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Chapter 1

Introduction

Kessler Engineering is pleased to bring you the AT-AUTE,) - An American made, fully-
automatic impedance matching network designed to tune antenngstems from 1.8 MHz
to 54 MHz. Featuring a robust, precision roller inductor with silver-fated hardware, and a
high-voltage di erential variable capacitor in a classic T-Match circit con guration, the AT-
AUTO (m) provides a very broad impedance matching range and includes bothbalanced
(coaxial) and balanced RF outputs.

Designed to handle a 1500 W continuous carrier, and with no gaps irfluency coverage,
the AT-AUTO () is well-suited for Amateur Radio, CAP, MARS, Military, and Governmen
HF radio applications. Under microprocessor control, the AT-AUTQy,, continuously moni-
tors forward and re ected power, and when appropriate, autoatically adjusts the T-Match
circuit for optimum performance without requiring operator intenention.

Although designed for fully automatic operation, the AT-AUTQm) also enables the user
to manually tune or adjust match settings via the uncluttered frotrpanel controls. The
meter circuitry features Average, Peak, and Peak & Hold display dbrward and re ected
power, along with SWR. The meter power range (300 W/3000 W) is seted by a front-panel
pushbutton.

The AT-AUTO () controls are illustrated in Figure 1.1, and are described in Table 1.1
(page 4). An internal view of the AT-AUTOin) and component descriptions are shown in
Figure 1.2 (page 5) and Table 1.2 (page 6), respectively, while the rgzanel features are
shown and described in Figure 1.3 (page 7) and Table 1.3 (page 7). Adtional block
diagram of the AT-AUTO ) is shown in Figure 1.4 on page 8. AT-AUTQ,, hardware
speci cations are shown in Table 1.4 on page 9.

The AT-AUTO ) rmware is subject to periodic updates. As improvements are
made and new features are added, the user may update the AT-RO ) rmware directly
from the Kessler Engineering website. See page 72 for more detail.

www.KesslerEngineeringLLC.com



HF STEPPER ANTENNA TUNER
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Figure 1.1: Front Panel View
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Table 1.1: Front Panel Controls as shown in Figure 1.1

Reference Control Name or Function

1 Master Power Switch , Controls power to AT-AUTO (,) processor
peak-hold meter circuitry, and the meter lamp
2 Power/SWR Meter , Dual-needle meter displays forward and

re ected power in Watts. The SWR is displayed on a line beneath
the intersection of forward and re ected power needles

Main Display , provides AT-AUTO () status and user prompts
Output , toggles between Coax or Balanced outputs*

Tune-Select , Tuning network settings and con guration options*
Mode , user selection of operating mode and setup menu access*
Lamp , controls power to thePeak and Peak-Hold meter circuitry
and illumination of the Power/SWR meter

8 Range, selection of 3000 Watt (in) or 300 W (out) meter scale

9 Peak, displays peak forward power (in) or average forward power (out
10 Peak-Hold , holds and displays the highest peak forward power (in)

~No ok w

*Note: Operating mode determines the actual control function. See tmespective operating
mode descriptions for actual control function and usage.
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Figure 1.2: Top View (Cover Removed)
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Table 1.2: Internal Components as shown in Figure 1.2

Reference Description

e el e =
ThEhhREBbOwoo~NooU~WNER

RF input and RF directional coupler
RF bypass relay

RF output selection relay
Unbalanced (Coax) RF output

4:1 current balun

Balanced RF output

340-14-340 pF split-stator capacitor
26 H roller inductor

Stepper motor

Master power switch

Cross-needle power and SWR meter
AT-AUTO (1m) processor and display
Split-stator capacitor gap detector
Roller inductor gap detector

Roller inductor travel limit switch

www.KesslerEngineeringLLC.com



Figure 1.3: Rear Panel View

Table 1.3: Rear Panel Components as shown in Figure 1.3

Reference Description

1 Balanced RF output

2 Unbalanced (Coax) RF output

3 RF input

4 Auxiliary CI-V jacks

5 Transceiver Data Input. Icom CI-V and external tuner 1/0*
Kenwood external tuner 1/0O*

6 RS-232 1/0 port. For rmware upgrades and CAT radio interface*

7 5mm X 20mm, 4A 125VAC fast-blow fuse

8 12 VDC input @ 3:5 A peak while tuning

9 QRO Keyline Input/Output (AT-AUTO  (imykL only)

*Note: Requires specic cable con guration. See Table 8.1 (page 80) fortdis.
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Table 1.4: Speci cations

Metering/Display

Dual movement cross-needle with Peak, Peak-Hold,
power and frequency compensated coupler,
2X16 LCD alpha-numeric display

Front Panel Controls
Capacitor
Inductor

Power Range Switch

Variable 340pF-14pF-340pF, 5KV Di erential
26 H, 12 ga. wire wound on steatite ceramic core,
silver-plated shaft & hardware

2-Position, 300/3000 W, manually switched

Real Panel Connectors
Input Coax

Output Coax

Balanced Out

12 VDC Input

Aux CIV Ports
Transceiver Data Input
RS-232 Data Input

Fuse Holder

QRO Keyline Input/Output

S0239 Te on connector
S0239 Te on connector
Dual high-voltage Nylon66 terminal posts
3-Pin Amphenol connector
Standard 3 mm mono jacks
5-Pin Amphenol connector
DB-9 Female
5mm X 20mm, 4A 125VAC fast-blo
2 RCA Phono Jacks

General Speci cations
Frequency Range
Power Handling
Impedance Range
Balanced Output
Tuning Time

Tuning Method

Dimensions
Weight
Materials

1.8-54 MHz

1800 W PEP SSB, 1500 W single-tone continuous

15 1500 ,160 6m
4:1 current balun

1 30 seconds

Microprocessor-controlled, stepper motor-drive
di erential T impedance matching network

12.5"Wide, 6.25" High, 17" Deep (including terminals)
17 Lbs

Chassis and top cover are .090 ga. aluminum, gold iridite,

Front panel powder coated and epoxy screened

www.KesslerEngineeringLLC.com
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Chapter 2

Automatic Mode

2.1 Quickstart Guide

The primary tuner controls are theMode , Output , and Tune-Select momentary pushbut-
tons. The Tune-Select is also a rotary encoder, used for selection of menu items and caohtr
of the inductor and capacitor while inManual or Bypassmode. When switchedOn, the AT-
AUTO () switches to the antenna that had been in use when the AT-AUTE),) was last
switched O , and then (default) starts up in the Automatic mode. Here the AT-AUTQm)
constantly monitors SWR and will commence tuning when appropriate

Manual mode is selected by momentarily depressing tivode pushbutton. A subsequent
activation of the Mode pushbutton selectsBypass mode, whereby the RF bypasses the
tuning network. While in Bypassmode, momentarily pressing th&lode switch again returns
the AT-AUTO (i) to Automatic mode.

Momentarily depressing theOutput button enables selection of either the coaxial or the
balanced outputs.

Depending upon the mode of operation, the action currently takinglace, the user-
selected rmware options, and the type of radio attached/interdiced with the AT-AUTO (i),
the three primary controls (Mode , Output , and Tune-Select rotary encoder/pushbutton)
will implement various AT-AUTO () features. Generally each of these controls provide a
di erent function depending upon the length of time that the partiaular button is depressed.
Tables 2.1, 3.1, and 3.2, on pages 15, 18, and 20, lists the contraiction provided by each
of these three controls when operating iAutomatic, Manual, or Bypassmode, respectively.
For operation in the Automatic mode, please follow these steps:

1. Connect the AT-AUTOn) input to the transceiver with a 50 coaxial cable.
2. Connect the antenna to the AT-AUTGm) output (Coax or Ladder Line).

3. Connect the supplied DC Power Cable to a 12 VDC power source edfe of supplying

www.KesslerEngineeringLLC.com
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4 A to the AT-AUTO ().

4. Turn Onthe AT-AUTO (). It will display the installed rmware version for 2 seconds
and then enter the Automatic (default) mode.

5. Select the desired tuner output (balanced/coax) by momentdy pressing the Output
button. Some rmware versions require that theTune-Select knob be rotated until
the desired output is displayed, then momentarily depressing thRuine-Select knob.

6. Set the transceiver to the intended operating frequency.
7. Generate a 10-100 W CW/FM carrier on the intended operating équency.

Note: The AT-AUTO () will measure the SWR, and if necessary, count the RF
carrier frequency, preset the inductor and capacitor to positiaappropriate for the
band of operation, and then begin automatic tuning. The presettop operation may
take up to 30 seconds when switching from very-low to very-high énom very-high to
very-low frequency bands (such as QSYing from 160m to 10m).

8. Follow the prompts on the AT-AUTOm) display.

Note: When the tuner displaysPLS TX 10 W CW , you should continuously transmit
the FM/CW carrier until tuning is completed. Once tuning is complete,stop transmitting
the carrier. The position of the inductor and capacitor are automaticall y stored
for future retrieval when returning to the same operating fr equency .

Warning: Wait at least 2 seconds after the last movement of the Inductor dCapacitor
while their new positions are updated and saved in the microprocesdmefore removing
DC power or turning O the AT-AUTO (). Firmware version 2.01 (and subsequent) will
automatically re-homeL and C if the memory write was interrupted.

2.2 Detailed Operation

When rst turned on, the AT-AUTO (1) momentarily displays the rmware version in the
Liquid Crystal Display (LCD), then automatically selects the RF output that had been in-

use when the AT-AUTO.m) was last switched-o. Approximately two seconds later, the
AT-AUTO (m) will enter Automatic mode (unless the default rmware con guration was
changed) and will begin sampling Forward power.

Operator intervention is generally not required for normalAutomatic mode operation.
Merely select the intended RF output (Balanced or Coaxial), apply Rpower, and observe/
follow the prompts shown in the LCD.

www.KesslerEngineeringLLC.com
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While in Automatic Mode, the AT-AUTO () continuously monitors Forward power.
Whenever approximately 10 W of Forward power has been detectethe AT-AUTO )
calculates the corresponding SWR and responds appropriately.

If the SWR is determined to be less than the \Tune Start SWR" threbold (default 1.2:1)
or better, the AT-AUTO () displays \Good Match", the relative C and L positions, and
the selected RF output.

Should the SWR exceed the \Tune Start SWR" threshold (default 1.2), the AT-
AUTO (1m) will attempt to improve that match to the \Tune Stop SWR" thresho Id (default
1.05:1) or better. First, the AT-AUTO n) counts the RF frequency and then recalls the
and C match settings for that particular frequency segment. It then atomatically reposi-
tions L and C to the recalled match settings and indicates to the user that this isaking
place.

The initial positioning process may take up to 30 seconds (for exatepwhen repositioning
L from a setting appropriate for the low-end of the 160m band to sagthing appropriate for
the 10m band). During thisL and C repositioning process, the RF carrier is not required
and in order to minimize potential QRM, the AT-AUTO () indicates that the carrier is not
required by displayingPrepositioning L & C, Please QRT

Once the inductor and capacitor have been repositioned, the ATWN O i,y prompts the
user to provide a steady carrier and will wait inde nitely until either a carrier is applied or
the user aborts the automatic tuning. The user should apply a stdg (10 W minimum) RF
carrier (FM or CW). SSB or modulated AM are NOT appropriate.

Note: After recalling the end-users previously stored match settings, it very likely
(indeed expected!) that the subsequent SWR will be very low and ssdquent tuning will
rarely be required.

If the recalled L and C settings were for a previously derived match, it is indeed very
likely that the preset L and C settings will provide a good match and the SWR will be less
than the \Tune Start" threshold (default 1.2:1) and no tuning will be required. However, if
the resultant SWR exceeds the 1.2:1 threshold, the AT-AUT(,) will commence automatic
tuning. While automatic tuning is proceeding, the AT-AUTO,) displays the changingC
and L positions and indicates that automatic tuning is taking place. Upon wuling a good
match, the AT-AUTO ) displays the matched SWR and immediately stores the match
settings in non-volatile memory.

The automatic tuning is an iterative process which alternates adjtrment of the L or C
until the process either times out (approximately 20 seconds) ona&SWR at or below the
\Tune Stop SWR" (default 1.05:1) is obtained. If the resulting matchis at or below the
\Tune Stop SWR", the AT-AUTO (i) displays Good Match, SWR 1.05:1. However,
if the tuning times out because it was not able to nd a match at or bel the \Tune Stop

www.KesslerEngineeringLLC.com
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SWR", but the resulting match was below the \Tune Start SWR", the AT-AUTO () will
display Good Match, SWR 1.2:1.

Note: Whenever a successful match is found the precise L and C settings are
stored into memory, and the AT-AUTO m) indicates that it is storing the match
settings .

If the CW carrier is interrupted before tuning is complete, the AT-AJTO (i) will imme-
diately cease tuning and provide an error message indicating thatetcarrier was lost and
that tuning was aborted. The user may also terminate the tuning mrcess by momentarily
pressing the "Mode" button.

In order for the tuning process to be successful, as and C positions are adjusted,
the corresponding variations in SWR must be discernible by the AT-AUOy) controller
circuitry. If the AT-AUTO (i) is profoundly mis-tuned, such as attempting to tune on 10m
while L and C are set for 160m operation, there may be NO discernible variation inABR
asL and C are manipulated, and automatic tuning will very likely fail. Therefore lefore
commencing automatic tuning, the AT-AUTOy,) always presets thel and C for positions
appropriate to the frequency/band of operation.

There are 512 memories in the AT-AUTQ, for storing antenna,L, and C positions and
are pre-populated with nominal settings. There are 256 memoriesr fthe balanced output
and 256 memories for the coaxial output.

Warning!  wait until the AT-AUTO () has nished saving the new match settings
and the LCD is again displaying \Automatic Mode" before removing DC pwer or turning
O the AT-AUTO (tm) -

Smart QSY

The AT-AUTO () is designed to operate in &mart QSY mode by automatically following
frequency changes of those transceivers so equipped with a CbVCAT serial 1/O inter-
face. When operating inSmart QSY mode, the AT-AUTO ) continuously determines the
transceiver operating frequency via the serial 1/0 interface anthen recallsL and C match
settings from memory and rapidly presets and C as appropriate. As the transceiver changes
from frequency to frequency, or from band to band, the AT-AUD,,, automatically follows
along and presetd. and C without the need for the an RF carrier or other operator inter-
vention. This is presently implemented for Icom radios with CI-V inteface and for Elecraft
(K-2, K-3), Flex Radio (SDR-1000, FLEX-5000), TenTec (Omni VI, Jupiter), and many
Kenwood and Yaesu radios with CAT interfaces.

www.KesslerEngineeringLLC.com
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External Tuner Handshake

For those Icom and Kenwood radios that provide for control of égrnal tuners, the AT-
AUTO 1m) is designed to utilize the transceiver's external tuner interface. his is normally via
a button on the transceiver labeledTUNER . During Automatic mode operation, whenever
the radio's TUNER button is depressed, the radio signals the AT-AUTQ,) (the external
tuner) which then automatically coordinates with the transceiver ¢ produce a CW carrier for
tuning. The net e ect is that the amount of time that the transceiver is required to produce
a carrier for tuning is greatly reduced, thereby minimizing potentiafor QRM. Here is how
it works: When the operator presses the TUNER button on the trasceiver, the transceiver
signals the AT-AUTO(,) that tuning is requested. The AT-AUTOm) then signals the
transceiver to produce a 10W CW/FM carrier at which time the AT-AUTO m) samples
the SWR and counts the frequency. This process takes approxitaky % second. If the
SWR exceeds the \Tune Start SWR" threshold, the AT-AUTQ.n) then recalls appropriate
settings for the Capacitor and Inductor from memory and positios them accordingly.

Once the positioning ofL and C are complete, the AT-AUTO.y) again signals the
transceiver to produce the 10W CW carrier. If the SWR is still excasve, automatic tuning
begins. The moment a good match is found, the AT-AUT@,) signals the transceiver to
cease transmitting and the AT-AUTQm) automatically stores the match settings.

When using Smart QSY and External Tuner Handshakemodes together, the entire au-
tomatic tuning process is greatly streamlined. As the user return® previously-matched
frequency/antenna combinations, the AT-AUTQuy) precisely recalls and returns to those
matched settings, without requiring an RF carrier, and often withat requiring subsequent
re-tuning.

Note: External Tuner Handshakes implemented for Icom and Kenwood radios only.

Fine Tuning

There will be occasions, when the SWR is well below the \Tune Start SRV threshold, but
the operator may wish to improve the match. This may occur when #hoperator decides to
QSY away from the previously matched frequency, but remain in theame band. Rather than
repositioning L and C positions from memory, all that is required is for the AT-AUTQum)
to perform ne adjustments of L and C from their present positions.

Fine Tuning is commanded by momentarily pressing théune-Select rotary knob, when
in Automatic mode. If the AT-AUTO () has been con gured foiExternal Tuner Handshake
with the transceiver, the entire ne tune process will complete awmatically without further
intervention (presently only lcom radios support this feature), ad the new match settings
will be stored in the AT-AUTO () memory.

If External Tuner Handshakes not established, the AT-AUTQ) will prompt the oper-
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ator to produce a steady carrier as explained above and the nering process will proceed.

Note: Fine Tune should only be initiated if the AT-AUTO ) has already performed
an automatic tune in the present operating band. When Fine Tune isoonmanded, the AT-
AUTO (m) will use the presentL and C positions as the starting point for the ne tuning
process. IfL and C are at grossly inappropriate positions for the current band of opation,
commanding Fine Tune will likely result in inability of the AT-AUTO () to nd a suitable
match.

Table 2.1: Automatic Mode Control Functions

Mode Pushbutton

Short Duration Press If Tuning In Progress: Aborts automatic tming attempt
If Tuner Idle: SelectsManual mode

Medium Duration Press No e ect

Long Duration Press Selects AT-AUTQ,) \Con guration Menu"

Tune-Select Knob
Short Duration Press If Tuner Idle: Commands \Fine Tune"
If Prompted: Give user consent to attempt automatic tuning
Medium Duration Press No e ect
Long Duration Press No e ect
Turn CW or CCW No e ect

Output Pushbutton
Short Duration Press If band was \auto-bypassed": Routes RFwough AT-AUTO (i)

If not \auto-bypassed": Toggles output to COAX/Balanced

If con gured for \Output” CX-AUTO ), Initiates Antenna Selection Menu
Medium Duration Press If con gured for \Input® CX-AUTO ), Initiates Radio Selection Menu
Long Duration Press No e ect

\Duration" De nition

Short 1 second
Medium 2-3 Seconds
Long 10 seconds
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Chapter 3

Manual Mode

3.1 Quickstart Guide

While in Automatic mode, Manual mode is selected by momentarily depressing tidode
pushbutton. A subsequent momentary activation of theMode pushbutton selectsBypass
mode.

1. Follow steps 1-7 described above dutomatic mode (Page 10).
2. Select Manual-Mode by momentarily depressing tidode switch.

Note: The display will show Manual mode as well as indicate the position of the
capacitor, the currently selected antenna, and the position of ¢hinductor in 2nd line
of the AT-AUTO (i) display.

3. Generate a 10-100 W CW/EM carrier.

4. Adjust Capacitor and Inductor by turning Tune-Select knob while observing the
SWR. The respectiveC and L positions are shown on the LCD. Switch between Ca-
pacitor and Inductor control by momentarily depressing thefune-Select knob.

Warning: Wait at least 2 seconds after the last movement of the Inductor o€apacitor
before removing DC power or turningd the AT-AUTO (). Firmware version 2.01 (and
subsequent) will automatically re-home. and C if the memory write was interrupted.

3.2 Detailed Operation

Manual mode is selected by momentarily pressing thBlode pushbutton until the AT-
AUTO (1m) display shows \Manual Mode" (See Figure 3.1). Precise manual cook of the
matching network is achieved via the front panel controls and by @lerving the cross-needle
SWR meter. The Tune-Select knob is the primary manual tuning control.
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The operator manipulates theTune-Select rotary encoder/pushbutton to provide po-
sitioning commands to the AT-AUTO.m) microprocessor, which then drives the stepper
motors and positions the inductor ) and capacitor (C). There is no \heavy lifting" on the
part of the operator. The microprocessor monitors the positionfdhe roller inductor and
automatically limits the range of inductor movement. The position ofthe capacitor, inductor
and the selected output are constantly displayed to the user, suas shown in Figure 3.1.

External Tuner Handshake

The AT-AUTO (1m) is able to signal some Icom and Kenwood transceivers to produce WC
carrier for tuning. When the operator presses the TUNER buttoron the transceiver, this
action is conveyed via the tuner handshaking lines to the AT-AUT@, which then controls
the transceiver, forcing it to produce a low-power (nominal 10W FMr CW) carrier that
the operator may then use to manually tune with.

Note: External Tuner Handshakes implemented for Icom and Kenwood radios only.

When so interfaced with such an lcom or Kenwood radio, the user pmnenomentarily press
the radio’'s TUNER button when initiating manual tuning. The radio's TUNER button
signals the AT-AUTOn) that a steady low-power carrier is requested. The AT-AUTQn)
then forces the radio to generate a low-level RF carrier (typicallyQlW FM). The user then
tunes the AT-AUTO () by repositioning theL and C and observing the variation in SWR
on the cross-needle meter.

When tuning is complete, the carrier may be stopped by pressing thadio's TUNER
button, or by pressing the AT-AUTO,) Output  button for 2-3 seconds. If interfaced with
an Icom radio with external tuner control, pressing the AT-AUTQ:y) Output button for
2-3 seconds will toggle the Icom radio's low-power carri€@n/ O .

The transceiver TUNER button or the AT-AUTO (4 Output  button may be used to
toggle the steady carrier on or o as needed.

Figure 3.1: Example Manual Mode Display

Table 3.1 (page 18) lists the control function provided by each of #se three controls
when operating inManual mode.
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Table 3.1: Manual Mode Control Functions

Mode Pushbutton
Short Duration Press
Medium Duration Press
Long Duration Press

Select8ypassmode
No e ect
No e ect

Tune-Select Knob
Short Duration Press
Medium Duration Press
Long Duration Press

Clockwise/counter-clockwise Rotation

Toggle<C/ L control

IfL Active: CausesL to turn continuously
If C Active: CausesC to home to 000

IfL Active: CausesL to home to 000
If C Active: No e ect

Increase/Decrease rella C/ L position

Output Pushbutton
Short Duration Press

Medium Duration Press

Toggles RF Output (Coax/Balanced)

When con gured for \Output” CX-AUTO (im),
Initiates Antenna Selection Menu

Toggles 10 W carrier for manual tuning
(lcom Radios with Tuner 1/O only)

When con gured for \Input" CX-AUTO (tm),
Initiates Radio Selection Menu

Long Duration Press No e ect
\Duration"  De nition

Short 1 second
Medium 2-3 Seconds
Long 10 seconds
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3.3 Bypass Mode

Bypassmode is provided for those circumstances when the operator magtiwish to route
RF through the AT-AUTO's (1) matching network, such as when using a StepIR type of
antenna or other resonant antenna system@ypassmode operation of the AT-AUTQym) is
nearly identical with the Manual mode, described previously.

Bypassmode in selected by momentarily pressing th®lode pushbutton until the AT-
AUTO (i) display shows \Bypass Mode" (See Figure 3.2). The AT-AUT,) Bypassmode
enables the user to completely bypass RF power around the AT-All%»y RF matching
network, while permitting the user to manipulateL and C. While in Bypassmode, external
tuner control provided by some Icom and Kenwood radios is not utik.

During Bypassmode operation, the user provides control inputs to the AT-AUTQy,y mi-
croprocessor via thélune-Select rotary knob/pushbutton, which then actuates the stepper
motors and repositions the inductor and capacitor. The position dhe capacitor, inductor
and the selected output are constantly displayed to the user, suas shown in Figure 3.2.

Figure 3.2. Example Bypass Mode Display

Note: While in Bypassmode, repositioningL or C will have NO e ect on observed SWR.

Note: Bypassmode and bypass capability are only possible if the RF bypass hardwar
is installed in the AT-AUTO 1m). 1st generation AT-AUTOs:m) lacked bypass capability.
All current production AT-AUTOs (1) support Bypassmode.

Table 3.2 (page 20) lists the control functions available while operagnin Bypassmode.
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Table 3.2: Bypass Mode Control Functions

Mode Pushbutton

Short Duration Press Select@Automatic mode
Medium Duration Press No e ect
Long Duration Press No e ect

Tune-Select Knob

Short Duration Press Toggle<C/ L control

Medium Duration Press IfL Active: CausesL to turn continuously
If C Active: CausesC to home to 000

Long Duration Press IfL Active: CausesL to home to 000

If C Active: No e ect
Clockwise/Counter-Clockwise Rotation Increase/Decrease Captance or Inductance

Output Pushbutton

Short Duration Press Toggles RF Output (Coax/Balanced)
When con gured for \Output" CX-AUTO (),
Initiates Antenna Selection Menu

Medium Duration Press When con gured for \Input" CX-AUTO (i),
Initiates Radio Selection Menu
Long Duration Press No e ect

\Duration" De nition

Short 1 second
Medium 2-3 Seconds
Long 10 seconds

www.KesslerEngineeringLLC.com



21

Chapter 4

Installation

4.1 Unpacking

Carefully remove the AT-AUTO) from the shipping carton and inspect it for damage.
If any damage is apparent, notify the transportation carrier or daler immediately. We
recommend keeping the packing carton for moving, storing, or repping.

4.2 Location

Select a location for the AT-AUTQm) that allows ready access to the various connectors
and with unrestricted air ow for cooling.

WARNING: Balanced antennas will produce high RF voltages at the output post
connectors. DO NOT TOUCH the balanced output connections whileransmitting! { RF
burns may result.

WARNING: Do not use more than 1500 Watts average (single tone) throughehuner
and refrain from using high power with the tuner until it has been tued at the frequency
of operation with a low-power (10-100 Watt) carrier.

4.3 Electrical Connection and Setup

The AT-AUTO () should always be connectebdetween the antenna system and the station
transmitter. For installations that also include an HF ampli er, the AT -AUTO () should
be connectedbetween the HF ampli er and the antenna system.
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4.3.1 DC Power

Kessler Engineering supplies a DC power cable for use with the AT-AQ%,,. The DC
power supply used should be capable of supplying 4 Amps at 12VDC. &iT-AUTO (i)
consumes 3:5 A whenever the stepper motors are in motion. This is anytime duringuto-
matic tuning, or while the user is repositioning. or C during Manual or Bypassoperation.
When the motors are stationary, the AT-AUTQ;m) current consumption is 350 mA.

Warning: Avoid using switching power supplies with the AT-AUTO. The current
drawn by the AT-AUTO during motor movement uctuates rapidly, causing many switching
power supplies to produce excessive voltage overshoots, resglimhardware damage to the
AT-AUTO. For this reason, we most strongly recommend using a linegower supply with
the AT-AUTO.

4.3.2 Vintage Rig Setup

Transceivers lacking CAT/CI-V capability are considered \Vintage"rigs and include such
classics the Kenwood TS-830, Drake TR4, everything Collins, andydhing Heathkit.

Setup of the AT-AUTOm) for vintage rig operation is quite simple. Make the electrical
connections as shown in Figure 4.1 and then set the radio type to \Mage Rig" as described
in the Con gure Radio section on page 52.

Note: If using the AT-AUTO (1) QRO Keyline, the transmit control line must be routed
through the QRO Keyline connectors on the back of the AT-AUTQy,). See AT-AUTO(m)
QRO Keyline section on page 43 to con gure the QRO Keyline.
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Figure 4.1: Vintage Transceiver /Ampli er to AT-AUTO (1) Connection

4.3.3 Flex Radio Setup

23

DC Power Cable

To 12vDC
Supply

The Flex Radios implement the Kenwood protocol. According to the gal folks over at Flex
Radio, please follow these steps to con gure a Flex Radio to operateSmart QSY fashion

with the AT-AUTO (m):

1. Load and con gure the DDUtil software program per the instragtions on the DDUil

website:

http://k5fr.com/ddutilwiki/index.php?titte=Main Page

2. Connect the AT-AUTOm) to a physical com port using a straight-through serial cable.
Identify the com port number using Device Manager in Windows.

o g o~ W

. Set the AT-AUTO 1) to Kenwood CAT Only,

Remove the \Reset Enable" jumper shown in Figure 12.1 on page.96

. Set DDULtIl \Passive Listen" to that physical com port number.

No Ext Tuner I/O\

. Set the AT-AUTO serial baud to 9600, 8-N-1.
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Ilcom radios often include a CI-V serial interface that the AT-AUTQ;,,y may utilize to obtain
frequency information from the radio. This interface is often labeteRemote on Icom radios.
Most newer Icom radios (except IC-7800) also include a provisiorr fwontrolling an external
tuner via a button on the radio's front panel labeledTUNER . This interface connects to the
external tuner (the AT-AUTO (m)) via a 4-pin Molex-style connector located on the radio's

back panel.

Note: If the lcom radio includes multiple antenna connections, the exteahtuner should
be connected to the connector labeled \Ant 1." Consult owner's maial for your speci c

Icom radio. A typical setup involving an Ilcom radio is shown in Figure 4.2

r

AT-AUTO Rear Panel

-
:lA—O Balanced BALANCED
ntenna ouT

)

OUTPUT COAX

]

~e—

~\

INPUT COAX QRO Keyline

O

TRANSCEIVER
DATA INPUT

AUX CIV PORTS
o o

R S-&\]’)’SLHATA

FUSE [ ] POWERIN
(o]

GROUND

To Coax-Fed Antenna -

Coax

Icom Cable

DC Power Cable

To 12VDC
Supply

O
Ant 2 Ant 1
Icom Transceiver O
[0ccool>

Icom External
Tuner Interface

Figure 4.2: Icom Transceiver to AT-AUTQ;m,) Connection

The Kessler Engineering-supplied lcom cable includes a malég 3nm monaural plug
(CI-V) and a 4-pin male Molex-style plug (tuner control & handshakng) on one end and an

Amphenol-style 5-pin female plug.
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1. Insert the Amphenol plug into theTRANSCEIVER DATA INPUT socket on the
rear of the AT-AUTO ) and twist the attachment ring until nger tight

2. Insert the male 35 mm plug into the Remote jack on the back of the Icom radio

3. Insert the 4-pin white plastic plug into the corresponding receptle located on the
back of the Icom radio. This receptacle is often not labeled on thed®, and some
radios do not include the 4-pin receptacle (IC-7800 for example).

4. Con gure the radio type as described in theCon gure Radio  section on page 52.
The radio type should be set to \lcom Normal CI-V & Ext Tuner 1/O" or set to \lcom
CIV Only No Ext Tuner 1/0O" if using a radio without external tuner co ntrol, such as
an 1C-7800.

5. Con gure the desired CI-V operation as described in th8etup Icom CI-V  section
on page 59

6. Con gure the serial I/O baud rate as described in theCon gure AT-AUTO  (im)
Serial Interface section on page 50. Most Icom radios use a default of 9600 baud and
the AT-AUTO (im) is also set to 9600 baud by default from the factory.

4.3.5 Icom Rig With HF Ampli er Setup

Some ampli ers such as the Icom IC-PW1 and the Tokyo Hy-Power HIL.5KFX ampli ers
are designed to automatically obtain band/frequency informationrdbm CAT/CI-V equipped
radios. Consult the respective owners manuals for your respeetiampli er.

Icom Rig & IC-PW1 with AT-AUTO ()

Connections for using an Icom radio and Icom IC-PW1 with the AT-AOO ) are shown
in Figure 4.3. See Figure 4.4 if intending to use the AT-AUT@,) QRO Keyline feature.
The IC-PW1 and the AT-AUTO ) will receive frequency information via the CI-V bus
whenever the radio's frequency changes. The radio should be setGl-V Transceive mode
(see your owner's manual).

Thoroughly read through the Icom IC-PW1 manual as well as the &m radio manual,
particularly the sections regarding CI-V (sometimes referred tassdkemote ) operation. Then
read through the AT-AUTO 1y manual. The following are suggested steps to setup the AT-
AUTO (tm), IC-PW1, and Icom transceiver.

1. Insert the Amphenol plug into theTRANSCEIVER DATA INPUT socket on the
rear of the AT-AUTO 1) and twist the attachment ring until nger tight

2. Insert the male 35 mm plug into the Remote jack on the back of the Icom radio
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. Insert the 4-pin white Molex plug into the corresponding receptde located on the

back of the Icom radio. Some radios may not include the 4-pin receyte (IC-7800 for
example)

If using the optional QRO Keyline, the Icom-supplied cable must bmodi ed. The
transmit control line (ACC1 Pin3) must be routed through the QRO Keyline connectors
on the back of the AT-AUTO). See QRO Keyline section on page 43 to con gure
the QRO Keyline.

Set the radio type to either \lcom Normal CI-V & Ext Tuner I/O" or set to \lcom CIV
Only No Ext Tuner I/0" as described in the Con gure Radio  section on page 52.

Setup the AT-AUTOm) to \CIV Transceive From Select Icom" and set the radio's
CI-V address as described in th8etup Icom CI-V  section on page 59. The IC-PW1
default CI-V address is 0x55 and the AT-AUTGQy,)'s default CI-V address is OxEO,
neither of which should require changing.

Con gure the AT-AUTO (i) serial I/O to 9600 baud as described in th&€on gure
AT-AUTO () Serial Interface section on page 50. Most Icom radios use a default
of 9600 baud and the AT-AUTQun) is also set to 9600 baud by factory default

Set the Icom radio to 9600 baud
Set the Icom radio to \CI-V Transceive" On

Con rm that the AT-AUTO () and IC-PW1 are able to follow frequency changes on
the Icom transceiver.
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Icom Rig & Tokyo Hy-Power HL-1.5KFX with AT-AUTO (tm)

Connections for using an Icom radio with a Tokyo Hy-Power HL-1.5KK and an AT-
AUTO (1m) are shown in Figure 4.5. The HL-1.5KFX and the AT-AUTQ,) will receive
frequency information via the CI-V bus whenever the radio's fregncy changes. The radio
should be set to CI-V Transceive mode (see your owner's manual).

Thoroughly read through the Tokyo Hy-Power HL-1.5KFX manual a well as the lcom
radio manual, particularly the sections regarding CI-V (sometimeseferred to asRemote )
operation. Then read through the AT-AUTO;,y manual. The following are suggested steps
to setup the AT-AUTO (i), HL-1.5KFX, and Icom transceiver.

1.

10.

Insert the Amphenol plug into theTRANSCEIVER DATA INPUT socket on the
rear of the AT-AUTO 1m) and twist the attachment ring until nger tight

Insert the male 35 mm plug into the Remote jack on the back of the Icom radio

Insert the 4-pin white Molex plug into the corresponding receptde located on the
back of the Icom radio. Some radios may not include the 4-pin receyte (IC-7800 for
example)

If using the optional QRO Keyline, the transmit control line must ke routed through
the QRO Keyline connectors on the back of the AT-AUTQn). See AT-AUTOm)
QRO Keyline section on page 43 to con gure the QRO Keyline.

Set the radio type to either \Icom Normal CI-V & Ext Tuner I/O" or set to \lcom CIV
Only No Ext Tuner I/0" as described in the Con gure Radio  section on page 52.

Setup the AT-AUTO ) to \CIV Transceive From Select Icom" and also set the radio's
CI-V address to 0x5C as described in th8etup Icom CI-V  section on page 59. The
default AT-AUTO (1m) CI-V address is OXEO, which should require changing.

Con gure the AT-AUTO (i) serial I/O to 9600 baud as described in th&€on gure
AT-AUTO () Serial Interface section on page 50. Most Icom radios use a default
of 9600 baud and the AT-AUTQyq) is also set to 9600 baud by default from the factory

. Set the Icom radio to 9600 baud

. Consult the radio user's manual and set the Icom radio Cl-V addss to Ox5C and

\CI-V Transceive" to On and \CI-V with IC-731"to O

Con rm that the AT-AUTO (m) and HL-1.5KFX are able to follow frequency changes
on the lcom transceiver.
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Note! If the HL-1.5KFX is connected to the CI-V bus and the ampli er is tumed O ,
all Cl-V communications will fail. Therefore, the HL-1.5KFX must be pweredOn in order
for the lcom radio's frequency information to reach the AT-AUTQm).

~
J
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Figure 4.5: lcom Transceiver with Tokyo Hy-Power HL-1.5KFX to ATAUTO (1my Connection
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4.3.6 Kenwood Rig Setup

Recent generation Kenwood radios include a serial interface thate AT-AUTO () may
utilize to obtain frequency information from the radio. This RS-232 iterface is often la-
beled \COM" on Kenwood radios. Additionally, some newer Kenwood dhos also include
a provision for controlling an external tuner via a button on the ra@'s front panel labeled
TUNER . This interface connects to the external tuner (the AT-AUTQuy)) via a 6-pin
Molex-style connector labeled \AT" which is located on the radio's bdcpanel.

Note: If the Kenwood radio includes multiple antenna connections, any extnal tuner
should be connected to the connector labeled \Ant 1." Consult owrle manual for your
speci c radio. A typical setup involving a Kenwood radio is shown in Fige 4.6.

The following are suggested steps to setup the AT-AUTE, to interface with a Kenwood
transceiver:

1. Insert the Amphenol plug into theTRANSCEIVER DATA INPUT socket on the
rear of the AT-AUTO ) and twist the attachment ring until nger tight

2. Insert the 6-pin white plastic plug into the corresponding receptle labeled \AT"
located on the back of the Kenwood radio. Some Kenwood radios magt include the
\AT" connector

3. Set the radio type to either \Kenwood Normal CAT & Tuner I/O" or set to \Kenwood
CAT Only No Ext Tuner I/O" as described in the Con gure Radio  section on page 52

4. Con gure the AT-AUTO (i) serial I/O as described in theCon gure AT-AUTO  (im)
Serial Interface section on page 50. The AT-AUTQm) and the Kenwood must both
be set to the same baud rate, and the same number of stop bits

5. Conrm that the AT-AUTO ) is able to follow frequency changes on the Kenwood
transceiver.
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4.3.7 TenTec Omni VII/Jupiter Setup

The AT-AUTO () is able to receive frequency information available via CAT (RS-232) wh
interfaced with either a TenTec \Omni VII" or TenTec \Jupiter" ra dio. The RS-232 port is
labled \Serial" on the lower rear panel on the Omni VII.

Note: The Omni Vii radio includes multiple antenna connections. We recommd that
the AT-AUTO () be connected to \ANT 1". A typical setup involving a Omni VII is shown
in Figure 4.7. Jupiter setup will be very similar.

The following are suggested steps to setup the AT-AUTE,) to interface with a TenTec
Omni VII or Jupiter transceiver.

1. Set the radio type to \TenTec Omni VII/Jupiter" as described in the Con gure
Radio section on page 52.

2. Con gure the AT-AUTO (i) serial /0O port to 57600 baud, 8 data bits, no parity, 1 stop
bit (\57600 8-N-1") as described in theCon gure AT-AUTO ) Serial Interface
section on page 50. The TenTec radios are setup for 57600 baudaselata and the
AT-AUTO m) must be set to match the radio's data rate and number of stop bits.

3. Conrm that the AT-AUTO () is able to follow frequency changes on the TenTec
transceiver.

www.KesslerEngineeringLLC.com



~

- ]

To Balanced
Antenna

—ti—

OUTPUT COAX
BALANCED AUX CIV PORTSD AT
ouT A A Q
RSRBRTA
FUSE [ ] POWERIN

AT-AUTO Rear Panel
QRO Keyline

O

ANSCEIVER

INPUT COAX

To Coax-Fed Antenna -

Coax

RS-232
Seria?CabIe

AMP
KQE/TX EN TX OUT
O O
2

OOOO

SPARE SPARE DC OUT

SERIAL ) ]
Omni VIl Transceiver

Figure 4.7: Omni VII Transceiver to AT-AUTO ;) Connection

www.KesslerEngineeringLLC.com

34

(5———=To Amplifier PTT

DC Power Cable

Q A?((;UND Qﬂ/\

To 12vDC
Supply



35

4.3.8 Yaesu Rig Setup

Many Yaesu radios include a serial interface that the AT-AUTQy,,y may utilize to obtain
frequency information from the radio. On most newer generationaésu radios, this is gen-
erally an RS-232 interface, but some Yaesu radios have serial I/@nps that are TTL and
require a level converter to work with the AT-AUTOy). This RS-232 interface is often
labeled \CAT" on Yaesu radios. Check your radio owner's manual toetermine the speci cs
of the radio's serial port.

Note: If the Yaesu radio includes multiple antenna connections, the extsal tuner
should be connected to the connector labeled either \Ant 1" or \AnhA." Consult owner's
manual for your specic radio. A typical setup involving a Yaesu ram out tted with an
RS-232 serial port is shown in Figure 4.8.

The following are suggested steps to setup the AT-AUTE, to interface with a Yaesu
transceiver.

1. Select the radio type that best corresponds to your speci ¢ rdel of Yaesu radio. The
available menu choices are shown in tHéon gure Radio  section on page 52. Please
consult Table 6.2 on page 53 for additional information.

2. Con gure the AT-AUTO (i) serial I/O as described in theCon gure AT-AUTO  (im)
Serial Interface section on page 50. The AT-AUTQ,) and the Yaesu radio must
both be set to the same baud rate. Some Yaesu radios use 2-Stdg, bwhile others
use 1-Stop bit.

3. Conrm that the AT-AUTO () is able to follow frequency changes on the Yaesu
transceiver.
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4.3.9 CX-AUTO (m) Setup

Operation with Icom Rigs

Most Icom radios include a CI-V serial data interface that the AT-AJTO ) may utilize to
obtain frequency information from the radio. When the AT-AUTQqnm) is properly connected
and con gured to operate with the CX-AUTO, coaxial antenna switch, the AT-AUTQm)
is capable of automatically selecting any 1-of-8 coaxial outputs ke upon the frequency
band of operation. The user may also manually select any of thesetmuts from the AT-
AUTO (1) front panel.

Figure 4.9 depicts the correct electrical connection between a GYJTO (1m), an AT-
AUTO (im), and an Icom CI-V equipped radio. Under normal operation, the &n radio will
provide frequency information to the AT-AUTOm) Vvia the radio's CI-V port, and the AT-
AUTO (im) will utilize that frequency information to instantly switch bands, reall proper L
and C match settings, as well as select the desired antenna, automatigabased upon the
particular user's con guration settings.

Make the electrical connections as shown in Figure 4.9 and then folloine setup proce-
dures described in the CX-AUTQy,) manual. Then con gure the AT-AUTO () rmware
for proper Icom radio operation as described in theeom Rig Setup section on page 24.
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Operation with Vintage and other Non CI-V Equipped Rigs

In those instances when using non CI-V equipped radios (Drake, dgs, etc.), or non CI-V
compatible radios (such as Yaesu, Kenwood, etc.), the AT-AUTg,, may be con gured
to determine frequency and band information by counting the trasmitted RF frequency
(requires AT-AUTO )y rmware version 2.13 or later) . When so con gured and properly
connected to a CX-AUTQ.m) coaxial antenna switch, the AT-AUTO.n) is capable of auto-
matically selecting any 1-of-8 coaxial outputs based upon the fregncy band of operation.
The user may also manually select any of these outputs from the AAUTO (1) front panel.

Figure 4.10 depicts the correct electrical connection between a @XTO (1), an AT-
AUTO m), and a generic, non CI-V equipped radio. Under normal operatiorthe AT-
AUTO 1m) will count the transmitted RF frequency, recall properL and C match settings,
determine the band of operation and then select the desired antemy automatically, based
upon the particular user's con guration settings.

Make the electrical connections as shown in Figure 4.10 and then foellthe set the setup
procedures described in the CX-AUTQ,) manual and setup of the AT-AUTO,) and CX-
AUTO 1m) for operation by following the procedures described in théintage Rig Setup
section on page 22
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Operation with Multiple Rigs

With the added features included in AT-AUTOgy,) rmware since version 2.14, the user
may also use a CX-AUTQ,, coaxial antenna switch to switch between multiple radios
via the AT-AUTO (i) front panel controls. The radios used may consist of any transeer
make/model including icom CI-V equipped transceivers. The radiossed need not be CI-V
equipped.

Figure 4.11 shows the AT-AUTQy,) connected to two CX-AUTOym,) coaxial antenna
switches, one for input rig selection and one for automatic antennselection. Make the
electrical connections as shown in 4.11 and con gure the AT-AUTE,) per the instructions
found in the Setup Multi-Rig section on page 70. When using the multi-rig setup, the
AT-AUTO will utilize CI-V frequency information whenever an Icom CI-V equipped radio
is selected, and when a non CI-V equipped radio is selected, will autatically revert to
counting the RF frequency to determine band and frequency.
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Chapter 5
AT-AUTO  (1y) QRO Keyline

The AT-AUTO ) may automatically permit/inhibit keying of an HF ampli er. Use of the
QRO Keyline hardware is entirelyoptional and completely independent of the automatic
tuning process. It does not otherwise change or alter the opei@t of the AT-AUTO (ym)

The user may con gure the AT-AUTOm) to automatically prevent the ampli er from
being keyed if the SWR exceeds a user-selectable level, or while the ATTO (1, is tuning.
This may be particularly advantageous when using the AT-AUTQ,,, with HF ampli ers
that feature SWR protection circuitry. If the user neglected to ukey the ampli er while
the AT-AUTO () is tuning, the ampli er's self-protection circuitry would likely disable the
ampli er, necessitating a reset of the ampli er itself.

The QRO Keyline hardware enables the AT-AUTQ) to unkey the amplier if a pre-
determined SWR threshold is exceeded, @rior to initiating automatic tuning, and then to
re-enable keying of the ampli erafter automatic tuning is completed.

5.1 Retrotting to Older AT-AUTOs (tm)

The QRO Keyline hardware was not incorporated into the AT-AUTQy,) until late 2008

but may be retro tted into the earlier model AT-AUTOs (i) at very moderate cost. The
retro t involves plugging in a small circuit board, installation of an addtional cable harness,
and tting two RCA phono connectors to the back panel. The retrd is available as a

user-installable kit or by returning the AT-AUTO () for upgrade to Kessler Engineering
in Beavercreek, Ohio. Owners wishing to have the QRO Keyline retrtied should contact

Kessler Engineering directly for pricing and scheduling.

www.KesslerEngineeringLLC.com



44

5.2 Electrical Connection and Setup

Figure 5.1 shows a simpli ed illustration of the QRO Keyline hardware. Th Keyline in-
terface consists of a normally-open SPST relay which is controlled bye AT-AUTO'S (im)

microprocessor.

Keyline InflOut ©——— O O Keyline In/Out
(Amp Keyline Input) — (Radio Keyline Output

AT-AUTO Microprocessor

Figure 5.1. QRO Keyline
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Please! Ensure that the radio can properly key and un-key the ampli eBefore
attempting to interface to the QRO Keyline!

The QRO Keyline's relay contacts connect directly to the two QRO Keljne phono jacks
located on the rear panel of the AT-AUTQy. The transmitter's ampli er control (\keying")
line is connected to either one of the AT-AUTQ,,y QRO Keyline jacks. The HF ampli er's
transmit control line is then connected to the remaining AT-AUTQny QRO Keyline jack
as shown in Figure 5.2. The QRO Keyline relay is alwaySpenwhenever the AT-AUTOm)
is O , and as determined by QRO Keyline rmware con guration selected yothe user.

The AT-AUTO (m) rmware must be con gured for proper QRO Keyline operation.
Please see page 64.

AT-AUTO Rear Panel

QRO Keyline)

TRANSCEIVER
DATA INPUT

AUX CIV PORTS O
o o

O OUTPUT COAX

BALANCED O

ouT

RSRIBRTA
FUSE  [] POWERIN
o
GROUND

Coax

4 )

Q RF Input RF Output

Ant
Ground to TX
Amp Control

Vintage/Generic Transceiv Generic HF Amplifier
\. J

Figure 5.2: QRO Keyline Connections (Other Connections Omitted fdaClarity)

5.3 Operation

The QRO Keyline control automatically enables or disables keying of atF ampli er based

upon user-selectable criteria. Whenever the QRO Keyline is enableal) asterisk will be
displayed in the upper-right corner of the LCD as shown in Figure 5.3 he asterisk provides
con rmation to the user that the QRO Keyline is enabled (asterisk diglayed) or disabled
(no asterisk displayed).

Note: The con guration/operation of the QRO Keyline has absolutelyNO e ect on
either the Automatic, Manual, or Bypassoperating modes.
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Figure 5.3: Automatic Mode with QRO Keyline Enabled

Note! If the * is not shown in the display, then the QRO Keyline iOpenand the radio
will not be able to key the ampli er.
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Chapter 6

Firmware Con guration

6.1 General Description

The AT-AUTO m) rmware permits tailoring the AT-AUTO's () behavior to better suit
the users' speci ¢ requirements. The user may con gure the ARUTO (1) rmware via the
AT-AUTO's m) service menu which is accessed from the AT-AUT@)) front-panel controls.
This section of the users' manual provides detailed descriptions tife available rmware
features as well as instructions for customizing the AT-AUT@Q,, behavior.

6.2 Accessing the Service Menu

User-selectable rmware options are accessed through the ATJAO ) rmware service
menus. These menus and sub menus are described in this and subseigsections. The
various settings are all selected and controlled from the front pahTune-Select knob.
Di erent menus are accessed by turning the rotaryTune-Select knob and options are
selected or enabled/disabled by momentarily pressing thieine-Select knob.

Follow these steps to access the service menu:
1. Turn ON the AT-AUTO ().

2. Place the AT-AUTOm) in Automatic mode.

3. Press and hold theMode button for 10 seconds and then release.
The AT-AUTO () will display:

The user-con gurable service menu options are shown in Figure 6j2age 48). To access
the various sub menus, merely rotate th@une-Select knob in either direction. When the
desired sub-menu item is displayed, momentarily depress tlane-Select knob. Whenever
\Exit?" is displayed, momentarily pressing theTune-Select knob will exit that particular
menu. Some sub-menus will exit automatically after running throughll of the user options.
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Figure 6.1: LCD Display - Service Menu Exit Prompt

S e EES
SR SR - SR | R

Figure 6.2: Service Menu Options and Flowchart
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6.2.1 Display SWR

Figure 6.3: Service Menu Option { Display SWR

Note: Intended for factory use only during calibration of the Analog-tdigital converters
necessary for RF Power detection and determination of SWR. To iexmomentarily depress
the Mode switch.

6.2.2 Adjust A-D Inputs

Figure 6.4: Service Menu Option { Adjust A-D Inputs

Note: Intended for factory use only during calibration of the Analog-tdigital converters
necessary for RF Power detection and determination of SWR. To iexmomentarily depress
the Mode switch.

6.2.3 Erase Match Memory

Figure 6.5: Service Menu Option { Erase Match Memory

This option will erase all user match settings and restore the menies to factory defaults.
Select this option and momentarily depress th&une-Select knob.
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6.2.4 Adjust Serial 1/0

Figure 6.6: Service Menu Option { Adjust Serial 1/0

When this option is selected, the AT-AUTQqy) will display the currently selected data
rate and number of stop bits (1 or 2). Supported data rates arenewn in Figure 6.7 and
suggested data rates and types known to work with various radi@e shown in Table 6.1.
All serial data bytes are 8-bits long, no-parity and either one or tas stop bits (8-N-1 or
8-N-2). Most radios use one stop bit, but some Yaesu radios utilizesfop bits. Rotate the
Tune-Select knob until the desired baud rate and number of stop bits is displayedThen
momentarily press theTune-Select knob.

fit

Figure 6.7: Service Menu Option { Baud Rate & Stop Bit Options
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Table 6.1: Suggested Serial I/O Settings

Radio Model Baud Protocol Notes

Elecraft K2/K3 9600 8-N-1 Uses Kenwood Protocols

Flex Radio SDR-1000 9600 8-N-1 Uses Kenwood Protocols

Flex Radio FLEX-5000 9600 8-N-1 Uses Kenwood Protocols

Ilcom IC-735 1200 8-N-1 Radio Hardwired to 1200 Baud

Icom (Most Models) 9600  8-N-1 See Note 1

Kenwood (Most Models) 9600  8-N-1 Common Default Setting
4800 8-N-2 See Note 2

TenTec Omni VII & Jupiter 57,600 8-N-1

Yaesu FT-450 9600 8-N-1 See Note 2

Yaesu FT-890 4800 8-N-2

Yaesu FT-920 4800 8-N-2

Yaesu FT-950 4800 8-N-1 Radio Default is 4800 Baud

Yaesu FT-980 4800 8-N-1 Radio Default is 4800 Baud

Yaesu FT-990 4800 8-N-2

Yaesu FT-991A 38400 8-N-1 Suggest 19200 Baud

Yaesu FT-1000 4800 8-N-2

Yaesu FT-1200 9600 8-N-1

Yaesu FT-2000 4800 8-N-1 Radio Default is 4800 Baud

Yaesu FT-9000 4800 8-N-1 Radio Default is 4800 Baud

Yaesu FTDX-101D 38400 8-N-1 Suggest 19200 Baud

Note 1: Will work with any of the Icom radio's Baud rates. Radio and AT-AUTO.m) Baud
must be set to same speed. 9600 Baud is a good compromise { espgdaharing the CI-V
bus with multiple data devices.

Note 2: Various Baud and number of stop bit settings are available on sevéradio models
via user menus. Radio and Tuner Baud and number of stop bits mustatch.
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6.2.5 Con gure Radio

Figure 6.8: Service Menu Option { Con gure Radio

Once this option is selected, the AT-AUTQy,) will display the currently selected rig
type. The supported rig types are shown in Figure 6.9. Rotate th&une-Select knob until
the desired rig type is displayed, then momentarily press th&une-Select knob.

Figure 6.9: Service Menu Option { Rig Types

When the AT-AUTO (1) is properly con gured and correctly connected to a compatible
CAT/CI-V equipped radio, the AT-AUTO () will immediately follow any frequency change
in the radio and then automatically presetC & L based upon match settings for the new
frequency.

The AT-AUTO (i) can also be controlled by those radios that provide for external ter
handshaking and control. In order to enable either of these feais, the AT-AUTO (i)
must know what type of radio it is connected to as well as the CAT/GWV serial data rate.
Table 6.2 lists CAT/CI-V radios currently supported by the AT-AUTO () rmware. The
supported radio capabilities are shown in Table 6.3.
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Table 6.2: AT-AUTO 1y Compatible CAT/CI-V Radios

Make Model Select

Elecraft K2 \Kenwood CAT Only, No Ext Tuner I/O"
K3 \Kenwood CAT Only, No Ext Tuner 1/O"

Flex Radio SDR-1000 \Kenwood CAT Only, No Ext Tuner I/O"
FLEX-5000 \Kenwood CAT Only, No Ext Tuner 1/O"

lcom IC-735 \Icom CIV Only, No Ext Tuner I/O"
IC-706 - IC-7000, etc. \lcom Normal CIV & Ext Tuner I/O"
IC-7700/7800 \lcom CIV Only, No Ext Tuner 1/O"

Kenwood TS-480 \Kenwood Normal CAT & Tuner I/O"
TS-570 \Kenwood Normal CAT & Tuner I/O"
TS-2000 \Kenwood Normal CAT & Tuner I/O"

TenTec Omni VIl \ TenTec Omni VII/Jupiter"
Jupiter \ TenTec Omni VII/Jupiter"

Yaesu FT-450 \Yaesu FT-2000 No Ext Tuner 1/O"
FT-890 \Yaesu FT-890 No Ext Tuner I/O"
FT-920 \Yaesu FT-920 No Ext Tuner I/O"
FT-950 \Yaesu FT-2000 No Ext Tuner 1/O"
FT-980 \Yaesu FT-2000 No Ext Tuner 1/O"
FT-990 \Yaesu FT-990 No Ext Tuner I/O"
FT-1000, etc. \Yaesu FT-1000 No Ext Tuner 1/O"
FT-1200 \Yaesu FT-2000 No Ext Tuner 1/O"

FT-2000, FT-5000, FT-9000, etc.
FTDX-101D, FT-991, FT-710, etc.

\Yaesu FT-2000 No Ext Tunel/O"
\Yaesu FTDX-101D No Ext Tuner I/O"
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Table 6.3: Supported Radio Capabilities

Type Capability

Elecraft K2/K3 QSY Following Only

Flex Radio SDR-1000/Flex-5000 QSY Following Only

Icom Normal QSY Following & External Tuner Control
Icom CI-V Only QSY Following Only

Kenwood Normal QSY Following & External Tuner Control
Kenwood CAT Only QSY Following Only

TenTec QSY Following Only

Vintage Rig No QSY Following, No External Tuner Control
Yaesu QSY Following Only

Note: If you are using an older-style radio without a compatible CAT/CI-V a external
tuner interface, you should con gure the AT-AUTO.y) to operate with a \Vintage Rig"
(default).

Note: Flex Radio SDR-1000, Flex-5000, etc., should be con gured as \Keaod CAT Only"
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6.2.6 Con gure RF Bypass

Figure 6.10: Service Menu Option { Con gure Bypass

All recent production AT-AUTOS ) have the ability to bypass the tuner's impedance
matching network and to directly couple the RF input to the RF outpu. The rst generation
AT-AUTOs 1m) lacked the hardware necessary to provide this capability. Unlesswyown an
older version of the AT-AUTOm) which lacks RF bypass capability, leave this option set to
the factory default (bypass circuitry installed). AT-AUTOs;n) without RF bypass hardware
MUST should be set toNo (bypass circuitry not installed) to ensure proper operation.

_-

Figure 6.11: Con gure RF Bypass Options
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6.2.7 Con gure RF Output

Figure 6.12: Service Menu Option { Con gure RF Output

The AT-AUTO 1m) may be con gured to automatically select (based upon operatingds
guency) either the coaxial or balanced RF output and to route th&F through, or to bypass
the tuning network . Additionally, if the Kessler Engineering CX-AUTQn) external Coaxial
or BL-AUTO ) external Balanced antenna switches are attached, the AT-AUTE) can
also automatically select any 1-of-8 coaxial outputs and/or 1-¢f-balanced outputs. These
external antenna switches are controlled by the AT-AUTQn via CI-V or RS-422 data bus.

During bandchanges the AT-AUTQ,) may alsotemporarily bypass the RF matching
network while the inductor and capacitor are being repositioned fahe new operating band.
When this option is enabled, the bypass relay will be energized (RF bygses the RF matching
network) while changing from band to band and will automatically de+gergize when the
inductor and capacitor are nished being repositioned for the newdnd. If the user has
selected a particular band for automatic bypassing either to the @a or Balanced outputs,
the inductor and capacitor will not be repositioned while operating inhis band. Automatic
antenna and RF bypass/through selection utilizes serial frequenaata available from the
radio's CAT/CI-V data port, and by counting RF frequency when usng \Vintage" rigs.

The various Con gure RF Output options are shown in Figure 6.13 and are summarized
in Table 6.4.
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| |
e s vt e e

BAichangetves | Bandchange? e

0

Trough/Bypass to Trough/Bypass to Trough/Bypass to Trough/Bypass to Trough/Bypass to
COAX0-COAX7/BALO-BAL3 ~ COAXO0-COAX7/BALO-BAL3 ~ COAXO0-COAX7/BALO-BAL3 ~ COAXO-COAX7/BALO-BAL3 ~ COAXO-COAXT/BALO-BAL3
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Figure 6.13: Con gure RF Output User-Options
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Table 6.4: Con gure RF Output Options

Submenu Option Note
Smart COAX Switch NONE, 0xBO, 0xB1, 0xB2, or OxB3 1
Smart Balance Switch NONE, 0xB4, 0xB5, 0xB6, or OxB7 2
Auto Antenna Select Yes or No 3
Bypass During Bandchange? Yes or No 4
Auto Select 160m Through or Bypass 5
Auto Select 80m toCOAX or BAL 6
Auto Select 60m or

Auto Select 40m toCOAX 0-7 or BAL 0-3 7,8

Auto Select 30m
Auto Select 20m
Auto Select 17m
Auto Select 15m
Auto Select 12m
Auto Select 10m
Auto Select 6m

Note 1: Select the actual CI-V address of the CX-AUTQ,) coaxial antenna switch. If
CX-AUTO is Not present, selectNONE.

Note 2: Select the actual CI-V address of the BL-AUTQ,) balanced antenna switch. If
the BL-AUTO (i) is Not present, selectNONE.

Note 3: Select No if automatic antenna selection by band is not desired. INo is
selected, the other submenu items will not be available. Sele¥es if automatic antenna
selection by band is desired.

Note 4: Select Yes if you want the AT-AUTO () to temporarily bypass RF while
the AT-AUTO ) is transitioning from band to band. If No is selected, RF will be routed
through the tuning network during bandchanges.

Note 5: Per band selection, RF will routeThrough or Bypassthe tuning Network.
Note 6: Per selection, RF will to Coaxial or Balancedoutput.

Note 7: If CX-AUTO () present, RF will be routed to 1 of 8 coaxial outputs.
Note 8: If BL-AUTO () present, RF will routed to 1 of 4 balanced outputs.

www.KesslerEngineeringLLC.com



59

6.2.8 Setup Icom CI-V

Figure 6.14: Service Menu Option { Setup Ilcom CI-V

This service menu area is only applicable if the AT-AUTQy, is connected to a CI-V
equipped Icom radio, or if intending to remotely control the AT-AUTOm). If not, then this
section should be ignored. The variouSetup lcom CI-V options are shown in Figure 6.15
and are summarized in Table 6.5.

_/’(opp, From Select Icom)

F*g

S
04 -7F 80 - EF

Figure 6.15: Setup Icom CI-V Sub Menus
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Table 6.5: Setup Icom CI-V Submenu Options

Submenu  Option Note

Exit Return to Main Setup Menu

Transceive O, From Any Icom, From Select lcom 1

Address Radio 2
AT-AUTO 3

Note 1: OFF { AT-AUTO ) transmits frequency query commands to the attached Icom
radio as determined by the Icom radio's speci c CI-V address, anchty accepts frequency
information from this speci ¢ lcom radio.

From Select Icom{ AT-AUTO () passively listens for frequency data from a specic
radio only, as determined by the Icom radio's CI-V address.

From Any lcom { AT-AUTO m) passively listens for frequency data fromany Icom
radio regardless of the radio's speci ¢ CI-V address.

Note 2: Use this option to select the CI-V address of the attached Icom de.
Valid radio CI-V addresses may range of 0x04 to Ox7F.

Note 3: Use this option to select the CI-V address of the AT-AUTQm,). Any ad-
dress within the range of 0x80 to OXEF may be selected. Default isEX

Note! All devices connected to the CI-V busMUST be assigned unique CI-V ad-
dresses!

www.KesslerEngineeringLLC.com



61

The AT-AUTO (1) default mode of operation with \Vintage Rigs" and Icom radios is to
receive and decode CI-V frequency broadcast data from any &lequipped Icom radio(s) op-
erating in the \data transceive"” mode. The AT-AUTO ) listens for frequency information
sent over the CI-V serial data bus and then positions the inductaand capacitor to settings
appropriate to the operating frequency. The CI-V data transdee operation is completely
passive on the part of the AT-AUTO.y,). Refer to your applicable Icom radio manual for
further details on CI-V data transceive operation.

When connected to the CI-V bus, the AT-AUTQ;n,) responds to frequency changes made
on any Ilcom radio attached to the CI-V bus. If there are multiple lom radios setup for
\data transceive" operation and attached to the CI-V bus, the A-AUTO () will respond
to any frequency changes made on any of the radios.

It is possible to limit the AT-AUTO (1m) response to just a single Icom radio in data
transceive mode by setting the AT-AUTQ,) to follow CI-V data from a specic radio
address only. The AT-AUTOun) can also be setup to query a specic Icom radio based
upon the radio's CI-V address. If the user turns the CI-V transeive to OFF, the AT-
AUTO (1m) will no longer listen or respond to any CI-V frequency data generad from a
Cl-V data transceive operation. Instead, the AT-AUTQn) will query the specic radio
(based upon the radio CI-V address) at approximately 1 Hz inter¥s and only responds to
frequency data addressed directly to the AT-AUTQ) from the speci c radio. Valid Radio
Cl-V addresses are in the range of 0x04 to Ox7F and the AT-AUT@ ) may be assigned an
address in the range of 0x80 to OxEF. In order for the AT-AUTQ,,) to transmit over the
CI-V bus, the internal jumpers on the AT-AUTO,) controller board must be con gured
correctly. See Table 12.1 on page 97 for details.
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6.2.9 Set Startup Mode

Figure 6.16: Service Menu Option { Set Startup Mode

When poweredOn, the AT-AUTO () enters Automatic Mode (default). The user may
con gure the AT-AUTO () to startup in Automatic, Manual, Bypass or the mode in use
when the AT-AUTO ) was turned O . Rotate the Tune-Select knob until the desired
startup mode is displayed, then momentarily press th@une-Select knob.

SRIBRRCT ST | Sy iR

Figure 6.17: Set Startup Mode Submenu Options

6.2.10 Setup Auto-Tune

Figure 6.18: Service Menu Option { Setup Auto-Tune

While in Automatic Mode, the AT-AUTO () monitors forward and re ected power and
autonomouslycommences tuning whenever the SWR exceeds the \Tune Start SWefault
1.2:1) and ceases tuning whenever the SWR falls below the \Tune St@WR" (default
1.05:1).

The \Tune Start" and \Tune Stop" SWR thresholds are user-sele@ble as shown in Table
6.6, and the AT-AUTO's,) autonomoustuning may be disabled as shown in Figure 6.19.
When \User-Prompted" is selected, the AT-AUTQ;q) will provide a warning to the user but
will not start auto-tuning unless the user consents by momentarilgressing theTune-Select
knob.
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EXIT

Figure 6.19: Setup Auto-Tune Submenu

Rotate the Tune-Select knob until the desired tuning initiation option is displayed and
then depress thelTune-Select knob.

Table 6.6: Supported SWR Tuning Thresholds

Tune Start Tune Stop
SWR 1.2:1 SWR 1.05:1
SWR 13:1 SWR 11:1
SWR 1:4:1 SWR 1.2:1
SWR 15:1 SWR 1.3:1
SWR 16:1 SWR 14:1
SWR 1.7:1 SWR 15:1
SWR 18:1 SWR 16:1
SWR 19:1 SWR 1.7:1
SWR 20:1 SWR 18:1
SWR 25:1 SWR 19:1

SWR 25:1
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6.2.11 Con gure QRO Keyline

Figure 6.20: Service Menu Option { Con gure QRO Keyline

This service menu area is only applicable if the AT-AUT@Q,,) QRO Keyline hardware is
installed and the user intends to use an external RF power ampli erith the AT-AUTO (ym).

Note! Con guration changes made to, and use of the QRO Keyline have aistely
No a ect on overall tuner operation.

The variousCon gure QRO Keyline options are shown in Figure 6.21 and are summarized
in Table 6.7.

(Yes/No)

No, Yes, When SWR <1.5:1,

Yes/No
(1.6:1,1.7:1,1.8:1, 1.9:1, 2.0:1) ( ’

i (Yes/No)

EXIT

Figure 6.21: Con gure QRO Keyline Submenu Options
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Table 6.7: Con gure QRO Keyline Submenu Options

Submenu Option Note
Bypass Mode QRO Enable? Yes, No 1
Manual Mode QRO Enable? Yes, No, SWR Threshold 1,2
Manual Mode QRO When Tuning? Yes, No 3
Automatic Mode QRO Enable? Yes, No, SWR Threshold 1,2
Automatic Mode QRO When Tuning? Yes No 3

Note 1. Yes{ QRO Keyline is Alwaysenabled regardless of SWR leveNo { QRO Keyline
is Neverenabled. The Ampli er will Neverbe keyed.

Note 2: When SWR 1.5:1 { QRO Keyline will Not be enabled until the mea-
sured SWR is below user-selected SWR threshold. User selectable RS¥iresholds are
1.5:1,1.6:1,1.7:1, 1.8:1, 1.9:1, or 2.0:1

Note 3: No { QRO Keyline is Always disabled while tuning. Yes { QRO Keyline
may be enabled while tuning.
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6.2.12 Tx/Rx Freq Split

Figure 6.22: Service Menu Option { Tx/Rx Frequency Split

The AT-AUTO (m) is capable of following frequency information provided by the ra-
dio's CAT/CI-V port. Under normal circumstances, the AT-AUTO (4, will follow ALL
frequency changes and repositioh and C accordingly. However when utilizing separate
and distinct transmit and receive frequency \windows", it is impracical and undesired for
the AT-AUTO (i) to reposition L or C whenever the radio switches back and forth between
transmit to receive. The AT-AUTO () can be con gured toignore frequency changes within
the receive frequency window, yet to automatically call up match gegs whenever the ra-
dio's transmit frequency changes. Split frequency operation is ésad or disabled for each
band as shown in Figure 6.23. Split frequency is normally disabled (defg.

(Yes/No)

(Yes/No) (Yes/No)

(Yes/No)

(Yes/No) (Yes/No)

EXIT

Figure 6.23: Tx/Rx Frequency Split Enable/Disable by Band
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Split TX/Rx frequency operation may be enabled for any amateur bal except 60m. The
Tx/Rx frequency boundary is user adjustable. Once split frequ&y operation is enabled for
a particular band, the user may adjust the precise Tx/Rx frequery boundary as well as
the Tx/Rx orientation (transmit high, receive low) or (transmit low, receive high). For
example, assuming that split frequency operation had been enabled the 160m band, upon
exiting the subroutine shown in Figure 6.23, the user would have theton of selecting the
transmit direction (transmit high or low in the band). The split direction may be toggled by
momentarily depressing theMode button. Likewise the actual Tx/Rx frequency boundary
is adjusted by rotating the Tune-Selectknob. Once the desired split direction and Tx/Rx
frequency boundary is established, momentarily depress thane-Selectknob.

Figure 6.24 illustrates toggling the transmit direction (transmit low/high) by momentar-
ily depressing theMode button, while Figure 6.25 shows how the Tx/Rx frequency boundary
may be adjusted by rotating theTune-Selectknob.

Figure 6.24: Toggling Tx/Rx Window Direction via Mode Pushbutton

Figure 6.25: Adjusting Tx/Rx Frequency Boundary viaTune-SelectKnob

Primary Tx/Rx split frequency con guration controls are shown in Figure 6.26.

Tune-Select
s
Mode
<>
Split Direction  Tx/Rx Window
Frequency

Figure 6.26: Tx/Rx Window Direction and Frequency Controls
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6.2.13 Set to Defaults

Figure 6.27: Service Menu Option { Set to Defaults?

When leaving the Kessler Engineering factory and whenever the usploads new rmware,
the AT-AUTO (my rmware will be reset to the default settings listed below. The user is
encouraged to explore and con gure the AT-AUTQy) operation to t their particular re-
quirements. However, theSet to Defaults?feature was added to enable the user to rapidly
restore the unit back to a known, default con guration. Returnirg the AT-AUTO (i) to
default settings does not erase previously stored match settings

1. Serial I/O - 9600 Baud, 8 Bit, No Parity, 1 Stop Bit
2. Radio - \lcom Normal CI-V & Ext Tuner 1/O"
3. Bypass Circuitry Installed - Yes

4. Auto Antenna Select - No
Smart Coax Switch - None
Smart Bal Switch - None
Bypass During Bandchange - Yes

Auto Select 160m, 80m, etc., - Through to Coax
5. Icom CI-V

Transceive from Any lcom

AT-AUTO () CI-V Address - OxEO

Rig CI-V Address - 0x64
6. Startup Mode - Automatic
7. Auto Tune

Initiate Tuning Autonomously

Autotune Start SWR 1.2:1
Autotune Stop SWR 1.05:1

8. QRO Keyline
Bypass Mode QRO Enable - Yes
Manual Mode QRO Enable - Yes
Manual Mode QRO When Tuning - No
Automatic Mode QRO Enable - When SWR 15:1
Automatic Mode QRO When Tuning - No
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9. Tx/Rx Frequency Split 160m, 80m, etc., Enable - No
160m Split Frequency - 1850 kHz
80m Split Frequency - 3800 kHz
40m Split Frequency - 7150 kHz
30m Split Frequency - 10120 kHz
20m Split Frequency - 14175 kHz
15m Split Frequency - 21200 kHz
10m Split Frequency - 28500 kHz
6m Split Frequency - 50110 kHz

10. Multi-Rig Switching Enabled - No
Input COAX Switch Address - NONE
Rig #0 Type - Vintage Rig
Rig #1 Type - Vintage Rig
Rig #2 Type - Vintage Rig
Rig #3 Type - Vintage Rig
Rig #4 Type - Vintage Rig
Rig #5 Type - Vintage Rig
Rig #6 Type - Vintage Rig
Rig #7 Type - Vintage Rig
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6.2.14 Setup Multi-Rig

Figure 6.28: Service Menu Option { Setup Multi-Rig?

The AT-AUTO (m) is able to control a CX-AUTOm) con gured as an input switch to
enable up to any 1-of-8 radios to be used with the AT-AUTGQy). This feature is intended
for those stations with multiple transceivers. After con guring the various rig types (See
Figure 6.29), the user may select a particular radio by depressingethOutput” pushbutton
for 2 Seconds.

The various Setup Multi-Rig options are shown in Figure 6.29.

—

(Vintage Rig/lcom CIV = 04-7F)

(0x00, 0x01, 0x02, 0x03) (Vintage Rig/lcom CIV = 04-7F)

(Vintage Rig/lcom CIV = 04-7F) (Vintage Rig/lcom CIV = 04-7F)

(Vintage Rig/lcom CIV = 04-7F) (Vintage Rig/lcom CIV = 04-7F)

(Vintage Rig/lcom CIV = 04-7F) (Vintage Rig/lcom CIV = 04-7F)

Figure 6.29: Con gure QRO Keyline Submenu Options

After depressing the \Output" button for 2 Seconds, the AT-AUTQ,) will display
a radio selection menu (See Figure 6.30), showing the currently sébecradio, radio type
(\Vintage Rig" or \lcom CIV"), and the currently selected radio's CI-V address, when
applicable. Rotate the \Tune-Select" knob to select the intendedadio. As the\Tune-Select"
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knob is rotated, the CX-AUTOy) that has been hardware con gured to handle input rig
switching, will route RF to/from the displayed radio. Once the desird radio is displayed,
momentarily press the \Tune-Select" knob.

Figure 6.30: Radio Selection Menu

Each CX-AUTOm) in use as well as every other device (radio, etc.) attached to the
CI-V bus MUST each have their own unique - unshared CI-V address.

All radios to be used in the Multi-Rig setup must either be con gured 8 \Vintage Rig"
or \lcom CIV". If the radio to be used does not have a CI-V port, on gure it as a \Vintage
Rig". If the radio is an Icom with CI-V port, be sure to con gure it as \lcom CIV" and
ensure that the radio's actual CI-V address is used.

Whenever multiple Icom CI-V radios are present on the same CI-V Buwe recommend
turning each radio's CI-V Transceive feature O . The CI-V Transceive feature is usually
controlled by a setting in the respective radio’'s user menus.

During Multi-Rig operation, if the radio in use is a \Vintage Rig", all automated fre-
guency/band changes are accomplished by counting the RF frequg from the selected
\Vintage Rig." However, when the selected radio is an \lcom CIV" radb, all automatic
frequency/band changes are accomplished by querying that pexlar Ilcom radio at 1Hz
intervals, utilizing the selected Icom radio's speci ¢ Cl-V address.

Note 1. When Multi-Rig switching is enabled, External Tuner I/O control from any
Icom rig is disabled.

Note 2: Multi-Rig operation is automatically disabled whenever theCon gure Radio
rmware setup (page 52) is selected.
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Chapter 7

Firmware Update Guide

Your Kessler Engineering AT-AUTQy) features eld upgradeable rmware that can be
updated from anywhere you have a PC with an Internet connectioand an RS-232 serial
port. Follow these steps to upload your AT-AUTQqm) with the latest rmware version or to
revert back to a previous rmware version.

Warning:  The AT-AUTO (1m) microprocessor has been programmed with a rmware
bootloader (either Version | or Version Il). AT-AUTOs,) shipped prior to  October 2009
were programmed with the Version | bootloader. After October, @9, all AT-AUTOS )
were supplied with the Version Il bootloader. While either bootloadeis fully compatible
with all versions of AT-AUTO rmware, etc., special precautions sbuld be observed when
uploading rmware if using the Version | bootloader.

If you have an AT-AUTO () produced prior to  October 2009 (Version | bootloader),
the stepper motors should be unplugged from the AT-AUTG,, control board prior to
initiating the upload process. Failure to do so may cause damage toetikontrol board motor
driver ICs.

The AT-AUTO () microprocessor chip may be returned to Kessler Engineering for re
programming with the Version Il bootloader to prevent this problemnin the future. Once the
microprocessor is reprogrammed with the Version |l bootloadehé¢ user need not disconnect
the stepper motors when uploading AT-AUTQ,) rmware. Contact Kessler Engineering
for speci cs.

1. Ensure AT-AUTO's(ym) internal hardware jumpers are con gured correctly (See Table
12.1 on page 97).

2. Completely disconnect the \Transceiver Data" and any CI-V ¢ onnections
at the rear of the AT-AUTO (tm)!

www.KesslerEngineeringLLC.com



73

w

. Download \Kessler Engineering - Firmware Uploader" software dm our website at:
http://www.Kessler EngineeringLLC.com . The software is located in the \Down-
loads" section.

4. Unzip the software and place it in a folder on you PC desktop or haddrive.

5. Connect your AT-AUTOm) to your PC's RS-232 serial port with the Kessler Engineering-
supplied \Firmware Upload Cable" (See Figure 8.1 on page 81).

6. Turn On your Kessler Engineering AT-AUTQm).
7. Make sure your PC is connected to the Internet.

8. Locate the \Firmware Uploader" software and double click on thécon to start the
software

9. The program will start and you should see the following screen:
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10. Click on the \Check new version" button to check availability of uppadable rmware
for your AT-AUTO (1m). Afterward you should see something similar to the following
screen indicating that rmware is available and for you to select the ekired version:

11. Click the arrow in the \<please select” block and you will be presented with all a
selection of available rmware versions:

12. Click on the desired rmware version and you will then be prompteto download the
selected rmware:
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13. Click on the \Download rmware" tab. Once the rmware is downloaded, select the
com port that the AT-AUTO (1m) is connected to:

14. Click on the \Update Firmware" and the bootloader will begin seahing for the AT-
AUTO (tm) -
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15. Firmware should soon start writing to the AT-AUTOm):
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16. Once the process completes:

The AT-AUTO (my should automatically reset itself, re-homé. and C, and then mo-
mentarily display the rmware version that is now installed.

17. Your rmware is now updated and you should exit the bootloadeprogram.

Note: If the stepper motors were be unplugged from the AT-AUTQ,) control board
prior to initiating the upload process, switch the AT-AUTO,y O , reconnect the stepper
motors, and then switch the AT-AUTOm) back On again, and let the homing process
complete.

Hardware Requirements for Firmware Updating

The PC serial port is often labeled \COM1", \COM2", etc. Newer conputers rarely in-
clude RS-232 serial ports. However, USB to RS-232 serial adaptare readily available.
If your computer does not have a serial port, these adapters gnée purchased relatively
inexpensively from your local computer hardware supplier or othem-line suppliers.

Note: The AT-AUTO () rmware updating works best when directly connected to a
genuine RS-232 serial port. Previously, some USB to RS-232 cotwédnad proven problem-
atic and unsuitable for rmware updating. However, the quality of LEB to RS-232 serial
converters in general seems to have improved and should gener#&ley well suited to the
purpose of updating the rmware.

The serial cable used for the rmware update must include the \RTS(Request to Send)
handshake line. The Kessler Engineering-supplied serial cable is irted for this purpose.
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Additionally, the Universal Serial Interface (also available from Kessler Engineering),
provides a convenient method of permanently interconnecting th&T-AUTO (i), the PC,
and the transceiver without the need to disconnect or recon gerthe hamshack to perform
a rmware update. It also provides a convenient \Y" Interface cability as described in
Section 8.3 on page 82.
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Chapter 8

Rear-Panel Pinouts and Interface
Cables

8.1 External Tuner Handshake

The AT-AUTO (m) is capable of controlling the low-power, constant carrier generatioca-

pability built into some Icom and Kenwood radios. ThisExternal Tuner Handshakere-

quires connection of the AT-AUTQq,) with either the Icom's \tuner" interface or the

Kenwood's \AT" interface. Do NOT attempt AT-AUTO ) - radio interfacing via the

\Data/Handshake" connector with non-lcom or non-Kenwood rdios. Kenwood radios re-
quire additional external circuitry in order for the handshake fetare to operate. Figure 8.1
on page 81 illustrates the handshaking cables used for Icom and Kewod radios.

8.2 Radio/Computer Serial Data Interface

The AT-AUTO () interfaces with a computer's serial port in order upload new rmwag,
and in order to enable PC remote control of the AT-AUTQy,y. The AT-AUTO (i) also
incorporates unigue operating enhancements that are only availalwhen properly interfaced
to a (rmware supported) CI-V/CAT capable transceiver.

The AT-AUTO () is directly compatible with most popular transceivers via it's CI-V
(Icom) interface and RS-232 interface (Kenwood, Yaesu, Tende& Elecraft rigs). The AT-
AUTO 1m) is NOT directly compatible with CAT radios that use TTL data levels. In this
case, the owner will need to supply an RS-232 to TTL level converteConnecting the AT-
AUTO's im) RS-232 serial output to a radio that expects TTL voltage levels willery likely
damage the radio. Kessler Engineering is not liable for damage caubgdmproper tuner to
radio interfacing.
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Kessler Engineering supplies interface cables that are suitable fageuwith either Icom
transceivers, most Kenwood, some Yaesu, several TenTec ani@deaft transceivers. The
information supplied in this section is provided to enable AT-AUTQ,,) owners to construct
their own interface cables. Rear panel connector pinouts are pided in Table 8.1 on page 80,
and Figure 8.1 (page 81) provides illustrations of the serial date infacing cabling.

Warning: When interfacing the AT-AUTO () with CAT capable radios via the RS-232
port, Pin 7 (AT-AUTO () processor reset) must remain unconnected, or the \Reset Enab
jumper must beOpen (See Figure 12.1 on page 96).

Warning:  When interfacing the AT-AUTO ) with an Elecraft radio via the radio's
I/O port, Pins 7 & 8 must on the remain unconnected or internal darage to the radio will
likely occur.

Table 8.1: Rear Panel Connector Descriptions

Outline Name Pinout

Pin 1 - No Connection
Pin 2 - +12 VDC (  3:5 A max while tuning)
() Power Pin 3 - DC Ground

Pin1-TTL I/O
Pin2-TTL I/O
Pin 3 - No Internal Connection*
Pin 4 - Signal Ground
() Transceiver Data Pin 5 - Icom CI-V Bus I/O (Open Collector)

Pin 1 - No Connection
Pin 2 - Serial Data Output (From AT-AUTO (im))
Pin 3 - Serial Data Input (To AT-AUTO (ym))
Pin 4 - No Connection
RS-232/CAT** Pin 5 - Signal Ground
Pin 6 - No Connection
Pin 7 - AT-AUTO (1) Processor Reset
Pin 8 - No Connection
Pin 9 - No Connection

*Note: Voltages are RS-232 compliant and are NOT TTL compatible. If the iinded radio
uses TTL signal levels, a Level Converter is required. Consult yoowner's manual prior to
connecting to this port.
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Icom Tuner Plug

Transceiver
Data Input

AT-AUTO DC Power Input
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- - "Remote" Jack
Kenwood Transceiver
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x o Radio CAT Port
Circuitry built into Kenwood "handshake" cable.
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Radio CAT Port
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 PCSerial Port AT-AUTO to CAT Cable  AT-AUTO to CAT Cable
Firmware Upload Cable for Kenwood & Yaesu. for TenTec Omni VI, etc.

Figure 8.1: Interface Cable Diagrams

www.KesslerEngineeringLLC.com

81



82

8.3 Radio/Computer Serial Data \Y" Interface

The RS-232 protocol used by many CAT transceivers is only desight connect two serial
data devices together { One master device (the AT-AUT@y)) and one slave device (the HF
transceiver). Each device has a dedicated data transmit line whichagsnnected to the other
devices' data receive line. Each serial data line can only have one a#atansmitting device.

The AT-AUTO (m) and HF transceivers work well together via the RS-232 serial inflace.
However, logging and control software have become very popukard in many shacks, the
HF transceiver simply must be connected to the PC (via the RS-232mal interface). The
\Y" serial data cable should enable the AT-AUTGQy,) to listen-only to the serial data sent
from an HF transceiver to the PC. So long as the PC sends the appraate frequency query
command to the HF transceiver, and the AT-AUTQqy) is able to receive and decode the
frequency data information sent by the HF receiver back to the PQrequency following by
the AT-AUTO (1m) should still work as intended.

Figure 8.2 on page 83 is provided so that the user may implement the \\data cable
interface and attempt to enable AT-AUTO.m) frequency following in those instances when
the HF radio must be connected to the shack PC.

The Universal Serial Interface (available from Kessler Engineering), provides a conve-
nient method of permanently interconnecting the AT-AUTQm), the PC, and the transceiver
and provides a convenient \Y" Interface capability. Please visit thavebsite for pricing and
availability.

(http://kesslerengineeringllic.com/)
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AT-AUTO S0 00 0’0
DB9 Male {O OJ

PC 50 o0 o0
DB9 Female {O\;'s' 0.0 67OJ

Radio e 00 ¢°0
DB9 Female {0\9'8' ® '67OJ

Figure 8.2: Radio/Computer Serial Data \Y" Interface Cable Diagrans

Note: Although some users report success with the \Y" serial data cahl&essler Engi-
neering makes no claim that it will work for your particular application.

Note! Some radios do NOT provide data headers in their serial data stringgich causes
erratic frequency following whenever non-frequency serial datasent by the HF transceiver.
The Yaesu FT-990 and FT-1000 are known to cause erratic frequy following by the AT-
AUTO (m) when using a \Y" serial data cable. Users report success with thelrR2000 and
Kenwood radios.

www.KesslerEngineeringLLC.com



84

Chapter 9

Remote Control

Warning! Damage to the AT-AUTOm) may result if the AT-AUTO (i) microprocessor is
reset or held in reset by the RTS handshake control from the usePC RS-232 port. To
prevent such damage, ensure the \Reset Enable” jumper (seegead7) is open.

9.1 General Description

The AT-AUTO () is remotely controllable from a computer serial port, or via the lcom
CI-V bus, and the AT-AUTO () command syntax has been designed to be compatible with
the Icom protocols.

The AT-AUTO m) has a specic CI-V address (default OXEO) (hexadecimal). The AT-
AUTO (1m) will ignore any commands not addressed speci cally to it. Additionallyall com-
mands should originate from a speci ¢ CI-V address, that is di ererfrom the AT-AUTO (ym)
CI-V address. Any of the AT-AUTO'sn) commands may be sent to the AT-AUTG ), re-
gardless of its current operating modeAutomatic, Manual, or Bypasg.

In order to enable remote control operation, the AT-AUTQ,y must be con gured to
operate with either a \Vintage Rig" or with an Icom radio con gured as \Icom Normal CI-V
& Tuner 1/O" or \lcom CI-V Only...". If the radio that the AT-AUTO () is connected
to does not have an Icom CI-V bus, select \Vintage Rig". If using arcom radio that
lacks the external tuner handshake interface (the 4-pin Molex ooector), select \lcom CI-V
Only...". Otherwise select \Icom Normal CI-V & Tuner I/O". Additiona lly, ensure that the
AT-AUTO's m) internal hardware jumpers are con gured appropriately (See Tde 12.1 on
page 97).

All CI-V commands are preceded by two identical header bytes (BE), and then followed
by one trailer (end-of-command) byte which is always OxFD. All comands are therefore of
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this format (commas added for clarity only):
OxFE, OxFE, To-Address, From-Address, Command, Commandd Byte(s), OXFD. The
AT-AUTO (1) command set is shown in Table 9.1 on page 86.

Note: When controlling the AT-AUTO (i), the CI-V From-Address MUST NOT be
identical to the radio's CI-V. The AT-AUTO () WILL ignore any commands sent to it from
the radio (anytime the From-Address matches the radio's CI-V ad@ss).

9.1.1 Example Command Strings

The controlling PC may be assigned any CI-V address. For these exples, assume that the
controlling PC in assigned a CI-V address of Ox3A.

To command the AT-AUTO ) to switch to Manual mode, the PC must send the fol-
lowing command string:

OXFE OxFE OxXEO 0x3A 0x07 0x01 OxFD

The AT-AUTO () will switch to Manual mode and acknowledge the command by sending:

OXFE OxFE 0x3A OxXEO OxFB OxFD.

Likewise, to remotely select theBalancedRF output, the command from the PC would be:

OXFE OxFE OxXEO 0x3A 0x08 0x10 OxFD

The AT-AUTO (m) will immediately switch to the BalancedRF output and acknowledge the
command by sending:

OXFE OXFE 0x3A OxEO OxFB OxFD

9.1.2 Sub-Command Structure and Data Syntax

Generally, most commands include sub-command data bytes. Foraeple, when command-
ing a Capacitor position, the position is encoded into the command sty. Sub-command
bytes are always encoded as Binary-Coded-Decimal (BCD). Failut@ encode them in BCD
format will corrupt the command decoding and the command will fail.

The sub-command data (frequencyC or L position, etc.) encoded in BCD format, is
transmitted LSB (least signi cant byte) rst. For example, to command C to position of 274,
the position (sub-command) bytes would be 0x74, and 0x02. Theromand string would
therefore be:
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OXFE OxFE OxXEO Ox3A 0x09 0x74 0x02 OxFD.

The QSY command involves sending frequency information to the ARUTO (y,). The AT-
AUTO (m) will recall match settings for that frequency and automatically pasion C andL to
their corresponding match positions. For example, to QSY the AT-BWTO ) to 28.725,168
MHz, the command string would be:

OXFE OxFE OXEO Ox3A 0x05 0x68 0x51 0x72 0x28 0x00 OxFD.

Table 9.1: Remote Control Command Set

Command Command String

(Header + the following string + Trailer)
QSY 0x05 BCDO BCD1 BCD2 BCD3 BCD4
Read Status 0x06 0x05
Read Power 0x06 0x06

Set Automatic Mode 0x07 0x00
Set Manual Mode 0x07 0x01
Set BypassMode 0x07 0x02

Select Coax 0x08 (0x00 - 0x07)
Select Balanced 0x08 (0x10 - 0x13)
HomelL &C 0x0B

Set C (0-397) 0x09 BCD-Lo BCD-Hi
SetL* (0-13,120) OxO0A BCD-Lo BCD-Hi
Fine Tune 0x0C

Select Radio 0x0D (0x00 - 0x07)

Note*: The position displayed in the LCD is the actual inductor position dividedby 16.
Valid range of inductor position is 0-13,120 (Shown on the LCD as 0®2

The AT-AUTO ) will respond to a \Read Status" command with the following string:

OxFE, OXFE, 0x3A, OxEO, 0x06, 0x05, Output, Mode, Motor, L-Bsition, C-Position,
Status, OxFD

De nitions of the information returned after a \Read Status" command are contained in
Table 9.2.
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Table 9.2: AT-AUTO m) Response to Read Status Command

Byte Value/Bit De nitions

Output 0x00 - Through to Coax

(Selected Output) 0x10 - Through to Balanced
0x80 - Bypass to Coax
0x90 - Bypass to Balanced

Mode 0x00 -Automatic Mode
(Active Mode) 0x01 - Manual Mode
0x02 -BypassMode
Motor Bit 7 - Set if C is commanded to a speci ¢ position

(Stepper Motors)  Bit 6 - Set if C is turning
Bit 5 - Always Clear/No Meaning
Bit 4 - Set if L is commanded to a speci ¢ position
Bit 3 - Set if L is turning
Bit 2 - Always Clear/No Meaning
Bit 1 - Set if C movement was/is Clockwise
Bit O - Set if L movement was/is Clockwise

Inductor Position* 3 Bytes in BCD format. Example: 8,926 { 0x26 0x8 0x00

Capacitor Position 2 Bytes in BCD format. Example: 257 { Ox57 0x02

Status 0x00 - Stepper motors commanded to stop
0x01 - Automatic mode idle
0x02 - Automatic tuning in progress
0x03 - Match not found
0x04 - Match found, SWR \Tune Stop SWR", saving match settings
0x05 - Match found, SWR \Tune Start SWR", saving match settings
0x06 - Automatic mode QSY in progress
0x07 - Automatic tuning aborted/timed out

Note*: The position displayed in the LCD is the actual inductor position dividedby 16.
Valid range of inductor position is 0-13,120 (Shown on the LCD as 0®2
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The AT-AUTO () uses four 10-bit hardware analog-to-digital converters. Two dhe
A/D converters are used to provide high SWR resolution when opdriag at low RF input
power levels. Likewise the remaining two A/D converters are used wh using high RF
input power levels, when the low-power A/D converters would likely beaturated. If specic
SWR information is required, the user's particular computer applicabn may calculate SWR
from the A/D converters. The output of the A/D converters is rdative and not absolute.
If specic power calibration is required, this may also be accomplishedith custom user
application software. The AT-AUTOn) \Read Power" command returns the conversion
results for all four A/D converters in the following format:

OxFE, OxFE, Ox3A, OxEO, 0x06, 0x06, Forward-High, Re ecteddigh, Forward-Low,
Re ected-Low, OxFD

De nitions of the individual bytes returned from a \Read Power" canmand are contained
in Table 9.3.

Table 9.3: AT-AUTO m) Response to Read Power Command

Power (2 Bytes Each) Value

Forward Power High (0-1024) Example: 374 - 0x74 0x03
Re ected Power High (0-1024) Example: 12 - 0x12 0x00
Forward Power Low (0-1024)  Example: 927 - 0x27 0x09
Re ected Power Low (0-1024) Example: 36 - 0x36 0x00
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Chapter 10

Analog Power Meter

The AT-AUTO m) cross-needle Power/SWR meter is capable of reading peak-envelop
power (PEP) in SSB mode. The Wattmeter is provided as an operat@onvenience and the
AT-AUTO ) controller circuitry is completely independent from the Wattmeter @cuitry.
The Wattmeter also has an operator-selectable dual-range powevel switch (300 W or 3000
W). Wattmeter switch settings have no e ect on operation of the A-AUTO ().

Hardware Update Availability

The Wattmeter installed in AT-AUTOs () manufactured prior to  mid-2009 featured a
meter movement that was later determined to be prone to error @uto buildup of static
electricity on the face of the meter. This often manifests as an aggent permanent needle
de ection/displacement. Additionally, these meters were back-lit wth a single incandescent
lamp that produced a \hot spot" e ect in the meter face. Furthemore, these incandescent
lamp often fail and have become more di cult and costly to source. Aemporary solution
to the \permanently de ected"” meter indication, is a quick cleaning vith window cleaner.
However, a permanent solution is available:

An improved meter is available from Kessler Engineering. This upgradeneter is con-
structed with plastic that is resistant to static electric buildup, hasan improved meter
movement, and is back-lit with three LEDs. This upgraded meter prades a much more
pleasant and uniform illumination, eliminates the errors in meter moveent, and cures the
incandescent lamp burn-out/replacement issue.
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Reading Peak Power

The LAMP button controls both the SWR meter illumination as well as power to tk
PEAK and PEAK/HOLD  circuitry. It must be On in order to read peak power. De-
pressing the front panePEAK button will activate the active peak power circuitry and the
meter will display PEP and exhibit fast attack and approximately 1.5 seond delay time.
The displayed PEP will be approximately 95-100% of the SSB signal PEBut may vary
depending upon the tonal and in ection characteristics of the uss voice (displayed power
may be greater). If thePEAK/HOLD  button is depressed, the maximum PEP measured
will be \held" on the meter display for approximately two seconds. TIs feature is provided
to make it easier to observe the actual peak output power.

For CW signals, the peak power is synonymous with average powerhérefore, a trans-
mitter's single tone (CW) signal should yield the same displayed powenrvie regardless of
whether the meter is set to display the average or peak power (s@htselection set t)AVG
or PEAK , respectively).

Note: The PEAK/AVG  switch must be depressed in order for theEAK/HOLD
feature to function properly.

Calibration

The meter was calibrated at the Kessler Engineering factory. Hower, it may be calibrated
with the following procedure:

1. Connect the AT-AUTOm) coaxial output to another calibrated Wattmeter of known
accuracy.

2. Terminate the output of the calibrated Wattmeter into a 50 dummy load.
3. Set the AT-AUTOm) to Bypassmode.

4. Deselect thePEAK/HOLD  feature.

5. Turn On the meter LAMP (to supply DC power to the meter circuitry).

6. Calibrate the low-rangeAVG forward power display

(a) Set the AT-AUTO 1m) Wattmeter to the 300 W power range.
(b) Set the AT-AUTO (1m) Wattmeter to read AVG power.
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(c) Connect the output of an HF transmitter to the AT-AUTO () RF input.

(d) Apply an approximate 100 W CW carrier to the AT-AUTO ().

(e) Adjust the FOR LO potentiometer (Figure 10.1, page 92) so that the AT-
AUTO (im)'s forward power indication matches that shown on the calibrated Wameter.

7. Calibrate the low-rangePEAK forward power display

(a) Set the AT-AUTO ) Wattmeter to read PEAK power.

(b) Apply an approximate 100 W CW carrier to the AT-AUTO ().

(c) Adjust the PEAK LO potentiometer (Figure 10.1) so that the AT-AUTOm)'s
forward power indication matches that shown on the calibrated Wateter.

8. Calibrate the high-rangePEAK forward power display

(a) Set the AT-AUTO 1) Wattmeter to the 3000 W power range.

(b) Apply an approximate 500-1000 W CW carrier to the AT-AUTQm).

(c) Adjust the PEAK HI potentiometer (Figure 10.1) so that the AT-AUTOm)'s
forward power indication matches that shown on the calibrated Watneter.

9. Calibrate the high-rangeAVG forward power display

(a) Set the AT-AUTO () Wattmeter to read AVG power.
(b) Apply an approximate 500-1000 W CW carrier to the AT-AUTQm).
(c) Adjust the FOR HI potentiometer (Figure 10.1) so that the AT-AUTO(m)'s

forward power indication matches that shown on the calibrated Wateter.

10. Reverse the AT-AUTQ:y) coaxial input and output (connect transmitter output to
AT-AUTO (1) coaxial output, connect AT-AUTOm) coaxial input to calibrated Wattmeter,
which terminates into a 50 dummy load.

11. Calibrate the high-range re ected power display

(a) Apply an approximate 20-50 W CW carrier to the AT-AUTOm).

(b) Adjust the REV HI potentiometer (Figure 10.1) so that the AT-AUTO;n)'s
re ected power indication matches the forward power displayed athe calibrated
Wattmeter.

12. Calibrate the low-range re ected power display

www.KesslerEngineeringLLC.com



92

(a) Set the AT-AUTO (1) Wattmeter to the 300 W power range.
(b) Apply an approximate 10-20 W CW carrier to the AT-AUTO (ym).

(c) Adjust the REV LO potentiometer (Figure 10.1) so that the AT-AUTOym)'s
re ected power indication matches the forward power displayed athe calibrated
Wattmeter.

Figure 10.1: Meter Board Adjustment Locations
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Chapter 11

Operating Tips

11.1 QRO Operation

When using a high-power ampli er with the AT-AUTO (i), the AT-AUTO () would oc-

casionally attempt to retune during SSB transmissions. This problemwvas addressed in
rmware version 2.0, and testing shows that the problem is greatly iigated. However, to

prevent this from happening, the user may disable \Autonomous" womatic tuning (See

Con guration Section), or else selecManual mode after the AT-AUTO ) has successfully
completed the automatic tuning attempt.

11.2 CI-V Passive Listening

When the AT-AUTO () is con gured to support Icom CI-V radios and the AT-AUTOn)

is set to CI-V TransceiveO , it will send frequency query commands to the Icom transceiver
every second. The Icom transceiver should respond by sendingfitsquency data back to
the AT-AUTO (tm).

Whenever multiple controllers attempt to control (query) the sarme transceiver, data
collisions are much more likely to occur. These data collisions may cqotuthe frequency
data that was sent over the CI-V bus and could sometimes result inratic/erroneous AT-
AUTO 1m) frequency-following. Although this was an infrequent problem withaly gener-
ation AT-AUTO () rmware, the AT-AUTO n) rmware has since been greatly improved
to better detect and ignore data collisions. In the very unlikely everhat data collisions are
causing erratic AT-AUTOm) frequency following errors, you may try the following:

The solution is to ensure that only one device (AT-AUTQ.,) or computer logging
software, etc.) is permitted to query the radio for frequency infonation, while the AT-
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AUTO 1m), computer software, and any other controller on the data bus maly \listen" for
the radio's response to the singular frequency queries.

For example, if the user has a computer logging program which acees the CI-V bus
and queries the radio at regular intervals, the user may reduce thigelihood of CI-V data
bus collisions by preventing the AT-AUTQ:y) from querying the radio, and preventing the
radio from autonomously placing uncommanded data on the CI-V buset data transceive
to O ). The AT-AUTO (m) will now follow frequency information sent as a result of a
query generated by the computer logging program. In this casehe user should set the
AT-AUTO (1m) CI-V address to match the CI-V address of the computer runninthe logging
program, and CI-V transceive toO . With the AT-AUTO ()'s \CI-V query enable" jumper
removed, the AT-AUTOm)'s query attempt will never reach the CI-V bus. It will only be
able to listen for CI-V data but will not transmit on the CI-V bus. The Icom radio should
then also be set to data transceiv® . Conversely, if the computer logging software can be
con gured to listen only, the the AT-AUTO () may be setup to provide the radio frequency
queries.

Alternatively, if using an Icom CI-V equipped radio, con gured for @ta transceiveOn,
the radio will automatically send frequency data anytime its frequeasy changes. All of the
other controllers (AT-AUTO (), computer, etc.,) should be con gured to receive only. In
this manner, data collisions are prevented because the radio is thelyodevice placing data
on the serial databus. All other devices are passive listeners.

11.3 CAT Passive Listening

In order for the AT-AUTO (1) to follow frequency changes in CAT-equipped radios, it must
receive frequency data from the radio (normally in direct responde the AT-AUTO'S (im)
guerying of the radio's frequency). The radio’'s response may alse generated as a result of
computer logging software generating the radio query command.h& user may fabricate a
serial \Y" cable, whereby the AT-AUTO n)'s serial data transmit line is omitted, but where
the serial data line from the radio is shared between the computené the AT-AUTO ().
The AT-AUTO (m) and the computer will both be able to receive the radio's frequencyath,
transmitted as a result of the computer-generated query comme.
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Chapter 12

Internal Jumper Settings

The AT-AUTO () has two user-selectable hardware jumpers. The default jumpegtsngs
are appropriate for most AT-AUTOn,) applications. Some circumstances may require alter-
nate jumper settings. The jumpers are located on the AT-AUTQ, controller circuit board
and their relative locations are indicated in Figure 12.1 on page 96 . Jper settings are
listed in Table 12.1 on page 97.

Reset Enable

The AT-AUTO () incorporates a microprocessor reset-via-RTS signal from a coumbgr serial
port. The software used by the computer to upload rmware to tle AT-AUTO () Mmicro-
processor requires the ability to reset the AT-AUTQ,,) microprocessor.Warning: Remote
control programs that routinely assert the RTS linewill cause damage to the AT-AUTGm)
if the \Reset-Enable" jumper is in-place. Remove the \Reset-End®" jumper anytime the
RS-232 port is to be used for remote control!

CIl-V Tx Enable

In it's default jumper con guration, the AT-AUTO (1m) is able to transmit and receive data
over the RS-232 port and receive data from the CI-V bus, but is able to transmit data

over the CI-V bus. This is generally immaterial because when an Icoradio is setup for
CI-V data transceive operation, it will automatically send frequeng data over the CI-V bus,

and does not require the AT-AUTQ;y) to transmit data over the CI-V bus or otherwise
qguery the Icom radio. However, if the Icom radio is con gured with GV data transceive

O , then the AT-AUTO () must actively query the radio, and the CI-V Tx Enable jumper
must be Closed.
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Jumper Access

Remove DC power from the AT-AUTQn). Then remove the screws along the left and right
sides of the AT-AUTO.m) to remove the top cover. The controller circuit board is located
immediately behind the Liquid Crystal Display (LCD). Observe anti-satic precautions when
working on/near the controller circuit board.

® @ @ ®
o~ CI-VTxEnable 5™ T
O |
O m| Reset
® O m| ® Enable
O |
O | —
O 1 Q —
I: :I —
O |
O |
O |
@ O | @

Figure 12.1: Jumper Locations
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Table 12.1: Jumper Settings

Operation Reset Enable CI-V Tx Enable
CI-V Transceive from Any lcom Don't Care Don't Care
CI-V Transceive from Speci c lcom Don't Care Don't Care
Smart QSY with CI-V Transceive OFF Open Closed

Smart QSY via CAT* Closed Open

Smart QSY Via CAT** Open Open

Firmware Update Closed Open

Remote Control via CAT Open Open

Remote Control via CI-V Open Closed

Default Closed Open

*Note: Reset Enablgumper may be Closed if using the \AT-AUTOy,) to CAT" cable
illustrated in Figure 8.1 on page 81.

**Warning: Reset Enablemust be Open if hardware ow control line (RTS) is present in
the CAT cable. If unsure, remove the jumper fronReset Enable Repeated assertion of RTS
by PC software may cause permanent damage.

www.KesslerEngineeringLLC.com



98

Chapter 13

User Manual Summary of Changes

27 January, 2018: Corrected Figure 8.1 on page 81. Th&ternal Tuner Handshakecable
for Kenwood radios contained a wiring error. This revision correalethat error and posted
component values for this particular cable.
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Chapter 14

Firmware Revision Summary of
Changes

The AT-AUTO m) was rst released with Firmware version 1.01. Firmware versions 1.02
through 1.10 consisted mainly of minor bug xes and some other minamware enhance-
ments. Firmware version 1.10 was the last rmware update prior toersion 2.0.

Version 2.0 is signi cantly di erent from versions 1.01-1.10, incorp@ting new operating
features and re nements along with a considerable number of minonot-so-minor, and
semi-critical bug xes.

Version 3.00 is the follow-on to the prior release (Version 2.14) and shaeen released
in order to speci cally support serial port (CAT) operation with some of the newer Yaesu
HF rigs. Kessler Engineering, LLC. encourages all AT-AUT(,) owners to update their
AT-AUTOSs 1m) with the latest rmware which as of this writing is version 3.00.

14.1 New Firmware Features / Changes

Version 3.00

AT-AUTO (1m) rmware version 3.00 includes the following feature:

1. CAT operation with the Yaesu FT-991A, FT-701, and FTDX-101Dfamily of radios
that are capable of operation at VHF/UHF. This change was prompmd because of
changes to Yaesu's CAT protocol. Speci cally, these newer gengoa radios provide an
additional byte of frequency data in order to provide CAT operatia of the VHF/UHF
frequency data, but this additional byte of data rendered theseadios incapable of
reliable CAT opertion with the AT-AUTO ().
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All prior AT-AUTO () rmware versions are incompatible with the newer Yaesu VHF-
capable HF radio family. AT-AUTO(n) rmware Version 3.00 speci cally supports this
newer Yaesu CAT protocol.

Version 2.14

AT-AUTO (1) rmware version 2.14 includes the following feature:

1. Multiple Input Rig Switching. With Version 2.14 Firmware, the user mg& now add
a CX-AUTO ), automatic coaxial antenna switch to the \input side" of the AT-
AUTO 1m) to enable the operator to quickly select of any 1-of-8 radios to beed with
the AT-AUTO (m). The user simply con gures the rmware with the speci c radio
types to be used then may select the radio to be used via the frop&nel \Tune-Select"
and \Output" controls.

Version 2.13

AT-AUTO 1m) rmware version 2.13 includes the following features:

1. Yaesu FT-890 Support. The AT-AUTQn) is able to follow frequency information
provided by the FT-890's serial data port.

. Restore to Defaults. The user can restore all rmware con gation settings to factory
defaults without needing to upload new rmware and without erasingnatch memory

settings.

. Enhanced \Vintage Rig" operation. The AT-AUTO;m) now uses counted RF frequency
when operating with "Vintage Rigs" to enable automatic antenna seléen and control
the CX-AUTO 1m) 8-output, automatic coaxial antenna switch.

\Version 2.12

AT-AUTO (1m) rmware version 2.12 includes the following changes:

1. Output Selection. The default operation of theDutput button will now cause the AT-
AUTO (m) to toggle between the Coaxial and the Balanced output. Prior to tis, the
user had to make the actual selection using thRune-Select knob. This change makes
switching from Coaxial to Balanced and Balanced to Coaxial outputsiore convenient.
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2. CX-AUTO m) Coaxial output selection. When con gured to operate with the CX-
AUTO (m) 8-output, automatic coaxial switch, pressing theDutput button will pro-
vide the user with a prompt to select the desired RF output. Whener the user rotates
the "Tune-Select\ knob to a new selection, that selection is immedialy sent to the
CX-AUTO ) and is made active. To exit from the antenna selection, the user mus
depress the "Tune-Select\ knob.

Version 2.11

AT-AUTO (1m) rmware version 2.11 includes the following new features:

1. Split frequency operation. The AT-AUTQum) is capable of following frequency infor-
mation via the radio's CAT/CI-V port and automatically positioning the L and C.
However, during split frequency operation it is impractical if the ATAUTO () re-
positions L and C whenever switching from the transmit to receive frequency. The
rmware is now con gurable to enable the AT-AUTOm) to ignore serial frequency
data for the receive frequency window, while responding to frequey changes in the
transmit window.

2. Remote control \Fine Tune" command. \Fine Tune" command rewitiates tuning,
but uses the present. and C settings. Commanding \Fine Tune" while in Automatic
mode, will cause the establishetdd and C match settings to be stored in non-volatile
memory. This feature may also be utilized to store user-derived n@t settings.

Version 2.10
AT-AUTO (1m) rmware version 2.10 includes these changes:
1. Corrections to the operation of the QRO Keyline:
(@) The QRO keyline required many SWR samples before the keyline wdwbe re-

enabled. Version 2.10 improves the responsiveness of the QRO keylin

(b) The QRO keyline would open for frequency changes within a partitar band,
but would (erroneously) remain enabled when changing from band bt@and. This
problem has been corrected in version 2.10.

2. Changed the Remote Control data returned by the AT-AUTQ,) during "Read Sta-
tus" and "Read Power" commands to include the Command and Subethmand iden-
ti ers.
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Version 2.08

AT-AUTO (1m) rmware version 2.08 includes the following new features:

1. TenTec Omni VIl and Jupiter CAT support. The AT-AUTO () rmware now includes
the ability to follow frequency changes in the Onmi VII and Jupiter raios via the
radio's CAT port.

2. Control of external Coaxial and Balanced antenna switches. h€& AT-AUTO ) will
permit selection of any one of eight Coaxial outputs as well any oné four Balanced
antenna outputs. The external Coaxial switch and external Baleced switch are recent
AT-AUTO m) accessories. Contact Kessler Engineering for pricing and availability

Version 2.07

AT-AUTO 1m) rmware version 2.07 includes the following new features:

1. Yaesu FT-920 support. The AT-AUTQ:mn) rmware now includes the ability to follow
frequency changes in the FT-920 via the radio's CAT port.

2. Revised tuning algorithm. The AT-AUTO,) rmware includes a minor change in
the automatic tuning algorithm which improves the likelihood of nding asuccessful
match as well as reduce the time needed to nd the match.

3. QRO keyline control. The AT-AUTOm,) rmware now includes provision to en-
able/disable the keying of an external HF RF power ampli er based upn user-selectable
SWR levels. The AT-AUTOm)kL includes additional hardware necessary to imple-
ment QRO keyline control. Additionally, the external ampli er can be pevented
from being keyed while the AT-AUTQimykL IS tuning (Automatic or Manual mode).
Retro tting this capability to existing AT-AUTO (m)s is possible but requires hard-
ware replacement/modi cation by Kessler Engineering. Contact Kesler Engineering
for pricing and availability.

Version 2.05

AT-AUTO 1m) rmware version 2.05 includes the following new feature:

1. Kenwood and Yaesu serial data header decoding. This improvée toperation of the
AT-AUTO 1m) when used with a \Y" cable con guration when controlling the radio
with a computer. This only works with Yaesu radios that provide heaers that identify
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the type of information contained in the serial data string. The Yasu FT-1000, for
example, does not provide this information and thus \Y" cable opetéon with the
FT-1000 is still problematic.

Version 2.04

AT-AUTO () rmware version 2.04 includes the following new features:

1. Continuous display of the selected RF output (balanced/coax) e in Automatic
mode.

2. Elimination of the ability of the user to rotate the roller inductor past the "000' position,
thereby removing the likelihood that the roller inductor will be driven st the "000'
position and strike the physical stop.

Version 2.01

AT-AUTO 1m) rmware version 2.01 includes the following new features:

1. Automatic L and C homing - During installation of rmware version 2.01 (and newer),
the AT-AUTO (ym) will home L and C, and then presetC to 250.

2. L and C synchronization tracking - If the user switched the AT-AUTQ;,,y O before
L or C position information was successfully written to non-volatile memoryhen the
AT-AUTO (i) will automatically home L and C when the AT-AUTO () is next turned
On. After completion of the homing operation,C will automatically be repositioned
to 250.

Version 2.00

AT-AUTO 1m) rmware version 2.00 includes the following new features:

1. Kenwood CAT support - Provides QSY-following of Kenwood CAT+abled radios by

polling frequency information via the Kenwood CAT (serial data) par (Tested with
TS-570D).

2. Yaesu CAT support - Provides QSY-following of the FT-2000 as deribed above for
Kenwood. (Tested with FT-990, and FT-2000).
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. Kenwood Tuner Interface - Enables automatic tuning initiation viathe \TUNER"
button and \AT" interface present on some Kenwood HF radios (Tsted with TS-
570D).

. User-Selectable Startup Mode of Operation - User may selectavrmware con gura-
tion menu) the startup mode that the AT-AUTO 4,y enters upon initial power-up. User
may opt to have the AT-AUTO ) always startup in either the Automatic, Manual,
Bypass or the mode last in-use when the AT-AUTQ,) was turned-o .

. Automatic Antenna & Bypass Selection - User may specify which tnut to automati-
cally select (Coax/Balanced) based upon band of operation as well @hether the RF
is to pass through or bypass the tuning network. This feature redres a supported
CAT/CI-V equipped radio.

. Bypass during Band Change - AT-AUTQ,y may be con gured to automatically by-
pass the tuner while the AT-AUTO.m) is changing bands. When enabled, if QSYing
from one band to another (40m to 160m for example), the AT-AUT@Q,, will route
the antenna directly to the radio (RF does not pass through the tning network) until
the L and C have been repositioned to the band of operation (160m in this exalgp
This feature requires a supported CAT/CI-V equipped radio.

. Enhanced Icom CI-V transceive operation - The normal (def&y AT-AUTO () CI-V
data transceive scheme is to constantly follow all frequency dat&rg via the CI-V
bus from any CI-V equipped Icom radio. The user may however, cgure the AT-

AUTO (1m) to follow only CI-V transceive frequency data from a speci ¢ radiol{ased
upon the radio's CI-V address). Furthermore, the AT-AUTQ:y) can be con gured to
completely ignore CI-V transceive data and to poll a speci c lcom dio.

. Remote Control Operation - The AT-AUTO.,) may be remotely controlled via the
lcom CI-V bus. The AT-AUTO () CI-V address is user selectable and remote control
operation permits the user to:

(a) Set specicL and C positions.

(b) Position L &C by sending frequency data to the AT-AUTQm).

(c) Select tuner output (Coax/Balanced).

(d) Select operating mode (Automatic, Manual, Bypass).

(e) ReadL &C positions, as well as forward and re ected power.
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(f) Home L &C.

9. Autonomous/Non-Autonomous Tuning Initiation - The AT-AUTO (m)'s normal (de-
fault) behavior while in Automatic mode is to constantly monitor Forward and Re-
ected power, calculate and monitor SWR. Then whenever SWR exeds a set thresh-
old (default 1.2:1 SWR), the AT-AUTO;») autonomously initiates tuning. The user
may now con gure the AT-AUTO ) for \Non-Autonomous" tuning initiation. When
so con gured, the AT-AUTO ) continues to monitor Forward & Re ected power
and to calculate and monitor the SWR. However, whenever the SWReeeds a pre-
set threshold (default 1.2:1 SWR), instead of initiating automatic tumg, the AT-
AUTO (1m) displays a warning to the user. Whenever this warning is displayed, atuser
may consent to automatic tuning initiation by momentarily press the otary Tune-
Select knob. Momentarily pressing theTune-Select knob signals the user's consent
to initiate automatic tuning. This feature was added to provide a meas to completely
prevent automatic re-tuning, especially when using an HF ampli er.

10. Selectable SWR Tuning Thresholds - While iAutomatic mode, the AT-AUTO i) ini-
tiates automatic tuning whenever the SWR exceeds 1.2:1 (defaulhutomatic tuning
continues until the SWR is at/below 1.05:1 (default). The user may cogure the AT-
AUTO (1m) to use other SWR thresholds to indicate when tuning should be initiate
and at what SWR level automatic tuning should be considered sucséd. The AT-
AUTO m)'s SWR defaults are quite stringent especially since most other autoners
cease tuning when SWR is less than 1.5:1. By setting higher threshgldsiser may opt
to minimize retuning when operating with antennas experiencing fregnt resonance
changes (Example: a long dipole antenna blowing around in a strong @jn

14.2 Bug Corrections
Version 2.11
AT-AUTO 1) rmware version 2.11 includes these changes/corrections:

1. QRO keyline Relay chatter: DuringBypass mode operation, while adjusting thé& or
C, the QRO Keyline would momentarily open and close at a very high rateThis is
now corrected.

2. QRO keyline erratic operation: DuringM anual mode, with the QRO keyline con gured
to be permanently enabled (\QRO keyline Enable { Yes"), the keyline wuld open
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whenever high SWR was encountered. This problem is now xed

3. When remotely controlling the AT-AUTOm), the LCD did not always display correct
information. The LCD operation during remote control operation las been corrected.

Version 2.09

AT-AUTO 1) rmware version 2.09 includes these changes/corrections:

1. QRO keyline was sometimes unpredictable when in automatic mode tlie rmware
was con gured with QRO Enable == Yes, and QRO While Tuning == No. Version
2.09 corrected this.

2. .When con gured to automatically bypass a specic band, if sevat band changes
were made in rapid succession, automatic band bypassing was somes erratic and
unpredictable. This problem has been corrected in version 2.09.

Version 2.07

AT-AUTO m) rmware version 2.07 includes this change/correction:

1. A bug was found that a ected the initial recall of match settingswhen switching
the RF outputs. This problem only manifested when the AT-AUTQy, had received
frequency information via the CAT/CI-V interface and had subsegently recalled and
set the L and C to the appropriate match settings for the selected output (the @ax
output for example). If the user then switched the AT-AUTQ.m) to balanced output
for example, the AT-AUTO ;) would not recall and repositionL or C for the balanced
output unless either the frequency was subsequently changeduwness an RF carrier
was produced and the AT-AUTQq,) subsequently detected a mismatch. This bug
has been corrected. Now whenever the RF output is changed, tA&-AUTO (ym) will
immediately repositionL and C for the active RF output.

Version 2.06

AT-AUTO m) rmware version 2.06 includes this change/correction:

1. A bug was found that occasionally a ected storage of match setgs after \ ne tune”
had been commanded. Under some very specic circumstances ttevised match
setting was either not updated in memory, or else an incorrect setfy was occasionally
stored. The \ne tune" bug aected all previous rmware versions. Version 2.05
contains this bug x but no other changes.
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Version 2.03

AT-AUTO m) rmware version 2.03 includes this change/correction:

1. A bug introduced in version 2.02 e ectively disabled frequency follong via the CAT
port of Kenwood and some Yaesu radios. Version 2.03 xed this buggstoring normal
CAT operation with the a ected radio types. No other changes wer made in version
2.03.

Version 2.02

AT-AUTO () rmware version 2.02 includes these changes/corrections:

1. Delayed CI-V command execution bug in version 2.01 - In version 2,0CI-V bus col-
lision detection was incorporated by providing a xed delay betweenetoding of the
command and execution of the command. After the delay, if the GI-bus jamming
sequence (0xFC) had not detected, then the command was exicliHowever, the very
last command was not being executed until the subsequent datarisg had decoded,
causing the the AT-AUTOm) to be one frequency change behind. This was particu-
larly noticeable when changing bands using the Icom radio's band botis and was not
observed when turning the VFO knob. CI-V data decoding and fregncy following is
now corrected. This problem did not a ect CAT operation with non-kcom radios.

Version 2.01

AT-AUTO 1) rmware version 2.01 includes these changes/corrections:

1. Change to the remote controlC positioning command - Correct operation required a
third position byte (0x00) or else the command failed. Positioning comand is now in
accordance with the description provided in the operating manuabSge Table 9.1).

2. CI-V bus collision detection - In earlier rmware releases, the ARUTO () would
sometimes spontaneously QSY based upon collision-corrupted Clbuds data, which
manifested as an illogical/erroneous QSY frequency. Likewise othbus collisions
would occasionally cause erroneous/unintended AT-AUTg),) remote-control com-
mand execution.

Version 2.00

The following is a partial summary of bugs found in previous rmware ersions (in no
particular order of signi cance) and corrected with AT-AUTO,y rmware version 2.0:
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. Con guration/Data EEPROM write - Bug forced con guration an d data settings to be
continuously written to EEPROM at a 1 Hz rate. Data should only havebeen written
to EEPROM if the data had changed. This was a hidden bug (how xedand was not
apparent to user.

. Non-Initialized Fine Tuning - Bug manifested whenever \ ne tune"commanded with-
out prior automatic tuning in the band of operation. Under these aaditions, the
AT-AUTO (1m) would motor the inductor to the maximum inductance and stop.

. Runaway Inductor - Occasionally during automatic tuning, the Iductor would motor
to maximum L and stop.

. Runaway Capacitor - Occasionally during automatic tuning the Cagxitor would re-
peatedly turn to position 397, then continue to approximately 004and repeat sequence
inde nitely.

. LCD Blanking - LCD would momentarily blank during auto-tune initiation.

. Uncommanded/Unintentional retuning while in SSB mode - During S\R/Power sam-
pling AT-AUTO () would detect re ected power prior to detection of forward power
causing AT-AUTOm) to interpret this as excessive SWR and initiate retuning.

. Failure to recognize excessive SWR - Under some circumstancéh wery excessive
SWR, AT-AUTO (1m) would report \Good Match" and fail to initiate automatic tuning
despite the very obvious (via the analog meter) antenna mismatch.

. Frequency Error - Under conditions of very high SWR, AT-AUTQ,) would occa-
sionally be unable to discern the operating frequency from the RFrsple. Firmware
and hardware changes have considerably improved this problem.oBlems might still
occur albeit rarely.

. Autotuning Past Low SWR Points - During automatic tuning, the pasitioning of L or C
was too coarse causing the AT-AUTQ, to step past good match points. Occasionally
the AT-AUTO ;) would then be unable to nd a successful match although subseae
matching attempts (manual or automatic) would nd suitable matches. Addressed in
revised tuning algorithms.
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Chapter 15

Software License Agreement

The AT-AUTO ) rmware and all derivatives are copyright, Kessler Engineering, LC.
The User is permitted to use the AT-AUTQy,) rmware as part of normal AT-AUTO ()
operation, but is strictly prohibited from extracting, decompiling, o otherwise accessing,
or utilizing any portion of this Copyrighted work. To do so will be deema intentional
infringement of Copyright. Kessler Engineering, LLC takes such @gright infringement
seriously and shall take whatever steps necessary to protect imsellectual property.

By powering on the AT-AUTOm) and or uploading rmware to the AT-AUTO (i) via the
Kessler Engineering websitevww.KesslerEngineeringLLC.comyou acknowledge and agree
to honor Kessler Engineering, LLC's Copyright.
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Chapter 16

Service and Warranty

Warranty

Kessler Engineering, LLC. warrants all of our products to be freBom defects in material
and workmanship under normal use for a period of one year fromehdate of purchase.
During this one-year warranty period, Kessler Engineering will eitlierepair or replace the
product at it's option at the Kessler Engineering facility in Beavercrek, Ohio.

This warranty will be void if the product has been repaired or alteredby anyone other
than the sta at Kessler Engineering. This warranty does not applyto products damaged
due to improper installation or abuse/misuse.

Repair Policy

Please contact our service department for return authorizatioand shipping instructions
prior to sending any product for service or repair. All items shippetb Kessler Engineer-
ing, must be packed appropriately and insured against damage. ksés Engineering is not
responsible for merchandise damaged in shipment. Be sure to incliedaote describing the
problem in detail and include your contact information (phone numbeand e-mail).

Return Policy

All returns must receive prior authorization. Returned items mustalso include a copy of
the original sales receipt and be returned with the original box, mamls, and accessories.
Returns must be received within 7 days of purchase and are sulij¢g a restocking fee.

Shipping expenses are not refundable.
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Chapter 17

Frequently Asked Questions

This section covers some of the most frequently asked questiom$owever, there is also a
users group available on Yahoo that many AT-AUTQ.,) users might nd useful. The URL
is:

http://groups.yahoo.com/group/KesslerEngineering ATAUTO/

17.1 Serial Port Related Questions

Why is there a serial port on the AT-AUTO (tm)?

Does this mean that | can remotely control it? What is the control potocol?

Answer: Remote control operation has been included since Version 2.0 (amibsequent)
rmware versions. See \Remote Control" section on page 84 for @ds.

Will the AT-AUTO (1) work with my Collins KWM1 and others
without a computer interface?

Answer: Yes! The AT-AUTO ) is a fully automatic antenna tuner. It works ne with
all HF radios. It includes the CI-V/CAT and external tuner interface circuitry merely as an
operating convenience, but they are NOT necessary for auton@atuner operation.

Why does the AT-AUTO ) have an RS-232 port instead of a USB
port?

Answer: The AT-AUTO ) interfaces with an HF radio and with your computer via a
conventional RS-232 port. Most modern HF radios that have CAT apability, do so via an
RS-232 serial port (an exception: lcom uses a simple single line, bidtrenal, open-collector,
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serial interface). Using an USB port instead of an RS-232 port in ¢hAT-AUTO (4 would
have meant that our customers would need to purchase a USB-R22converter in order to
achieve the CAT interface capability that the AT-AUTO ) already provides. The CAT
(RS-232) interface is only used to provide low-data-rate frequey information and remote
control commands to the AT-AUTO). Depending upon the radio, this data stream may
be less than 20-bytes. Clearly the expense and complexity of USB snvarranted.

17.2 Memory-Related Questions

How can | clear the AT-AUTO () memories?

Our local club was conducting an emergency communications drill. | dught my AT-
AUTO 1m) to the simulated emergency location and want to use the clubs G5Rwt&nna
but a lot of the memories contain match settings for my 160m dipole d&ome.

Answer: The AT-AUTO m) rmware includes over 500 non-volatile memories. The
memory is split evenly with 250+ memories each for the balanced andacgal outputs. The
memory can be reset to the factory defaults by entering the \coguration" menu, and then
scrolling to the \Erase Match Mem?" option and pressing the \TuneSelect" rotary knob.

What happens when | select \Erase Match Mem?" How do the
memories work?

Answer: Selecting \Erase Match Mem?" erases all of the users match setis that were
stored in the AT-AUTO's 1y non-volatile memory and restores all 500+ memories to original
factory defaults.

The factory defaults are mere starting points for tuning operatio based upon operating
frequency. Each memory default when \coax" output is selected fer a nominal 50 load.
Likewise, the \balanced" output default is for a nominal 200 load. Based upon frequency
and selected output, if the SWR exceeds an approximate2l: 1 threshold, the AT-AUTO )
recalls from memory the respective Inductor and Capacitor settys and presets them ac-
cordingly. Then if the SWR is still excessive and if subsequent tuningours and a successful
match is found, that memory's default settings are overwritten wh the actual match set-
tings.

Can | manually edit the memory settings?

Answer: Short answer { No.

Long answer { Yes, but only indirectly. The manner in which this may belone is to
operate the tuner in manual mode and manually adjust the tuner fa suitable match. Then

www.KesslerEngineeringLLC.com



113

switch the tuner to automatic mode and command a \ ne tune" by maenentarily pressing the
Mode-Tune rotary knob. The tuner will attempt to ne tune, but nding the good match,
will instead store your match settings.

How do | control which memory is recalled and used?

Answer: You really can't - The AT-AUTO () manages all of the memories automatically
based upon operating frequency and which output is selected.

17.3 Radio-Interfacing Questions

Why doesn't the AT-AUTO 4y work in - Smart QSY and External
Tuner Handshake modes with other radios?

Answer: We designed the AT-AUTQ.n) to interface with ALL radios that incorporated
a CAT/CI-V interface and or included an external tuner interface Version 2.0 rmware
provided Icom, Kenwood, and limited Yaesu support. Support fortber radios continues to
be expanded and included in newer rmware versions.

The AT-AUTO () hardware should be capable of supporting most radios. The decision
to support Icom radios rst was made because the Icom interfasare well documented and
standardized across the entire Icom transceiver product line. iWever, we now also support
an increasing variety of radios, including Elecraft, Flex, newer Kermod, several TenTec,
and many Yaesu radios, etc.

Will the AT-AUTO ) automatically follow frequency changes in
the IC-735?

Q: I want to use my Icom IC-735 with the AT-AUTO(m). | know that the IC-735 uses
a 4-byte CI-V frequency protocol, whereas newer lcom radioseua 5-byte CI-V frequency
protocol. Will the AT-AUTO () automatically follow frequency changes in the IC-735? Do
| need change the rmware setup?

Answer: You are correct, the earlier Icom radios used 4-byte frequencwtd, but newer
Ilcom radios pass 5 bytes of frequency data over the CI-V bus. &MAT-AUTO ) works
just ne with both the 4 and 5 byte frequency protocols. Howeverthe IC-735 is (hardware)
con gured to operate at 1200 baud, whereas most newer Icondras support a broad range
of data rates. To make the AT-AUTQm) automatically follow IC-735 QSY operations the
AT-AUTO (1m) must be con gured for 1200 baud, and should be setup for Icom ¥ Only"
operation. See the \Con guration” section on page 59 for details.
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How can | make the AT-AUTO ) follow a speci ¢ Icom radio in a
multi-radio setup?

| have a contest station consisting of multiple lcom IC-756PROIIl ad IC-7800 radios. These
radios are networked via the Icom CI-V bus and under software kol from a PC. | have an
AT-AUTO m) working perfectly with one of the PROIII radios. However, the ATAUTO )
follows all frequency commands sent from the PC to any of the otheadios. For example,
when | command the IC-7800 to QSY, the AT-AUTQ») which is actually connected to a
PROIII, changes to the frequency of the IC-7800.

Answer: What you are describing is selective CI-V addressing by the AT-AUT(,) and
has been included in the AT-AUTQq,, rmware since Version 2.0. Please see the \lcom
CI-V Con guration” section on page 59 for speci c instructions.

Why doesn't \Fine Tune" work with my Collins S-Line?

The AT-AUTO (my was working just ne with my IC-7000, but there is a problem with
the \Fine Tune" feature when | use the AT-AUTO,) with my Collins S-Line. Basically

when using it with the Collins station, pressing the \Mode-Tune" butbn when in Automatic

Mode, produces an error with the AT-AUTQq,) complaining about a no-power abort. Is
this a problem with the AT-AUTO ()?

Answer: When using the AT-AUTO ) with any radio that lacks CAT/CI-V capability,
the AT-AUTO () should be con gured for "Vintage Rig" via the con guration menu. Hease
recon gure the AT-AUTO ) for \Vintage Rig" and this will solve this problem.

17.4 General Usage Questions

HELP! My AT-AUTO m) IS squeaking badly! What is causing this
and how do | x it?!?

Answer: The roller Inductor has a contact wheel which rides back and fortlalong the
length of the roller Inductor. The contact surface between theontact wheel and the contact
wheel shaft is where the sound is emanating from. It needs to be tidated (with conductive
grease).

Visit your friendly neighborhood hardware store and purchase amesmall tube of white
lithium grease and some graphite powder. Take a small portion of thehite lithium grease
(about the size of tip of your index nger) and start mixing in graphite powder until the
mixture is dark black, and is the consistency of toothpaste.

Remove the top-cover of the AT-AUTO. Look at the roller Inducta and you will see the
wheel shaft { it is parallel with the axis of the roller Inductor. Remoe the existing lubricant
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from the wheel shaft by wiping it o with a paper towel and rubbing alohol. Then apply
small amounts of the lubricant ONLY to the wheel shaft. A Q-tip woks well for this. Only
apply a very minor amount. A little bit of this lubricant goes a long way. Mre is NOT
always better.

Turn on the AT-AUTO, enter Manual Mode, and motor the Inductor back and forth
from one end of travel to the other. Wipe o any excess lubricanthbeing extremely careful
NOT to get any of this mixture onto the coil.

Now follow the instructions for \Re-Homing" the Inductor motor (described below).

Warning: NEVER spray any lubricants onto the Inductor or any components within
the AT-AUTO (tm).

HELP! My AT-AUTO m) Can't ne a match anymore! When | try
to manually tune, the Inductor is stuck at \000". What is caus ing
this and how do | x it?!?

Answer: It is likely that the Inductor contact wheel is \trapped" by the hard mechanical
stop and the gap-detector on the Inductor motor.

Remove the top-cover of the AT-AUTO. Look at the roller Inducta and you will see the
wheel shaft, the contact wheel, and arm of the limit switch. The limit witch is located on
the Inductor assembly and is near the back of the tuner. By handptate the Inductor until
the contact wheel is no longer touching the small white insulator athe end of the limit
switch.

Next follow this \Re-Homing" procedure. It will synchronize the knavn positions of
Inductor and Capacitor with the microprocessor in the AT-AUTQn):

Turn On the AT-AUTO (1m) and place it in Manual Mode Begin turning the large black
knob { this will cause the Capacitor to rotate. While rotating the blak knob (Capacitor),
Simultaneouslyswitch the AT-AUTO (ym) O .

Turn the AT-AUTO (m) back On and observe the display. It should brie y show \Re-
Homing". The microprocessor will rotate the Inductor until the lover limit switch on the
Inductor is activated and the Inductor position is now synchroniz# (and stored) by the
microprocessor as \000", it will then rotate the Capacitor and sychronize and store its
position.

How should | setup the Peak-Hold metering for the AT-AUTO (tm)
to work automatically?

Answer: The AT-AUTO () control circuitry does not use any of the Peak-Hold metering.
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Al circuitry used by the AT-AUTO () for manual/automatic tuning is independent of the
Peak-Hold metering circuitry. The Peak-Hold circuitry and the SWR neter are included
as an operator convenience only during manual tuning operation érare not used by the
AT-AUTO (1m) during the process of automatic tuning.

How does the AT-AUTO () dier from other automatic tuners
available to the amateur radio community?

Answer: This is the ONLY fully-automatic antenna tuner purposefully designeé and built
to conservatively handle a continuous 1500 W CW carrier. Most oth@utomatic tuners are
a mere collection of xed Inductors and Capacitors that are switad in/out by relay and as
such are generally limited to 600W PEP or less.

The AT-AUTO (1) uses the same high-quality roller Inductor and split-stator Capaaitr
used in our highly-acclaimed manual tuners, but they now are adjiesl by stepper motors
under microprocessor control.

Is this a Ham-Band only tuner? Will this work on the MARS
frequencies?

Answer: The AT-AUTO m) will match antennas operating in the 1.8 - 54 MHz range.
There are match memories dedicated to the entire match range dfe tuner. Non-volatile
memories for MARS frequencies as well as other Federal/Civil fregpcies are incorporated
into the AT-AUTO () rmware.

Why does the AT-AUTO ) take up to 30 seconds to tune?

Answer: The actual tune time of the AT-AUTO (1) is very fast; 1-3 second tuning time is
very typical. The 30 seconds quoted is due to the transit time it talefor the AT-AUTO )
to reposition the roller Inductor from one extreme to another sdcas QSYing from 160m to
10m.

The actual tuning starts once the Inductor and Capacitor have &en pre-positioned for
the frequency/band of operation. When operating irmart QSY mode, the AT-AUTO (im)
automatically recalls its matched settings from non-volatile memoryral subsequent tuning
is likely not necessary.
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Why does the AT-AUTO 1) retune at high power when it found a
match at low power?

After | QSY if the SWR is bad, the AT-AUTO ) gets a low-power carrier from my lcom
radio to tune against. The tuning process seems to work ne, butcoasionally when |
subsequently transmit, the AT-AUTO) Starts re-tuning. Why does it do this if it found a
match at low power?

Answer: The output of the RF bridge rolls o non-linearly at very low power levés. This
is the reason that the AT-AUTO,,) sometimes retunes upon application of QRO although
a good match was previously found at QRP levels. The tuning algorithns intentionally
extremely conservative (attempting to match to 1.05:1 or better) At 10 W input to a
load matched to 1.2:1 or better SWR, the re ected power levels aredeed very low and
approach the hardware's limit to detect these power levels. Howeyevhen QRO is applied,
the re ective power may be su ciently increased (even at extremly good SWR) and detected
by the AT-AUTO (ym). This is most often manifested when the AT-AUTQy,, is coupled to
an radio that is con gured to utilize the radios external tuner inteface and rely upon the
radio to produce a steady 10W carrier. From experience, it turnsubthat this power level
may vary from radio to radio with some radios producing a strongetacrier (ne) (15 W)
while others less ( 6-7W) (problematic).

The tuner sometimes retunes after autotuning using the radi 0's
TUNER button. Why?

My AT-AUTO (m) seems to work ne if | tune in high power and then operate. However
if I tune using the Tuner button on the Icom radio, the AT-AUTO () quite often wants
to re-tune once | switch to high power operation. It does this ab®B80% of the time when
using the coax-fed loop, but rarely does this when using a similar looghieh is fed directly
with ladder line. Why does it do that? Is there something wrong with myAT-AUTO (i) ?

Answer: Tuning at low power has a couple of advantages It reduces QRM and it
places less stress on the transmitter while a match is being sought. id also convenient
when using an Icom or Kenwood radio you merely press the rigBUNER button and
it all happens automatically... However, if there are losses in the amiea system greater
than the resolution of the Forward/Re ected power sampling, tha tuning might need to be
re-accomplished when subsequently operating at higher power put levels.

Why is tuning di erent depending upon whether using coax-fe dor
balanced-fed antennas?

OK But Why? And why does it seem to be di erent depending upon wheter it is a coax-fed
or balanced-fed antenna?
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Answer: Several factors contribute to this behavior, including the power &ses within
the feed line and feed line connectors, the linearity of the RF samplingetwork and the
bit-resolution of the analog-to-digital converters used to quaifly the Forward and Re ected
power samples.

The AT-AUTO my rmware includes an SWR hysteresis feature. That is, it measures
the Forward and Re ected power and if the SWR is less than 1.2:1 (deflt), then it does
not automatically tune. However, if the SWR is determined to be greer than 1.2:1, then
automatic tuning is initiated. During the automatic tuning process, he AT-AUTO (m)
attempts to improve the SWR to 1.05:1. As soon as an SWR of 1.05:1 (metter) is achieved,
the tuning is halted and the match settings are stored. If 1.05:1 (dretter) is NOT achieved,
the tuning process continues until it times out. At that time, if the SAVR is still greater
than 1.05:1, but less than 1.20:1, the automatic tuning process is desd successful and the
match settings are stored. The AT-AUTQqy,) provides the user with an visual indication
of which criterion was met by displaying either \SWR 1.05 : 1" (default) or \SWR
1.2:1" (default), or \Match Not Found."

The SWR is calculated using the following equation:
I:)Fwd + I:)Ref

SWR=
I:)F wd I:)Ref

Given a Forward power of 10W (as provided when using tiEUNER button on the radio),
an SWR of 1.20:1 is observed if 0.90W of Re ected power is sensed a¢ tBWR bridge.
If the Re ected power sensed is 0.95W, the observed SWR is 1.21:lickhnow exceeds
the hysteresis threshold needed for automatic tuning initiation. Guoversely, if the Re ected
power sensed is only 0.85W, the observed SWR is 1.19:1. Therefora@ation in Re ected
power of 0.05W is all that is required to vary the observed SWR and manitiate automatic
tuning. Losses in cables or connectors will easily exceed this threfsh

If a 100W carrier is used for tuning instead, 9W of observed Re estl power will result
in a 1.20:1 SWR. Likewise 9.5W of observed Re ected power yields an ebhed SWR of
1.21:1. The dierence now is that it requires an approximaté?- Watt increase in Re ected
power to achieve an SWR that exceeds the automatic tuning thresld. Therefore, when
tuning at 10W, a 0.05W change in observed Re ected power may be #ilat is required to
vary the observed SWR from 1.20:1 to 1.21:1 (exceeding thresholddariggering automatic
tuning). However, when tuning at 100W, a%W change in observed Re ected power may be
required to vary the SWR around the hysteresis threshold level.

The AT-AUTO () is capable of quantifying observed power levels ranging from approx
mately 5-1500W with a resolution of approximately 0.1W. When tuning ith a 10W catrrier,
this resolution is slightly coarse for di erentiating 0.05W variations in dserved Re ected
power, but is well suited for resolvin%W variations in observed Re ected power when tun-
ing with a 100 W carrier. While the AT-AUTO () power resolution at low power may seem
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limited, the most detrimental factor is the overall feedline loss andhe actual SWR at the
antenna feed point. From the ARRL Handbook, the matched losséar several feed lines are
Table 17.1: The \matched loss" is the expected power loss due to thesistive and dielectric

Table 17.1: Feedline Match Losses

Feeder Type Loss per 100

RG-58 2.25dB
RG-8 1.25 dB
Open-Wire 0.1 dB

losses with the feedline when the feedline is terminated in its charaggtic impedance. For
an RG-58 type coaxial cable, if that cable is terminated into a perfe&0 load, then for
every 100' of feedline, 2.25dB of power loss is expected.

These losses increase signi cantly if there exists a signi cant misneht between the feed-
line and the intended load. The matched loss in dB is:
I:)Fwd .
I:)Ref .

For a 100" length RG-58 coaxial cable terminated into a 50 load, theexpected loss is
approximately 40% when operating at 30 MHz. If the input power is M, only 5.9W will
be supplied to the 50 load. Conversely, for a 100' length of Ladddrine, when terminated
in its characteristic impedance, the expected loss is only 2.3%! A similength of RG-8
coaxial cable driving a 50 load will dissipate as heat approximately 24%f the transmitter
power.

Loss = 10Log

Table 17.2: 100' Feedline Match Loss for 1.0:1 SWR

Feeder Type Loss (dB) Power Loss Power at Antenna

RG-58 2.25 dB 40.4% 59.6%
RG-8 1.25 dB 25.0% 75.0%
Open-Wire 0.1 dB 2.3% 97.7%

When the feedline is NOT terminated in its' characteristic impedancesome power will
be re ected back from the load toward the transmitter, increasig the feedline losses. The
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following table serves to illustrate the observed SWR that would be sbrved by the AT-
AUTO (1m) when coupled to various feed lines, and when those feedline termioat produce
re ections (SWR 1.0:1). This table assumes 100' feedline length, and operation at 30
MHz with 100 W drive power. See the ARRL Handbook for a more detadeexplanation
and associated equations.

Table 17.3: 100' Feedline Match Loss for various SWR

Feeder SWR at Ant SWR at AT-AUTO ) Feeder Loss Power at Antenna
RG-58 1.36:1 1.20:1 41.3 W 58.7 W
RG-58 10.0:1 2.90:1 742 W 25.8 W
RG-8 1.27:1 1.20:1 255 W 745 W
RG-8 10.0:1 4.18:1 39.8 W 60.2 W
Open Wire 1.20:1 1.20:1 2.3W 97.7 W
Open Wire 10.0:1 8.98:1 104 W 89.6 W

Table 17.3 is intended to illustrate that coaxial cables, while very coewnient are extremely
lossy when operated at high SWR and serve to very e ectively maske magnitude of the
actual load SWR.

To summarize and to answer to the original question of why this hagms and why does it
seem to vary with di erent feedline types, one must understand #t when tuning with very
low power levels (such as 10 W) that the losses in the antenna systelme to feedline and
connector losses may easily be greater than the power levels regdito initiate automatic
tuning. When using open wire line, the losses are indeed minimal and ebs&d and actual
SWR are very closely correlated.

Why don't | see this same e ect with my Icom AH-4 tuner?

OK - I think | followed all of that. However, | don't see this same e et when | use my Ilcom
AH-4 automatic tuner. | tune it at low power using the IcomTUNER button, but it does
not automatically re-tune when | switch to high power and the SWR islavays around 1.5:1.
Why?

Answer: The AT-AUTO () and the AH-4 are very di erent tuners. Among the signi -
cant di erences is the fact that the AH-4 (like the AH-3, AH-2 and nost of the other mobile
random-wire tuners) does not drive a feedline such as a coaxial lEabr open-wire line that
in-turn feeds an antenna. It therefore is not a ected by the math loss of the coaxial cable
feeding the AH-4. Because the random wire (the antenna) attaeh directly to the AH-4, it
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is able to sample the swr directly at the antennas' feed point. The ARUTO ;) samples
SWR at some distance from the antenna feed point, which is a ectdaly the match loss of
the feedline. However, using low-loss feeders will mitigate this e ectThe AH-4 is also NOT
an autonomous antenna tuner the AT-AUTQyn) is. The AT-AUTO () constantly moni-
tors SWR and automatically re-tunes if necessary. The AH-4 only ties when commanded,
and then only tunes to reduce SWR to 1.5:1. The AT-AUTQ, strives for a much better
match of 1.05:1, but a match of 1.2:1 or better is automatically consickrl a success. The
1.05:1 SWR criteria is much more challenging to achieve, but is readily aethable with the
AT-AUTO m) rmware and variable Capacitor and roller Inductor. The AH-4 usedumped
capacitance and Inductor values which often do not yield su ciently ne resolution of ca-
pacitance and inductance necessary to provide the precise tuningatch achieved with the
AT-AUTO (tm).

17.5 Firmware-Speci ¢ Questions

Does the latest version of the rmware only work with the AT-
AUTOs (1) that have the QRO Keyline hardware?

Someone posted a message on one of the user re ectors sayiraj garlier versions of the
AT-AUTO () are not upgradeable. Is this true?

Answer: No. By design,ALL versions of AT-AUTO,) rmware work with ALL ver-
sions of the AT-AUTO(ym). All AT-AUTOS 1) are indeed rmware upgradeable by the
user, free of charge. Firmware version 2.07 (and subsequent)lie an ability to control
someoptional hardware to disable/enable keying of an external HF power ampli erThis
and all subsequent rmware versions remain fully compatible with ewg hardware version
of the AT-AUTO (im). If your AT-AUTO (i) does not include theoptional QRO Keyline
hardware, you should merely leave QRO Keyline disabled in the rmware

However, if you want the QRO-Keyline capability, an inexpensive hawdare upgrade kit
is available from Kessler Engineering.

Where can | get a copy of the rmware source code?

| am a software engineer and have experience with the Atmel-typegzessor used in the AT-
AUTO (tm). | would like to add some of my own re nements to the AT-AUTQqn). Where
can | get a copy of the source code?

Answer: The license agreement you accepted when you purchased the AU-PO )
prevents you from accessing, revising, reverse-engineeringarsiy, etc., the AT-AUTO (ym)
rmware. The Copyrighted AT-AUTO m) rmware is wholly-owned intellectual property
of Kessler Engineering, LLC. It represents a signi cant investmérand we must protect it
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accordingly. Our legal department has taken legal action in the pat protect it and will
do so again when necessary. You should realize that considerableetiamd expense has gone
into its development. Competitors may very likely attempt to bring sinlar products to the
market, and in so doing attempt to circumvent much of the developent costs by coping
or otherwise reverse-engineering our rmware. We thereforegmret that we are unable to
divulge any of the rmware speci cs.

Why should | update to the newer AT-AUTO (tm) rmware?

Answer: You might not need to, but you will probably want to. When | started design
on the AT-AUTO (i), | intended that the rmware would an \evolutionary" process. | am

attempting to provide a high-quality, e ective, QRO, automatic antenna tuner. | knew
from the onset that while | had invested considerable time into the delopment of our
rmware, there would likely be improvements and enhanced featusethat | would want

to make available to customers. Additionally, if problems were later disvered and as
improved algorithms are designed, | wanted the customer to be alie take advantage of
these improvements at no additional cost.

This is the reason | included the ability to upload the rmware to the AT-AUTO ().
The design of the AT-AUTO,) permits continual improvement to the AT-AUTO () oper-
ation by adding new rmware features. The AT-AUTQy) is an evolutionary product with
su cient rmware exibility to permit continued product improvemen t. Furthermore, since
introducing the AT-AUTO ), users have requested several features that | simply did not
anticipate, but was very happy that to meet those requests thragh improvements in the
rmware. If building a QRO, fully-automatic tuner were simple, others would have done so
already.
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