Operarion, msallaon arnd Senvice Marmal 2R -m
Mulii-carrier Paging OFE
Mode! & OFR-PIOGF Iecember | #8

4 Indicators and Controls

4.1 Indicators
SOTE: Labeled phoro or dicagram of froml panel to be added

4.1.1 Power LED

The green power LED indicatcs that primary power is present, the 12% power supply, 3% local contral wnit
regulator is working and that the microcomroller has suocessMully matialized.

4.1.2 Receive LED

The vellow BRX LED indicates that an RF signal is detccted that is above the programmed minimum receive
threshold.

4.1.3 Transmit LED

The yellow TX LEDY indicates that the tramsanitier s drawing curmend and geperating BF energy greater than
+15 dBEm.

4.1.4 Fault LED

The red FALLT LED indicates that one off several fault conditions is in effect, or has occurred since the
last key-up attempd.  Some feulis which are sell chearing, such as PA overcurment oF cXcess TevErse paower |
will remuin in effect until the pest key-on event,  The rarsmitter is defeated §F any fault is signaled.
Faull eodes are deseribed momiore detail enoesction 66,12,

4.1.5 LCD Display

A single row, 16 alphanumeric charscier LCD is used 1o provide wexigal user information.  Idle stae LCD

display shows received signal level in dBim, or three asterisks is no signal is presenl.

4.2 Controls

4.2.1 Up/Down Scroll

The upfdosan scroll butons ane wsed W alter paramelers under 2 specific menu function, An examgde 15 the
use of the ugwdown keys 1o call up a specific reoeive threshadd in dBm.  The up’down keys can be wsed 1o
change a parametcr by pressing repesiedly, or when applicable, will autcmatically sequence through
available entries if pressed and held down.  Softeare prevens scrolling beyvond allowable valucs for any
given programmable furction.

Fior lunctions thal reguire o yesfmo or togghe eniry, enber key wall togghe the state,
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4.2.2 Menu

The selectmenu pushbation is used o step through available mem fusctions.  The upfidown keys are them
usexl 1o change the parameter sssociated with that famction,

I the defaul operating mode after power-up, the menu key sequences through normal user functions. To

enter ihe service/calibration meny, the one holds down the up and down keys simultancously, and then
(while still holding the upddown keys) one presses the meaa key.

4.2.3 Reset

The recessed resed bution cam be aciuated by inscrting a nonconductive pidnted abject throwgh the halg
prowided in the from pansl.
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5 User Functions

5.1 Idle State (Default) Display

When no user function is being programmed, the LCD displays currently received signal strength in dBm.
[f the ingaur signal is below the AGC limit sctiing. three asterisks will be displaved instesd of & numeric
réadoud.

5.2 General Usage of Bultons

All user programming functions operate in a similar manner. Prossing the meny key sequences through
available programmable features,  When the desired feature is displayed on the LD, the ugwidown keys
can be used W manipulate the selected parameter,  This either involves scrolling though a numeric range af
seiiimgs, or iogeling bevween a vesino set of oplions,

When a lunction is called up, the current setting is displayed.  Any changes aic retained onee the menu key
i3 presaed, and the next function is called up,

Hepeated pressing of the mepu key sequences through all available functions anc the idle screen display
The screen reverts e idle automatically if no keypad activily ocewrs for 3 minutes.

The up'down keys can be slepped by repeated keypresses, or can be beld down 1o rapidly scroll through the
availuble range,

All functions can be adjusted at any time regarcbess of whether the OFR is keved on or nol,

53 Main User menu

5.3.1 Receive Threshold
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a
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The first funciion in the menu determines the minimum input RF level in dBm above which the ransmitter
will be energized and repester operation occurs. 1L as godd practics to set this threshold aboul 6 dB above
the: lowest nomal received signal level w allow for slow fading and other long lerm propagation variations.
Excessively bow threshold scmings may increase susceptibility 1o flse riggering on imerference or sell-
oscillation,

The receive ingges threshold can be sef anywhere within the maximum available range of —95 1o —30 dBm.
However, if an AGC limit level has been s, then the range of trigger signal levels that selected be set is
limised 1o values hgher than the progrommed ACG limit plus 2 JB.

If e receive threshold is reduced o a level lower than the AGC himat plus the AGC hysteresis, then the
hysteresis seiting is awlomancally reduced, as requared, 1o &lbow the receive threshold 1w approach the AGC
limit.
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Default receive threshold sewing is 95 dBm (Maximuem sensitivity).

5.3.2 Transmit Power

Trimsmel dutput poweer can be sed anywhere i the range of 2010 30 dBm using this function
D fault seiting is + 30 dBm, (Maximum Power)

Mite thad this powes seiling applics 1o the wlal composite power al the OFR outpul. It does not comespond
tix Indivedual carmier power except when anly one carrier 13 presenl.

5.3.3 Hang Time

To avoid kev-on delays incurred during shont dropouts in the received signal, it is pessible 10 keep the
transmitier energized for a programmed length of time after received signal is bosi,

Hamg time can b programamsed in 100 ms increments belween sero and 3 seconds,

Tlee hang time counter stars when reccived signil drops below the programmed recerve threshold.  IF the
leaing inme cxpines, then the ransmpiber will be keved ofi.

During hang time, the receive signal indicator mdicates presence or absence of an actual input signal. The
iransmit ishicator will remam on during hang tme regardless of whether any actual RF is being outpud,
Beocawse an input signal may be absent, and the ransmitter may nol be developing full power, lorwan
power faull detection is emporanily defeated during hang tme.  Alse, power leveling 15 lempaorarily
suspemded at the kast seting in effect whan the received signal dropped below threshaold.

The funciion setting ranges fromm zero 0 30, The “=100ms” multpler message is displayed as 0 cue o
interpretation of the reacling.

During hang time, the AGT continues to function, however, AGC will only go to the AGC limit maximum
jain sed wsang the AGC limit Function.  This is to prevent self cscillation from occurring during hang time,
when the recerved signal 15 ahsenl amd the OFR wanls o command mone gain,

For this reason, it is imperative that the AGC limdt be properly sot before atlempling 1o use the hang time
ficature.
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It is possitde 1o manually defear the ransmiter for seup, seevice of alignment parposes.  The upddown
arrows loggle hetween the Yes amd Mo stawes,  When Yes is displayed, the ransmiter will not ¢mergize
regardless of detected inpul sigmal bevel. This is useful during ininal setup.
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5.3.5 Automatic AGC Limit
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This function iggers a {Paical Peoding) uwnique leatere of Eaval OFRs that greatly simplilics fickd
installation. The suomate AGC limil ssting fusction aulomatically sets the AGC limit b accommodale
sysiem anlenna isclation and prevenl self-oscillaten.  Afler execution, the receive threshold function
sedting range i autematically constrained pe safe semings that will nol resull in system self =oscillation
This functien can also be used w awomatcally measure how much of Bs own outpud signal the OFR

SECE

To initiate an automatic AGC limit determination, use the up or down key 10 loggle the display 1o the
“Yes™ aiste and then press meme The mext screen a3ks for inpul of the AGC limit margin,  This is a value
between zero and 20 dB.  The aur AGC Tunciien will set the AGC limit o & valee equal o the seli-
oscillation threshold plus the selecied AGE lmit margine.  Marging of at least 10 dB are recommended,
The default margin called wpis 10dB.

Pressing the menu key afier optional manipulation of the margin ssiting tnggers the automatic AGC limit
fumction. The IF secuon is disconnecied from the tnmsmater amd the internal test oscillalor is wened on,
The transmitter will output the current selected power cutput aml the receiver measures received signal
lewel, The AGC limit is automatecally set 1o that receive level plus the AGC limil margine.  The rneceive
threshald fumction will than albow seitings only Between the AGC limi and -0 dBm,
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The AGC limin can b manually adjusted a2 any time after an autsmatic adpstment,

Inis imperating that all iransmitters feeding signals to the OFR be wrned off during an auromatic AGC limit
operation.  1f noa, then the OFR will imterpret these desired signals as feedback and set the threshold above
the Jovel necded o properly process signals. 10 ol 1% nol possible to defeat these ransmitters, then ihe
manual AGC limit function showld be used.

In s recommendec that the sutomatic AGC limid function be executed at pericdic intervals to accommodane
beng term changes in anlenna isolston due B sepsonal foliage varations or new construction in the wicinity
of the anicanas.

5.3.6 Manual AGC Limit

mialdem

The AGC limit con be manually se. This should be done with caufion as excessively low AGC limits
increase the possibility of system self-oscillation, The AGC limit showld be set 1o o bevel at least 10 dB
abwve the level of ns own oulpat gsignal thar the OFR receives,

As an operating nole, the higher the AGC limit is set, the faster the key on time of the transmitier.  'When
signals pre being received from fined base stations, it is pood practice to st the AGC limin abow 10 10 20
4B below the nominal received signal firom the desired base station,

The default AGC lumin seting i w mindmum inpul level (<95 dBm) The LOCD display will shaw “0FF
ingtead of o dBm readig in souch case,
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AGC hysteresis is the difference between the input level at which the OFR energioes s iransmitber and the
(bower) input level below which ihe transmitier is de-cnergized. i is a good wea 10 mabniain o least some
hysteresis o prevent signals right near the inpul threshold from urnecessanly tgeering the OFR on and
ol with mingr lewel fluctuations,

The AGC hysteresis can be manwally set anywhere from 0B (no hysteresis) o 20d8,

The hysterss cannal be set io 8 level higher than the current difference between the receive threshold and
A Jom lewvel.

The default hysteresis setting is & dB. This is suitable for OFRs repeating Dxed hase siations.  When
repeating mobibe signals, o higher hysieresis, comesponding 1o normal fasa fading level variasions should e
used,

Please mole that high hysieresis settings clfectively reduce the available sensitivaly of the OFR lor
IFgEering purposss,

If ihe receive threshold is set o a level lower than the curment A0 limin plus the hysieresis, 1he hysteresis
is automatically redisced as regquined.

5.3.8 Test Oscillator

s - s PR T e
i 8§ me am I Laas IR L1
Eopamg R T i

i

§ A . i
mm ey aem e 0d

FTeTT

The imternal test cocillator can be manually activated,  In this operating state, the (OFR will continuously
trunsmit a single unmadulated carrier in the middle of its passhand,  This function is useful for esting of
antenna systems, functional venification of the OFR fransmil seciion, and i perform Geld strength surveys.
The recelve signal 13 disconnscied (rom the mnsmiller when the tes) mansmitter is on, bt the RX indicator
LED wall continue 1o operale mormally,

If the RX LEL lurns on af the exact time that the test oscillator is activated, then there is a strong likelihood
thil system sell oscillation may oocur if normal opertion 15 atbempied,

5.4 Fault Indications

IFa fault condition 15 detected, the fault LED 15 wurmed on, the fault relay closes and a teat message appears

i he LOCT |:||:qﬂa.3,'. Faul messages are lsdted and describex] below, Al foull conditions defeat ithe
Iransmiiter.

Poower amphfier tempertere hos excesded 90, Transmitter will be defeated and fult condition wall
persist until emperature decreases to below GO
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Power amplifier has drawn 28% more current than normal.  Transmatter has shut down for remainder of
CUFTEaL kt}'-l’.lﬁ 1.'}1.'||:- Ru-uhel‘gualitm wall be lllu:rrplt:d i iRl k.:j-l.q;r. Civercurrent iy be the resull of
system self-oscillation or an iternal Failure.
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Transmitter was keyed on but corsumed less than 50% of normal supply current.  Undercurrent is wsually
a sign of an infernal failure of the final ransmitier stage,

Trammirter power excecds user selected seypoint.  This imlicates & Fadlure of the wansmitter leveling
circuitry or internal self-sscillation in the [F'Upsonverter. This fault laches until nest key-om cyele.

Tranamattcd [T 15 leas tham 305% ol selected Prwer cualpul. Thas 1= Lqu.al|_l,l an indecation of an iernal
Failure, but may appear when an extremely poor YSWER s encountered 31 sutpat,
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The RF output load YSWER is greater than approximately 2:1.  This usually indicates a failure in external
cabling or amtennas.  This fault is laiched until next key on cyvele.
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An input RF signal has exceeded the AGC systems ability 1o maintain bevel output.  This condition may
oocur for inpul signals above <20 dBm,

Froper ard safe operaton of the OFR requires that the transmitier power beveling sysiem and AGC
calibration have beem done in the factory, or in accordance with this manueal  1F for some reason, the OFR
control unit has not had s calibration tables set up in nonvolatile memory, or EEPROM contems have
been lost, the transmitier is defeated wntil calibration has been performed,  This faulil condition may also
appear with ceraim ypes of control unin failures.

Replacemsnt of the froat-end, IF Transmater or control PCB requires recalibration.
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6 Theory of Operation

6.1 Identification of Modules
NOTE: Photo or diagram of module bvations fo be added heve

6.2 Overall Function
NOTE: Svatem Mock diggram o be added here

6.3 Front End

The front end module amplifies and converts the incoming RF sigral to the final IF of 214 MHe

The RF is first passed through a single PI lowpass Tiler that removes L0 leakage 10 the input ai above 2
GHz for FCC compliance.  The signal is then passed to a thres pole helical preselector FL10I,  The signal
is amplified by a MMIC low nowse amplifier 1C10] and applicd to the first downconversion mixer 10102,
Atripled bocal oscillator sigmal st 6891108 MHz converis the RF to a first IF of 2311063 MHz where il is
amplified by BCI03 and IC104.  Tmage and 1.0, are fliered by a twio pole kelical Gher FLIO2 and a twe
stape PI filter before being passed w the second downconversion miger ICI05,.  This miser mkes the O
signal w 2297036 and convents the first [F 1o the fimal 214 MHe, 10106 provides further amplification a
21 .4 MHx.

The: overall goin of the front end s beoween 18 amd 22 dB,

The local escillaor is bulfered by 1C107 and applied to the second mixer.  The output is alse applicd 10
single transistor iripler QOB Which mubliples the frequency by a Tactor of 3. The desined harmenic is
filtered by FL103, amplified by IC 1418 and applied 1o the first mixer.

The main supply 10 the front end is applied &t %6V,  Resistor R133 drops the voliage 1 7.0V, A two
iransistor switch (O 0, Q109) can be used as o power-down function.  This 1s nol implemented in this

product,

6.4 Local Oscillator

The self-contained local oscillator module generates the 2297063 main L0, signal that is fed i te from
end and wpeonvenier. By wsing the same L.CL for dewn andd up conversion, the (OFR imparts no frequency
shifi 1o the applied signal.

A lemperature compensated crysial oscillator Y1 generates the fundamemal frequency a1 25 5329 Mz,
This is a [.3 PPM erystal. O buffers its output and selects the main barmeaie. Q1 multiphies the
frequency by three i about 75 MHz. Q2 provides o second tripling to vicld the final LOy. signal.  This ix
filicred by two two pole belical filters FLI and FL2, and & further harmonic filier LT/LE. A vwo sutput
LC Wilkinzon divider splits the L0 between the front end and speonvener.  Splitier must be uned o
ensure good isolation berween Front end and upconverter 1O, sigmals to ensure no parasitee fecdback path
for BF around the L0k Loy,
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6.5 IF/Transmitter

6.5.1 General

The IFfTrarsminer madule comvents the [F h‘iEl.Hl Friom the Friond end module o the final o ﬁ':qur.r.;!.'
of $40.225 MHz using the 220 7036 local oscillator signal. 11 acoommodates inpait signals in the mnpe of
=75 dB 1w 0 dBm with between | and 4 carmers within itg 36 kHz passhand.  An automatic gain control
mainizins consant cutpul signal over this dynamic range.  The transmaller sectyn con oulpul user selectoed
power levels between +20 and #3530 dBm.  All amplification & 1ype A or AB 10 ensure linear aperastsn.
This is significantly different from other OFR repeaters.

The AGC containg special circwitry to constrain AGC excursions b gain settings that do not violale site-
speci fic antenna isolation limies,

The transmatter includes heavy filering of local oscillaror aed image frequencies.  The cansmimer gain is
controlled by a slow control loop o compensate for gain chonges thel may impair injermodulation.
Transmitter keying i done using a timed ramp b prevent sparicus transiend signals,

Reverse power protection iz also provided.

The transmitTF mcdule runs off 9.6 VDC amd +34 VDO, Consumption at 96 YO s approximaiely 540
mA (W) Consumpibon st +24% ks about 4530 A or about |1W.

6.52 IF

The IF subsysiem receives an inpui signul [rom the frong emd s 214 MHz, o a level of betagen 75 and 0
dBm. It fibers aml amplilies thes signal tooa level of -1 dBm which is fed to the upconvenes, Almiosi B
dB of gain control & provided @ maintam g constant output level at the IF oupat, A comples AGC
control leop maialains this constant level amd provides necessarily fust sttack amd decay times, A (pabemt
pending) programnsable AGC clamg cireul constraine AGC excursion 10 énsure that overall gain pever
cuceeds the gain margin of the OFR insallaion (dependent upon antenna isolation, aml hence site-
dependent),

A st oscillator 1z also included which can be used 10 test the transmitier and for performing open-koog
anenng isolatkon measurements, enther mssnually, or auiomatically.

The AGC control valtage is used For Received Signol Strengih Indication (RS51). The Conirol anit reads
this voliape and makes deciaons on whether (o key up the transmaitter,

The AGC roughly detects average power plus any cnvelope modulation within the IF AGC loop
bandwidth,  For that reason, individual carmer kevel will vary depending upon the number of carriers
present {one 0 four),  Power will roaghly be divided equally berween camiers, with an additonal
approximabely | dB per carrier added due o envelope phenomena,  When single carrier owtpui is sed o — 10
dBm, two carriers will be output at about —12 dBm. and four carmiers will be owput at —14 dBm.  This
behavigar is desirable a5 a means of managing intermodulation by kesping output power i the iransmitter
constant,

The IF is supplied by the 9.6% rail, and consumes a maximuam of 130 maA.
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