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6.6.5 Reset

The BC nevwork C22R 16 provides a stanup delay 10 ensure that clacks amd analog circuits have stabilized
from power on transenls before the compuler alempls operstion, 7 ensures that power supply dropouts
prompaly resct tbe MOCU w prevent erratic operation that may result from low operating volages.  The RC
time delay thus operates only on lum-on, and does not delay lurn-oil,

5Wa allows manunl reset in cose of system failure or computer disruption coused by powsr surges of stanic
discharges,

6.6.6 Lamp Drivers

Trandastaors (1, (2, 03 and (15 are used as open-collector drivers for the front panel LEDs. LED supply is
+12%.

6.6.7 Keypad

SWI, 8W2 and 8W3 are three user comro! buttons ol the froal pancl.  Each causes the state of a porl line
io change from high te low upon switch actuaticn.  The microcontroller debounces any possible swikch
chatter 1o prevent multiple closure inberpretations.

6.6.8 Serial EEPROM

U is a 16 k-bal serial EEPROM. It is accessed via a two-wire synchronous serial imerface implemented
by “bit-banging” por lines i the MO, Data soclocked @t pin 6 (clock source always the MCLU),  Daia
can b gither input or cutput at pin 5 depending upon whether a read or write operation i in progress.  Ths
IC reiains memory comtents in the absence of power. It can bolerats 100,000 wrie cycles of any particular
memory location,

6.6.9 PWM D/A

Clatpails PLMA and PLMB of ihe MOU provide pulse widih modulated digital waveforms thai arc
inegraled by UAA and U6H.  The pulse rates ot PLMA and PLMB are approximately 2 kHe. Polss width
resckution is B bits, providing 236 possible sieps. A zero volinge resulis in these oulpud staying of 0V, A
iull scale wolage (X33) results in & constaml +3% at PLMX.  Intermediate seilings result in s digiial
waveform of positive duty cycle proporional 1o fee 8 bl word written w the W,

LA and UGE are pwoe pole lowpass filiers used os inteprotoes. Integrators have sufficien filiering to
ensure that signal droop during any 0.5 ms PWM cycle is less than % bit of resolution, or 1512 of the full
scile inegrabor oulpul voltage,  As @ resuli, these outputs can only be vaned wery slowly

LA has an overall D equivalent gain of 143, reaulling inan output volage range of sero o 7,15V 0C,
Ut penerates the AGC limit control voltage.  This s wsed o limi the AGC excursion 10 prevenl self-
oscillation when input BRF sipnals are ahseml, or below the minimum safe gain margin of the OFR
instil|aticn. A self<calibration of the RS51 function (see serviee chapier) allows the MMCLU 1o calibrae
AGCLIM voliage against acteal input level in dBm.  This albows the user to set AGC limit by dialing up
the appropriate AGC limit bevel in dBm.  The micrecontroller ensures that the user cannol seL receive
threshold below the AGC limit thresheld plus the programmable threshold hysteresis.

Higher AGCLIM voltuges mean higher AGC guin seitings ore allowed,  Lower voliages clamp the AGC
virltage al hagher input levels hence reducing svailable sensitivity,
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AGCLIM voliages are determined by reading a user setting command and using it 1o look up a voliage in a
EEPROM tabde generated during factory calibratioe.

An awomatic AGC limit semting function s available, which allows the wser 1o asomatically set up the
OFR o ensure self-oscillation cannol occur.  This is described in section 5.

Ut penerates the tramsmit level control voltage. Lower voliages correspond 1o higher transmil chain gains
and higher owpul power. UGB is essendially o woltage follower with an outpul vollage range of vero ko 5
volis.

6.6.10 8 Channel A/D

The MCU can read up 1o 8 vollages in the range of 0 to +5VDC with # bit resolution.  The parameters that
are monitored are:

*  Tranamil forsard power

®  Transmil reverse power

o AGC voliage (system gainfinpu level )

#  Tramsmitter intermal cemgesains

& Tramemitter final stage curnen

& &24% supply voltage.

Two AT inputs are wed 10 sense extemnal control digial inputs, These ane;
*  Transmin Defeat

#  Extcrnal Fault ireseryed for Muiure use)

These vanous signals, along with actual or remembered user seuings are used a5 inputs 1o the MCL's
diecision algoribims.

6.6.11 RS-232 Interface

L2 converts 5V serial logic signals to and from the MCU 1o +/- 12V indusary standard RS-232 levels. U2
includes internal charge pumps 10 create the necessary local +~ 12V supplies.  BS-232 interface ix
available a1 JI, a 9 pin Desub conmector.  Interface i configurcs as DCE (Dhata Communications
Equipment) amd has pin assignmends similar 10 8 modem. It is suitahle for conmection 1o a BC. If
conneciad s modem, a null-modem adaptor ks required,

Table IRS-232 Connector HCE
Fin Descrption
1 CD {not connecied)
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TO (data to PC)

RO {data from PC)

DTR (eonnecied o DSR)

GMD

DER {connected 1o DTH)

ATS {connected to CTS via driver)

CTS {connected to ATS via driver)

T T T O O T - 5 T

Al (et conneced)

6.6.12 Fault Relay

A single dry relay closwne connects the rear panel Faulo line 1o grownd when any faull occurs,  Exact nature
of faul is displaved &t the from panel.

The default sate of the Gaul relay 15 closed.  This ensures that primary poser Gailure, ofal Failune af the
MOCL, or @ stuck resel condition resultl inoa ol being mclicated.  The microcomtraller misst imtialize
succesafully and delibersely turn the relay on w clear a Gol. Transmatier s de-energized of any Gl
oocurs.  Rimee certaln faules are inberently self-clearing upon wansmitter de-energization, twe faull
indication will peraiss until the ransminer s keyed off and keyed on again.

Signabed faulis anc:

#  Primary power fallune (ao fronl pancl idscatony

o MOLU Failure (oo frost pamel indication)

e Syasenm uncalibrated

#  Eacess pewerse prower

#  [nsuffickenl (ramsmil poswer.

®  Excess ransmil powes

®  lipul overdiive

#  Trammutler overiemperalure.

& 424V ulppl].l T lure

*  Transmitier undercurrent

®  Transmitier owercurmem

# Expersal faule
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The front panel (2ull LED duplicates the faoult relay stabus for easy viewing.

6.6.13 LCD Interface

The MCU communicates with a controller Iocal to the LCT madule via an & hit parallel bus,  This includes
B dlaia buts, a data strobe, readfeeriie line amd o reset signal.  The LCD module conmects 1o the control amil
al J&,

B3 sdjusts LCTY contrast,

32 currem limits voltage used for LCD hacklighting,

6.6.14 IFTransmitter Interface

12 provides interconmection to the IFTransmitter madule. This interface uses & 16 pin dual row hesber @
the comirel mmit and a 15 pin d-sub conpector {Mlwered) a the IFOXMIT end.

Table 4 Hadio interfmce (0,100 dual row)

FiN SHGEMAL FUNCTION

1 +24 Final stage high current supply to TX

2 GMND Grownd retum for final stage from TX

3 FATEMP Maodule temperature sense from TX

4 PHEV Fieverse power kval (vollage) from TX

5 PFWD Forward power level (voltage) from TX

& THCURRA Transmitter supply current senge from TX
7 PABIAS Transmither gain {ouiput kevel) confrol voltage
L TXEN Transmit enable to TX

4 PREEN Praamplifier enalde to TX

g ls] GND Signal grownd to TX

1 AGC AGC voltage from IF

12 AGCLIM AGC limit clamp vokage to IF

13 QOS5CEN Indernal test oscillator enabbke b IF

14 +0.6V Main supply 1o IF and transmitier

15 M0 Main supgy ground rebum from IFTX

16 MOT USED

6.6.15 Rear Panel Interface

This interface provides diagnostic signals and remote access o ihbe fault signal.
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Tahle & Rear panel interface connector (8 pin Weldmuller at rear. (L1 single row al PUR)

Pir Mame Diescription

1 VBATT +12v

2 GO GMD

3 AGC AGC voltage

4 CAL Calbation pulse, requesis next test generator step
5 X High when RX LED on

& PABIAS | PA Bias (leveling) voltage

T SFALILT Fault relay connection to GHD

& "TEDEF | Transmit defeal input, connect to GHND o delest
6.6.16 Software Operation

This section briely explains the comtpol umits sollwans oparation, of “thought process”,

6.6.16.1 Initializabon

Upon application of power or actuation of the manual reset, the microcontroller remains idle as its main
clock osaillator siabilizes. After that, all L0 ports are configures and sed 10 safe valoes,  The indernal timer
and serial communications penpherals are imtialized and any perding inlerrupts are cleared. The MCOU
thien performs a brief miemal sell check and then checks for presence of the external  EEPROM
inonvolatile memoryl. 1t then checks if the EEPROM has been previously initialized.  IF initialized, the
MCL obtains operating parametces and seilings lroan the EEPROM and stones them in RAM.  Otherwise,
the EEPRCH is initialized and filled with default seitings from imtermal RO,

The AD and PYWM ssbsystems ane then started and allowed 10 stabilize, The hardware waichdeg function
is also dmitalioed.

I the BEEPROM iridicales that system calibration has cocurred | then normal operation bepins,  Otherwise,
the wnit will remaim in the "Uncalibrated faull state and awail Factory calibration,

When computer power up is complede, all panel LEDs light momentarily for sesting purposes, the sofiwanc
revision is displayed brigfly, and operation begins, The interrupt driven AGC, Transmit and fault monivor
processes arg initialived and spaaned, and control is passed on io the main loop.  User menu features are
nevwe vailable,

6.6.16.2 Watchdog

Because an OFR may nesd o operate for several years withoul homan imeraction, special hardware s ased
e ensuare that operation cominees even if the microcontraller encounters a sofiware failure.  As pan of
normal operatien in the main program loeop, the microcentroller pemodically wnbes woa specific regsice
that autematically cownts down o zero.  If due o program operation disruption, perhaps caused by static
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electricity, a power surge, or even a hidden soliware defect, the main operating program does nol attesd o
this “waichdog™ or deadman function within the specified tme, the hardwase automatically initisles & reus,
arel mrmal operation will resame if po permanent hardwane damage has oceurred. [ ibe walchdog nestans
the MCL, then a fanlt is momentarily triggened,

6.6.16.3 Main Loop

The OFR operating softwane conirols severnd imiernal funciions simulianeously by use of a simple muldii-
lasking software struciure,  The main operating maodule seorches for user keypresses and responds in
accandlance with requiresd user interfuce flow as described carlier.  System L0 i= adjusied in real tfime as
the user manipulies adjustable settings.  The main loop also updates LEDs and the LCDr display, as well
ay updating the EERPOM uwpon request by ather processes

Smce wser interface opsrations are infrequent and slow-moving, the main loop operates al the lowest
pricrity level and cam be intermuplesd by more handware-related processes.

The main loop operates as a giaie machine which 18 driven by wser inpuis. [ o wser inpuis oceur, then il
serves 48 a slave sk 1o the other processes,

The main boop suspends rormal operstions and transfers o separie state machines when selCealibration
functions are execued.  The obser processes conlinee 1o operde as befone.

6.6.16.4 AGC Control Process

The AGE, or IF control process is drven by an intermal 500 microsecond timer imermupt. . The AGC
system is manitoresd at thas rate, This guaraniees adequate response time to new received signals.

The AGC control progess moaitors the AGC voliage and determines if it s above or below the reesive
threshiald wnd keys the transmitter on or off as required. 1t caleulaces the necessary hysweresis factors and
converts voltages (0 dBm levels, The cumrent AGC setfing is stored in a register available to the main loop
process 5o that it can update the LCD o show cumend signall strength as required, It showld be poted that
as o result of this software architecture, actual hardware operation is much faster than what the LCD is
indicating. If the OFR gets busy atlending ko AGC or power amplifier control, LCD updates are deferred
unlil thee work 15 dome.  Any such delays ane generally impl.:rncpqibll: by the wser,

6.6.16.5 Transmit Power Leveling Process

Within a second 4 ms wsee lines Luerrupl, & a bower proority 1o the AGC control beop. the ransmiller
control process perfiorms its tasks.  Forward power B sampled aml compared W the current user comminel
level, The TELEYEL PWM is updated up or doswn to bring the wramsmin poser within range (F requined.
This process includes an awocorrelation digital filbering algorithm that ensures thal the mansmil power
leveling boop remains stable and does nod try 1o update the PWM vobiage faster than hall the PWM cycle
rate.

The iransmal lewveling bsp operales on a slale-machine principle.

6.6.16.6 Fault Monitor Process

T engure the (JFR hardware 15 protected from dangerous ol condilions, (e Gull monilor process runs
oo & 8K wee mteorept. Al ietermal stes related v possible faulis are checked SO0,000 times per seoond.
Some faull states take longer to be detected because the AT converter has o minimum cycle tme of 16
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mictoseconds. 1l can be wafely sabd that Gaobl detection wall relisbly ocewr within 50 microseconds,  This
ensures that the cinrcuitry can be progected foom any seriows faull before permanent damage occurs,

6.6.16.7 Serial Communications Process

Any seral date sctivity on the UART 15 subject 1o its own interrupt,  Commands are queusd and passed on
1o the main loop o ensure serial communications overbiead does not disrapt vital functions,

6.7 Power Supplies

Two compact open frame switchmode power supplies are used w convert AC mains power iy + 1206 and
+24 WDC. The supplies have maximum currenl radags of 1.2 and (06 A respectively.  These supplies
are UL amd CSA recognized.  They include full thermal amd shior circult prosectien. A rear panel fuse |5
ascd v limit 115 Y AC input cumren in case of @ PSU or mains winng faoli

These supplies are purchased assemblies thal should be replaced al the complete module level, Mo
detailed schematics or comgonel layouts are provided. There afe o alighment polnls m these circuits.
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7 Service

7.1 Problem Determination/Performance Tests
THIS SUBSECTION NOT INCLUDED IN PRELIMINARY VERSION

7.2 Service Menu

The service menu contaims lunctions weesd during faetory calibration and certmin service procedurcs.  Use
of these Tunctions reguires wse of an HPSS20A radiocommunication analveer with specific propritary
Kaval sodtware amd interface kit, These functions are nol required for normal field aperation or seiup,

Transmit power and AGC calibration reguire thai the radiocommanication analyzer be connected 1o the RF
oatpat or RE mput respectively and that the appropriste interface cable be conpected between the OFR mear
panel interface comnector and the mdiccommanication analyser microphone jack.  This interface cable
passes digital signaling between the OFR amd fest set,  The mdiocommunication analyzer must be running
Raval OFR service soltware. Details are provided in the documentation accompanying the calibragion
softwane kit.

7.2.1 Entering Service Menu

The service menu is called up by pressing the menu bution while holding down both the up and down keys,

7.2.2 Calibrate Transmitter Power

rme Tmeen ame B fewrs mmew

This functsen se1s the targel forward power detector voltages used by the contral wnit as targel setpainls for
e 10 available power outpual levils.

If the OFR i in an uncalibrsted state, the display will default to *Yes™ when the transmit calibration
function i% called up,  Pressing the menw key starts the operation.  [F the unit has already becn calibrated,
thie display diefaulis o “Me™ and the siate must be toggled wsing the upfdown keys Folkowed by aciustion of
the menw key.  An LOD message indicstes successful completion of the operation.  During calibration,
LCDy messages indicate progress and the particular power kevel being calibrated

When starled, the radiocommunications analyzer first woils a |5 second warm-up period while the OFR
energizes its rapsmidter al o low power level.  Afer this warm-up, the radiocomm analyeer oulpaits pilses
tix the OFR requeshing incregsed cutput power wntil the masimum rated power of +30 dBm is reached. The
process abarts iF no chamge in owl put power occurs afler 10 pulses, or if the final cutpun power is no
reschable,

After reaching maximum power, the rediocomm amalyser requests lower power levels and the OFR ramps

tr gach | dBm setting. When the target power level is reached, the radiocomm amalyser ouiputs a
confirmation pulse.  Power levels between +20ard +30 dBim ase calibrated in thas manner,

Calibration scouracy 15 /< 1.5 dBm.
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During the wransmatles alignmenl, the OFR swilches on an imernal signal source so thal o external RF
impaut need be applicd.  The BF anput shoubkd be serminated by a 50 Ohm losd,

7.2.3 IF Output Level

mu, o m o [ . E _E i:u =::|

This operation requires no extermal equipment.  With a =60 dBm input carrier applied at the operating
frequency, the service technician adjusts B33 on the IR Transmitter 1o make the AGC output level match
e level of the imernal est oscillsor wsed in fransmatier calibrstion The LCD display shows the
difference between the current [F level and the wrget level.  RS3 is adjosied 1o vield 0 on the LCD display,
The user must manually exit the function when done by pressing the menu button

This Function can only be performed afier ransmit calibration is completed,

7.2.4 Calibrate AGC (R55I)

TR ot - g g
Juod B oy - = ot e e

After iransmitter and [F level have been calibrated, the external radiocomm analyzer is usad o calibrate
AGE woltages against aclual dBm levels.  The radiocomm analyrer s connected (o the RF mput, aml ihe
EF owtputl must be serminated by a 3480 Ol boed.

Thiz Tunciwen 15 called up in a sumilar manmer o iransmitier colibration,

COmee imituated, the radiocomm analyzer applies RF input signals to the OFR input.  The OFR reasds the
resuliing AGC voltage and swones it in memory For the level curmently being received, When the reading is
comgiete, the OFR signals the rabiocomm analyzer o increase the input level by one dB,  The sysiem
seguances through all 1 AB @eps froam 95 dBm 1o =20 dBm.

When the AGC calibration is compleie, the OFR then performs an internnl self calibration of the AGCLIM
virltage used Tor AGC clamping,

The LCD display indicates successful completion of AGC calibration.  Aa this time, any “Unscalibraied!™
fauh messnge will be cleared and normal OFR operation can begin

7.2.5 Special Calibration Functions

The following settings should not be adjusted except ot the instruction of Kaval service technicians. Thess
setiings default to the requited setpoanis during Eaciory sstup,

7.2.6 Set PA Temperature Limit

ami_ mis voa er=n 5 _Ems e
O | ™l ome w [ osan ma s 3F o T |
| Rl bt | PP md N7 ol B e H o
H P P TmE " e P T BB

The: intermal threshold for sempesatre fasll eiection can be manually set,  The LCD display indicales a
walue between O and 2535, with O cormesponding 1o the lowest temperature, and 255 comesponding to the
highest 128 comesponds o W3, The digits do not represent a linear temperaiure curve.  This function
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can be used 1o clear a spurous lemperature fault detection e allow contineed OFR operation until a
possible [auly lemperaiure sensor can be replaced,

This furection shoubd permally ¢ sct s 128 for the CFR-FIOF

7.2.7 Set PA Maximum Current

This function adjwsts ihe rigger point foe PA overcurrent detection.  [i should normally e se wo 16EL
Allowsable entrigs ramge from 0 te 235, 255 corresponds o sero currenl and 0 cosresponds 10 maximam
measurahle current of 1A,

= 2IE SEELE R

am_ Hl e I a'

Thes funchion =215 the PA undercurrent fauli threshold. A 0 @0 255 mnge of eniries is allowed, Higher
nufer cormespomd [ [ower currenls on & scale identical 10 that Tor mskimum current m.:l;l_ing:.

7.2.8 Set Minimum 24V Supply Voltage.

faal * P | T e T
R T B ™% | "

This function allows adjustment of the wigger level for devection of fatlure of the 24% PA supply.

7.2.10 Set Maximum Reverse Power

- s a 0y sps B I i
| g i " Gead 1 el I L i
A e Wt P wer = In Tum' Tma

This function sets all calibration functions 1o a safe set of faciory programmed walues that, although e
necessarily within full specification, will allow minimal operation, The Tunction should be oggled 1o
Y™ follovaed by pressing the Mena buthon,

7.2.12 Exit Factory Menu

T ™ 4 _sa
w0 om sl * 0 fa 11
Ol I | " HIC I
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