) These lamps receive power from the
13 volt DC power rail and they will eventually fail.

Replacement lamps are hard to find. A better replacetrisrto usehigh intensitywhite LEDs. Each
lamp will require a current limiting resistor to drop the voltage to the LED to about 2 to 3 volts DC. With
a current draw of 10 ma, the LEDs are very bright.

For the meter, two T1 LEDS, one on either sidthefmeter works well. A typical part number would
be MCD3004UWC (Jameco 217525). For the VFO frequency dial,-tw8/4 LEDs should fit the
existing lamp mounting holes. A typical part number would be LWK333 (Jameco 334502).
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Here is a ture of the meter with the high intensity white LEDs installed on either side of the meter.
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The following link provides good details on how to prepare the LEDs for instaliatibe radio:

http://www.kwarc.org/Tedds%20Tech%20Corner/kenwood%20ts440%20bulb%20replacement.pdf

B. Crystal Filter

1. Replacement
One of the most critical parts in the radio is the crystal filter.
Crystal Filter Bsign
http://f6aoj.ao-journal.com/cariboost_files/ladder_fileter_n6nwp.pdf

The filter was manufactured by Network Sciences of Phoenix, Arizona. Network Sciencesdalso m
filters for other radios such the Drake SSB transceivehe early Atlas radios used a 5520 Khz filter
and later radios used a 5645 Khz filter. Normally, the specified frequency for a crystal filter is the
center frequency of the filter. Atlas didohfollow this standard. Thus, a 5645 filter had a center
frequency of about 5646.600 Khz.

The crystal filters used in Drake-TRransceivers looked identical to the later Atlas filters. They
both had 5.64%; x/8 on the top label of the filter. Thaandard Drake filter had a bandwidth of 2.3

Khz. The center frequency of the Drake filter was 5645 Khz, thus the Drake filter cannot be used in
an Atlas radio.

If a filter needs to be replaced, there are two available options:
Obtain a filter from andter radio that has the same IF frequency
Purchase a filter from Sherwood Engineering.
http://www.sherweng.com/filters.htm

The Sherwood filter is an 8 pole direct replacement for the Atlas unit, hasidwidth of 2.2 KHz
versus the 2.7 KHz of the original equipment filter, and costs $55.

2. Impedance Matching
The Atlas 210X schematic chassis diagram shows a 1000 ohm resistor to ground on the output pin
of the crystal filter. The output pin also feed9.81 uf capacitor that goes to pin 3 on the-2@
board. On one of the newer 210Xs, a different matching setup was used. The resistor was replaced
with a 9 mm OD toroid core with 15 bifilar turns of wire. The transformer inductance measures
14.3 uh. It appears that the core is type 61 material.

The two common points of the coils go the crystal filter output p®ne end thecoil is grounded
and the otherend coil goes to the 0.01 uf capacitor. The coil and capacitor are enclosed in black
heat shrirk tubing.
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Audio output frequency response curves were plotted for the standard filter termination and the
one with the toroid coil. It appears that the toroid termination has more pass band ripple and
slightly less insertion loss than the resistor terntioa.

C. DC Power Connector
Original equipment Atlas power connectors are very hard to find, but one can easily make one. For any
connector contained in a box, it is important to make sure that the side next to the PA heat sink does
not interfere with the cover screw on the heat sink. This can be done by extending the lengths of the
banana jacks/plugs or by making the box very narrow.

1. Simple power adapter with no box enclosure (left picture)

2. Enclosure milled out of a solid block of aluminum bar (n@qdtture)

3. Enclosure made out of aluminum channel with cover plate (right picture)
This is my favorite, since | can easily get inside the enclosure where the soldered connections are
located.

D. Main Tuning Knob
A larger main tuning knob, withdditional weight can make fregency changes much smoother. A
stock tuning knob weighs about 1.2 oz westhe 5+ oz of dargerupgradeal knob. The larger tuning
1y20 Aa (K S380kddb.tTheyk@a ha¥ & lauilh finger dimple that allows one tquickly
scan from one end of the band to the other. This knob is available from Surplus Sales of Nebraska for
about $14 plus shipping.

http://www.surplussales.com/Collins/CollKWM3&html

A KWM380 main tuning knob may not work good for mobile installations. Depending upon the
mounting angle of the radidhis larger main tuning knob may obstruct the view for the bottom portion
of the frequency dial.

For the upgrade, gu will needsome #9 lead shot and quick setting resin. The lead shot is available on
eBay. Thee are several available sources for the resin:

Hobby Lobby
Easy Cast 3300&ets in about 12 hours and has a two year shelf life

Walmart or Autozone

Bondo Fiberglass Rair Kit #420 Sets in about 90 minutes
Hardener evaporates in about 4 months after the tube is opened
Resin goes bad after about two years after the tube is opened

The later Atlas stock knob and the LE knob can be upgraded with more weight, but thenkisblbe
separated from the aluminum skirt in order to gain access to the open chambers on the knob. The
volume of the open space on the stock knob is less than the Collins knob, so the knob will weigh less
than the Collins knob, once it is filled wittateshot.
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This knob is easier to upgrade because you do not have to worry about resin running into the hub set
screw opening. The weight of the knob goes from 25 grani$ tgrams.

For the KWM380 knob, pu have to make sure that you completedeal the set screw opening in the
hub of the knob and also the small hole in the outer rim of the kn®be resin can easily flow through
very small openings. | recommend thaiu watch the setting process and quickly remove any resin
that may be gettig into the wrong areas of the knob.

Here is a view of the KWASB0 knob Here is a view of the knob with the
ready to be filled with lead shot and resin installed.

resin. The brass tubes are used to

seal out the resin from theetscrew

holes in the hub and the outer skirt

of the knob.

Here is a view of the knob installed on the VFO tuning shaft.

| :; ; ] \
. mvv»i}},‘,um

L

—

E. SMeter & AGC
1. Background
The 210X/215X-Bleter provides a visual interface of received signal strength asad atovides a
valuable tool for troubleshooting receiver problems. Typical problems in this area include no S
meter readings on any signal or meter readings appear to be inaccurate.
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The CA3086 IC on the PC200 board is often the root source of the psoblEngrelay located on
the PC120 board can also have dirty contacts.

Here is a schematic that shows th&/8ter and AGC loop on the P00 and PG00 boards:
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A 1,5
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Modes:
A jumper is instalked soross RZ20
and D207 on the PC-2000 schematia

R202 is & fized 2 2K ohm reslislor on a
factary board

R¥3 iz a fixed 39K chm resistar on a
factary board

This schemasic shows the actual instalied
parts on a PC-2000 & PC.2000 board,
as opposed 10 what an Alas schamatic
may show

14148 diodes added across she input o Q201

Mis-adjustment of the S Meter zero pot (R222) and/or th& C Threshold pot (R309) can cause the
S Meter readings to be inaccurate. The calibration spec for the 210X/215Xs was S9 =-3@ uv (~
dbm). In 1981, the industry started migrating to the new standard of S9 = 5@3di§m).

Latest SMeter standard for HF SSB receivers
http://en.wikipedia.org/wiki/S _meter

It is recommended one adjust the S meter for the industry standard of S9 = 50 uv

Onthe later 210X radigsan additional pot adjustment lsabeen added to the P800 board. On
the later version boards,qt R39 at 2.5kohms has replaced fixed resistor(R3

This part of the circuit is very similar to the-BZD board in a 350XLn the 350XL, they call the pot
FR2dza G YSy & (KS Reedalisaebsmiuderidéd2hatAR222 and B®be changed to
multi-turn pots. It is very easy to bump the setting orOB3esulting in a big change in thenteter
reading.
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There have been a number of complaints about the inaccuracy of tMet& readings on
210X215Xradios. If you compare the readings with other radios, you will find that they all have
about the same readings and same inaccuracies.

This article provides details on real world testing ®fl&ers on various ham radio transceivers
http://www.seed-solutions.com/gregordy/Amateur%20Radio/Experimentation/SMeterBlues.htm#

Ideally, you want 6 db between each S gihd 10 db betwer units greater than S9.

The P&00C boards match up with the schematics shown in the 210X user manual (1977 w@rsion)
in the areas of R220 and D207. On the2B@D models, R220 and D207 were removeer Atlas
service bulletin info, &N34A diode s put back in their place with the band of the diode facing
Pin 20 on the boardIn practice, the diode is a 1N270 unit.

2. TroubleShooting
The front panel meter is used for theNgeter on receive and transmitter current in the transmit
mode. The basimeter movement is 500 ua.100 mv across the meter will cause a full scale
deflection. One can test the accuracy with the following steps:

Remove positive and negative leads from the meter and connect a 5K resistor to the positive lead.
Apply 2.5 volts B between the negative terminal on the meter and the loose end of the resistor.
The meter should read full scaldzor a full scale reading, the voltage potential across the meter
contacts is about 100 mv.

In the transmit mode, the meter negative leadswitched to R516 (560 ohms) by RL121. The
positive lead of the meter is switched to-Bimps (+13 VDC) by RL121. The meter measures the DC
voltage across L505 and is current limited by R516. The meter reading at full scale can be adjusted
by changing th value of R516.

If the transmit current on the meter is low, the meter reading can be raised by decreasing the value
of R516. If the transmit current on the meter is high, the meter reading can be lowered by
increasing the value of R516.

3. SMeter Zero
Prior to makingany-$ S SNJ St SOGNRYAO | RedaAadGYSyidazr G(KS YSGSN
a minimum, this will require removal of the 210X label on the front pafi#lis will usually require
the heating of the label with a hair dryer while usiagtility knife blade to slightly pry the label off
the front panel.

Once the label is removed, then the meter zero adjust hole will be visible on a 210X model. For a
210X LE model, there is no hole in the panel, so you will have to remove the two boleing the

meter to the front panel and remove the meter. A small flat bladed screwdriver can be used to set
the zero. Depending upon the condition of the label adhesive, you may be able to reattach the
label to the front panel without any additionalug.

4. SMeter Calibration Mod
The following modification will increase the levels between major divisions above S9, to about
10db/div. On some PQ00 boards, theé8 Y|l & 06S | O2 dairdss$0.12ufferamicdcH S o n dp
capacitors. These capacitorsosiid be replaced with 0.1 uf 50 volt monolithic capacitors. This
frees up circuit board space for other mods.

Remove the R202 2.2K ohm AGC resistor. Replace wiloAm pot. There is space on the board
to drill 3 small holes for the pots mountingres, if the TUFL mixer mod has been completed. On
a stock board, the pot can be located on the foil side of the board and glued to the foil.
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With no signal into the radio, adjust pot R2fr a zero level on the-Bleter. Injecta 50 uv signal
into the antenna jackand adjust pot R@9for a S9 level on the-Beter.

The two pots interact with each other, so you may need to go back and forth several times until
you can get the correct levels for signal and no signal.

A slight adjustment on results in a large change in the gaiinput a-23 dbm signal into the
radio. Adjust your new AGC pot for a reading of S9+50 db onthet&. You will need to go back
and adjust the R222 and BBpots again since there is interaction with the new AGC pot.

Various diode combinations were evaluated for D207. | tried a 1N270, a 1N4148, a 1N5711, a
1N4148 in series with a 1N270, etc. The results were about the same with each configuration.

The following table shows the signal levels fevi&er reading onvarious boards and calibration
levels. Please note that the AGC Resistor Mod provides about 10db/major unit for readings above
S9. TheS Meterwascalibrated for S9 =73 dbm and S9 +50db-23 dbm for R202 Mod With the

AGC resistor modhe accuracy bthe S Meter improves in the range of S9 to S9+50 db and the
accuracy decreases in the range of S3 to S8.

SUNIT Std 210X | Std 210X | Std 210X | Std 210X | Industry
PG200D¢ | PG200D¢ | PG200D¢ LE PC Standard
1IN270 R202 Mod| R202 Mod| 200D¢ S Meter
diode & no R202 Mod| Readings
diode
SO -112 dom | -106 dbm | -109 dbm | -111dbm | -127 dbm
S1 -106 dbm | -100 dbm | -102 dbm | -102 dbm | -121 dbm
S2 -103 dbm | -97 dbm | -100 dbm | -100 dbm | -115 dbm
S3 -102 dbm | -96 dbm -98 dbm -99 dbm | -109 dbm
S4 -100 dom | -94 dbm -96 dbm -97 dbm | -103dbm
S5 -97 dbm -92 dbm -94 dbm -95 dbm -97 dbm
S6 -93 dbm -90 dbm -91 dbm -92 dbm -91 dbm
S7 -88 dbm -86 dbm -87 dbm -88 dbm -85 dbm
S8 -82 dbm -80 dbm -81 dbm -82 dbm -79 dbm
S9 -73 dbm -73 dbm -73 dbm -73 dbm -73 dbm
S9+10db| -63 dbm -58 dbm -60dbm -61 dbm -63 dbm
S9+20db| -57dbm -48 dbm -49 dbm -52 dbm -53 dbm
S9+30db| -49 dbm -38 dbm -40 dbm -43 dbm -43 dbm
S9+40db| -43 dbm -31 dbm -32 dbm -36 dbm -33 dbm
S9+50db| -37 dbm -23 dbm -23 dbm -23 dbm -23 dbm
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5. AGC Gain@ves
Here are typical AGC voltages twro 210X radios. The BHI DSP module on the LE radio was
installed hut turned off. TheS Meter was adjusted f669 =73 dbmand S9 +50 23 dbm.

Factory AGC AGC Mod

Signal | Pin 19 | Relative| S Meter| Signal | Pin 19 | Relative

Levelin | AGCin| Audio | Reading| Levelin | AGCin| Audio
dbm vdc Output dbm vdc Output
-112 453 0db SO -111 411 0db
-106 460 4.5 S1 -102 419 3.5
-103 4.68 7.5 S2 -100 4.26 5.5
-102 472 85 S3 -99 4.36 7.0
-100 4.80 10.0 A -97 441 8.0
-97 4.88 11.5 S5 -95 450 9.0
-93 4.95 12.5 S6 -92 459 10.0
-88 5.02 13.5 S7 -88 465 11.5
-82 5.08 14.5 S8 -82 4.73 12.0
-73 5.16 15.0 S9 -73 4.79 12.5
-63 5.22 15.8 S9 +10 -61 4.87 130
-57 5.26 16.0 S9 +20 -52 4.91 13.5
-49 531 16.5 S9 +30 -43 4.97 14.0
-43 5.35 17.0 S9 +40 -36 5.00 14.2
-37 5.39 17.2 S9 +50 -23 5.03 14.4

Here is a plot of the AGC curves for a standard radio and one that has the AGC mod installed.
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The AGCebign of the Elecraft K2 transceiver is very similar to the 210X design. The AGC curves for
the K2 can be found at:

http://www.cliftonlaboratories.com/receiver _agc cuesg.htm

Signal Level Versus Audio Out

This chart shows the audio output level change from aigomal condition up t620 dbm input on

the antenna. A modified 210X LE radio was compared with an Argonaut 539.

20M

Preamp turned off in Argonaut
BHI modle turned off in 210X

Input 210X LE | 210X LE § Argonaut | Argonaut
Signal | Audio Out| Meter 539 Audio 539 S
Reading Out Meter
Reading
-130 dbm 0db SO 0db S1
-120 3 SO 2.5 S2
-110 10 S1 9.5 S4
-100 18 S5 19 S5
-90 20 S7 21.25 S7
-80 215 S8.5 215 S8
-70 22 S9 +5 215 S10
-60 22.4 S9 +15 215 S30
-50 22.75 S9 +25 215 S30
-40 23 S9 +40 215 S30
-30 23.25 S9 +45 215 S30
-20* 23.5 S9 +50 215 S30
-10* 23.5 S9 +50 215 S30
0 dbnt 235 D +50 215 S30

* 210X goes into oscillation

F. Spe&er
The internal speaker is rugged and the condition tends to not have deteriorated physically over the last
40+ years. The paper cones are usually in good shape and the voice oflestkad to the cone and
metal frame. Electrically, typical problemmglude:

Distortion at high audio drive levels
Ringing as a result of internal resonances at a couple of audio frequencies
Ringing as a result of resonances with the radio chassis
Too many holes punched in the paper cone resulting in degraded frequespynse

The speaker specs appear to be:
Part Number: 3C3CS 3C2473
4 ohms

will handle acouple of watts of audio power
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There are a number of 4 ohm speakers that are close in dimensions, but have a large ferrite core
magnet that sticks out too far at the rear of the speaker, resulting in the magnet either hitting the PC
300 board or the variable cap on the foil sideth& PG300 board. One suitable replacement is
available from Jameco for $2.95.

Jameco Part Number: 99996
Manufacturer Part Number: T@66FR

This speaker irated at 4 ohms, 4 watts, and 95 dBA. The speaker appears to be of good quality since
there is a complete set of specs (including frequency response graph) provided on the Jameco site.
http://www.jameco.com/Jameco/Products/ProdDS/99996.pdf

This speaker is a good fit for tlesisting mounting holes in the chassis. One just needs to elongate the
existing mounting holes with a small round file so that the holes will line up with the holes in the
chassis.

It appears that this speaker does not quite hav
the same basss theoriginal speaker, but the
audio punch appears to be better. The hig
sensitivity of the speaker allows one to get
very loud output at low audio gain control
settings.

Driving the LM380 audio amp at lower level
means that the distortion contributiofrom the
amp will be less.

You may find some small tears/hole in the paper cone. A good repair solution is to use Permatex Black
Silicone Adhesive Sealant. The result repair looks very similar to the original equipment sealant that
was used for tk voice coil attachment to the speak cone.

An exact physical replacement is available from Surplus Sales of Nebraska.
http://www.surplussales.com/Collins/CollKWM3&dhtml

This speakehas large magnet so it provides more audio out. The back of the maghkit the circuit
board side variable capacitor on the-2@0 board, but that does not seem to cause any issues. Here is
a picture of the stock Atlas speaker and the KWM380 uiihe speaker on the right is the KWM380
unit.
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The KWM380 speaker sounds the best of four different speakers that were evaluated. Here is the
spectrum analyzer response curves using a Telex boom mic feeding into the spectrum analyzer.

Atlas210X stock speaker

-20
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A 465000 External Speaker
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G. VFODial Cord
The VFO dial cord on the Atlas radios seems to be very durdlele are the specs for ¢hdial cord:

Mc®pé G20Ff tfSy3adKzZ AyOfdRRAYy3I GKS f22LJa 2y GKS
ndonmpé RWMO YISdZNING 2y || Ot AYRSNJ YSIF adzNBR TkoHE
one turn around the tuning knob shaft (two turns will also work)

multi fine strand nylon

To replace the cord, you need to remove thettom cover of the VFO and remove the two screws that
hold the dial light assemblylt takes about 15 minutes to replace the cord, once the cord is cut to the
proper length and the ends are secured with the proper fisherman knots. Be sure to cleanatize
shaft area on the tuning shaft where the dial cord loops are attached.

A dental pick with a right angle end makes the work easier in getting the loops of the dial cord around
the dial cord shaft attached to the front paneDne loop around the sliashould be sufficient. If your
finished cord assembly is slightly too long, then two loops will work. There is not enough room on the
shaft to put more than two loops.
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H. VFOTuning Drive
A common complaint on the Atlas radios is in the area of the tMRidg knob. The knob is attached to
a 5:1 reduction mechanism that attaches to the dial cord. Often the tuning is not very smooth and/or
the knob has a springy fefdnob jumps back up to % KHz after releasing it)

The problem is in the drive reductionRemove the tuning knob and turn the VFO shaft with your
fingers. You will feel any roughness as you turn the shaft if the inteima mechanisnis bad. The
drive mechanism does not use a traditional sealed ball bearing. There are three baligl¢haithin

the bearing race and three holes in the hollow shaft.

The positioning of the shaft in relation to the 3 balls is very critical. From my perspective, there is
nothing that can be repaired on the vernier and the problem is not related to hairied out grease in
the bearing.

I.  VFOFrequency Dial Drum
The frequency dial drum is made out of polystyrene plastidich can easily crackThe hub on the dial
was all plastic on the early versions of the raciosl was replaced with a brass inserfater versions.
Forty years later, almost all radios will have some type of damage to the dial drum in two @leds
cracking and main body cracking. If not caught early, chunks of plastic will fall out of the hub. Any
pressure across the top of tilrum will usually produce cracks across the drum.

The stress cracks will not cause any problems if they do not extend all the way across the top of the
R NXzY & ¢KS FTAE Aa (2 RNAftf | wmMkmcé G2 wmkym K2tS |
growing longer.

The repair to the plastic hub is more involved. Some type of collar needs to be installed around the
outside of the hub and glued into place. The collar will contain any chunks of plastic that are trying to
fall out. The collar shoulde glued around the hub and to the top of the drum. This usually provides
enough strength to stabilize the hub and kesit secure on the VFO tuning shaft.

With a metal lathe, an aluminum collar can be quickly machined. If you have one of the sslid pla
hubs, then it is best to tap a screw hole in the collar and use that hole to secure the set deévew.
additional strength, a flat washer can be glued to the top of the frequency drum above the center hub.

The washer needs to be perfectly flat andvie sufficient surface area so that the glue can provide a
good bond between the washer and the top of the druFor the aluminum collar, | use Gorilla Glue. It
will expand to fill any open areas where small pieces of plastic may be missing.

Any excesglue can be removed with a utility knife after the glue has set up. Gorilla Super Glue is used
to glue the flat washer to the top of the drum. Worst case, you can fill any voids with fiberglass resin
once the collar has been installed.

View of aluminuncollar aroundthe Repairechub showinglat washer
plastic hub with Atlas brass insert. that wasinstalled. This particular
drum has no cracks.
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View of repaired hub that has stress
cracks

Bottom side of repaired hu

Ly FEGSNYIFGS az2fdziA2y5AD203ISda $3 dzYDRY NI LIWALEGS o F K¢
drilled into the side of the pipe to allow access to the set screw. The copper piece should be attached to
the plastic hub with Gorilla Glue.
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Here is a picture of the copper piece glued to the VFO dial hub:

J. Voltage Regulator
A simple 3 terminal volge regulator is used to provide a constant voltage to critical sections of the
210X radio. These sections include:

RF Gain control (via 470 ohm resistor R7)

VFO (P€400)

PC200 (pin 21)

PG300 (pin 19)

PC600

Accessory Socket (pin 5 and pin 6 if jump@e is connected)

The 78LO6AC regulator is shown on most of the various 210X versions.
http://pdfi.alldatasheet.net/datasheepdf/view/161949/ETC1/78LO6AC.html

This regulator puts out 6 VDC when pin 2 is grounded. In the 210X radios, pin 2 is raised above ground
level using a combination of resistors and diod&$e current rating of the 78LO6AC is 100 ma and the
load from the radio is slightly less than 100 mEhis regulator is mounted on a small terminal strip on

the top side of the chassis between the-BP@ and P00 boards.

On the chassis wiring diagram for radios with a 5520 KHm &5 regulated voltage is shown. On the
chassigviring diagram for adios with a 5645 KHz IF (diagram date2b177), a 10.0 regulated voltage is
shown. The design in the LE units appears to have a regulated value of 9.6 volts. Actual regulated
voltages in the radios can vary.

The following steps will replace the exigj voltage regulator with a low drop out voltage uqit

LM29409. This regulator has 9 volts regulated output and comes in-aZD(ackage.

The mounting tab of the regulator is attached to pin 2 of the regulator (ground pin). Pin 3 is the output
pin from the regulator.

http://www.ti.com/lit/ds/symlink/Im2940-n.pdf

1. Remove boards RPEDO and P00 from the radio.
Removethe 4 pin terminal strip that has an attached 3 pin voltage regulator
2. Remove voltage regulator, any capacitors on the input/output pins, any resistors, and any diodes.
3. Remove screw holding the 4 pin terminal strip next to the chassis. This screw attaches to a metal
standoff stud on the bottom of the radio.
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4. Attach LM2940TNB 3 dzf F G2NJ 12 (GKS OKlFlaairaxr dzaAy3a I avlftt o
regulator should be flat against the chassis. No insulator is needed between the metal tab of the

regulator and the chassis since the tab is at ground potential.

Screw down 4in terminal strip to the top of the brass spacer.

6. Wire 3 pin regulator to the terminal strip

a. Pin 1 of the regulator should go to the 13 VDC input pin on the terminal strip

b. Pin 2 of the regulator should go to the ground pin on the terminal strip

c. Pin 3 ofthe regulator should go to the output pin of the terminal strip.

Attach a 22 uf electrolytic capacitor between the output pin of the regulator and ground.

Power up radio and confirm that you see 9 VDC on the output of the regulator.

Install the P00 andPG300 boards.

0. Adjust Smeter for areading of SOwithn dz@ aA 3yl Ayd2 G§KS NBOSAGBSNR:

o

B2 ©o o~

Keep in mind that the regulated output voltage affects the control range of the RF Gain control. As the
regulated output voltage is decreased, thdretspan of the RF Gain Control becomes less and Téss.
range can be widened by increasing the value of R5k#egistor). The goal is to have a control range

of about 2.70 VDC (RF Gain control at minimum) to 8.3 VDC (RF Gain control at maximum).

Picture of LM29409T regulator secured to the Picture of completed LA29409T installation:
chassis with a brass standoff.
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VII. Modifications ¢ Minor

A. PCG120Board
18U IF Amp & # Mixer
This boardcontainsthe first mixer (balanced modulatan TX), 1 IF amplifier,the noise blanker, and
the 2" IF amplifier.

There are at least two different board versions. The first version used a pot on the front panel for the
noise blanker adjustment.The pot would vary the DC voltage on pin 5k MC1350, which varied the

gain. With max DC voltage on pin 5, the gain of the IC was almost zero and the noise blanker was
disabled.

The later version board (issued sometime in 1977) replaced the front panel pot with a toggle switch.
When the switchwas open, the noise blanker was enableth the open position, there was no DC
voltage on pin 5 of the MC1350 IC, so the gain of the chip was max. With the switch closed, a high DC
voltage was applied to pin 5, so the gain of the IC was zero and tke blainker was disabled.

TheP@un 02FNR LJXlFeéa | YIFI22NI NRtS Ay GKS LISNF2NNI yO!
the receiver, IMD overload, an@F Gaircontrol are all affected by this boardlhe board also has the

balanced modulatoffor the transmitter. Strong RF signals into the antenna jack easily overload the

receiver.
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Problem areas include poor termination of the LO input to the blanaced mixer, poor termination on the
IF output of the mixer, overload of thettland 2¢ IF ampiers, and poor matching to the input of the
crystal filter.

Improving the linearity of the sLtand 29 IF amplifers would greatly improve the handling of strong
signals. On a factory board, the emitter current on tifelE amplier is about 3 ma ante emitter
current on the 24 IF amplifer is about 10 ma.

Please note that the overall IF gain on theI 20 board is about 10 db greater than the gain on a PC
100 board. On a P€20 board, the audio baseband noise will increase about 5 db greater tthe
noise from a PQ00 board.

1. Summary of possible changes/mod:

Highly Recommended
replacethree electrolytic capacitors @ry old and suspect)

Insure that C136 and C137 are high quality ceramic disk capacitors (improves Q of circuit)

Replace D12to D130 with HP 1N5711 hot carrier diodes (improves RX sensitivity and carrier
balance)

Align all three IF transformers for best RX SN

Changed Parts on P20 Board

There is some variation of parts between Atlas units of the same series. For tBmiitan carrier
balance, the standard config seems to be a 500 ohm carrier balance pot with two 68 ohm resistors
in parallel with both legs of the pot. Later LE models used a 500 ohm pot with no 68 ohm resistors.
Some radios have 100 or 250 ohm pots.

For maximum sensitivity, the best combination is a 500 ohm pot with the two 68 ohm resistors.
Not having the two 68 ohm resistors installed on the board degrades the receiver sensitivity by
about 5 dbm. It appears that these resististors were nevemlled at the factory on the 210X LE
models¢ the solder pads have never had any resistors instalReplacing the 500 ohm pot (R135)
with a multiturn unit makes carrier balance adjustments much easier. It will also make the final
adjustment more stable

OPTIONAL

Remove existing mixer components and install a MOEIT mixer, ADE or equivalent.This
change providesmiproves mixer balance and LO rejectionit also eliminates the need to manually
null the TX carrier.

Replaceonelarge 0.1uf ceramidisc capacitorwith a0.1 uf monolithic units.This capacitor is
Fo2dzi ¢¢ Ay RAFYSGSNI

2. RF Gain Control
The RF Gain control varies the DC voltage going to base of(@1Eamp)on the PE120 board
which varies the gain of Q125.
The totalvariationof gain reduction with this control i the range 060 db depending upon the
radio and the mods that have been made to the receivEne change in the audio output signal is
in the range of 30 to 40 dfi.e. the actual gain reduction seen on the audigput is less than 60
db because of the AGC action applied to th&I2 Amplifier (MC1350).

It has been found that with the RF Gain control fully cowuleckwise, the gain reduction is
sometimes noenoughfor strong signals
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Adding a5K ohm resistoin parallel with R5 lowers the voltage on Pin 14 ofIRC such that a full
40 db of gain reduction can be achiewa the audio output

210X with 8.0 vdc voltage regulator

RF Gain | Pin14| GAIN GAIN | Pin14

Position | PG120 | (R5=4.7K)| (R52.4) | PG120
MAX 7.50 0 db 0 db 7.50
o 200 3.80 -3db -5 db 3.37

MH 2Q 210 -30 db -32 db 1.61
® 2Q0] 1.90 -30 db -33 db 1.33
MIN 1.80 -30 db -33 db 1.20

210X LE with 9.0 vdc voltage regulator
RF Gain | Pin 14 GAIN GAIN Pin 14
Position | PC120 | (R5=4.7k)| (R52.4k) | PG120
MAX 8.30 0db 0db 8.26
o 2Q0| 3.80 -3 db -2db 353
MH 2 Q| 234 -30 db -31db 174
@ 2Q0| 2.20 -30 db -39db 155
MIN 2.10 -30db -41db 1.44
The actual gain change to th& IF Amplifier is about 60 db with the R5=2.4k.

3. Carrier Balance
The mixer on the RC20 board is used as a balanced modulator in the transmit mode. R135 and
C138 are adjusted for null of the carrier. The Atlas spec is a maximum of 0.2 VAC RF for carrier at
the antenna jack. That equates to 0.8 mwpofver. For 100 watts out, that puts the carrier null at
51 db and the Atlas spec is 50 db.

On most oscilloscopes, a 0.2 VAC signal is going to pretty fuzzy even when the band in on 80M. An
alternative method is to use a digital wattmeter that measuvesy low power levels-$0 dbm) via
a 40 db coupler in line with the antenna jack going to a 50 ohm dummy load.

The adjustments for the best carrier null on one sideband will probably not be the best adjustments

for the opposite sideband. For most usdrdS NF 2 N¥Ay 3 (G KS OF NNASNJI ydzZ f Ay
be OK since that gives the best LSB null on 80M and 40M and the best USB null on 20M to 10M.

Prior to making any carrier null adjustments, the transmitter filter rollout should be adjusted per

the Atlas doc, for both sidebands. The crystal filter contributes to the depth of the carrier null.

With careful adjustments of the carrier balance controls and matched 1N5711 diodes in the mixer,
you should be able to get the carrier balance null to somewherthe 55 to 60 db range. With a
measured carrier balance of 55 db in the NORM position, the balance was 30 db worse in the OPP
position. If you adjust the null for equal values on the NORM and OPP positions, then the carrier
balance will be about 40Hd

4. TXIF Gain Control
On later versions of the P20 board, there is an IF gain pot labeledbR1 It is located in the
emitter circuit of Q125 (£1F Amp).
The actual circuit configuration on late model boards does not match the schematic in ¢keoba
the 210X user manual. The Atlas 350XL transceiver uses a similar gain adjustment scheme (page 18
of the user manual).

In the PCL20 board installation documenAtlasprovided the following information for adjusting
the pot.
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G ¢ NF yaYA( bt RN, doSaved towards the back of the transceiver in the middle of

the P.C. board has been factory set, and should not require further adjustment. However, if
indications are that more or less gain is required, it can be moved by using assmealtriver

0fFRSY LlzaKAy3a (GKS 1ydza2Nt SR SR3IS 2F GKS GNARY LRG®

This pot controls the IF gaihen in the transmit mode onlyThe pot is blocked from being active

in receive by diodes D125 and D12%here is several db of gain change in the receive nirae

one end of the pot adjustment to the other endn thein receive mode, the %IF Amp has about

36 db of gain and the"2IF Amp has about 12 db of gain. In the TX mode, the pot can vary the gain
about 25 db. Maximum gain occurs when the pot ists minimum resistance. If the gain is set
too high, then Q125 will break into oscillation in the transmit mode.

From the Atlas 350XL User Manual:

Ge¢dzyS GNIyaOSAGSNI 12 mody aKl o 2 X0K S5dinpoe [ 21 R T
to full CCWposition. Switch transceiver to CW transmit mode and rotate gain cotrtnolpot in a

clockwise direction until a slight decrease in power is notedd2 ¢ I (G a0 ®¢

The 350XL adjustment procedure is recommended, with one caveat. After making therefjst
check the transmitte® IMD products and further reduce the gain as needed to insure low levels of
39 and 5" order IMD products.Typical 3' order IMD products will be abou®5 db ¢31 db is using

the ARRL measurement method).

5. HP HSM2829 FirstMixer
The four 1N4149 first mixer diodes can sometimes be replaced to improve receiver sensiitivty and
transmitter carrier balance. The replacement 1N5711 diodes have to be manually matched which
can be very labor intensive.

A better replacement is thelP HSM2829 quad diode array. These arrays are available on eBay
for less than $1.00. To make the replacement easy, a SOT converter board freiitMazn be
used.

http://www.minikits.com.au/EME18®PCB?search=eme180

Here is a picture of a HSM829 mounted on the circuit board:

If you install four machine socket pins, then the HSA839 can be mounted in the pins so that no
soldering is required.
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6. In-Depth Engineering & Testing
Kevin has completed extensive performance testing in these areas. He has posted quite a few
articles on the forum dealing with the original design of the radio and recommended solutions to
the problems that he discovered.

Benchmarking a standard system

Model: Atlas 21XLE

S/N A1268LE, fitted with a PC120B RF PCB.

Equipment used Elecraft XG3 with switchable and fixed 10 and 20 dB 50 ohm attenuators
Audio Level meter leader LMV181A M@ voltmeter

GW Instek GDS 1072A0scilloscope (70 MHz Bandtin)

DC Power 12v battery SLA type.

Some initial tests are being done to provide benchmarke Elecraft XG3 signal generator was
programmed for frequencies in the middle thie bands. The Elecraft XG3 is fitted in a die cast box,
and an adjustable @ 10 dB attenuator is also fitted inside the boonnections on the outside of

the box are Nype, and tests are done with a LMR240 1.2m cable (LMR cable is double screened)
For these tests the box lid was open

On initial tests, it was found that thaudio preamp IC CA3086 was faulty. The first transistor in the
array hadan open circuit BE junction. Note the CA3086, and CA3046 are compatible, with the
CA3046 being a premiunedice.

Measurements: S/N at-107dbm Test 1

The Leader LMV181A is awerage responding A@ill voltmeter, and this type of meter is
commonlyused.

There are some errors with using averageponding meters, and ideally a true RMS meter would
provide more accurate results, however it is less commamgilable tathe home experimenter

The S/N is calculated from 10 lo@l0” ((S+N)/N)/10L MDS is the input level07 dbm minus the
SIN. At a large (S+N)/N, the difference between (S+N)/N and S/N is quite small, however at low
(S+N)/N, then the error can be quitede, whichcan be seen in the table below.
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Table 1
Band (S+N)/N S/N | MDS
80M 13.5db| 13.3db| -120.3 dbm
40M 11.5db| 11.2db| -118.2 dbm
20M 7.5db 6.6 db| -113.6 dbm
15M 2.0db -2.3db| -104.7 dbm
10M 3.5db 0.9db| -107.9 dom

AGC Threshold Test 1

The signal is set to the mosensitive bandyhich is thiscase is 80. The XG3 is set t80uV and
the output level noted.The levebf the XG3and attenuatorss adjusted untithe level falls 3 dB.

Measurements will alsinitially be made at RF imrmediate levels tdook at theslope ¢hange in
AF levelvs. RFlevel). Some AGC systems aexy flat, whileothers like the ElecrafK2 has a
noticeableslope.

AF level (dB)

AF level vs RF level (Atlas 210LE)
1
0 —
1 /
-2
3 4
) /
5 ¢
. //
-7
_8 ‘
-100 -90 -80 -/0 -60 -50 -40
RF level (dBm)

The AGC threshold3dB) appears to be aroun89 dbmwhich is quite highThe level is about 8v.
The level quoted by the manufacturer isBor -93 dbm, so this is about 4 dB different.

f GK2dzaK
to change the threshold)

L KF&®S YIRS OKFIy3aSa (2 G4KS RSY2RdzZ I {2NJ

The AGC rang®r the MC1350 IF amp IC is about 65 dB, so witB9%threshold, then the AGC
would run out of range arouneB4 dbmor 4.5 mV. This typically would result in AF level increase
with additional distortion.

Another issue | noticed is that the volume contddes notreducethe signal at high levels... |
suspect an AGC problem?

Local Oscillator level Test 1

This level is measured with the PC120 fitted to the radio, with a C&®D probe fitted to the LO pin
entering the PCB. The level is measuring ugimg Oscope Antenna port of transceiver is
terminated with a 50 ohm load.

Atlas 210X/215Xransceivers

47

Engineering Supplement




Table 2
Band | LO Voltg V Power | Pwrdbm Pwrdbm
(pp) |RMS| mw (1) (50 ohms)
80m 2.70 | 0.95 9.5 +9.7 +6.5
40m 2.40 | 0.85 8.5 +9.3 +5.6
20m 2.75 | 0.97 9.7 +9.9 +6.7
15m 2.16 | 0.76 7.6 +8.8 +4.6
10m 1.72 0.6 6 +7.8 +2.5
Notes:

There is considerable harmonic content starting attd2l5 db down depending on which band,
due to nonlinearitiesin the LO chain. This may cause problems on RX with reception of spurious
signals andlso on TX with the generation of spurious signals.

Normally, the level of the™ harmonic signals/products in balanced mixers is very low, due to the
balanced operation of the mixer, however thes& Barmonics are being generate before they
enter themixer.

Note 1

Voltage was measured on the PC120, before the 47 wdwistor The mixer and its 47 ohresistor
looks ideally like~ 100 ohms, so the calculation for power and pdiwer(1) is done for a 100 ohm
load not 50 ohms. The RF voltage measuredliwhave some error due to the effect of the
harmonics only being 12 to 15 dB down.

The last column is calculated fromRKM32 and assuming a 50 ohm load. One can see a drop in LO
level at the higher frequencies which can lead to marginal performance thighmixer using
1N4148 diodesWhich leads me to the next experiment...? Changing the diodes to 1N5711

Changing the mixer diodes

The 1N5711 diodes are commonly available both off EBay and other sources, such as Digikey,
Element 14, etc.The threshold ochottky diodes is lower, and should offer superior performance
over the 1N419 diode.

Table 3

Band| (S+N)/N S/N MDS MDSvs.Table 1

80M | 13.5db | +13.3dbm | -120.3 dbm 0db

40M | 12.0db | +11.7 dbm | -118.7 dbm +0.5db

20M | 8.0db | + 7.3dbm | -114.3 dbm +0.7 db

15M | 45db | + 2.6 dbm | -109.6 dom +4.9 db We will see... | will repeat
10M | 6.0db | + 4.7dbm | -111.7 dom +3.9 db mand AGC

sensitivity

threshold tests, and possibly LO levels, as at higher frequencies, the impact Shibitky diodes
mayresult in increased loading.

S/N at-107dbm Test 2
The image below shows the 4 diodes before replacement (to right of image). The 47 ohm on pin 4
of the connector is the LO input.

The results show that at lower frequencies, the effect of the new diadegrtually nil (zero),
however as the frequencies increase the improvement is more noticeable as can be seen on the
15m band.
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It is suspectedthat the 1N5711 diodes, with their lower threshold and reduced capacitance,
provide improement.

Although the results on 10m are a positive it is possible that the low oscillator level compromises
the performance a little. The major deterioration in high frequency performance is due to losses in
the RX BPF filters (see next page)

A quick AG@est was done at 80rbut no level change was seen, as was expected. However the
AGC threshold on the higher bands would be reduced, by the improvemenDi& (@r effective
gain increase).The LO level was rechecked but difference was only fractiordBf a

Losses in Rx BPF/LPFE/Notch circuits

There appears to be reduced sensitivity of the mixer on 15 and 10m, with the BPF/LPF/Notch losses
normalized to 2dB. These extra losses are of the order of 4 to 5 dB... Is this due to LO level or the
configurationof the mixer? The MDS on 80 and 40m equates to a noise figure of ~20 dB an~ 0.7

for 10 dB S/N.

Table 4

Band | Loss MDS all bands with @ 2 dB BPF Iq

80m | 2.0dB | -120.3dbm

40m | 3.5dB | -120.2dbm

20m | 7.0dB | -119.3dbm

15m | 8.5dB | -116.1dbm

10m | 7.3dB | -117.0dbm

Below are some (S+N)/N tests by CIiW7KEC on his collection of Atlas XD0a

Newer LE Older LE | Older LE with| 210X with HP| 210X with
Band | with TUF1 | with TUF1 HP 1IN5711 IN5711 TUF1
mixer mixer diodes diodes mixer
80M 14.0 db 12.5db 14.0 db 16.5 db 16.0 db
40M 15.0 db 11.5db 13.0db 17.0db 16.5db
20M 17.5db 14.0 db 13.5db 14.5 db 14.5 db
15M 17.5db 13.5db 14.0 db 17.0db 16.0 db
10M 14.0 db 13.0db 13.0db 17.5db 14.5 db
AGC -69 dbm -73 dbm -69 dbm -88dbm -83 dbm
Threshold
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Notes:

1. Input was-107 dbm from HP8640B signal generator

2. Output was calibrated with Boonton 4220 power meter

3. Heath IM104 solid state voltmeter was used for audio measurements

4. |F/image traps were bypassed for newer LE-TlWkeasurenents

5. HP 1N5711 diodes were matched for forward current

6. For each measurement, RX BP filters were optimized, along with RX IF coils
7. Standard P@20 board has two 68 ohm resistors across carrier balance pot

The test results from my own 210X, wih2 RAFASR YAESNJ &S dzld dzaAy3
mixer configuration.

Table5 -107dbm

Band (S+N)/N MDS BPF/LPMotch Loss| MDS using db loss
80m 20.5dB | -127.5dbm -2 -127.5dbm
40m 20.0dB | -127.0 dbm -2 -127.0dbm
20m 18.5dB | -125.5dbm -33 -126.8dbm
15m 11.5dB | -118.5dbm -10 -126.5 dbm
10m 12.0dB | -119.0dbm -7 -124.5dbm

Interesting- my own Atlas 210X has an edge on sensitivity on 80 thru 20m bands. This has a high
gain IF preamp configuration as well as numerous other modificatiBx Noise figure about 13 dB

on 80 and 40m. Note other tests indicate some of these measuremeeatts in AGC and atsthe
20-10m BPFs need tuning.

What to do on the LE.L.will try optimizing (tuning) the filters for 205 and 10MThe 80 and 40m
filters are not tunable.

S/N at-107dbm Test 3

Table 6 -107dbm

Band S+N/N S/N MDS MDSvs.Table 1 | MDSvs.Table 3
80m 13.5dB 13.3dB -120.3dbm 0.0dB 0.0dB
40m 12.0dB 11.7 dB -118.7dbm 0.5dB 0.0dB
20m 10.5dB 10.1dB -117.1dbm +3.5dB +2.8dB
15m 10.0dB 9.5dB -116.5dbm +11.8 dB +6.9 dB
10m 11.0dB 10.6 dB -117.6dbm +9.7 dB +6.9 dB

I put a 50 ohm load on the antenna port, ahdned the calibrator on and adjusted for maximum
Smeter signal on 20, 15 and 10m. A few dB waseaghon 20 but 15 and 1M showed large
improvements either due to aging, or changes due to diode replacement.

There is approximately 3.5 dB difference between MDS now between bands, of which increased
losses in the BPF/LPF notches are responsible dtitfier frequencies

Clint W7KEC mentioned that the preset resistor across the output of the mixer is 500 ohms and
should be fitted with 68 ohms across each end to ground. | also noticed the capacitors used to
resonate the first tuned circuit after the mar (seen at the top of image between green topped coll
and blue trimmer, are of the lossy type, so they will be replaced as well.

S/IN @-107dbmTest 4
Reducing balance resistor across mixer output, | placed 2x 68 ohm resistors from the common of
the blue 500 ohm preset, (see the top of the picture) to ground.
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Table7 -107dbm

Band | (S+N)/N SIN MDS MDSvs.Table 6
80m 17.2dB | 17.1dB | -124.1dbm +3.8dB
40m 16.2dB | 16.1dB | -123.1dbm +4.4 dB
20m 155dB | 15.4 dB | -122.4dbm +5.3 dB
15m 15.2dB | 151 dB | -122.1dbm +5.6 dB
10m 155dB | 15.4 dB | -122.4dbm +4.8 dB

The improvement is an average of ~ 4.8 dB, so very worthwhile and aboutiffei@ncesin S/N
between bands. Loss was due to a large component of the mixer output, being dissipates

500 ohm resistor. There is still a portion of the mixer output being dissipated in the resistor
network, so another 1 dB or so could be gained in a different configuration.

Later | will adjust the carrier balance resistor for best 5.645 MHzecamill on both USB and LSB
TX, normally a compromise

Replacing the capacitors in the LC circuit after the mixer.

The Q of the capacitors across the inductor L124 is low because of the material used. | have located
some silver mica capacitors which haveuperior Q, which should reduce the loss of the tuned
circuit. On the LE PC120 board, it was a 200pf and a 1000pF, which Q around 100 and 18
respectively when measured at 300 kHz.

This was tried but the sensitivity improvement was lesantil dB, probaly due to the lowQ
inductor that resonates the capacitor§he circuit needed to be retuned as the original capacitors
were at their extremes of their 10% tolerance.

The S/N gap is narrowing...I will try another modification, which should reduce lostsesen the
crystal filter and the MC1350The matching is currently done by a resistor in parallel with the
MC1350 input, so most of the power is absorbed by the termination. Removing the resistor and
matching with a transformer should improve gain siigaintly.

This should reduce the AGC threshold by perhaps up to 7 dB (!), however the improvement in MDS
may be marginal, as the gain preceding this stage, should override most of the losses.

There was still a slight improvement in sensitivity of betwdeh and 2 dB, due to the frontend
noise exceeding the IF noise by another 7 dB.

Table 8 | -107dbm
Band (S+N)/N SIN MDS MDSvs. | MDSvs.Table 1
Table 7

80m 19.0dB | 18.9dB| -125.9dbm +1.8 dB +5.6 dB
40m 18.0dB 17.9dB| -124.9dbm +1.8dB +6.7 dB
20m 17.2dB | 17.1dB| -124.1dbm +1.7 dB +10.5 dB
15m 16.8dB | 16.7 dB| -123.7dbm +1.6dB +19.0 dB
10m 17.2dB | 17.1dB| -124.1dbm | +1.7dB +16.2 dB
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The AGC threshold has dropped by about 7 db as wethisovasa worthwhile move. When a
signal is tuned acroghe pass band, the-Bieter moves up and down, indicatirspme filterripple.
I will do some spectral analysis usiagPC audio spectrum analyzer softwarewill compare the
ripple on my Atlas 210X and this 210 LE.

The AF level 2 AGIbt was done, just beforthis transformer modification

AF level (dBm)

-10

AF level vs RF level for Atlas 210LE (1&2)
and with transformer matching crystal filter (3)
——a

‘ —t+— AF level 1

/ —m— AF level 2

/ AF level 3

-120 -110 -100 -90 -80 -70 -60
RF level (dBm)

B. PG200 Board

Mic Amp, SMeter Amp, 29IF Amp, & 2¢ Mixer

1. Differences between PC200C and PC200D Boards

Note: Some PC200 boards labeled with &€ option are still usingil KS &/ ¢ RSaA3ay o

The following changes were made to the PC200D board:

C214 added from pin 5 of Q201 to ground.8 uf

R211 changed from 27K to 68K
R207 changed from 5.6K to 22K

R208 changed from 68 ohm to 520 ohms
Schematic shows that R208 is grounded
schematic shows that R209 & C214 removed
the real change is that R208 has changed in value and R209 and C214 are still installed

schematic shows R220 and D207 removed with jumper installed across each part location
the real change is tha®220 and D20isremoved

jumper is installed across R220

IN270 diode is installed in place of D207

schematic shows R221 removed and a jumper connected across the part location
for the real change, R221 is still installed

2. ReceiveSensitivityMeasurements

Forrecever sensitiity testing, you want the @ IF amplifier (MG1350)to be running at full gain.
The gain of this IF amplifier is controlled by the AGC voltage on pin 19 of th@0R®ard.
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This AGC voltage is derived from the audio signal on th@g0B®oad, converted to a DC voltage
and fed to the P00 board. According to the Motorola spec sheet, the AGC gain range on-a MC
1350 is 60 db.

If the idle signal (no RF signal into the radd@C voltage is too higthen the measured receiver
sensitivitywill be less than the actual valueThis problem is not usually observed on stock 210X
radios, but could be seen on radios that have been modifiethe best way to mee sensitivity
measurements is to compleliedisable the AGC.

In order to determine if he AGC voltage is reducing your measured receiver sensitivity, then the
following tests should be performed.

Disconnect the wire going to pin 19 of the-P@ board

aSladiNBE GKS NBEOSAGSNRA mn RO {kb cxdlisMIi A GAG& | YR
Connect the wire to pin 19

aSladiNBE GKS NBEOSAGSNRA mMn RO {kb cxdlyhsML A GAGE | YR
Note the difference between M1 and M2. If there is no difference, then the AGC voltage is not
reducing your measured valuerfoeceiver sensitivity.

I ljdzA 01 st e (2 RAalofS GKS NBOSAOGSND& ! D/ Aa (2
goes to pin 19.

Here is picture with the AGC disabled, using the quick disconnect connector:

3. AGC Improved Atack/Release Times
The following changes were recommended by Atlas in a Tech Bulletin and the changes were
incorporated on the 210X LE radios. This modification significantly increases the AGC delay times.
This modification is discussed on this link:
http://atlas.wireless.org.uk/mods.htm

Onthe PC200 card, remove R218 (3k9) and replace with 100R in series with a 1N4148 diode with
the cathode (stripe) end towards the edgennector. Also removeC201 (15uF). Add a 9V Zener
across C206, stripe to +.

On PC300 card, change C320 to 47uF (from 15uF), change R315 to 1k5 (from 1k) and change R314
to 1k (from 3k3).Add a 5v1 Zener across R312, stripe to the chip.
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4. Summary ofpossible changes/mod:

Highly Recommended

replace all electrolytic capacitorggfy old and suspect)

replace any tantalum capacitors that are suspefdbeing bad

Check to make sure that L205 has 8 turns of wire on the coil form.

Glue L205 winding®tthe paper coil form so that the form does not slide out of the windingse
02G02Y 2y (KS O2Af F2N¥ ySSRa G2 oS a4 tSrai

Replace C22D.0022ufMylar capacitor with a high quality 0.0022uf ceramicadiapacitor. This
will allow the TX IF Trap to be tuned to 5.6vblz
Tune IF Trap for null when in TX

Replace R222 with a better quality 1K single turn pot where the adjustment cannot be bumped
with your fingers.A multiturn pot can be used if you can easily get te tidjustment from the top
of the radio.

Tune IF transformer L201 for max power out when in TX mode.
Alignthe SMeter

OPTIONAL
Remove existing mixer components and install a MQEL. This change providemprovedmixer
balance and LO rejection. Thleange is also needed if a DDS VFO board is installed.

Replace two large 0.1uf ceramic diapacitorswith 0.1 uf monolithic units.These two capacitar
stick out like sore thumbs because of their siReplacing them with smaller capacitors frees up
physical space on the ground plane side of the board for additional parts that might be added.

Remove R202Install a5K ohm single turn pot in place of R20Phis will allow you to get closer to
10db/major division between S9 and S9+50.

Insure tha R220 and D20Ravebeen removed.A 1N270diode should go from Pin 20 on the edge
card to pin 10 on Q202.
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R219 should remain from Pin 10 to grounthis is the latest AGC change from Atlas on the PC
200D boards and increases the db change between tmeng units (S1 to S9)

Remove Q202 and install low profile IC socktsome point, you will probably blow out Q202.
Having it socketed makes replacement of the IC very easy.

Install audio output transformer between pin 3 of G0 and pin 20 of RP8D0. This provides an
additional 7 dB gain, due to improved impedance matchifgere is room on the PZD0 board to
mount the transformer or it can be mounted on the chassis.

5. IF Amplifier
The IF amplifier IC on the RGO board is a MC1350. The ogton of this amplifier has a major
contribution to the overall performance of the receiver. Here is a link to a data sheet for the IC:

http://rfkits.com/parts/MC1350.pdf

Kits and Parts has a test IF@ifier kit using the 1350, at a very reasonable price. You can use this
amplifier for testing various circuit changes that you might want to incorporate into the 210X
design. The kit comes with a machined pin socket for the IC. This allows you tp resdve the
MC1350 device and insert a MC1349 IC that has about 20 db more gain.

If you install a 5k ohm multurn pot to replace 2.2K resistor (R202), then you can vary the gain of
the MC1350 amplifier by changing the DC voltage going to pin 5 o€th&the normal AGC control
voltage range is 5 to 7 volts, with a supply voltage of 12 volts and a 5.1K resistor for R202. The
actual voltage downstream of R202 would vary between 4.49 to 5.98 volts, based upon AGC supply
currents of 0.0001 and 0.0002 mespectively.

In the 210X, the supply voltage is 10.0 volts, thus the AGC voltage control range on pild H&o
4.17 to 5.83 volts. The actual range downstream of R202 would be 3.96 to 5.41 volts.

It is also recommended that you wind the 6 turns ofegrevire on T1 first. You can then adjust the
number of turns of the red wire (input to amp) to match the impedance of your drive signal. You
can get up to 5 turns of red wire, with the 6 turns of green wire installed.

Here are details on the test kit:
http://www.kitsandparts.com/mc1349ifamp.php

On later versions of the 210X and 210X LE rad2B33 k3.9 k ohms) was replaced with a single turn
2.5 k ohms pot soldered to the foil side of the aitdboard. | have not found any schematics that
shows this pot.

Varying the pot from maximum resistance to somewhere close to 0 ohms decreases the gain of the
circuit by about 13 db. This was determined by connecting a RMS AC voltmeter across the speake
terminals and measuring the noise level as the pot is varigtke receiver sensitivity did not change

I & { KsSesidtdhde Was varied, but the calibration of the S Meter did chaigkas did not
provide a procedure for adjusting this pot and itrecommended that the pot be positioned for
maximum resistance.

C. PC300 Board
Receiver Audio & Oscillator Switch

1. Improved Receiver Bass Audio Response
The following changes are recommended in order to improve the abdgs response of the
receiver.
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Please note that the changes will slightly degrade the receiver S+N/N sensitivity since there will be
more noise power in the audipass band On one 210X, | saw the 10 db S+N/N go from 0.40 uv to

0.43 uv after the changes were made.

C302
Manual shows 0.1 uf capacitor on PEDOC board.
Manual shows a 0.02 uf capacitor for-B@D board.

Replacewith a 1 to 2.2 uf capacitor.

C3® on PG300C Board
C316 on PG00D Board
Manual shows a 0.22 uf capacitor and a 0.2 uf large gkégar is installed.Replace with a 1 to 2.2

uf capacitor.

C3L7 on PE&300C Board

C311 on P@G00D Board
Manual shows a 0.1 uf capacitor. Replace with a 1 to 2.2 uf capacitor.

C320on PC300C Board

C315 on PG00D Board
The nanual shows a 250 uf capacitor and a 25Cagpacitor is installed. Replace with a 470 uf

capacitor. A modern 470 uf capacitor is physically smaller than the old 250 uf unit.

Here are some test results for before and after for the three capacitor changes. A swept RF
frequency was applied tde radio and the speaker audio was measured in db.
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D. PG400C Board
The VFO design in the Atlas radios offered simplicity and low cost, at the expense of frequency

instability, high level harmonicsspurioussignals and a courséequencydisplay Different versions of

the Atlas radios have different designs for the VFO, with different transistors and parts.

Other than the transistor differences, some versions coupled the output signal from the emitter of the
oscillator and 2 transistor amplifier. The other version coupled the output signal from the collector of

the oscillator and the ? transistor amplifier.
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There appears to be at least four different versions of the VFO.

Version 1: Early versions prior to June 1975
2N706, 2N3819, and 2N706 for Q401, Q402, and Q403

Version 2: Referenced in Atlas Service Bulletin and Atlas User Manual
Schematic is in the User Manual (5520 KHz IF version)
2N706, MPS6514, and 2N3866 for Q401, Q402, and Q403

Version 3: Schematic is in the User Manual (5645 KHz IF version)
2N4416, 2N4416, and MPS6514 for Q401, Q402, and Q403
The 2N4416 is a JFet transistor.

Version 4: Not documented
Appears to have been used in ttager 210X and 210X LE models
2N5486, 2N5486, and MPS6514 for Q401, Q402, and Q403
The 2N5486 is a JFet transistor

It is assumedhat the intended changes were to increase the VFO injection level to the receiver first
mixer inorder to improve receiver sensitivity on 15M and 10M. The unintended changes appear to be
increases in spurious signals in the output.

The VFO signal from thé“2ransistor amplifier appears to be distortegiwith clipping and distortion
products on thdower half of the sine wave.

On a 210X with the latest VFO version, the sine wave is very pure on the output of the oscillator
transistor and becomes distorted in the amplifier chain.

Here is the measured outputs on the oscillator:

80M 2.4V ppll.5dbm
40M 2.3V ppll.2 dbm
20M 2.35V ppl1.4 dbm
15M 2.1V pp10.4 dbm
10M 1.7V pp 8.6 dbm

According to an Atlas factory service bulletin, the minimum required VFO injection level RRIZ(¥5
dbm).

It appears that Q403 is being owveriven, resulting in a distorted sine wave on the output. Changing
Q403 to a 2N2222 transistor results in several db of additional headroom and the output signal is no
longer distorted. The actual load on the VFO output by the FET switches is abowhb® This was
determined by measuring the VFO signal on Pin 4 of the rear accessory socket.

The jumper wire between pins 3 and 4 was then remoaeda resistor was placed to ground and pin
4. A 150 ohm resistor resulted in the same signal levellevthe VFO was connected to the FET
switch (jumper between pin 3 and 4 installed).
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BAND Center Signal 2nd 3 210X VFO| 210X VFO
Frequency | Generator | Harmonic | Harmonic 2nd 3
Output Harmonic | Harmonic
on Pin 2 of
ACC socket
80M 9.395 MHz 4.0 -48 dlm -35dbm | -26 dbm -25 dbm
40M | 12.795 MHz 4.0 -48 dbm -34 dbm | -25 dbm -22 dbm
20M 8.505 MHz 4.0 -48 dbm -33dbm | -30 dbm -30 dbm
15M | 15.580 MHz 4.0 -48 dbm -30 dbm | -31 dbm -25 dbm
10M | 22.855 MHz 4.0 -43 dbm -30 dbm | -25 dbm -22 dbm
BAND| Center Output 2nd 3 Output 2nd 3
Frequency | Factory | Harmonic | Harmonic | 2N2222 | Harmonic | Harmonic
Stock Factory Factory Q403
pp volts Stock Stock
80M 9.395 MHz| 5.6 -21dbm -18dbm 5.8 -26 dbm | -25 dbm
40M | 12.795MHz| 5.0 -23dbm -21 dbm 5.8 -25dbm | -22 dbm
20M 8.505 MHz| 59 -22dbm -16 dbm 5.8 -30 dbm -30 dbm
15M | 15580 MHz| 4.5 -23dbm | -21dbm 5.6 -31dbm | -25 dbm
10M | 22.855 MHz| 3.8 -22dbm -13dbm 5.3 -25dbm | -22 dbm
BAND Center Output 2nd 3 Output 2nd 3d
Frequency | Factory | Harmonic | Harmonic | 2N3866 | Harmonic | Harmonic
Stock Factory Factory Q403
pp volts Stock Stock
80M 9.395 MHz| 5.6 -21dbm | -18 dbm 4.9 -26 dom | -25 dbm
40M 12.795 MHz 5.0 -23 dbm -21 dbm 4.8 -25 dbm -22 dbm
20M 8.505 MHz| 5.9 -22dbm | -16 dbm 4.9 -35dbm -37 dbm
15M 15.580 MHz 4.5 -23 dbm -21 dbm 4.8 -32dbm -35 dbm
10M | 22.855MHz 3.8 -22dbm | -13 dbm 4.5 -25dbm | -35dbm

E. PC500 Board
PreAmp, Driver, & Power Amp

These circuits have used the same basic design from the initial 210/215 radios to the final 210X/215X LE
radiosproduced in 1979 Different ersions of transistors have been used for the PA driver andirtaé
PA transistors. As noted previously, a schematic of the LE PA circuit was never made available, but the

210X schematic can be used for troulleooting LE issues.

Whenmaking any trasmitter power output measurementand adjustmentsbe sure to carefully note

the DC voltage at the input to the radio. Less voltage means less power out.

Note:

lower output power levels in your testing.

Here are the Atlas published specs for the 210X radio:

If R52ZSWR Protectdn the PE&00 board is not adjusted properly, you could see subshnt

Supply Voltage Minimum Spec. 10 Meter Minimum
13.6 volts 80 watts 50 watts
13.0 73 45
12.5 67 42
12.0 62 39
11.5 57 35
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1. Similar PA Designs
A number of manufacturers have used a pymHl RF amplifier design very similar to what was used
in the Atlas transceiversThese designs can be used for situations where you need to install new PA
transistors in an Atlas 210X model.

Here is some comparison data on the design

RADIO PA Base to Collector To | Collector RF Driver Driver Output | Antenna
Ground | Base Feedback To Input Xformer | Resistor | Xformer | Out Cap
Ground Cap Cap Cap
210X CD2545 4.7 none 330 pf None None none none 100 pf
ohms
210X LE | MRF454 | 10 ohms none 330 pf None 820 pf none none 100 pf
400X SD1405 | 10 ohms 0.1 uf +34 none 100 pf 620 pf 100hms | 1300 pf none
ohms
Kachina | SD1405 | 10 ohms 0.1uf+34 none 100 pf 620 pf 10 ohms | 1300 pf none
ohms
AN EB63| MRF454 | 10 ohms none 330 pf 18 pf 1100 pf none 910 pf 24 pf
TT 535 SD1405 none 0.01 uf + 47 none 220 pf 2300 pf | 54 ohms | 1640 pf none
ohms
RM SD1446 | 10 ohms | 0.047 uf + 68 220 pf 150 pf 940 pf none 1300 pf 47 pf
HLA150 ohms
Notes:

Most of the designs use either 3 or 4 igron the driver transformer and the output transformer.

2. Bias Regulator
The bias regulator on the FBDO board provides base current for the final output transistors. The
output transistors need to operate in class @B opposed to class A or class B)

Per the Atlas alignment instructions, class AB is established by adjusting the TX currenf[ X the
idle mode, somewhere between 0.25 to 0.5 amps of current, using the front panel meter.

ThePAtransistors need to be in full conductance for all of fRE cycle when RF drive is applied. As
the transmitter power increases, the amount of base current increases.

Too little base current results in the PA transistors beingofuturing a portion of the RF cycle.

This results in degraded®®rder and §' order IMD products. If the base current is too high, then

the PA transistors will run hotter when in the transmit mod€here are a large number of radios

that use PA designs that are similar to the 210X. The recommended amount of base current in the
idle mode varies between 200 ma, up to 1000 ma.

The actual amount afequiredbase current can be calculated based upon the amount of collector
current during max power output and the Hfe of the transistoMlith a collector current of 15
amps, and a Hfef 20, then the base current would be abotb0 ma. This means that the bias
voltage regulator needs to maintain base current up the 750 ma area.

The nominal base voltage to the PA transistors is about 0.65 volts. If the base voltage starts to
decreaseas RF power is increased, then the PA transistors may not stay in class AB.

The bias regulator in the 210Xastually quite good, considering the simplicity of the circiidere
are some test readings fearious bias regulatadesigns:
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All teds were made with a supply voltage of 13.6 volts.

Bias Load 210X EB63 Amp Diode + Resistor| LM723
Idle 300 ma @0.69Y 130 ma @ 0.65 70 ma @0.65\{ 33 ma @0.65\
20 ohm load| 328 ma @0.69\{ 153 ma @0.61 80 ma @0.55\{ 33 ma @0.65 \
10 ohm load| 363 ma @®9v| 162 ma @0.54 90 ma @0.45\{ 65 ma @0.65\
5 ohmload| 419 ma @0.67\ 176 ma @0.44\ 100 ma @0.35\{ 130 ma @0.65
2.5 o0hmload| 533 ma @0.64Y 174 ma @0.29\ 111 ma @ 0.23\ 260 ma @0.65
1.5 ohm load| 644 ma @0.58\ 156 ma @0.18\ 118 ma @0.16\ 427 ma @0.64 V
1.0 ohm load| 786 ma @ 0.55\{ Not measured Not measured | 640 ma @ 0.64

The bias circuit used in the Kachina KC103 transceiver appears to be an improvement over the 210X
unit. A 78L08 regulator was used to drive the base of the fpassigor.

3. PG500 RF Transistors
Repair of the PG00 board is probably one of the most technically challenging areas of the radio.
Repairs vary from replacing shorted capacitors, open resistors, and open RF chokes, up to having to
replace the final driverrainsistor or the final PA transistor§he original 40582 driver transistor is
no longer available and | have not seen any details of providing a replaceme2f0rtansistor
that would work.

The LE model used a different driver design and there appabe two different versions. Early
versions used the MRED7 and later versions used the MBRF6. Different circuit board layouts
were used for each transistor model.

Both of these driver transistors are still available on secondary markets. TR&6E5S supposed
to be direct replacement for the MRID7. The 2SC2075 is supposed to be a direct replacement for
the MRF476.

Here is the layout for the latest LE board {#0DE):

This circuit board is available from:
http://www.rfparts.com/pc500e.html

This is the latest RBOO board that was produced and used the MR for the driver transistor.
The circuit for this boards almost identical to a standard 210X radio that used the 2058
transistor.

Atlascontinued the design with a fixed bias adjustment for the driver transistor. This bias voltage is
created by the 0.6 volt drop across the(Sl diode on the base of the transistor. This resulting bias
voltage is supposed to prode@bout 30 ma of drive current.

Here is the schematic for the LE driver:
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The original final PA transistors were the CD2545. This transistor is no longer available. The
common recommended replacement is the M&. This transistor is available on tsecondary
markets for about $90 for a mateld pair. The newHFSuperPacker PrbO0W V2 amp from Virgil
K500Hises this transistor. A replacement for the M&F is the SD1405.

A matched pair of this model can be obtained on eBay for less than B&fardless of the model
of transistor used, the two transistors need to be matched for idle current draw since there is a
single bias adjustment.

Hereare links to the SD1405 and MRF454s:

http://www.st.com/web/en/resource/technical/document/datasheet/CD00000613.pdf
https://www.macomtech.com/datasheets/MRF454.pdf

The Motorola RF Power amplifier deed in Engineering Bulletin EB63 is almost identical to the
final power amplifier used in the Atlas 210X radio and even more so with the 210X LE model.

http:// www.communicatiorconcepts.com/index.php/amplifiers/eb27a/eb63a.html

TheTenTecDelta 535 used the SD1405s in the PA. On p&d® viou will find the schematic of the
PA.

http://www.tentec.com/content/downloads/manuals/Argonaut%2011%20535%20Delta%2011%2053
6%20Manual.pdf

The 454s were used in the 210X LE model. There have been a number of postings about installing
MRF454 transistors ath power output issues. | started comparing the 210X PA circuitry with the
Motorola EB63 power amplifier design. Here is what the Atlas LE addendum stated:

G¢KS [AYAGSR 9RAGAZ2Y Y2RSt Aa y2¢ NIOGSR G wpn ¢
and 15 meters. 10 meters is rated at 150 watts P.E.P. input and CW input. This power increase over
GKS &GFyRFNR HMA-KHMp- KlF& 0SSy | 002YL AAaKSR 0@

An inspection of the PBOO circuit board reveals the follng differences from a standard 210X
radio:

Atlas 210X/215X ransceivers 61 Engineering Supplement



http://www.st.com/web/en/resource/technical/document/datasheet/CD00000613.pdf
https://www.macomtech.com/datasheets/MRF454.pdf
http://www.communication-concepts.com/index.php/amplifiers/eb27a/eb63a.html
http://www.tentec.com/content/downloads/manuals/Argonaut%20II%20535%20Delta%20II%20536%20Manual.pdf
http://www.tentec.com/content/downloads/manuals/Argonaut%20II%20535%20Delta%20II%20536%20Manual.pdf

Q503 (40582) replaced with a MRRF6 transistor (TE20 case). There are some minor changes in
the parts surrounding the MR476.

There are 3 coil turns on the primary transformer going to the collector ef MRF476. The
standard 210X has 4 turns. There is a silver mica capacitor across the secondary of the transformer
on a LE model. There is no capacitor on a standard 210X.

The LE design incorporates negative feedback between the collector and basshd? & transistor.
This consisted of a 1 watt 100 ohm resistor in series with a 0.1 uf 100 volt capacitor.

Different PA output transistors

There are 3 turns of wire on the 210X and the LE output transform@rsthe driver transformer,

the 210X has 4 tms of wire on the primary and the LE has 3 turns. The Motorola EB63 type
designs using the MR#54s have 3 turns on the driver transformer and 4 turns on the output
transformer.

It appears that Atlas used different @materials on the outputransformer on the LE modelOn
the LE output transformethere are two separate cordsr each half of the transformer. The cores
were made up of two single corgsl9 mm and 6 mmOn a standard 210Xthere are two separate
cores¢ 12.5 mm and 12.5 mml puta two turn loop of wire on the transformers and measured the
inductance:

LE: 3.62 uh output transformer and 1.6 uh input transformer
210X:2.28 uh output transformer and 1.6 uh input transformer

As previously referenced, | had the unplanned oppotiurio replace a bad set of CD2545
transistors with a pair of SD1405s. Initially, the power out was lower than the original values on
most bands.

Here are the changes that were needed to restore norpwater.

Installed 4 turns of #16 gauge Teflsitver platedg A NB 2y (G KS 2dzi Lddzi G.NJ ya T2 Ny
¢tKS h5 2F (GKS 6ANBQa AyadzZ iAzy 21 018G OFyyz2id SE
¢KS h5 2F GKS 2NAIAYyLE 1 4dftlFa |1 mc 3IFdz3S 6ANB Aa n
Installed 3 turns of #16 gauge Teflon silvertedbwire on the driver transformeg | 6 2 dzi ¢ € 2y 3
Installed a 820 pf silver mica capacitor on the output of the driver transformer

Installed a 220 pf silver mica capacitor in parallel with C505 (the origMahp was 120 pf)

Increased PA bias current 800 ma

Changed the base to ground resistors on the SD1405s from the original 4.7 ohms to 10 ohms

Added RF grounds across the top of the PA transistors. The LE model uses a flattened coax braid

shield to go from one ground pin of the PA transistor to titieeo ground pin.

With these changes, | was able to get back to+l@atts out on 80M to 15M an@5 watts on 10M

at a supply voltage of 13.4 VD@t a supply of 13.8 VDC, the output would approach a LE output.
It was also observed that the signal wasagler on the 15M and 10M bands, when viewed with an
oscilloscope at the output of the PSDO board.

The following changes, as referenced in the EB63 doc, need to be tested out:
Increase value of capacitor on secondary of driver transformer from 81® @0 pf

Add 910 pf silver mica capacitor to primary winding of output transformer
Here is a picture of a 210X LE PA module:
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4. PG500Testing Checkpoints
A common reported problem with the Atlas transceivers is lower than egoepower output,
especially on 10 meters. There are a number of other transceivers that use almost identical PA
designs as the 210X, yet they have a spec of 100 watts out 80 through 10 meters.

The Communication Concepts EBGRplifier was assembled wit the KSOOR 100 watt low pass
filter. SD1405 transistors were used in place of the MRF454 units. This config allowed attcapples
apples compdson between the EB63 and my 210X with SD1405 transistors. TigeaBER6met
published specg 140 watts out or80 through 15 meters and +100 watts out on 10 metek$.100
watts out, the EB63 amp had & 8rder IMD of-25 db, which is about the same as the 210X.

Here are possible areas that need further investigation to determine why the 210X is limited on the
power out, when compared withreEB& amp.

Bias voltage on 210X drops off at higher drive levels. Varying the bias voltage on the EB63 amp
changed the power output gain between 16 db to 20 db.

210X does not provide enough RF drive level to the PA ttarsis

The PA output transformers could have different specs between the two amps, even though they
appear to be identical physically and have the same number of secondary turns.

The insertion loss on the 210X 10 meter low pass filter may be higher teaEB63. Here is a
chart that shows the RF output from an EB63 amplifier. The 210X radio should be able to provide
the same amount of output, if the same drive level is applied on each band:
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EB63 Output Power By Band
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Here is 20M IMD test data for the EB63difier:

Flex 1500 | Flex 1500 3 EB63 EB63 3
Power Out | Order IMD | Power Out | Order IMD
100 mw -42 db 12 watts -32db
200 mw -42 db 23 watts -34 db
400 mw -42 db 45 watts -34 db
800 mw -42 db 93 watts -30db
900 mw -42 db 126 watts -26 db
1000 mw -42db 152 watts -26 db

The 3 order IMD products on a 210X at 100 watts out is ab@%t db. Please kegin mind that
the driver signal to the 210X final PA contributies this -25 db signal. Here is an example
calculation to show why that is true:

Asaime that the driver signal to the final PA transistors is 1 watt and h&Sader IMD of-30 db.
That would put the IMD signal at 1 mwfter coming out the amp (with 20 db of gain), this signal
becomes 100 mwAssume that the final PA puts out 100ttgawith 1 watt of drive and that the'3
order IMD is-30 db with a perfect driving signal. That would put the IMD signal at 100 $oxhe
final IMD signal out of the 210X amp will be 200 mw23r db.

F. PG600 Board
Carrier Oscillator

There are thre alignment points for the carriegscillator¢ CW, USB, and LSBn a 5645 Khz IF radio,
the carrier frequencies could be tuned as follows:

NOR: 5644.700 Khz to 5645.200 Kfstandard setting = 5645.000 Khz)

OPP: 5648.200 Khz to 5649.300 Kfgtandard setting = 5648.300 Khz)

Theset pointis to get a reference power level with &0 Hz audio signal to the mic jack and then
adjust for a 6 db power decrease at 300 Hz.

Please keep in mind that this adjustment will affect the transmitter aysties bandand also the
receiver audigass band
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The original specs for the 210X showatlF pass bandf 2.7 KHzat the -6 db reference points. We
have not been able to obtain that response in the testing that we have done on various radios.

The bandwidh shownin this graphis pretty typical of what we see for receive and transgitbout 2.0

to 2.3KHz
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The output signal from the carrier oscillator board has high signal levels f@"#{e€8 dbm) 3 (-18
dbm), and 4" (-42 dbm)harmonics. On 10 meters, there is a very strong spur at 28V#26 This is a
result of the 3rd harmonic mixing with the VFO signal to create the strong spur.

3 X 5645 = 16935

22581¢ 16935 = 564&Hz

Installing a simple pi low pass filter in the put coax lead of the carrier oscillator will reduce the signal
level of the harmonicsThe 510 pf capacitor is the existi@$13 on the carrier oscillator board.

200 =
50

1

510pF

1.5uH

2

3

1000pF

4 5

1.5uH 50

1000pF
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G. PG810 Board
Receivernput Tuning
The PE&10 boardcontainsthe receiver band pass filterdt appears that no changes have been made
to this board during the lifespan of the 21idcluding210X LE modelHigher than normal insertion
lossesbetween the antenna jack and pihon the P€120 board esultsin reduced receiver sensitivity.
Insertion loss checks can be made with a signal generator and spectrum an@yieh. signal level will
be needed in order to see a usable signal on the spectrum analyzer. A typicalisigetadn level
would be about20 dbm to-10 dbm. Insure that you do not have signal leakagetmasmponents. This
can be done by dropping the signal level in 10 db increments and checking that the measured reading
also drops by 10 db.

The measurementheckpoints would be at the antenna jack-38® pin and pin 1 on the PI20 board.
There are no active components between these two checkpoints, so the high signal level sbould
create any signal compression issues.

Here are some typical losses 020X radio:

BAND Frequency Range| LOW BAND| MID BAND | HIGH BAND|

80M 3.5¢ 4.0 MHz -1.6 db +1.0 db -1.6 db

40M 7.0¢ 7.350 MHz +1.4 db +1.0 db 0.0db

20M 14.0¢ 14.350 MHz -6.0 db -4.0 db -5.4 db

15M 21.0¢ 21.450 MHz -1.4 db -1.0 db -2.1db

10M 28.0¢ 29.0 MHz -3.4 db -1.0 db -3.4 db
NOTES:

The midband readings for 80M & 40M are probably the results of impedance mismatches
The 20M reading appears to be typical for Atlas radios & is probably due to the band pasie§itgr.

If you see normal insgon losses on each of the bands, then you know that these components are all
working good.A separate set of checks were made on @BXxd pasdoard that was removed frora
210X radio.A tracking generator was used for the tests.

The output of eachilter was terminated with a 10 db pad and a 50 ohm load. The tuning slugs on each
band (20M, 15M, and 10M) was then adjusted for minimum.loss

The 210X was designed for operation outside of the amateur radio bands. Thus, the receiver band pass
filters were widebanded. Consolidating info from several different Atlas documents, the receiver
would operate in the following frequency bands:

4 3000¢ 5300KHz

7 5900¢ 10,000KHz
14 13,800¢ 14,900KHz
21 20,600¢ 21,600KHz
28 27,500¢ 30,000KHz

If you have a 210X LE radio, then all of the TX/RX IF Trap/Image filter coils will need to be reworked
because of incorrect factory assembly (coils would not tune to correct frequencies).

With a little more work, one can build out a new RX band pass board sthih&G1200 board can be
completely eliminated.

The overall receiver 10 db S+N/N depends upon these factors:
Antenna Relay on PT100 board

PC1010 Low Pass Filter

PCG1010 Low Pass Filter switch contacts
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Receiver band pass filter switch contacts
PCG810Receiver Band Pass Filters
PC1200Image Traps for 80M, 40M, and 10M
PC1200IF Trap for 20M (two traps)
Conversion loss of first mixer

VFO signal level into first mixer
Gain of first IF amplifier

The following data shows the impact of not having enoM§® injection into the mixer:

The following test process was used:

Inject a low level signal (1 uv or les"gp antenna jaclkand note the S+N/N on your AC voltmeter.

| used a an Elecraft XG2 signal generator set for 20M and 1 uv signal out

Use a stablsignal source with a variable level output for the VFO signal source.

I used my HP 8647A for my initial signal tests and then used the DDS VFO

Remove the jumper between pin 2 and pin 3 on the accessory jack of the 210X
Connect the VFO signal source to piaf the accessory jack

Set the VFO signal source to +13 dbm
Record the S+N/N levels while reducing the VFO signal in 1 db increments

Here is what | measured on my 210X radio:

VFO Signa S+N/N ADE| S+N/N Std | S+N/N ADH | S+N/N Std PC12
Level 1 Mixer¢ HP | PC120 Mixer| Mixer¢DDS | Mixer with 5711
8647A VFO| with 5711 VFO diodesc DDS
diodesc HP VFO
8647A VFO
+10 dbm 12.0db 10.0db 10.0db
+9 dbm 12.0db 10.0db 10.0db
+8 dbm 12.0db 10.0db 12.0db 10.0db
+7 dbm 12.0db 9.5db 12.0db 10.0db
+6 dbm 12.0db 9.5db 12.0db 10.0db
+5 dbm 12.0db 9.5db 12.0db 10.0db
+4 dbm 12.0db 9.5db 12.0db 9.5db
+3 dbm 12.0db 9.0db 12.0db 9.0db
+2 dbm 12.0db 8.0db 11.5db 7.5db
+1 dbm 11.0db 5.5db 10.5db 5.5db
0.0 dbm 10.5db 55db 9.5db 4.0db
-1.0 dbm 10.0db 4.0db 8.5db 2.0db
-2.0 dbm 8.0db 3.0db 6.0db 1.0db
-3.0 dbm 7.0db 2.0db 4,0db 0.5db
-4.0 dbm 45db 1.0db 3.0db 0db

The TUR and ADH mixers have a saturation level of about +1.0 dbm.

PC900 Board

Transmitter Input Tuning

This board hashe transmitter band pass filters one filter for each band.There are also two IF Traps
on this boardg one for 40M and one for 80MAny unusual losses in thefilters can have a dramatic

effect on the transmitter RF output power at the antenna jack.

For example, one extra db of loss can reduce the output power by 20 watts, assurmongjreal power

output of 100 watts.
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On later versions of this board, equalizing pots have been installed on thec8 bands. These
pots replace the fixed resistoshown on the schematics. The 80M and 40M pots are 50 ohms and the
20M and 15M pots are 500 ohms.

Atlas did not provide any documentation as to how these pots should be adjusted. On the later radios,
it was easy to get more than 100 watts of output povesn 80Mthrough 15M. Unfortunately, running

at these higher power levels usually produces severe IMD produlitss recommended that the
equalizing pots be adjusted for a max output power of about 90 watts on each of the four lower bands.
You do not ave to worry about 10M since a normal output power on this band was 50 to 70 watts.

I. PG1010 Board
Low Pass Filters
This board has the low pass filteyone for each band.The 80M to 15M filters are on one board and
the 10M filter is on a separate boardTwo separate boards were needed because of the physical
location of the band switch wafelhe output of this board connects directly to the antenna jack via the
antenna relay on the SWR board. Thus, the board is in the output of #&®®Goard in trasmit and
is the input to the P@20 board in receive.

The filters are conventional design with silver mica capacitors and toroidlcdilss FSNNA S O2 NB a
OD, yellow for 10M to 20M, and red for 40M and 80Whe board should be relatively probleinee ¢

i.e. the inseriton loss for each band should be about the same as the values when the radios were
manufactured.

The values of the silver mica capacitors and toroid coils installed on the boards may not match with
what you see on the schematic. dixple: The schematic shows the two 15M coils to be 0.32 uh. On
my test unit, one coil was 0.32 uh and the other one was 0.48 uh (same as the 20M coil). This
combination actually improved the"2harmonic attenuation, compared with an Elsie plot using th
schematic values.

210 Low Pass Filter 210X LE Low Pass Filter
_— -A

The main puposeof the low pass filters is to reduce th&®and 3% harmonic signals to values specified

by the FCC and to reduce thevéd of any spurious signals that might have a frequency greater than the
2" harmonic frequency of the operating band. A secondary benefit is reducing receiver signal overload
from received signals that are at, or greater, than thétarmonic of the opeating band.

Here is the FCC Part 97 requirement for RF emissions:

For transmitters installed after January 1, 2003, the mean power of any spurious emission from a station
transmitter or external RF power amplifier transmitting on a frequency below 30rMist be at least

43 dB below the mean power of the fundamental emission.
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For transmitters installed on or before January 1, 2003, the mean power of any spurious emission from a
station transmitter or external RF power amplifier transmitting on a frequéredgw 30 MHz must not
exceed 50 mW and must be at least 40 dB below the mean power of the fundamental emission.

For a transmitter of mean power less than 5 W installed on or before January 1, 2003, the attenuation
must be at least 30 dB. A transmitterilbibefore April 15, 1977, or first marketed before January 1,
1978, is exempt from this requirement.

Since the Atlas 210X was first marketed prior to January 1, 1978, thenld wppear that there are no
emission requirements be met However, goodngineering practices would dictate that all spurious
emissions should be down at least 40 db.

It is possible to have good suppression of spurious signalstihdave hgher than normal insertion
lossesin the low pass filters. High losses will resultreduced power ouiut and lower receiver
sensitivity

Measuring the actual insertion loss on each band, with the filters installed in the radio, can be difficult.
Kevinhas detailed modeling graphs on the Atlas2P@%6xYahooforum that shows the preidted losses
(using Elsie app) on each filter. The document can be fouarttie forumunder:

FiledInformation from ZL1UJGiltera LPF Plots.zip

If you find that your transmitter power out is down on one band from factory specs, and/or your
receiver senisivity is reduced on the same band, then you could have a problem with a low pass filter or
the attendant interface wiring, band switch contacts, etc. There is no easy way to accurately measure
the insertion loss of a filter.The loading of the probe Wishift the actual signal level that you are
measuring.

You can get some relative readings with a scope or spectrum analyzer, but they usually will not be
accurate. However, relative readinge all that you need tdind a bad filter.

For accurate radings, you need a signal generator and a spectrum analyzer. The low pass filters will
need to be measured with the radio powered down.

You will need to get to the low pass filter boards and the band switnitacts You can do this by
removing the PG00 assembly and most of the wires going to it. Once you can see the band switch,
then you will need to unsolder the wire going from the output switch contact and solder in a shert RG
174 pigtail with either a BNC or $39 connector attached.

You thenwill need to feed a signal generator signal into the antenna jack and measure the output level
at the end of the pigtail. Yeoumeasurement device i.e. spectrum analyzeshould present a 50 ohm

load to the output of the filter. The signal flow path wilatch a received signal coming into the radio,
going through the low pass filter. You are breaking the connection between the output of the low pass
filter and the receive band pass filter.

Alternate Measuring Process:

In the receive mode, you can msure the insertion loss by removing the brown lead on the teawitch

that comes from the SWR board. A signal generator is connected to this removed lead and a spectrum
analyzer is connected to the antenna jack.

This testing method is not a true simutatt of the radio. In normal operation, thdownstreamreceive
band pass filters woulthteract with the low pass filter to change the actual insertion loss.
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Atlas210X Low Pass Filter
u 2

From PC-500 Board in TX To SWR Board
To RX Band Pass Filter in RX & Antenna Jack

r Tl

Here is the Atlas design for the low pass filter and the capacitor and indwuaiges/for each band:

BAND| L1&L2| C1 C2 C3 Filter 2nd 2" Hammonic Elsie Elsie 2d
Loss Hamonic @ Antenna Loss Harmonic
@ PE500 Jack
80M 1.8 uh | 820 pf | 1300 pf | 820 pf | 0.1db -31db -48 db 0.35 db -16 db
40M | 0.95uh | 430 pf| 680 pf | 430 pf| 0.2db -36 db -54 db 0.24 db -17 db
20M | 0.48uh| 180 uf | 330 pf | 220 pf | 0.2db -36 db -50 db 0.14 db -15 db
15M | 0.32uh| 68pf | 270 pf | 180 pf | 0.4db -28 db -55 db 0.29 db -17 db
10M | 0.24uh| 100 pf| 180 pf | 100 pf | 0.6 db -33db -50 db 0.10 db -16 db

Note: The 29 harmonic &vels are relative to the fundamental frequency being tested.
On the test 210X, the L1 inductor for 15M was 0.48 uh.
The 29 harmonic levels are on a radio with the SD1405 modifications

Here are the return loss measurements for the filters:

BAND | Return Best Return Loss
Loss
80M 27 db 27 db @ 3.8/Hz
40M 32db 56 db @ 7.0VHz
20M 20 db 26 db @ 15.0MHz
15M 12 db 19db @ 19.MHz
10M 10 db 22 db @ 38.MHz

The following chart shows the Elsie optimized values for each band, with a target of 20 difcddinam
2" harmonic signaand 2% step size

BAND| L1&L2 C1 c2 C3 Elsie | Elsie 2d
Loss Harmonic
80M | 3.37/3.76 uh | 135pf | 1026 pf| 390 pf| 0.88db| -22db
40M | 1.36/1.54uh| 101pf | 590 pf | 403 pf| 0.24db| -21db
20M | .653/.675uh| 133pf | 332pf | 180pf| 0.14db| -21db
15M | .389/.394uh| 116 pf | 246pf | 127 pf| 0.10db | -21db
10M 264 uh 104 pf | 202 pf | 101 pf| 0.10db [ -21db

This chart shows the Elsie optimized values for each band, using commonly available silver mica
capacitors:

BAND L1&L2 c1 c2 c3 Elsie | Elsie2nd
Loss Harmonic
80M | 3.37/3.76 uh| 130pf | 1000 pf| 390 pf | 0.75db | -21db
40M | 1.36/1.54uh| 100 pf | 620 pf | 390 pf| 0.24db| -21db
20M | .653/.675uh| 130pf | 330pf | 180pf| 0.14db| -20db
15M | .389/.394uh| 110pf | 240pf | 130pf| 0.1db | -20db
10M .264 uh 100 pf | 200 pf | 100pf| 0.1db | -20db

For comparison purposes, the KSOOR 100 watt low pass filter board was evaluated. This board has a
similar design to the filters used in the 210X radio.
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Here are the test results from that board:

BAND Insertion 2nd 34 Harmonic
Loss Harmonic

80M -0.2 db -34 db -55 db

40M -0.2 db -45 db -55 db

20M -0.4 db -35db -58 db

15M -0.4 db -52 db -45 db

10M -0.6 db -50 db -45 db

J. PG1200 Board
Receiver Trap and Filter Board
Includes info on Transmitter IF Traps

A number of undesable RF signalsan bepresent in the transmitter and receiver sections of the
transceiver. This includes internally generated signals and signals that come in via the anfEma®€
1200 board has the IF Traps and Image Filters to reduce the letelsef undesirable signal§hee are

IF Traps and Image Filters in the receiver and IF Traps in the transmitter.

The traps/filters consist of simple parallel LC circuits placed in series with the signanubfinction as
a notch filter  All of thetraps are tunable with tuning slugs in a small tubular cdihe IF trapsand
Image Filterare tuned to single frequency, so the bandwidth needs to be as narrow as possible.

VIII. Modifications ¢ Major
The modifications described in this section provide majoprovements in the performance of the radio.
They are also significantly more costly and complexhtttee modifications described in the previous
GaAy2NE aSOGA2Yy®

A. ADEL1 Mixer/Balanced Modulator
There are a number of different Mini Circuit double balad mixers that can be installed in the radio to
replace the existing mixer components on the-FBD/PG120 boards. The recommended model is the
MCL LalADE1 mixer. This mixer is similar to the one used in the dlet Argonaut VI 539 transceiver.
Usingthe ADEL mixer allows good integration of a DDS VFO. For any mixer changes, please keep in
mind that the VFO and Carrier Oscillator injection levels need to remain matchleout +10 dbm.
The ADEL mixer is available directly from Mini Circuits Labl&ss than 8 plus shipping chargesThis
mixer should provide better receiver sensitivity, better isolation between ports, and eliminates the
carrier balance controls on the AR0 board.

Here are the steps for the mixer replacement:

Remove L125 & L126

Remove D127 to D130

Remove C138, C146 & C147

Remove R134, R135, & R136

Drill fourn ® n Hhples ©n the lower right corner next to pin 1 of PC120 board.

¢KS K2fS F2NJ LAY o 2F (KS YAESN) aK2dz R 32 (KNRdJIAK
Pins 1, 2, & 4 should go thghl areas with no foil on the trace side of the board.

On the ground plane side of the board, remove foil around holes 1, 2, & 4.

Installthe mixer on thecomponent side of théoard, with pin3 next to the bottomright of the board.
Soldera small bare we to pins 1, 4, and 5 on the mixer

Solder a small bare wire from pin 1 to the ground foil of topside of the board

Solder a short insulated jumper wire from mixer pin 6 to foil pad going to C144

Installa shortjumper wire frommixerpin 2 to foil pad with_127 attached.

Solder 0.01 uf ceramic disk capacitor friime mixerpin 2 to pin 1 of the circuit board.

Install RG174 coax cable from @inf the mixer to the circuit pad with C136 and C137 attached
Here is how the mixer circuit will look after the upge.
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PC120ADE1 Mixer Mods
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Here is a picture of a PI20 board with the factory mixer components removed and a MCL-JADE
mixer installed.

B. Tee Bridge Diplexer
TheIMD performance of the receiver can be greatly improved by properyiteating the front end

mixer with a 50 ohm impedance. The front end mixer needs to see a 50 ohm impedance at the IF
frequency and also at all other frequencies.

This section provides information on the concept of using diplexers and some actual impdiornt
used by other hams. Additional IF gain after the first mixer is not needed or desired. Please note that
any gain provided by a post mixer amplifier does little to improve the sensitivity of the receiver.
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Generally, the only tuning required for post mixer amplifier is to insure that the device draws
sufficient current to obtain the best possible IMD performance.

The following link provides general discussion information on diplexers:
http://www.q rp.pops.net/dip2.asp

A 2N5109 post mixer amplifier has been used in a number of receiver designs (Elecraft K2) that use a
passive double balanced mixer. This type of amplifier provides a large amount of gain and is not
recommended for the Atlas receiver

The following link provides information dhis type of amplifier that also performs the function of a
diplexer:
http://www.gsl.net/wn5y/spostmixamp.htm

Post mixeramplifier for the 210X using &HT310
http://pa0fri.home.xs4all.nl/Mods/Atlas215%20post%20mixer%20amp/Atlas215x%20post%20mixer%?2

Oamp.htm

| tried this amplifier and theasults were not good. The receivansitivitydecreased up to 5 db on
some bands and some spurs sasgignificant increase in level.

A Tee Bridge Diplexer design was implemented. The parts values were determined from the following
calculator:

http://www.changpuak.ch/electronics/calc_16a.php

Tee Bridge Diplexer

5.6734 uh 140 pf
e | T —
T50-6 35T
P E— —>
RF In >0 >0 RF Out to

From Pin 3 Junction C136/C137

Of ADE-1 Mixer On L124

36lnh T50-67T

Using a Q value of 3.9, then standard silver mica capacitors could be used. Each section was assembled,
swept with a spectrumanalyzer, and then tuned for minimum insertion loss at 5645 KHz. The two
sections were then combined and swept again.
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Here is the sweep results:
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Off

Mkr Trace
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Once the circuit is installed on the B20 board, then there should be niimum insertion loss for 5645

KHz and a high level of insertion loss for all other frequencié® diplexer parts were installed on the
PC120 board, using blank circuit traces that were freed up when the factory balanced mixer was
installed.

Here is gicture of the installed parts (the MCL ADEnixer is in the upper right portion of the circuit
board:

The diplexer decreased the receiver sensitivity up to 0.5 db on some bands and the number of spurs
were greatly reduced.

C. TUF1 Product Detector/Mixer
A MCL TUE mixer can be used to replaced the existing mixer components on t##0@Iard. The
TUF1 mixer is available directly from Mini Circuits Lab for less than $10 plus shipping charges.
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Here are the steps for the mixer replanent:

Remove R02& 1203 (toroid coils)

Remove R01to D204 (mixer diodes_

Remove C206

Refer to the upgraded RZD0 board for the following changes.

Drilltwo n @ n Hhples &n theuppermiddle of the P00 board for pins 2 and 3 of the mixer.

Pinlwildza$ 'y SEA&GAY3I LIR GKIFIG 6Syd (2 [HAHOD LG oAt
the mixer pins. On the ground plane side of the board, remove copper around pin 2.

Pin 4 will use an existing pad from C206.

Install the mixer so that pin it at the top of the board and pin 4 is next to the center of the board.

{2f RSNJ LIAAya m YR n (2 GKS &a42f RSNJ LI Rao® wdzy | aKz2
away.

Solder a short jumper from pin 1 to the free end of R204.

Solder a short jmper to pin 2 and the free end of C207.

Solder a short jumper from the other side of C207 to the junction of L205 and C221.

Solder a short jumper from pin 4 to the end of the circuit trace going to R205

Cut off excess lengths on the mixer pins

You will ned to retune L201 for max power out on 40M after the upgrade is complete.

Here is how the mixer circuit will look after the upgrade.

MCL Notes: L
Pin 1 =RF
Pin2 =1IF
Pin 3 = Ground
Pin4=L0 = =
MCL TUF-1+
Mixer

1

p c207

Caaf |C,201 c221 \E 3L205}L2m §R205
IF "
Trap
€203 [C204
R201 D205 C209 \J c208

Q201 R203 C205 L201 1 2' 3! 4
R204 1

5K
Pin 3 Pin 19 Pin 1 Pin9 Pin5 Pins246,8, Pin7
IF Input AGC Input +13V TX Out Rec AF 10,12,15& 18 OSCIn

Qutput Ground
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Top side of PQO0 board with TUR Mixer Bottom side of P00 board with tle TUFL
installed. Note space that was freed up by jumpers installed. Note orange 2200 pf
removing the original mixer toroid coils and  capacitor installed at bottom of the board to
diodes. The blue and yellow pots have been replace the original green Mylar capacitor.
added per previous discussion.

D. IF Trap/Image Filters
A number of undesirable RF signalan bepresent in the transmitter and receiver sections of the
transceiver. This includes internally gerated signals and signals that come in via the anteRalraps
and Image Filters are used to reduce the signal level of these undesirable sifimasare IF Traps and
Image Filters in the receiver and IF Traps in the transmitter.

Compute aided design was not available when the radios were designed in the mid 70s. Through use
of computer design, the existing LC circuits can be improved.

The traps/filters consist of simple parallel LC circuits placed in series with the signanhtinctionas
a notch filter  All of the traps are tunable with tuning slugs in a small tubular coil. The IFamdps
Image Filtersare tuned to single frequency, so the bandwidth needs to be as narrow as possible.

Atlas used at least two different types ofpaeitors in their IF Trapdt appears that both of them were
polyester film construction as opposed to my previous comments about them being mylar/paper

hyS OFLIOAG2NI gl a &Stft2g Ay O2HaeNsidfooRthikcapR | LI NI

EWF CAPACITORS POLYESTER WRAP EPOXY END FILLED

Mallory type EWF capacitors have high insulation resistance, good moisture resistance, excellent electrical parameters, low
dissipation factor, miniature case sizes and economical prices.

The physical and electrical characteristics of the EWF make it an ideal capacitor for coupling and by-pass applications in color or
black and white TV, radio, hi-fi and instrumentation. Its tubular configuration adapts to printed circuit wiring or paint to point
soldering for normal by-pass coupling.

Type EWF capacitors are made from the finest polyester film available. The outer case is polyester wrapped and end sealed in
epoxy resin. The axial centered leads are copper wire with double tinning. Tolerance: = 10%. EWF capacitors are available from
Mallory distributors in quantities from one to full production levels. Operating Temp.: —55°C to + 85°C (to + 125°C with proper
voltage derating). For detailed information see Mallory Bulletin EWF form 9-645. For pricing refer to price sheet No. 332.
Replaces WMF, B1500.
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The other type was orange in color and had this part numipé235 M192P.

Part Number:
M192P22392
Manufacturer:

MALLORY

‘ Item ID: 2020027757

« capacitance: 0.022 uf
+ voltage: 200 v
» tolerance: 10%
» temperature: 85
+ lead type: axial
click picture to enlarge » package: BULK
+ item per pack: 1

DESCRIPTION

M192P22392 is a miniature, sleeved polyester film / foil capacitor. M192P Pacer series. M192P22392 has axial leads, non-
inductively wound with extended foil construction. Moisture resistant. Epoxy sealed sides and encased in polyolefin sleeve.

M192P22392 is commonly used in power supplies, instrumentation, communication equipment and many general purpose
applications. Made in USA.

Here & a link to this capacitor:

https://www.tedss.com/DataSheets/2020/2020023959.pdf

¢tKSasS OFLIOAG2NE 6SNB ySOSNI RSaAdaySR F2NJ wC |yR |

Here is a defiiition for molded mud:
Molded mud is any capacitor, used at RF, that is not NPO, or has temperature; $ged¢$750, N330,
etc. so that their properties as RF filters are questionable.

Lots of capacitors used for bypassing and coupling are not NPMuypleeir performance in that

situatonR2 Say Qi FFFSOG GKS OF LI OAG 2N WhenSheéw (408 @S LI2 2 NJ
years ago), these capacitors varied in frequency from 2200 pf at 100 Khz to less than 2200 pf at higher
frequencies.As the cpacitors age, the capacitance can decrease even more at higher frequencies.
Consequently, the actual capacitance of the units may not be 2200 pf at the IF Trap frequency.

Replacing the 2200 pf capacitor with a monolithic ceramic disc units will irctbasdepth of the IF
Trap notches about 5 db.

There is also an IF Trap filter on theZ0 board, and two IF Trap filters (one for 80M and one for 40M)
on the PE00 board

The filter coils in the latest versions of the 210X LE has a lower wiringctumt for the receiver IF
Traps and Image Filters, compared with earlier 210X versions. It is not known why the lower count was
used. These lower turn count coils cannot be tuned to the factory design frequencies. In some LE
radios, the length of théuning slug was changed from 8 mm to 9.7 mm.

Atlas 210X/215XTransceivers 77 Engineering Supplement



https://www.tedss.com/DataSheets/2020/2020023959.pdf

This longer length helped in reaching the design frequencies, but still was not sufficient. As an example,
an IF Trap with a 6 turn coil and short tuning slug could not be tuned any lower than 5.9 MHz.

With the longer slug, the coil could be tuned to 5.7 MHz. None of the Image Filter coils could be tuned
to the correct design frequencies with either a short or long tuning slug.

Thepaper coil forms used for the IF Traps and Image Filters tend to get fimysehe coil wire. This

can result in the entire coil form turning when you try to adjust the tuning slug. An application of Super
Glue, Q Dope, etc. between the coil form and the coil wire will secure the wiring to the coil fbetal
objects in clse vicinity of the coils decreases the inductance of the coil and thus increases the
frequency of the notch.

1. General Observations
Over the period of manufacture from 1975 to 1979, the design of the traps and filters changed
several times. The changes n@emostly in thenumber of turns of wireused on the inductors.
There appears to be at least four different versions of the wiring turns used for the transmitter and
receiver IF traps. Depending upon the manufacture date of your transceiver, you magdind
following inductors for these traps:

16 turns with 820 pF capacitor (about 35 dB notch for TX filter)
7 turns with .002 uf capacitor (from an old 210 with old style TX band passoard
7 turns with 2200 pF capacitor (about 10 dB notch for TX Yilter
5turns with 2200 pF capacitor (about 10 dB notch for TX filter)

For a given resonant frequencghanging the values of the inductor and capacitor changes the
depth of the null and the bandwidth of the filterLower values for the capacitor proesideeper
nulls. If the null is too deepn the IF Trapghenthere canbe a couple of dB insertion loss at 4000
KHz and 7000KHz. This will reduce your transrdt output power on 80M and 40M and can
reduce receiver sensitivity. If the null is too despthe 20M Image Filter, there can be a couple of
db insertion loss in the 20M receiver band.

Please see the Appendix for details on the factory IF Traps/Image Filters and the improvements that
can be made.

2. PG1200 Board
This board is used in the receivand there are four LC combinations on the board. Two are IF
Traps and two are image filters. The IF Traps and Image Filters are downstream from8tt@ PC
receiver band pass filters. Please note that there is a second 20M Image Filter located Heelow t
band switchwaferand attached to small terminal strip on the chassis. This filter is upstream of the
PG810 board.

Atlas 210X/215XTransceivers 78 Engineering Supplement




The bottom coil next to the bandwitch is a 20M Imagfilter. From left to right on the main board

is an 80M IF Trap, a 40M IF trap, a 20M Image Filter, and a 10M Image Hiketwo yellow axial
capacitors are 2200 pf mylar/paper unit$hese capacitors can also be orange mylar units similar
to what is shown in this picture:

The Atlas User Manual is slightly misleading on the labeling of tHE28@ schematic. It shows
image filters of 11.8 MHz and 17.8 MHz In reality, the filters are tunable around the frequencies of
11.8 and 17.8 MHz, dependingon the frequency of the interfering signal.

The latest P@200 board for the 210X radio has the following traps/filters:
Receiver:
80M IF Trap

L1202 and C1205645 KHz)

40M IF Trap
L1203 and C1205645 KHz)

kkkkkkkkkkkkkkkhkkhkkhkkkkkhkkhkkkhkk kkkkkkkkkkkkkkkkkkkkhkkhkkhkkkhkkhkkhkkhkkkkkhkkkkkkkkk
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20M Image Filter
L1204 and C1203
Tunable range of 11065 KHz to 12065 KHz
Filter for 2¢ harmonic of VFO mixing with interfering signal to produce 5645 KHz IF

20M Image Filter on main chassis
L1201 and C1210
tunable range of 11065 KHz to 12065 KHz
Filter for 29 harmonic of VFO mixing with interfering signal to produce 5645 KHz IF

The two 20M Image Filters are in series with the 20M RX band pass filter. The purpose
of these filters is to attemate broadcast signals in the 25M band (11 to 12 MHz). The
value of these filters is questionable and Atlas actually recommended removing them in
one of their 1977 Service Bulletins.

Please keep in mind that the filters were originally installed beeanfsthe strong
second harmonic signal from the VFO. On 20M, the VE®a2monic signal is only
down about 10 db from the fundamental.

With a good DDS VFO, thé&® harmonic would be down at least 40 db from the
fundamental, so 11 MHz AM broadcastrgifs would create even less of problem.

Example calculation:

Receiver is tuned to 14.2275 MHz

VFO is tuned to 8.5825 MHz

2" harmonic from VFO is 17.165 MHz

Interfering broadcast signal would need to be on 11.520 MHz

Signals in the 11 MHz dmdcast band need to be abouw48 dbm for a 10 db S+N/N
reading. Each 20M Image Filter has about 7 db of attenuation (even though bench
testing shows quite a bit bigger null). The 20M RX band pass filter adds about 16 to 25
db of attenuation. The remairet of the attenuation comes from the cancelling effect of

the balanced mixer.

In the early Arizona morning summer hours, very strong (S9+ or8&HT radio) AM
broadcast signals were heard on the following frequencies (in MHz):

Frequencies that could sk up in the 14.000 to 14.350 MHz band
11.520 11.565 11.610 11.620 11.635 11.640 11.665 11.680 11.687 (RTTY)
11.709 11.735 11.740 11.760

Frequencies that could show up in the 14.350 to 14.500 MHz band
11.775 11.785 11.795 11.800 11.815 11.825 11.860 11.865
11.915 11.935 11.985 12.010 12.050 12.065

An outside antenna was connected to the 210X radio. | tuned across the 14.000 to
14.500 MHz band. | used two different setting for the two Image Fitfeyge setting

was at 11.065 MHz and the other satjiwas at 12.065 MHz.

| could not hear any AM broadcast signals.

*hkkkkkkhkkkkhhhhkkhkhhhkkkhhhhkkkkhhhhkkkhhhrkkkhhhrrrkhkhhhrrrkhkhhrrkrkhhhrrkkhhhrxkkx

10M Image Filter
L1210 and C1211
tunable range of 16710 KHz to 18410 KHz
Filter for primary imagenixing with interfering signal to produce 5645 KHz IF
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The 20M Image Filter discussion could also be applied to the 10M Image Filter. This
filter was included in the radio to reduce interference from the 16M broadcast band
(17.0 to 18.0 MHz). The actualoadcast portion of this frequency range is 17.48 to
17.90 MHz The probability of receiving interference in this band is less than the 25M
broadcast band, especially in the tuning range of 28.0 to 28.5 MHz (16.71 to 17.21 MHz).

Example calculation:

Reeiver is tuned to 28.500 MHz

VFO is tuned to 22.855 MHz

Receiver primary image frequency is 17.210 MHz

Signals in the 16M broadcast band need to be ab@udtdbm for a 10 db S+N/N reading,
with no Image Filter. This level becomé8 dbm with the Imageiker.

The strength of the primary image frequency in the radio is reduced by the 10M RX band
pass filter and the 10M Image Filter. Using a DDS VFO would not reduce the strength of
the primary image frequency in the radio.
*kkkkkkkkkkkkkkhkkkkkkhkkkhkkkhkkkk *kkkkkkkkkhkkkkkkhkhkkhkkkkhkkkhkkhkkkkhkhkkhkkkkkkkkhkkkkkkkkkx
If the 20M and 10M Image Filters are not needed to reduce a interfering broadcast band signal,
then they should be tuned to the bottom of their design frequency range. This will reduce the
amount of reeiver insertion loss for the 20M and 10M band.

3. Transmitter IF Traps
There are three each IF Traps used in the transmitter. There are two traps on the TX band pass
filter board There is also a trap located on the-B@ board.

All bands IF Trap on P00 board L205 and C22(6645 kHy
80M IF Trap on RG00 board L913 and C91&645 kH
40M IF Trap on PG00 board L914 and C91%645 kHy

4. Examples of Bad Traps/Filters
The following two examples show how the performance of the radio can be degladedt having
the correct IF Traps and Image Filters.

Example 1:

On one LE radio, the transmitter power output was good on all bands except 40M. On that band,
the output was only 50 watts compared with 100 watts on the other bands. It was found that th
IF Trap on the R200 board was off frequency.

The trap could be nulled at the IF, but the null also reduced the output on the 40M band by a
couple of dB. It was found that the best null was around 6000 KHe. 2200 pF capacitor was no
longer at te correct value, even though it measured correctly on a capacitance mé&teep in

mind the earlier statement that some capacitors are not designed for use at RF frequéliwes.
actualvalue of the capacitor was about 1500 pF when used at 5882 Thefix was to install a

new 2300 pFceramic discapacitor. Thisllowed the proper null at the IF and also did not have
any insertion loss at 700QHz

Example2:

On one 210X LE radio, none of the IF Traps and Image Filters could be tuned to thedssigect
frequency. All of the coils haalturns of wire with the short tuning slugs. The long tuning slugs
were installed in the coils. The receiver IF Traps could almost be tuned to 5645 KHz.

A shorter tuning slug was used in the LE coils, thus raisénminimum possible frequency of the
coil. No one at the factory caught this problem because it is suspected that the coils were never
tuned at the factory.
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There are several ways to fix this problem:
Rewind the coils to 7 turns of wire

Increase the vale of the capacitors

Install a longer tuning slug (more inductance)
Install a second tuning slug (more inductance).

The 2200 pf oranggellow capacitors were replaced with 2300 pf monolithic ceramic units. The
80M and 40M IF Trap coils were replacednirrite cores (T32 with 7 turns of wire). These two

IF Traps were tuned to 5645 KHz by adjusting the spacing between the turns of wire. Final tuning
was completed after the board was installed back into the radio. filkéurn 20M and 10M Image

Fiker coils were replaced witfd turn coils and short tuning slugs. The coil wire waBdped. The

20M and 10M Image Filter capacitors were replaced with silver mica units.

5. Trap/Filter Tuning Ranges
Here is the tuning range for the IF Trap and Imagersilt

FILTER Coil Coil LinuH Cinpf Tunable Filter Freq
Turns | Slug Range MHz MHz
IF Trap 5 short | 0.16-0.32 | 2300 5.9¢8.2 5.645
IF Trap 5 long 0.16-0.34 | 2300 5.7¢8.2 5.645
IF Trap 7 short | 0.26-0.50 | 2300 4.8¢6.5 5.645
IF Trap 7 long 0.26-053 | 2300 4.5¢6.5 5.645
Image Filter 5 short | 0.16-0.32 470 130¢183 11.07¢11.77
Image Filter 5 long 0.16-0.34 470 126¢183 11.07¢ 11.77
Image Filter 7 short | 0.26-0.50 470 10.4¢ 144 11.07¢ 11.77
Image Filter 7 long 0.26-0.57 470 9.7¢ 144 11.07¢11.77
Image Filter 5 short | 0.16¢0.32 200 19.9¢28.1 16.71¢17.71
Image Filter 5 long | 0.16¢0.34 | 200 19.3¢28.1 16.71¢17.71
Image Filter 7 short | 0.26-0.50 200 15.9¢22.1 16.71¢ 17.71
Image Filter 7 long 0.26¢ 0.57 200 14.9¢22.1 16.71¢17.71
Notes:

Data in blue text is the recommended configuration.

The actual notch for the 80M and 40M IF Filters is abt&tdb due to self coupling between the
two coils mounted adjacent to each other on the trap filter boarthe actual loss was measured
with the filter board removed from the radio. Replacing the coils with toroid units will eliminate
the self coupling and will also improve the notch.

6. Modification Overview
The following changeare recommended for the IFdps and Image Filters;

Replace all 2200 pf orange yellow polyester filmcapacitors with high quality ceramic discSM
units
Renlara RNM and ANM IE Tran cnils nn thal PN hoard with toroid units

(
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This is a reworked filter board from an eaf$0 radio. The middle IF trap is factory installed with
the 2200 pfpolyester filmcapacitor and the tunable coil

E. Receiver Band Pass Filger
As previously mentioned, the receiver will benefit from a custom band pass filter board. The board was
designed using the Elsie LC Filter application.

1. Goals
a. Bessel, Chebyshev, or Cauer filters are acceptable
b. Combine all band pass filters, IF Tsapnd Image Filters on a single board
c. {A1TS 2F ySs OANDdA LG 062FINR ¢62dxZ R 6S mMdPTé E o0 ®cé
d. New board would use two existing mounting holes
e. No impedance matching transformers needed on input or output of each band filter
f.  All toroids would be wound on T3¢ cores
g. Maximum turn count on a T3Z core to be 42 turns (7 uh) with #28 gauge wire
h. Maximum of four toroids on each band
i. Primary image frequency on each band to be attenuated at least 40 db
j- IF frequeng on each band to be attenuated at least 40 db
k. Filters could be tuned with board removed from the radio
l.

Insertion loss on each band should not exceed 1.0 db

80 & 40 meter filters to have at least 40 db attenuation in the broadcast band (540 to 1600
kH2

n. All capacitors to use commonly available silver mica values

0. Available ceramic disnonolithic values of (in pf000, 1500, and 2300

p. Coverage of frequencies outside the ham bands was OK, but was not mandatory

3

2. Boards:
Here is the foil sie of the redesigned band pass filter board:
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Here is the component side of the redesigned band pass filter board:

soo UL

- Foil Side Of Board
L :| |..

IDI [ I. I |:| |:||:|.

3.6"

<
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v

80M Out 40M Out 20M Out
I I I 'I

!! D S Sk
ol t=) =l 1T [

15M Out 10M Out

L], e
CINNL I\\\\\\\\\‘ Qi

|k [ b [ e
CHD gD D, Component Side Of Board

=T37-2

—

=T37-6

e

= silver mica capacitor

F

= trimmer capacitor

10M In
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Here is the same board designed with the ExpressPCB Classic app:

Top side of board with siticreen shown for parts

Here are the signdével measurement results from three different radios:

210X Standard with factory band pass filter board and IF Trap/Image Filter board.
210X LE with factory band pass filter board and IF Tregge Filter board.
210X LE with custom band pass filter board. The IF Trap/Image Filter board has been removed.

& TeST ATLAS 210X LE FACTORYRX |  ATLAS 210X LE CUSTOM RX
FREQUENCY| ATLAS 210X DIGITAL DISPLAY BAND PASS FILTERS BAND PASS FILTERS COMMENTS
80M | 40M | 20M | 15M | 10M | 80M | 40M | 20M | 15M | 10M | 80M | 40M | 20M | 15M | 10M

1875khz | -59 -59 -G8 2nd harmonic + VFO on 80M
2960 khz -62 -88 -52 primary image on 20M
3625 khz -58 -57 -58 2nd harmonic + VFO on 40M
3750khz | -114 -112 -114 BOM sensitivity 10 db S+N/N
5000 khz NA | MA | NA | NA | NA | S9 58 55 S4 | 55 58 50 0 0 0 iantenna connected - WWV
5645 khz -82 | -85 | -42 | -62 | -51 | -B4 | -70 | -44 | -57 | -54 | -42 | -44 | -23 | -27 | -32 |IF Traps on B0M and 40M only
7250 khz -115 -114 -115 40M sensitivity 10 db S+N/N
9960 khz -65 -84 -60 primary image on 15M
10000 khz NA | MA | MA | WA | NA | SO |59+10| 358 0| 57 0 38 0 0 0 |antenna connected - WWV
11565 khz -45 -61 -28 ¥ VFO image on 20M
13145khz | -33 -32 -21 2¥ VFO image on 80M
14250 khz -112 -113 -113 20M Sensitivity 10 db S+N/N
15000 khz NA | NA | NA [ NA [ NA | 57 56 [59+20| 58 58 0 0 57 0 0 iantenna connected - WWV
15040 khz | -64 -74 -59 primary image on 80M
17210 khz -55 77 -61 fprimary image on 10M
18540 khz -62 -56 -52 primary image on 40M
20145 khz -56 -36 -41 X VFO image on 40M
20170 khz -63 -46 -16 X VFO image on 20M
21250 khz -114 -112 -113 15M sensitivity 10 db S+N/N
22540khz | -24 -61 -55 3X VFO image on 80M
25565 khz -83 -58 -4 2¥ VFO image on 15M
28500 khz -114 -110 -114 | 10M sensitivity 10 db S+N/N
33040 khz -39 -58 -52 X VFO image on 40M
40085 khz -74 -58 -64 12¥ VFO image on 10M
41170 khz -46 -52 -47 3XVFO Image on 15M
62920 khz -57 -50 -58 §3X VFO image on 10M
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Here are details on the filters used on the custom band pass filter board.

80M
Schematic ofactory 80Mreceive band pass circuit with IF Trap filter

1 2 3 4
50 e 7.2uH e 361.322nH 50
aaas] VT
|
240pF
”\y — 4 2200pF
1800pF 1800pF

Elsie model of factory 80M receiver band pass circuit with IF Trap filter:

Transmission, dB
u

NEWS8O0M FILTER DESIGN:

Cauer

Not suitablec one of the toroids needed to be 31.5 uh and the input/oltefi caps needed to be about
4400 pf each.

Chebyshev
Not suitableg rejected at 1.9VIHzwas only 28 db

Butterworth ¢ best solution
3300 pf capacitors on input/output filter have the best stop band attenuation (5 db improvement) but
silver mica capacitorare very large in physical size
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Here is a schematic of the resultant filter:

20 674nH 6.19uH 742nH 346nH 20

240pF \_{ }_‘

2300pF 2300pF
4.0423M 4.1292M 3.8526M 5.6418M

674 nh = T372 with 12 turns of #24 wire
6.19 uh = T372 with 40 turns of #28 wire
742 nh T372 with 13 turns of #24 wire
346 nh T372 with 8 turnsof #24 wire

Here is the resulting Elsie model:

Transmission, dB

—40 \@
—50 /
—60
— |
-70
1 o 3 41 3l 7 M 111 12M 131 153 161 171 184 20 21m
Freq.: Trans angle Return Delay VSUR Znag Zangle: Real Inag
1 1.5H -43.997 —113.78 —0.03827 51.56n 453 .88 75145 89.141 0.11265 7.5136
2 3. -0.31538 67.968 -23.399 536.2n 1.145 54.995 5.5027 54.741 5.2736
ER 'S -0.22998 -8.766 —26.605 383.9n 1.0981 54.895 -0.32167 54.894 —0.30818
4 5x -0.40968 -154.78 —20.662 629n 1.2043 42.298 ~4.6149 42.161 ~3.4033
5 5.6d5M -45.256 144.64 -0.10557 ~11.44u 164.56 36.87 -89.271 046904 ~36.867
6 7H -27.875 149.63 -0.02131 59.89n 815.3 16.292 -89.761 0.06784 -16.292
7 10K -41.816 120.18 ~0.00331 12.8n 1000 8.4944 -89.932 0.00981 -§.4944
8 14.79M —54.43 107.89 —0.00118 4.051n >1000 5.1085 -89.952 0.00343 —5.1085

Atlas 210X/215X ransceivers 87 Engineering Supplement




40M

Schematic ofactory 40M receiverband pass circuit with IF Trap filter

1 2 3 4
20 497 837nH 3.6uH 423.097nH izl 50
e YT
|
120pF
/\y —_1 — 2200pF
820pF 820pF

Elsie model of factorOM receiver band pass circuit with IF Trap filter;

Transmission, dB

u

;f RN
N

S

o/

1/

NEW40M FILTER DESIGN:
Cauer

12.6M 15.5M

184K

21,30 242 2714

not suitable¢ one of the toroids needed to be 9.6 uh and the input/out filter caps needed to be about

3500 pf each.

Chebyshev

Not suitable¢ one of the toroids needed to be 17.5 uh

Butterworth ¢ best solution

2300 pf a@pacitors on input/output filter have the best stop band attenuation, but the 1500 pf

capacitors provided the flattegtass band
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Here is a schematic of the resultant filter:

2 3 4
50 320nH 6.61uH 573nH 346nH 50
f"\/_‘\/'“\_{ | YTV
68pF L‘*{
j— j— QSOODF
1500pF 1500pF
7.2644M 7.50fM 7.8649M 5.6418M

o

20 nh = T372 with 8 turns of #24 wire
6.61 uh = T37-2 with 42 turns of #28 wire
273 nh = T372 with 7 turns of #24 wire
346 nh = T372 with 8 turns of #24 wire

Here is the resulting Elsie model:

Transmission, dB

u

-

En e~ D]
—60
=70
1M 2M 3H aM BM ™ 9M 114 124 13 15H 164 174 184 204 214
Freq Trans ingle Return Delay VSWR Znag Zangle Real Inmag
1 aM -40.78 -132.5 —-0.02858 60.18n 607.76 11.876 89.581 0.08691 11.876
2 GM —31.453 -165.77 —-0.05582 140.3n 311.23 20.696 89.479 0.18818 20.696
El 5. 645H -52.863 -110.23 —0.10475 —11.47u 165.85 34.89 89.264 0.44826 34.887
4 M -0.23258 75 .543 -27.259 371.8n 1.0906 54.128 -2.01 54.095 -1.8985
5 7 .34 —-0.24099 38 626 -19.969 320.1n 1.2231 58.114 -7.624 £7.601 -7.7101
3 10K -17.987 159 41 -0.10294 69.85n 168.75 26.088 -89.172 0.37694 -26.086
7 15] —42.431 117 .97 -0.00372 8.269n >1000 9.4313 -89.933 0.01108 -9.4313
i 18 .29H -50.271 110 .92 -0.00196 4.318n >1000 6.9645 -89.953 0.00576 —6.9645
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20M
Schematic ofactory 20M receiverband pass circuit witho Imag filters:

1 2 3 4 5 6 7

50 1.01583uH 1.00577uH 50

285.316nH 300nH

} } STV
Elsie model of factor§OM receiver band pass circuit witto Imagéfilter:
=z0 3/
30 / \\@)\\

3K 1.358 5.7H 7.05M 9.75H 11.1K 13.8M 16.58 17.835M  19.2M 21.94 23.25M  24.6M  25.9%M 28.65H  30M

NEW20M FILTER DESIGN:
Cauergsolution looked good on paper
Prototype did not worlg XL too low on input and out coils

Chebyshev
Not suitablec would require two toroids at 32 uh
Would require one capacitor to be 8700 pf

Butterworth
Not suitable- Would require two toroids at 19 uh and one at 8 uh
Would require two capacitors at 6 pf
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Top coupled with capacitive impedance divider oputioutput ¢ best solution

1 2 3 4 5 6 7
50 68pF | 854nH ke | 734nH 20 | 677nH e | 50
11 11 11 11
68pF 140pF 120pF
20.885M 15.7M 17 658M
854 nh = T376 with 15 turns of #24 wire
734 nh = T3%6 with 14 turns of #24 wire
677 nh = T376 with 14 turns of #24 wire
Here is the resulting Elsie model:
Transmission, dB
)
) /\)@—\
a0 \
—10 ﬁ{ [
/ 1 ]
_so T
—60
-70
-80
-90
38 7.2M .48 9. 6K 12M 13.24 15.6M 184 19. 24 20.4H 22.8H 244 25.2H 264X 2886 30M
Freq Trans hngle Return Delay VSWR Inag. : Zangle: Real Inag
Mousedown for data
1 M <-120 -98.621 -0.00082 - »>1000 763 .66 —B89.959 0.54973 -763.66
2 3 =-117.75 =102.97 -0.00182  m———— >1000 439.25 —83.946 0.41031 =-439.25
3 5.645H -109. 36 -104.61 -0.0023 »>1000 381,35 —B89.941 0.39167 -381.3%
4 11.065M -49.033 =130.05 =0.02565 28.41n 67717 120.07 —-83.762 0.49965 -120.07
13 11.765H -39.602 -139.04 —0.04491 44.7n 386.79 93,666 —B89.643 0.58292 -93.664
1 14H —-0.51154 15.975 -19.013 472.7n 1.2523 58.496 9.161 57.7% 9.3131
7 14.35H -0.513% -37.832 -15.701 396 .4n 1.392% 65.622 10.631 64.496 12.106
8 21M =38.305 76.687 =0.01154 9.362n >1000 687.09 —-83.474 6.3066 =667 .06
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15M
Schematiof factory 15M receiverband pass circuit

1 2 3 4 5 6 7

50 448.303nH 428.854nH

139.817nH 91pF 91pF 160.664nH

} } STV

% pr— pr—

Elsie model of factorg5M receiver band passrcuit
Transmission, dB

’ e
/ N
=10 \
o \*-@‘\\\

—40

—80

NEW15M FILTER DESIGN:
Cauercbest solution on papeg did not use because of problems with similar 20M filter

Chebyshev
Not suitableg would require one toroid at 9.6 uh and one capacitor at 5.6 pf

Butterworth
Not suitable- Would require two toroids at 8 uh and one at 35 uh
Would require two caps at 7000 pf and one at 1.5 pf
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Top coupled with capacitive impedandiider on input/outputg best solution

1 2 3 4 5 6 7
50 Sooh | 553nH 2 | 4230H 10pF N 4710H L0k . 50
11 11 B 11
56pF 110pF 68pF
28.6M 23.332M 28.123M
553 nh = T3%6 with 13 turns of #24 wire
423 nh = T376 with 11 turns of #24 wire
471 nh = T3%6 with 12 turns of #24 wire
Here is the resulting Elsie model:
Transmission, dB
v /O"@
-10
-20 /
=30
)\\
—40 v \\
—
-50 @/
—60 {
-70 (Mg
-80
-90
14M 15M 16M 174 194 208 228 244 25K 26M 28M 29M 30M 31M 334 I4M
Freq Trans Angle Return Delay VSWR Zmag Zangle Real Imag
Mousedown for data
1 144 —63.706 -115.8 —0.00489 8.62%n »1000 248.21 —89.917 0.36112 —24@.21
2 14.35H —67.209 -116.92 —0.00541 9.23ln »1000 237 .41 —89.911 0.36687 —237.41
3 15M —62.485 -119.24 —0.00662 10.63n »1000 217 .84 -89.9 0.3808 —217 .84
4 1671 —49.071 -127.6 -0.0127 17.61ln »1000 167 .46 —-89.847 0.44659 —167. 46
5 17 .71 —-39.984 -135.48 —0.02147 27.28n 809.11 136.87 -89.78 0.52485 —136.87
B 21M -0.3344 19.835 -27.276 310.8n 1.0905 49.56 —-4.9297 49.376 —4. 2588
7 21.45M —0.31665 —-26.453 —21.455 268.8n 1.1848 58.405 3.8707 58.272 3.9426
& 28M —32.986 B84.958 —-0.01334 10.64n »>1000 1.3k -88.855 25.982 -1.299%k
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10M
Scheméic of factory 10M receiverband pass circuivith no Image filter:

1 2 3 4 5 6 7

50 159 697nH ME0 BN 47pF SR 157 498nH

L

Elsie model of factorgOM receiver band passrcuit with no Image filter

Transmission, dB

//4@% ~@\_\

NEW 10M FILTER DESIGN:
Cauercbest solution on papeg did not use because of problemstkvsimilar 20M filter

Chebyshev
Not suitableg would require one toroid at 7.7 uh and one capacitor at 4 pf

Butterworth
Not suitablec would require one toroid at 16 uh and one capacitor at 2 pf
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Top coupled with capacitive impedance daficdn input/output¢ best solution

1 3 5 6 7
50 23 | 362nH W | 340nH e | 359nH X N 50
11 11 11 B
47pF 75pF 47pF
38.585M 31.517M 38.746M
362 nh = T3%6 with 10 turns of #24 wire
340 nh = T376 with 10 turns of #24 wire
359 nh = T3%6 with 10 turns of #24 wire
Here is the resulting Elsie model:
Transmission, dB
u / )\
-10
-20
=30
—40
-50
—60 /
-70
a0 Jod!
e
-90
144 15K 16 17H 19K 20K 22H 24H 25H 26H 28H 29H 30H 31H 33H 34M
Freq Trans angle Return Delay VSWR Zmag Zangle Real Imag
Housedown for data
1 14M —-93.42 -109.09 -0.00238 4.618n »>1000 306.95 —-89.951 0.2649 —306.95
2 15H -88.019 -110.81 —0.00278 4.963n »1000 280.21 —89.947 0.25939 —280.21
3 16.718 =79.036 =114 .1 -0.00369 5.766n »>1000 740.11 =-89.939 0.25585 =-240.11
4 17.718 -73.839 -116.29 -0.00443 6.42n »>1000 219.08 —-89.933 0.2573 -219.08
g 21H -56.172 -125.98 -0.0091% 10.68n »1000 156.82 -89.896 0.2@528 -156.82
& 28M -0.39286 36.553 =17.029 257.2n 1.3277 44.855 14.804 43.366 11.461
7 30H —0.42789 -111.01 —-14.293 216 . 6n 1.478 36.769 13.483 35.756 8.5731
8 34M —22.163 105 .48 —0.0555 24 .04n 313.02 397.34 88.522 10.247 397.21
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F. DSP Modie
A BHI NEDSP108BD module can be installed to reduce receiver noise. The module incorporates DSP
technology to provide up to 35 db of noise cancellation. The module is controlled by a single toggle
switch with audio beep feedback for determining DB&te.

1. Module installation
These instructions cover the installation of the DSP module in a 210X ltRatithias a digital Si570
VFO. Installation of theSi570VFO frees up the space in the VFO compartment for additional
accessory modules. If the gmal factory VFO is still installed, then the module will need to be
installed somewhere on the top side of the 210X chassis.

The module is mounted to the side wall of the VFO compartment using an existing hole. A brass
standoff is mounted in the helwith a lock washer and nut. A second brass standoff is mounted on
the DSP module and is used as a spacer. Fiber washers should be installed between the brass
standoffs and the DSP module circuit board.

The end of the DSP module's audio interface eablsoldered in at Pin 22 of the-BQ0 edge card
connector. A jumper should be placed across C302 on th80BChoard, per the general
installation instructions provided in the BHI documentation.

Heat shrink tubing should be placed over the keyboarddute to keep the circuit board from
shorting out to the chassis. The DDS VFO front panel control switches are used to control the
operation of the DSP module.

Prior to installing the module, measure the audio output noise of the receiver with no sigdal a
GKS IdzRA2 3FAYy &aSG 2dzi G§KS mH 2Q0t201 LRAAGAZ2Y D

Once the BHI module is installed, you can compare the new audio output readings and determine if
you need to make a gain adjustment on the module.

2. Setup
The BHI setup procedure provided the installation manual should be followed. The Input and
Output pots are set to maximum from the factory. The input level control will need to be backed
off ¥4 of a turn to keep from overloading the DSP module.

One should listen to strong SSB sigratsaudio clipping, while viewing the overload LED indicator

on the DSP module. You should not be able to hear any clipping/distortion and the LED overload
indicator should just barely light on strong signal peaks. You will notice that the audio level ga
control on the 210X will have to be turned up slightly in order to get the same level audio output as
a nonDSP radio.
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3. Operation
For these instructions, it is assumed that t8i®&70VFO has been installed with the new front panel
controls.

SAVE/DSP
N

SAVE/DSP RIT toggle switch

replaces the Dial Set pot
center off¢ up momentaryc down ON

Up momentary performs two different functions, depending upon position of the AUX control
If the AUX switch is in the DSP position, then the toggle switcheld in the up position to
enable/disable the DSP module and also change the modes when the DSP mode is eaalbied
feedback beeps from the DSP module tells you the mode of the DSP module

AUX Switch

replaces the RIT control

rotary switch with siypositions

DSP Positiog in this position, the SAVE/DSP toggle switch becomes the DSP mode switch

4. Noise Reduction
Here is the amount of noise reduction that was achieved for the various mode settings:
The noise was measured with a RMS voltmeter conneatedss the speaker on 40M.

1 beep 9db
2 beeps 10db
3 beeps 12db
4 beeps 13 db
5beeps 14 db
6 beeps 15db
7 beeps 18 db
8 beeps 20db
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G. Panadapter
A full screen panadapter display is probably one of the most useful accessories thatnoagdce the

Atlas radios. This particular installation uses a PAT board from G4HUP and a SDRdisplay receiver. The
implementation is very easy.

Here is a typical display from the 40M band when there was not a lot of signal activity.

T y———

Lol ol Sl_ol ol ol

=

Atlas 210X/215X ransceivers 98 Engineering Supplement




IX. Appendix

A. Information Links
The following links provide a wealth of information concerning design, operation, and testiDf®f
VFOs

1. 50 ohmPi attenuatorpad calculator
http://www.random-sciencetools.com/electronics/Pl_attenuator.html

2. Mini Circuits Lab TUEF mixer
http://www.minicircuits.com/pdfs/TUFL+.pdf

3. Mini Circuits Lab ABEmixer
http://www.minicircuits.com/pdfs/ADEL.pdf

4. Mini Circuits Lab SRAmixer
http://www.minicircuits.com/pdfs/SRAL+.pdf

5. Discussion of spa from a AD9951
http://martein.home.xs4all.nl/pa3ake/hmode/hmode _intro.html

6. References to a number of different articles dealing with receiver band pass filters
http://wdkaz.com/qth/?p=210

7. Performance tests for various diode types in a double balanced mixer.
http://users.tpg.com.au/nfieraru/Electronics/DouéBalancedMixers.htm

8. Phase noise in oscillators
http://www.gsl.net/va3iul/Phase%20n0oise%20in%200scillators. pdf

9. Source of 210X/215X hard to find parts
https://www.rfparts.com/catalogsearch/result/?g=atlas

10. Receiver IMD Testing
http://www.sm5bsz.com/dynrange/qex/digitaimd.pdf
http://www.ab4oj.com/test/ar7030comments.html
http://www.robkalmeijer.nl/techniek/electionica/radiotechniek/hambladen/qex/2001/05_06/page
45/index.html
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http://www.random-science-tools.com/electronics/PI_attenuator.html
http://www.minicircuits.com/pdfs/TUF-1+.pdf
http://www.minicircuits.com/pdfs/ADE-1.pdf
http://www.minicircuits.com/pdfs/SRA-1+.pdf
http://martein.home.xs4all.nl/pa3ake/hmode/hmode_intro.html
http://w4kaz.com/qth/?p=210
http://users.tpg.com.au/nfieraru/Electronics/DoubleBalancedMixers.htm
http://www.qsl.net/va3iul/Phase%20noise%20in%20Oscillators.pdf
https://www.rfparts.com/catalogsearch/result/?q=atlas
http://www.sm5bsz.com/dynrange/qex/digital-imd.pdf
http://www.ab4oj.com/test/ar7030comments.html
http://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/qex/2001/05_06/page45/index.html
http://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/qex/2001/05_06/page45/index.html

B. HF Frequency Assignments (1 to 30 MHz)
In order to determine what frequencies might cause interference in the radio, one can do manual
calculations. Here is a link that autatitally computes the frequencies based upon your IF frequency,
IF bandwidth, and LO injection:

http://leleivre.com/rf _mixerspur.html

The frequencies in the 1 to 30 MHz band are used for a numhaurpbses. The following link

provides details on these frequency bands:

http://www.dxing.com/tuning.htm

Signals in the following frequency bands could cause interference in the 210X receiver if theasgnals
strong enough to get past the low pass, band pass, IF, and Image filters:

2498 to 2850 kHz:
Maritime stations are found here, as well as standard time and frequency stations WWV and WWVH on
2500 kHz.

2850 to 3150 kHz:
This band is used mainly byrapautical stations in USB. Several stations broadcasting aeronautical
weather bulletins, and you can also hear traffic between airports and airplanes aloft.

5450 to 5730 kHz:
This is another band for aeronautical communications in USB.

9500 to 9900 kHz:
This is the 34dneter international broadcasting band, and is packed with stations from around the
world.

9900 to 9995 kHz:
Several international broadcasters use this range along with fixed stations using FSK modes.

9995 to 10005 kHz:
This is set asidi®r standard time and frequency stations, like WWV and WWVH on 10000 kHz.

10005 to 10100 kHz:
This range is used for aeronautical communications.

10100 to 10150 kHz:
This is the 3@neter ham radio band. Because it is so narrow, operation here is restric CW and
RTTY.

10150 to 11175 kHz:

This segment is used by fixed stations. In addition to various FSK and digital modes, you may hear
several international broadcast stations being relayed in SSB. These "feeder" stations are used to send
programmingto relay sites not served by satellite downlinks.

11175 to 11400 kHz:
This range is used for aeronautical communications in USB.

11400 to 11650 kHz
This segment is mainly used by fixed stations in FSK and digital modes, but some international
broadcastes also operate here.

11650 to 11975 kHz:
This is the 28neter international broadcasting band. You can usually hear several stations here no
matter what time of day you listen.
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12330 to 13200 kHz:
This is a busy maritime communications band during theatad evening hours, with traffic in USB and
various FSK modes.

13200 to 13360 kHz:
Aeronautical communications in USB are heard here during the day and evening.

13360 to 13600 kHz:
This range is used by fixed stations, mainly in FSK and digital modes.

13600 to 13800 kHz:
This is the 22neter international broadcasting band, with best reception generally during the daytime
and early evening.

14350 to 14990 kHz:
This segment is used by fixed stations, primarily in FSK and digital modes. Canadian sitaedard
station CHU is also found here, on 14670 kHz.

14990 to 15010 kHz:
This sliver is reserved for standard time and frequency stations, with the best heard being WWV and
WWVH on 15000 kHz.

15010 to 15100 kHz:
This range is for aeronautical communicasdn USB, although a few international broadcasters do
show up here.

15100 to 15600 kHz:
This is the 19neter international broadcasting band, and it is usually packed with signals during the
daytime and early evening.

16460 to 17360 kHz:
This range ishared between maritime and fixed stations using USB, FSK modes, and digital modes.

17360 to 17550 kHz:
The range is shared by aeronautical and fixed stations using USB, FSK modes, and digital modes.

17550 to 17900 kHz:
This is the 18neter internationd broadcasting band, and best reception is usually during the daylight
hours.

17900 to 18030 kHz:
This band is used for aeronautical communications in USB.

18030 to 18068 kHz:
This range is used by fixed stations, mainly in FSK and digital modes.

18068to 18168 kHz:
This is the 1:#neter ham radio band, where CW, RTTY, and USB are used.

18168 to 19990 kHz:

This large band is used by fixed stations, with a few maritime stations also found kergt. traffic is in

FSK and digital modes. An interestinggitency is 19954 kHz, used for decades as a beacon frequency
by Soviet/Russian manned spacecrd®ieception in this range will usually be limited to daylight hours.
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19990 to 20010 kHz:
This segment is reserved for standard time and frequency statides\W\WV on 20000 kHz.

20010 to 21000 kHz:
This range is mainly used by fixed stations and a few aeronautical stations. Most traffic is in FSK and
digital modes as well as USB.

21450 to 21850 kHz:
This is the 13neter international broadcasting band, Wibest reception during the daytime.

21850 to 22000 kHz:
This band is shared by fixed and aeronautical stations in FSK and digital modes as well as USB.

22000 to 22855 kHz:
This range is reserved for maritime communications in USB and FSK modes.

22855to 23200 kHz:
This band is used by fixed stations, mainly in FSK and digital modes.

23200 to 23350 kHz:
Aeronautical communications in USB are found here.

25010 to 25550 kHz:
This band is used by fixed, mobile, and maritime stations, many of them lowrpdwnits in trucks,
taxicabs, small boats, etc. USB and AM are mainly used, along with FM having 5 kHz deviation.

25550 to 25670 kHZ his region is reserved for radio astronomy and is usually free of stations.

25670 to 26100 kHz:

This is the 1dmeterinternational broadcasting bantHowever, only Radio France International has any
broadcass scheduled here at this tim&eception is usually possible only in daytime during years of
high sunspot activity.
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C. Possible Interfering Sigals

The following table shows frequency bands listed under AppendixGeltmat might cause interference

in an Atlas radio.

Frequency Range 80M | 40M | 20M | 15M | 10M | Comments
2498 to 2850 kHz X Primary image
2850 to 3150 kHz X Primary image
5450 t05730 kHz (5645 KHz If X X X X X | All bands
9500 to 9900 kHz X Primary image
9900 to 9995 kHz X Primary image
9995 to 10005 kHz X Primary image
10005 to 10100 kHz X Primary image
10100 to 10150 kHz X Primary image
10150 to 11175 Kz X X Primary image
11175 to 11400 kHz X 2x VFO image
11400 to 11650 kHz X 2x VFO image
11650 to 11975 kHz X 2x VFO image
12330 to 13200 kHz X 2x VFO image
13200 to 13360 kHz X 2x VFO image
13360 to 13600 kHz X 2x VFO imag
13600 to 13800 kHz X 2x VFO image
14350 to 14990 kHz X Primary image
14990 to 15010 kHz X Primary image
15010 to 15100 kHz X Primary image
15100 to 15600 kHz X Primary image
16460 to 17360 kHz X | Primary image
17360 to 1755KHz X | Primary image
17550 to 17900 kHz X | Primary image
17900 to 18030 kHz X | Primary image
18030 to 18068 kHz X | Primary image
18068 to 18168 kHz X | Primary image
18168 to 19990 kHz X X | Primary image, 2x, 3
19990 to 20010 kHz X 2x VFO image, 3x
20010 to 21000 kHz X 2x VFO image, 3x
21450 to 21850 kHz X 3x VFO image
21850 to 22000 kHz X 3x VFO image
22000 to 22855 kHz X 3x VFO image
22855 to 23200 kHz X 3x VFO image
23200 to 23350 kHz X 3x VFO imge
25010 to 25550 kHz X 2x VFO image
25550 to 25670 kHz X 2x VFO image
25670 to 26100 kHz X 2x VFO image

D. Technical Resources

The following links provide a wealth of information concerning design, operation, and testing of HF SSB

transceiwers:

Mods For Atlas Radios

http://atlas.wireless.org.uk/mods.htm

Drake TR7 PA design considerations very similar to 210X design
http://www.wb4hfn.com/DRAKE/DrakeManuals/PDFDOCS/CRGuitDiagrams.pdf
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http://atlas.wireless.org.uk/mods.htm
http://www.wb4hfn.com/DRAKE/DrakeManuals/PDFDOCS/TR7-Circuit-Diagrams.pdf

Receiver MeasurementsHow To Evaluate Receivers
http://www.hb9gr.ch/dokumente/Receiver¥éeasurements.pdf

Crystal Filter Design
https://www.arrl.org/files/file/QEX_ Next Issue/NeRec 2009/QEX Nevec 09 Feature.pdf
http://www.w0ge.com/Projects/crystal _bandpass_filters.html

A highdynamicrange MF/HF receiver front end
http://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/qst/1993/02/page23/

Testing diode mixers
http://users.tpg.com.au/nfieraru/Electronics/DdaleBalancedMixers.htm

Presentday receiverg, some problems and cures
http://www.sherweng.com/documents/PreserayReceiversm.pdf
Sherwood Engineering receiver test results
http://www.sherweng.com/table.html

AGC Curves, including Elecraftcdhich uses a similar receiver design as the 210X
http://www. cliftonlaboratories.com/receiver _agc_curves.htm

Software tone generata¢ can be used for performing two tone IMD tests on transmitter
http://ko4bb.com/ToneGenerator/ToneGeneratReleaseNotes.php
http://download.cnet.com/DualFunctionrGenerator/30002169 475717132.html
Transmitter IMD testing

http://www.elecraft.com/manual/2FGen_Manual_Rev_B.pdf
http://www.w8ji.com/transmitter splatter.htm
http://www.cliftonlaboratories.com/imd_measurements.htm
http://preciserf.com/wp-content/uploads/2012/03/Appnote3-Spectrumanalyzestest2. pdf
http://preciserf.com/wp-content/uploads/2012/03/Appnote2-Two-Tone Tests2.pdf

This document has more content than the one found on the Yahoo forum:
http://translate.google.com/translat@hl=en&sl|=nl&u=http://paOfri.home.xs4all.nl/Mods/Atlas215/atla
s215.htm&prev=/search%3Fg%3Dsd1405%2Bhf%2Bamplifier%26start%3D50%26client%3Dsafari%26sa
%3DN%26h1%3Den%26biw%3D1024%26bih%3D672

IMD Tests on HL-A50 amp that has similar design to Atlas 210X
http://www.w8ji.com/rm_hla-150_test.htm

Bias designs for RF Power Amplifiers
http://www.gsl.net/va3iul/Bias/Bias_Cirdts for RF Devices.pdf

Heat sink design for RF Power Amplifiers
http://sound.westhost.com/heatsinks.htm

Schematics for the Tefiec Argonaut VI 538ansceiver
http://www.tentec.com/pages/TransceiveDownloads.html

Technical discuss on various capacitor types:
http://www.radio -electronics.com/info/data/capacitor/capacitor_types.php
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http://www.hb9gr.ch/dokumente/Receiver%20Measurements.pdf
https://www.arrl.org/files/file/QEX_Next_Issue/Nov-Dec_2009/QEX_Nov-Dec_09_Feature.pdf
http://www.w0qe.com/Projects/crystal_bandpass_filters.html
http://www.robkalmeijer.nl/techniek/electronica/radiotechniek/hambladen/qst/1993/02/page23/
http://users.tpg.com.au/nfieraru/Electronics/DoubleBalancedMixers.htm
http://www.sherweng.com/documents/Present-dayReceivers-sm.pdf
http://www.sherweng.com/table.html
http://www.cliftonlaboratories.com/receiver_agc_curves.htm
http://ko4bb.com/ToneGenerator/ToneGeneratorReleaseNotes.php
http://download.cnet.com/Dual-Function-Generator/3000-2169_4-75717132.html
http://www.elecraft.com/manual/2T-Gen_Manual_Rev_B.pdf
http://www.w8ji.com/transmitter_splatter.htm
http://www.cliftonlaboratories.com/imd_measurements.htm
http://preciserf.com/wp-content/uploads/2012/03/Appnote-3-Spectrum-analyzer-test2.pdf
http://preciserf.com/wp-content/uploads/2012/03/Appnote-2-Two-Tone-Tests2.pdf
http://translate.google.com/translate?hl=en&sl=nl&u=http://pa0fri.home.xs4all.nl/Mods/Atlas215/atlas215.htm&prev=/search%3Fq%3Dsd1405%2Bhf%2Bamplifier%26start%3D50%26client%3Dsafari%26sa%3DN%26hl%3Den%26biw%3D1024%26bih%3D672
http://translate.google.com/translate?hl=en&sl=nl&u=http://pa0fri.home.xs4all.nl/Mods/Atlas215/atlas215.htm&prev=/search%3Fq%3Dsd1405%2Bhf%2Bamplifier%26start%3D50%26client%3Dsafari%26sa%3DN%26hl%3Den%26biw%3D1024%26bih%3D672
http://translate.google.com/translate?hl=en&sl=nl&u=http://pa0fri.home.xs4all.nl/Mods/Atlas215/atlas215.htm&prev=/search%3Fq%3Dsd1405%2Bhf%2Bamplifier%26start%3D50%26client%3Dsafari%26sa%3DN%26hl%3Den%26biw%3D1024%26bih%3D672
http://www.w8ji.com/rm_hla-150_test.htm
http://www.qsl.net/va3iul/Bias/Bias_Circuits_for_RF_Devices.pdf
http://sound.westhost.com/heatsinks.htm
http://www.tentec.com/pages/Transceiver-Downloads.html
http://www.radio-electronics.com/info/data/capacitor/capacitor_types.php

Receiver 3 Order IMD Testing

One of the originalAtlas transceiveclaimto-fame featureswas its ability to hear weak signals with
nearby signals that were very strongorty years later, the 210X15X radios still have better overload
specs than many of the modern day transceivers. This was the result of having no RF amplifier ahead of
the first mixer and having a passive double balanced mixer.

If you go to the Sherwood Engineerimgeb site, youcan see how the Atlas receivers compare with
other modelsin the areas oDynamic Range Wide Spaced.

http://www.sherweng.com/table.html

The dynamic range data can be converted toC&der IMD values \th the following formula:
IP3 = (3 x IFDR)/2 + (noise floor)

Here is an example using the data for the 210X radio.

IP3 = (3 80)/2 + (120)

IP3 =20 -120

IP3 =0dbm

Using the above formula, here are som@ Qrder IMD specs forome of the popular tansceivers,
normalized for a MDS 620 dbm. Thelata in paenthesisis the raw data, using the measured MDS
listed on the Sherwood web site.

+39.5 dbm (+39.5)
+38  dbm+40

Kenwood TS90S
Flexradio Systems 6700

+37.5 dbm(+37.5) Yaesu FB50
+375 dbm ¢34.9 Elecraft KX3
+37.5 dbm (+30.5)  Icom IG7700

+36  dbm¥33
+36  dbm (+29)
+36  dbm (+26)

Yaesu FTdx000D
Kenwood T$S90SG
Elecraft K3 (old version)

+33  dbm (+18) Icom IG7410
+33 dbm (+B) Yaesu FTd%200
+28.5 dbm (+16.5)  Icom 756 Prdll
+28.5 dbm (+14.5)  Drake TR

+27  dbm+21.5
+27  dbm (+18)

Elecraft K3 (new version)
Elecraft K2 (very similar RX front end design to the 210X wittOP®oard)

+22.5dbm (+17.5) TenTec Argonaut 539
+21 dbm (+14) Collins KWMB80
+19.5 dbm (+15.5) TenTec Eagle 599
+15 dbm (+12) Flex 3000

+12 dbm (+16) Flex 1500

+7.5 dbm<3.5) Collins 75S3C

+1.5 dbm<9.5)

0 dbmQ(Q)
-1.5 dbom{ 4.5
-6 dbm(-6)
-9 dbm{13)
-14  dbm<14)

Atlas 350XL (same basic fraamd as the 210X)
Atlas 210X with RC20 boardg measured ly Clint
Heath SBLO4

Atlas 210X with RC20 board

Drake TRIC

Atlas 210X, measured by Kevin

Please note that Wide Spaced figurésnibt tell the entire story. One also needsltmk ats the Narrow

Spaced figures.

Low cost test equipment is readily available to perforfth@der IMD testing on the radiosHP 8640
and Marconi 2018 signal generators are available for reasonable miceBay for about $300Both of
these signafjenerators have very low close in phase noise.
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Here is a link to an article that provides info on building two crystal controlled oscillators.

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=6&ved=0CBFARUKE
wiCluDm5tPIAhWGKYgKHUN7AHO&url=http%3A%2F%2Fwww.cgham.ru%2Fforum%2Fattachment.php
%3Fattachmentid%3D33030%26d...%2520&usg=AFQJCNE9w5ihVotim Sd3D_Urup5dhgNaA&sig2=SC9A
79| iojWEvVMQrxTztw

Sb70 oscillators could also be used. Here is a couple otsstor these oscillators:

http://acOc.com/main/page _homebrew 2xsi570 rf gen.html
http://www.gsl.net/k5bca/Kits/Kits.html
http://sdr -kits.net/#Pricing

Jack from Clifton Laboraories has confirmed that th&78l oscillator has about the same amount of
phase noise as the HF640.

http://www.cliftonlaboratories.com/si570_kit_from_k5bcq.ht
An excellent AD9951 oscillator kit is available from this source:
http://www.walffl.com/

The measured'Sorder IMD spec for a receiver can be no better than the spec for the first mixer. For a
receiver with an MCADEL mixer, tha spec would be +15 dbmThe more gain stages in a receiver, the
higher the probability of reducedBOrder IMD measurements.

The noise blanker on a ARO board, has a very large effect on the measur€d@ler IMD. In some
cases, masured IMD is reduced as much as 40 db when the noise blanker is enabled. This happens
even when the noise blanker thregtold pot is correctly adjusted.
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http://ac0c.com/main/page_homebrew_2xsi570_rf_gen.html
http://www.qsl.net/k5bcq/Kits/Kits.html
http://sdr-kits.net/#Pricing
http://www.wa1ffl.com/

Here is an example of a test configuration that could be used:

Receiver 3 Order IMD Testing

3 db above noise | =

-16.8 dbom

) 1gy

-16.8 dbm

SLP-15 2 '

SG 2

1

AD9951 :
DDS VFO by
WALFFL ;
5

7

8

9

10

11

12

13

14

B
I—z:y .
-

Singer 323-07

—
S o)l

Audio Out

Atlas 210X

~-130 dbm to -30 dbm

KAY 839

Hybrid
Coupler

Step
Attenuator

Test Procedure

. Tune receiver to 14220 KHz and adjust the rceiver audio out for a reference level on the Singer voltmeter.
. Set Kay Attenuator to -100 dbm insertion loss.
. Turn on SG1 and adjust frequency to 14220 Khz and set the output level to -20 dbm into the Kay attenuator.

Reduce the attenuation on the Kay Attenuator until the voltmeter reads 3 db
above the reference level set in Step 1.
Record amount of attenuation and the MDS value.

. For an Atlas 210X LE, that value will be abouti 120 dbm.

. Turn on SG2 and set frequency t014200 Khz and the output level to - 20 dbm into the Kay attenuator.
. Tune the receiver to 14180 KHz or 14240 Khz.

. Reduce the attenuation on the Kay Attenuator until you reach the MDS level on the voltmeter.

. Record amount of attenuation on the Kay Attenuator.

. Subtract the attenuator setting in Step 10 from the setting in Step 5.

This is your 3 Order IMD Dynamic Range.

. Multiply the Dynamic Range value by 1.5 and add the MDS value from Step 5.
. Typical 210X LE value would be: 1.5 x 80 -120 = 0 dbm
. Typical 210X with PC-100 board would be: 1.5 x 90 -120 = + 15 dbm
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F. Undocumented Factory Changes
The followingfactory changes were made to the 210X/LE series of radioghbuhanges were never
documented by the factory:

The IF of the radio was moved from 5520 KHz to 5645 KHz

No updateduser manual was produced for the 210X LE model

No schematic was produced for theBB0 module used in the 210X LE model

No details were provided on how the 210X LE model achieved higher TX power output

Two types of PA0O boards used on the LE modeff@ient foil pattern in area of driver transistor)
Type 1: MRB76 driver, 3 turns on output driver transformer, and M&¥ PA transistors

Type 2: MRB97 driver, 2 turns on output driver transformer, and-@4ZB5 PA transistors

C515 is 180 pf veus 100 pf on a standard 210X model

IF Trap and Image filters on the 210X LE models were 6 turns of wire as opposed to 8 turns
3.9k ohm resistor replaced withza5k ohm pot on the R200 board

No details on how to adjust the 2.5k ohm pot on theZ®0 tpard

The two 68 ohm resistors were removed from across the carrier balance pot on th2(Rtdard
Some 210X radios had a push/pull-Off switch installed on the Mic Gain pot

Change from open contact phenolic wafers to encldsed! plastiovafers on theband-switch
Several different regulated voltages on different models (8.5 vdc, 9.5 vdc, 10 vdc, etc.)
Chassis edge card connectors changed to a single row of 22 pins as opposed to a dual row of 22 pins

G. Unresolved Design & Engineering Issues
There are anumber of areas in the radios that do not appear to operate correctly and/or a better
design seemed to be available when the radios were produced. The easy answer is related to cost.
Produce a radio with a low manufacturing cost so that a reasonablét mauld be made. We will
continue to research these areas for solutions.

These items include:

Crystal Filter bandwidth measures about 2.3 KHz at #hedb points, versus the advertised 2.7
bandwidth

Low Q capacitors were used in a number of RREits;ovhen higher quality capacitors were available
Discrete component mixers were used when packaged MCL mixers were available in 1974 at low prices
The output of the receiver mixer was not adequately terminated at 50 ohms

The radios were never subnetd to QST for lab testing

The receiver audio circuits appear to be low frequency crippled due to low values of coupling capacitors
On the P€120 boards, different designs were used on tifeahd 2% IF amplifier circuits

Doublesided PCBras not usedn the TX BPFesulting in instability and spur generation

H. History of Atlas Radio
Here are links related to the various models of radios produced by Atlas Radio:
One of the first magazine article reviews of the Atlas radio.
http://www.radiomanualinfo/schemi/Surplus_Radioamateur/Atlas_210 215 review

_1975.pdf

This link ha8 different ads for the 210X LE radio
https://archive.org/stream/73magazinel979-06/06_June_1979#page/n29/mode/2up

Press release for the 310 radio:
www.atlas.wireless.org.uk/310.htm

Links for the 410X radio:
www.atlas.wireless.org.uk/pictures2.htm
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http://www.atlas.wireless.org.uk/400.pdf

The following information was compiled from Google searches, the Yahoo Group Atlas forums, and from
individuals th& had knowledge in this area.

Herb Johnson, W6QKI, was the founder of Swan Electronics in 1961, manufacturing the first generation

of highly successfudingle bandSSB/CW Transceivers for the amateur radio markéte single band

models evolved intotd YR dzy AGa +FyR GKSy Ayid2 FdAt FASS ol yR
paved the way for National to release their NEXi-band transceiver and Drakgtheir TR3 five band

transceiver.

In 1967 Herb merged Swan with Cubic Corp. of San Diegjod continued managing the Swan
subsidiary until 1973. The Swan line of equipment was mostly tube type design, and through the years
more than 80,000 Swan Transceivers were sold.

A high percentage of them are still on the air, putting out strong, gqudlity signals. (The name
"Swan" was chosen in memory of Herb's dad, whose name in the old country, Sweden, was Sven, but
was Americanized to Swan when he came to the U.S.A.)

In 1974, Herb started his second company and named it Atlas Radio (aftdi9##e vintage diesel
engine in the 1924 motor vessel, "Westward", owned and skippered by his friend, Don Gumpertz,
K60F). Atlas introduced the first successful all solid state transceiver.

In this designHerb had valuable assistandeom Les Earnshaw, fodler of Southcom International.

The original model 180 covered the 160, 80, 40, and 20 meters.

In 1975, the 210 and 215 models evolved, follovired 976 with improved®10X and 215¥odels.(The

210 series covered the bands from 80 through 10 metersijewtne 215 covered 160 through 15
meters. The 210X/215X LE models were released in early 1979.

There were over 19,000 of theariousmodels sold. They were developed under the "KISS" principle
("Keeplt-SimpleStupid"), and the design set new standaifdr high performance and reliability, as well

as being practically bullet proof. The majority of these early Atlas radios are still in service

A typical eBay price for a fully working model is $200 to $400. The price seems to be going back up,
comparel with pricing from 10 years ago.

Herb Johnson, W6QKI died February 1. 2000. Johnson, who lived in Cardiff, California, was 79 and had
been in ill health for severglears. Information from Gary SmithVE4YH (who is the proprietor of the
VE4YH Virtda Swan Museum,http://www.pcs.mb.ca/~standard). Swan Electronics, then Swan
Engineering, began during the winter of 196861 as a onenan operation with Johnson, then W7GRA,
building the first D Swan SSB rigs in a garage in Benson, Arizona.

In the early days of this Yahoo grqupere was an eXtlas employee who would from time to time
take pity on us and explain why these things were so

Such aghe lack of a workshop manual (apparentlyey intended to write one but just never got
around to doing it, too busy building radios) and the variations between radios of the same model
which were not covered in the circuit diagrams (modifying the radios as they were going down the
production lineseems to have been a regular thing at Atlas) Herb apparently pushed this aspect of the
Atlas production as a plus, listening to his customers suggestions.

Apparently Atlas had the FCC on their backs on a regular basis as the output spectrum of seme unit
was not all that wonderful; the ex employee advised me not to put my 210x on &rspeanalyzeras |

might be shocked by the results, or might not be, as the output spectrum of each transceiver rolling
down the production line varied considerably.
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In 1995, a revived Atlas Radio promised to produce a-gemeration Atlas 400X and even collected
deposits and full payments for radigswhich it ultimately failed to deliver or which failed to meet
expectations. Johnson conceded i&9 (i KI i K &ere®ihtdra ndiré of téchnical problems" in
trying to design a new Atlas HF rig.

He said he personally lost thousands of dollars on the revived Atlas Radio venture and estimated that as
many as 250 hams had made deposits, while only a few ever sawnttogiey again. Many hams
complained to the ARRL, and a few sought legal actions against Atlas Radio.

Other hams who invested in Atlas Radio also were left in the cold. In 1995, a company called O.M. Radio
struck a deal to take over Atlas Radio's assatbrmanage the company.

O.M. Radio also operated an Atlas Radio repair service and even promised to make good on delivering
the new transceiver, but nothing ever came of the effort.

An old Swan employee said that Herb Johnson had some great planenfier great new rigs, but
became too sick to see the development through, and then the people that ran the company for him
while he was dying messed up the finances beyond repdi. feels that if Herb's health would have
been better at the time, we woulddve seen some radios that even outclass the-Z50

350XLRadio Info
Around 197, Herb and the engineers (Bob Ruby and Fenner Hudson, both silent keys) came up with
the 350XL to better compete with Kenwood and Yaesu, who were chipping away at Attas sale

The 350XL was a magnificent radio but it spent a long time in development and was costly to produce so
not many were made and in the long run didn't really catch on.

Mike Williamson¢ KA5DVR, has serial number 2863 CA of the 350XL Mark Il sededheRiser
manual, Atlas started with SN 1950 CA for the first Mark Il radio. Mike suspects that 200 to 400 of the
Mark Il units were made, so there could have been up to 1200 total units sold from the entire series.
Herb personally tweaked every 350¥at went out the door and Herb indicated that he lost money on

SOSNER dzyAl GKFG 6Fa az2ftRo LG A& NBLRNISR GKFG 1 SN
I RNBFY YIOKAYS: gKSy AGQa y2idz AdQa 2dzad | LAES 2
210X LE Info

This modelwas released around June 1979 and was probably the last fully functional transceiver that
Atlas produced. Three months later, the Atlas Radio Company went out of business. | suspect that the
competition was too much for the company to overcome. Themrevany number of solid state
transceivers on the market at that time, including units for mobile operation.

Competition included the:
Ilcom IG701

Kenwood T8920S and T$80S
Swan 100MX and Astro 150
TecTec Omnb45

Yaesu FI01ZD and FTB

310Radio Info
There was a press release in 1993 for this model and it appears that no units were ever produced.

"The Swan transceivers were what | like to think of as my first generation of SSB HF Transceivers," says
Herb. "They were then followed by nsgcond generation, the Atlas transceivers of the 70's."

"And, so here we are, back again, this time with the third generation, the brand new Atlas 310. I'm
sure you'll find the 310 to be as innovative and exciting as the 210 was 18 years ago, with ma
additional features to make it the radio of the 90's.
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The general design philosophy is the same 'KISS' principle, but without compromise in any area. In state
of-the-art technology, performance, and reliability, the 310 takes a back seat to no one."

400XRadiolnfo (from a ham that received one):
The 400X was released in 1994 and about 5 or 6 of them were Solashe hams paid for the radios up
front and received a refund when the radio could not be delivered.

One ham never received a working radbut did receive two units that did not work and a console

power supply. Both of these radios were missing the PA module.

Here is some info from another ham that purchased this model:

The 400X did arrivelt appears to be in pristine conditorDoed y Qi f 221 fA1S I O2I E
plugged in.It has a few wires hanging that need homes.

It is a very curios mix of old Swan with the Jones plugs on the bdckeems to have a modified 210X

LE P.A. in it with the negative feedback networks ohoth P.A. transistors.

They appear to be the 80W MRF454 sidde front panel controls are very smooth with a high class
quality feel to them. There is a conflict with the chassis and the top mounted speaker, (which has a
Mylar speaker cone instead qfaper).{ 2 ( KS f JoR Thisis/avéry sinall problem to fix.

The boards have a distinctive Astro 103 look to them, but the componentsidrautflat to the boards
and perpendicular to each other ini@al neat layout. The construction igay better than | thought it
would be. It will take some time to power it up, as | want to make sure all is good to dd'ke.IF
crystal filter is discrete and not like the packages from Network sciences.

It has a 2.7, a 1.8 and@6 kHz settingon the front panel switch for the IF filters. Some parts of the
wiring do look aif home made. There is a 210X looking dial drum, metal this time, but it harkens back
to the 210X with the black stringThe front panel silk screening is very good quaditgl the powder
coated covers are nicelt has the Swan 100MX/Astro line feet on the bottom cov@he top and
bottom cover are the same, so both have a speaker grill pattern, but only the bottom have holes for the
feet.

Jack Brewer appears to have tbely 400X that is working. Research is in progress to find out who was
G2NyAy3a Ay (GKS nnn- aK2Llo Ld FLIWSIENAR GGKFEG 2yS 27

Last Days (from an e#tlas employee):

In March 1976, | was fortunate enough to land a job aging the stockroom at Atlas Radio, Inc. in
Oceanside, California. Prior to this, | was working for minimum wage in the mailroom of-grafin
organization and working nights and weekends at Mel's Bubblebath Carwash.

A friend of mine had previously ltethe Atlas Radio stockroom job and, having decided that he and his
wife were moving to Oregon, got me an interview with his boss Les Johnson, who was the Atlas
Production Manager and son of Atlas Radio owner Herb Johnson.

W6QKI(now silent key) Les and | talked for a while and | guess he figured | was, at least, halfway
intelligent and he hired me on the spot. The next day | quit the carwash and gave my notice at the non
profit organization.

| was very elated about all this for two reasot}:The wges offered by Les exceeded the total of my

previous day and night/weekends jobs combined, a?)dt had been interested in amateur radio since

mpcp HKSYy L 06SOFYS +y FT@AR {2 FFGiSNIYe@ 5FR odzf i
receiver. | listened to lots of hams (mostly AM in those days) and dreamed of someday earning my ham

ticket but for various reasons | was never quite able to get to it.

Atlas Radio, Inc. was loaded with enthusiastic Hams
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The Engineers, most of the Techniciandanearly all of management was Hams. After a few weeks
there, | found myself with an Elmer, an old time Ham whose name was Tom Marshall (can't remember
his call sign) Tom was in his late sixties at the time and mentioned that he had helped set up af few
FDR's 'Fireside Chats' back in the late 1930's while he lived in Maryland.

Tom would send me practice code during our lunch breaks and after a couple months | got my code
speed up to around 15 words a minute. Tom worked 40m CW exclusively and heaas

While | would painstakingly write down every letter when copying CW, Tom never wrote down
anything. He just listened and heard entire sentences and paragraphs and worked CW at around 40
words per minute.Meanwhile | was studying up on radio thgaand FCC rules and regulations.

The big day came and | drove down to the San Diego FCC Field Office, took my written and code tests
for a General Class license and passed, first try.

Back at work, Les had heard about my newly earned Ham ticket adittaipon himself to set me up

with an Atlas 210X which Clint Call (W6OFT, now silent key) kept as a loaner in customer service. Then
Les had me pick out a multiband vertical antenna which purchasing ordered for me. The idea being that

| would pay back th company later when | had some extra cash. Later came around after the next
payday and | approached Les with partial payment in hand and he said with a smile, "Forget about it".

My antenna arrived after a few days which | set up on the roof of my serall bungalow.Right away
| turned into a DX hound and would stay up late at night tuning around the 20 meter band. | had QSO's
with Hams around the world and | was in Ham Heaven.

After a year in the stock room, Les called me into his office andnteldhat they liked my attitude and

work habits and that they wanted to move me up. | was offered a job as a parts buyer or a technician. |
asked Les. 'which one makes more money?' Technician was Les's answer.

The next day Burr Chamblis, the Test DeparitrSupervisgrsat me on a test bench between two old
timers (two hams in their 50'sl was 25) who taught me electronics and troubleshooting.

| began testing modules and then assembled radios. Turns out | had an easy grasp of this and after
another yar | was doing the final check out, troubleshooting and biarof the completed 180's, 210X,
and 215X's.

A year later, | was the gm guy and was fixing all the problems the other techs were having a tough
time with. The components were always vergahty and reliable so 95% of the problems were
assembler errors which were pretty easy to find.

By today's complex standards, an Atlas 210X is super simple, straight forward and EASY to trouble
shoot! By early 1979, | was running the final checkout tasts burrin bench and having fun doing it.

Things started to go downhill when AR introduced the 350XL which was a bugger to develop and test.
And then there was the ill fated 110X which was the entry level modular system which almost no one
bought. Thee were still hundreds of these on the shelves in Sept. 79 when AR went bust.

There were not many 350XL's made and sold, maybe a thousand. They're rare. | found one the other
day at a garage sale which prompted me to discover this web site.

| worked atAtlas Radio Inc. from March 1976 until September 1979 when the doors were closed.
Besides family members, Herb Johnson and sons Les and Eric, | and two other guys was the last people
to get laid off.

It was a sad day for me because Atlas was a greaepio work. It was loaded with a lot of very nice
people, not least among them, the Johnson's who helped me launch my career in HF radio electronics
manufacturing.
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I.  Background of Authors

KEVIN MURPHYZL1UJG

Kevin is 55 and developed an interest atio from his late father, who was a short wave listener for
many decades. Upon leaving school, he spent some time (~ 1.5 iyetdre)Radio Section at the local
Naval dockyard, which was a short walk from whieedived in Auckland NZ.

The family move to the UK during the mid 1970's and after a short time, was employed at one of the
RACAL Radio companies in Reading, Berkshire.

He was employedfor almost 10 years repairing and calibrating test equipment, involved with the
design and manufacture dheir radios. He interacted with the design engineers and developed an
interest in radio performance. He got his first Amateur license in 1@deér the call GBNXT.

Upon returning to NZ in 1986, he started working on radio repair (down to componesi)ier the NZ

Post Office, which then changed its name to Telecomhe repair of their Telecom systems then
centralized in Hamilton. Since 1989 he has been working as a radio technician in the same facility,
which has become privately ownedhtip://www.looptechnologies.comj

Kevin has an interest in radperformance witha moderately equipped home workshop, and some
modern tools, (such as the SignalHound Spectrum Analyzer, and VNWAZ2.6), and ophes st
equipment.

CLINT CHRGQNV7KEC

Clint is @ and retired from Charles Schwab as a HP server hardware engineer. He operates a small
consulting companywww.telechronconsulting.cojto help g & F2NJ KA&a K200&8® [/t Ayl
from Texas to Alaska in the mid 50s and AT&T telephone calls were about $20 for a 5 minute call. His
grandfather in Texas told him that he would buy him a ham radio setup if he would get his ham license

so that someaoe in his small Texas town could run phone patdogsm.

Clint got his Novice license in 1960 with a call sign of WL7DQP. His grandfather bought him a Heath
DX100 transmitter (assembled) andHallicrdters SX96 receiver. Clint had to buy the emac¢ a

Hygain Avemn @SNI A OF f @ {K2NIife GKSNBIFITGSNE /ftAayiQa ¥
Ybpl DC® I'S £FGSN) dzLJANI RSR (2 | /2y RoOZ&Lyhid K AOSY
grocery store and was able to purchase one @f finst Drake TR SSB transceivers in 1963.

Clint joined the US Navy during the Viet Nam war and was trained primarilysalsnaarinenuclear

reactor operator, with a secondary skill as a radar technician. He also worked as a sonar technician on a
subnmarine tender. Clint ran a number of phone patches from the Navy MARS stations of KBNCG at
Treasure Island and KH6SP at Pearl Harbor.

Upon leaving the Navy in the early 70s, Clint worked in various jobs as a land mobile radio technician.
Everything thate did in the land mobile area was directly transferable to the ham radio area. He was
always experimenting with new ham radio circuits.

/| tAyiQa LI aarzy Ay KIFIY NIRA2 A& o0dZAfRAY3IAZ (SadAy3;
current operating goal is to get some type of 10M40M antenna installed in the attic at his house
(HOA restrictions). He has to keep his Cushcraft vertical folded over when not using it.

Clint has a moderate setup of test equipmentnost of it old, but stl very usable HP 8@7Asignal
generator,Rigol DSA 818pectrum analyzer, Boonton 4220 power meter, and various power supplies,
frequency counterspscopes etc. He also has a machine shop with a Taig lathe and a Harbor Freight
mill, so it is easy taabricate mechanical parts for his ham radio projects.
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http://www.telechronconsulting.com/

J. MMIC Wide Band Amplifies
For some testing/engineering scenarios, one needs a simple wide band amplifier with input guod out
impedances of 50 ohms. Mini Circuits has a number of MMICs that prexckdlent amps This
includes the GAl8, GALI74, GAL-B4, ERA etc. These chips can be obtained from Mini Circuits as
evaluation samplesA minimum number of parts are needed for a complete amplifier.

Links for the some of the more popular MMIGpzh

http://www.minicircuits.com/pdfs/GALb+.pdf
http://www.minicircuits.com/pdfs/GALl74+.pdf
http://www.minicircuits.com/pdfs/GALB4+.pdf
http://www.minicircuits.com/pdfs/MAR1 +.pdf
http://www.min icircuits.com/pdfs/MARGSM+.pdf
http://www.minicircuits.com/pdfs/ERA+.pdf

Circuit boards can be obtained from eBay anesisources:

Chuckwagiac (eBayseller)

http://www.wlghz.org/

http://stores.ebay.com/RBasieStore/MMICGand-RFAmplifier/_i.html? fsub=2
http://www.ebay.com/sch/rfextra/m.html|?item=400080328667&ssPageName=STRK%3AMEBIDX%3AIT
&rt=nc& trksid=p2047675.12562

TheERAS kit, available from eBay seller chuckwa3iases SME parts for the inductors and capacitors

and the provided valuethat work very good for &or a 1to 50 MHz amplifier. For any of the MCL
MMIC amps the inductive reactance of RFC plus the Rbias resistor should equal approximately 500
ohms.

Hereare some amps that use discrete and SMP parts:

oy gl 0G0 OdzZNNByld A
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http://www.minicircuits.com/pdfs/GALI-6+.pdf
http://www.minicircuits.com/pdfs/GALI-74+.pdf
http://www.minicircuits.com/pdfs/GALI-84+.pdf
http://www.minicircuits.com/pdfs/MAR-1+.pdf
http://www.minicircuits.com/pdfs/MAR-6SM+.pdf
http://www.minicircuits.com/pdfs/ERA-5+.pdf
http://www.w1ghz.org/
http://stores.ebay.com/RF-Basic-Store/MMIC-and-RF-Amplifier-/_i.html?_fsub=2
http://www.ebay.com/sch/rfextra/m.html?item=400080328667&ssPageName=STRK%3AMEBIDX%3AIT&rt=nc&_trksid=p2047675.l2562
http://www.ebay.com/sch/rfextra/m.html?item=400080328667&ssPageName=STRK%3AMEBIDX%3AIT&rt=nc&_trksid=p2047675.l2562

Recommended Application Circuit R BIAS
Rbias (Required) Vee “1%” Res. Values (ohms)

Vee for Optimum Biasing
Cbypass 7 301
8 43.2
Chlock RFC (Optional) 9 560
IN ouT 10 69.8
! Chlock 11 84.5
12 97.6
= 13 113
Test Board includes case, connectors, and components (in bold) soldered to PCB 14 127
15 140
16 154
17 169
18 182
19 196
20 210

The GALB amplifier is optimized a0 ma current, has about 12.8 gain, and has an extremely flat
response from 1 to 100 MHaVith a GALB4 MMIC, the gain is about 23 db.

Here isthe harmonic respose with the ampfier being driven with a 20 MHz signalCedbm.

Marker

Select Mkr
[1 NEAREIRE]

d 20 Mormal

Delta

Delta Pair

Ref

Span Pair
Span

Off

Mkr Trace

-100 Auto
Center Freq z

VBW  1.000 kHz 142
At a drive level 0f10 dbm, the 2 harmonic drops to a level 658 dbm below the fundamental.

Here is a partial listing of suitable Mini Circuit MMIC amplifiepghi

CHIP GAIN Current Draw 1db IP3 Noise Figure
comp. | Output in db
in db
GALI6 12 db 70ma @ S0vdc| 18.2 35.5 4.5
GALI74 25db 80ma @ 4.8vd{ 19.2 38.0 2.7
GALI84 25db 100 ma @ 5.8 vd{ 21.9 37.6 4.2
MAR1 18db 17 ma @ D vdc 2.5 14.0 3.3
MARG6SM 22db 16ma@ 3.5vd( 3.7 18.1 2.3
ERA5 20 db 65ma@ 4.9vd{ 18.4 33.0 3.5
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The chips with the high IP3 Outputs make good amplifiers in areas élvaiahhigh output signal such as

the VFO, Carrier Oscillator, etc. The chips with the low curdeztv and Noise Figure make good
amplifiers in the receiver front end circuitsThe following chart shows the differences in harmonic
distortion for various mmic amps at different drive levels:

AMP GAIN INPUT | OUTPUT 2nd 3 COMMENTS
HARMONIC| HARMONIC
NA NA +10 dbm| +10 dbm -63 dbm NA | Signal genator into SCFL23
then into Spectrum Analyzer
GALI6 | 12db| -2.2dbm| +10dbm -35 dbm -50 dbm
-7.2 dbm +5 dbm -45 dbm -64 dbm
-12.2 dbm 0 dbm -55 dbm NA
-17.0 dbm -5 dbm -64 dbm NA
GAL{74 | 24db | -14.5dbm| +10dbm -31 dbm -48 dbm
-19.4 dbm +5dbm -41 dbm -63 dbm
-24.4 dbm 0 dbm -51 dbm NA
-29.4 dbm -5dbm -62 dbm NA
GAL#84 | 25db -15dbm| +10 dbm -31 dbm -50 dbm
-20 dbm + 5 dbm -42 dbm -64 dbm
-25 dbm 0 dbm -51 dbm NA
-29.9 dbm -5 dbm -60 dbm NA
ERA5 20 db -10dbm| +10 dbm -28 dbm -41 dbm
-15 dbm +5 dbm -38 dbm -61 dbm
-20 dbm 0 dbm -51 dbm NA
-25 dbm -5 dbm -60 dbm NA
LT1227 | VAR NA | +10 dbm -26 dbm -32 dbm | DDS VFO for signal generator
10 vdc NA +5 dim -37 dbm -46 dbm | fed directly into SA
NA 0 dbm -48 dbm -60 dbm
NA -5 dbm -58 dbm -67 dbm
AD8007 | VAR NA | +10dbm -28 dbm -57 dbm
10 vdc NA +5 dbm -39 dbm -66 dbm
NA 0 dbm -49 dbm NA
NA -5 dbm -58 dbm NA
AD8007 | VAR NA | +10 dbm -48 dbm -80 dbm | DDS VFO for signal generator
10 vdc NA +5 dbm -57 dbm NA | fed into MCL SCLF23 then SA
NA 0 dbm -68 dbm NA
AD8007 | VAR NA | +10 dbm -45 dbm -70 dbm | DDS VFO for signal generator
9 vdc NA +5 dbm -57 dbm NA | Fed into MCL SCLF23 then SA
NA 0 dbm -68 dbm NA
AD8007 | VAR NA | +10 dbm -53 dbm -63 dbm | DDS VFO for signal generator
GALi6 NA +5 dbm -63 dbm -78 dbm | fed into GAL-6 then into SCLF23
SCLF23 NA 0 dbm -68 dbm NA | Low Pass Filter, then SA

Setup15 MHz test frequency
10 db internal attenuatin on spectrum analyzer
20 db external attenuation to spectrum analyzer

The best configuration for the DDS VFO is the VFO feeding & @lpl and then feeding a SCLF23 low
pass filter. The™ best configuration is the VFO feeding a SL#F®@wW passifter and 3 db attenuator.

K. Receiver Spurs
The number of spurs and the signal level of the splaisendupon the receiver design, the quality of
the parts, and thephysicallayout of the parts. In Atlas radios, the receiver spurs are mainly the result
of the mixing of the carrier oscillator with the VFO signal (both primary and harmonic signals). As
previously noted, the harmonic output from the carrier oscillator and VFO is very high.
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The recommended method for checking for receiver spurs is to termiteteantenna jack with a 50 |
ohmdummyt 2 I R® ' wa{ !/ @2t GYSGSN) aK2dZ R 06S 0O02yySOiSi

For each band, the baseband noise level should be recorded. The VFO should be slowly tuned across
each band and the frequency amelative noise level of each spur should be notd@n-Ted2 spec for

the Argonaut VI receiver says that there will no more than five birdies with amplitudes greatef @fat

dbm.

The following spurs are found on a standard 21&¥adio with a 5645KHzIF

BAND | RX 10db SPUR SPUR SPUR SPUR SPUR SPUR
S+N/N

80M | -113dbm | 3763 @+5
40M | -114dbm
20M | -110dbm | 14113 @+12| 14222 @+7
15M | -113dbm | 21450 @+10
10M | -103dbm | 28266 @+22
NOTES:
The spur at 14113 KHz is internally gexted from the & harmonic output of the carrier oscillator
mixing with the 3 harmonic frm the VFO signal.

The spur aR8226 KHz is internally generated by th&HBirmonic output of the carrier oscillator mixing
with the VFO signal.

Spurs on an Argona 539¢ 10 Hz Frequency Increment with pemp turned off
Spurs less than +3 dbm are not recorded

BAND RX 10 db SPUR SPUR SPUR SPUR SPUR SPUR
S+N/N
80M -110dbm 3545 @+4 3553 @+5 3569 @+3| 3637 @+17 3617 @+5 3697 @+3

80M 100 dbm=+20 3760 @+4 3781 @+3 3791 @+4
80M --125 dbm=+1
40M -112dbm 7009 @+6 7019 @+7| 7048 @+5 7196 @+6 7222 @+4 7231 @+3
40M | -100 dbm=+2 7238 @+12 7247 @+5 7263 @+9| 7269 @+10
40M -125 dbm=+1
20M -111dbm 14026 @+7| 14061 @+4| 14074 @+4| 14135 @+5| 14155 @+3| 14158 @+7
20M | -100 dbm=+9 14181 @+3| 14276 @+4| 14288 @+9| 14322 @+5
20M -126 dbom=+1
15M -111 dbm 21076 @+6| 21147 @+5| 21193 @+4| 21252 @+5| 21255 @+4| 21310 @+10
15M | -100 dbm=21
15M -125 dbm=+1
10M -110 dbm 28006 @+5| 28020 @+10] 28056 @+4| 28093@+10| 28098 @+5| 28162 @+8
10M | -100 dbm=+21| 28228 @+5| 28271 @+8| 28333 @+5| 28383 @+4| 28393 @+6| 28463 @+8
10M -125 dbm=+1| 28520 @+14| 28605 @+3| 28682 @+9| 28728 @+4| 28863 @+5| 28877 @+6
10M 28897 @+3| 28899 @+8| 28949 @+3| 28959 @+5
NOTES:
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210XLE Spurs
Spurs with Tee Bridge Diplexer installedlO Hz Frequency Increment
External VFO wittMCL SLPR4 low pass filterfollowed by a 3 db padn output
Spurs less than +3 dbm are not recorded

BAND RX 10 db SPUR SPUR SPUR SPUR SPUR SPUR
S+N/N

80M -114 dbm 3743 @+8 3775 @+4 3789 @+3 3791 @+8| 3960 @+22
80M -100 dbm=+2
80M -129dbm=+1
80M LO =7.5dbm
40M -114 dbm 7046 @+5 7061 @+4 7250 @+3
40M -100 dbm=+3
40M -129 dbm=+1
40M LO =7.5dbm
20M -111dbm | 14112 @+5% 14126 @+4| 14187 @+% | 14223 @+19| 14276 @+8
20M -100 dbm=+2
20M -125 dbm=+1
20M LO =7.0dbm
15M -111 dbm 21006 @6 21020 @+7| 21052 @6 21054 @+#4 21075 @6 21001 @+#4
15M -100 dbm=20 | 2109 @+10 2116 @+ | 21107 @+12 21126 @+5| 21131 @+3| 21133 @+10
15M -126 dom=+1 21144 @+5| 21207 @+3| 21208 @+6| 21219 @+3| 21229 @+14| 21236 @+15
15M LO =7.2dbm 21241 @+5| 21249 @+8| 21251 @+9| 21253 @+7| 21278 @+7| 21278 @+5
15M 21281 @+7| 21293 @+3| 21296 @+14| 21355 @+4| 21366 @+7| 21370 @+4
15M 21373 @+13 21386 @+9| 21389 @+4| 21421 @+15| 21425 @+5| 21433 @+8
15M 21434 @+6| 21436 @+11| 21437 @+4| 21438 @+7| 21440 @+6| 21444 @+6
10M -110dbm 28023 @+7| 2804 @+12 28091 @+6| 28125 @+8| 28154 @+3| 28170 @+4
10M -100 dbm=20 28181 @+3| 28181 @+6| 28182 @+7| 28210 @6 | 28224 @+20| 28229 @+19
10M -125 dbm=+1 28277 @+4| 28289 @+4| 28294 @+7| 28342 @+9| 28376 @+6 28394@+7
10M LO =7.5dbm 28436 @+4| 28459 @+3| 28461 @+7| 28471 @+9| 28473 @+6| 28496 @+10]
10M 28518 @+6| 28541 @+4| 28545 @+4| 28552 @+4| 28557 @+4| 28602 @+4
10M 28626@+3 28657 @+5| 28677 @+10| 28690 @+8| 28740 @+6| 28810 @+7
10M 28832 @+4| 28834 @+9| 28835 @+7| 28836 @+4| 28893 @+6| 28917 @+10]
10M 28931 @+5

NOTES:

The spur at 28224 and 282KHz is internally generated by th&€ Barmonic output of the carrier
oscilltor mixing with the VFO signal.

L. Signal Measurements
The testing/measurement results in this section should help in troshlzoting system problems and in

optimizingthe 210X/215X radios for best performance.

1. Receiver Gain Distribution

The following thgram shows the overall receiver gain distribution from the input of the antenna
jack to the output of the audio amplifier. These measurements were made on a 210X radio that

had a HP diode array in the first mixer, as opposed to the factory 1N4148 diédiestory first

mixer will have an additional 2 to 3 db conversion IoBBe measurements were made on the 20M
band. On most 210X radios, this band usually has the most front end loss as a result of the two

image filters in series with the receiverrmhpass filter.
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Updated: 09-02-2018

-73 dbm = 50 uv = 593 an meter

17 mixer = ADE-1

Readings taken on 400 band

<115 dbvm = 10 db S/M

ATLAS 210X LE
-110 dibm = 0.20 vac = 120 db gain
<73 dbm = 0.50vac= 91 db gain Mods
-40 dbm = 0.70 vac = 60 db gain RECEIVER GAIN
-30 dbm = 0.70vac = 51 db gain
First
On pin of Brown wire to Mixer
50-238 connectar bandswitch for BP filters PC120
T200Khz — g 5645 Khz —Audio -
| | I
PCE10 _ _ 1" IF & _u dIF A
Ant Jack Pin 1 | gt | mp &0 MPlein 13 pin 3 Pin s
— | PC1100 | PC1010 || Receive | 1" mixer | MDHMH."M | Collector | Collector - .n_uﬂ_uh.”“”_ - PC200 -
Input Tuning | | Q125 | Q124
| | I
] ] 1
-
-40 dbm -40.1 dbm -40.7 dbm <5 dbm S -5 dbm 54
20 dbm
216 mv scope 196 mv scope
0 dbm 220 mv AC
; R4
= 10K
12845 Khz MmeAC 2% | e Gain
Lo |w_.
0.7 WAL T
RADIO Audio Gain pot 12 o'clock Pin12 Pin 22
i PC1100|PCEL0 | Base | Coll |C124 | Filter
BAMD SigGen ANT u in 15
o1V Clut Out [O125 (3125 | Out | Out PC300 |-
B0 Pin 20
A0M
20m
150 - Audio
10M
NOTES

3 mv AC
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2. Receiver Band Pass Filters
The following snapshots show the resportsgvesof the receiver band pass filters that are ahead
of the receiver mixer. These measurements wergde with the PE10C board removed from the
radio. A 3 db pad was inserted on the input and output of the filters. Coax cables, terminated with
SMA connectors were soldered to each filter sectidlarkers 1, 2, and 3howsthe band pass
points for eachamateur band. Marker 4 shows the 56KbIZIF signal. Snapshots are also shown
for a new RX Band Pass board that will fit in place of the existi@j®8oard.

This board provides better performance than the factory board and allows removal of thedC
IF Trap/Image Filter board.
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80M ¢ New Band Pass Board
Please note that the new filter board includes the IF Trap filter.
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40M ¢ Factory Filter
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40M ¢ New Bard Pass Board
Please note that the new filter board includes the IF Trap filter.
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20M ¢Factory Filter
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15M ¢ Factory Filter
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10M ¢ Factory Filter
Normally, in an operational radio, the two tuning slugs in the band pass filter coil end up being on

the far end of coil form. For the board out of box testing, the slugs had to be positioned near
the center of the coil form.
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a. Receiver Front End Filters
The following shapshots show the resporgeavesof the factory receiver font end filters. The
front endfilters include the low pass filter, the receiver band pass filters, the IF Trap filters, and the
Image filters.

80M ¢ Marker 4 is 564KHz
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20M ¢ Marker 4 6 11065 KHz
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10M ¢ Marker 1 is 16710 KHz
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b. IF Trap & Image Filters
There are eight IF Trap/Image filters used in the later 210X and LE nqdsléhsthe receiver, 2 in
the transmitter, and a common IF Trap filter for the receiver and transmittihese traps are
tunable via a tuning slug in each coil. Thsponse of the receiver traps on the PC1200 board was
measured with the filter board removed from the radio. Three db pads weseried on the input
and output of the trap.

Factory 5643KHzIF Trapwith correct coil turns
RIGOL 17 4 2014-10-21 Marker

Ref 0.00 dBn Att _10dB Marker2 0 MHz - dB
Status 0 e ' 5| select Mkr
A 1 4 3 |4
Peak [ 5 - .

Normal

Delta Pair

 Delta |

Span Pair
Span

Mkr Trace

Auto
Slup Freq

1.000 kHz 172

Atlas 210X/215X ransceivers 127 Engineering Supplement




5645 IF Trap Filter with T3Z core and 300 pf ceramic capacitor
The ceramic capacitor adds 3 db of additional notch and the docoire adds another 3 db of
notch.
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5645 IF Trap Filtdrom a 210X LE Radio with incorrect coil turns

This trap was tuned to the lowest frequengy.e. tuning slug posbned for maximum inductance.
The trap was still a long wayom being resonant at 564BHz This trap creates about 2 db of
receiver degradation at 7.00dHzon the 40M band.
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Here is a swaesnapshot of a LEE Trap filter with the factory 5 wire turn coil, a 2300 pf ceramic
disc capacir, and a second tuning slug.

20M Image Filter with correct coil turns

This filter is used to filter out strong shortwave broadcast signals that would mix with the YFO 2
harmonic when on the 20M band. It can only be used terfidt single signal. There are two filters

in the radio. This picture shows the response for a single filter. The tuning slug was set for 11065
KHz. Notice the impact on the insertion loss aMlH4z
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