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MONICOR Electronic Corporation

Circuit Description
Honicor MZO0O00S8 RF Modem

I. Introduction

The M20008 consists of a Hebtwork Conktrol Unit and & Portable RF modem. The
Network Control Unit provides network control and communications between a
host computer and up to 99 different peripheral devices linked wia the H20005
Portable RF Mocdems. The M20005 is battery powered and operates in the UHF 450
- 470 HHz band. The BF data transmission rate is 4800 blts per second using
FE¥ modulation with a nominal output power of 120 mW. Emission type is
11KEF1D.

B. M20005

The circuitrsy in the 20008 is divided between the BRF board and the digital
board. The RBF board contalms the transmitter, receiver and antenna awitch
while the digital board contains a misroprocessoer, an RS=23Z interface and
signal processing circultry. In additicon each board contains DC switching
circuitry and voltage regulation. The RP board is shielded by an enclosure
formed by the casze walls, and a metal cover.

1. BRF Board

The H20008 transmitter is a 5 stage tramsmitter with a temperature compensated
cryatal conkrolled pacillateor. A total of T transistor devices are wvaed in

the K20005 transmitter design. The nominal tranamitter power output is 120 mW
inte a 50 ohm load with 2 nominal battery woltage of 7.5 wolts de.

The M20005 receiver is a dual conversion receiver using 6 transistor devices
and 1 integrated cirguit. The receiver employs low slde recelver injestion, a
21.4 MHz firar I.F. and a 45%5 KHz second I.F.

Adjustable components are provided to align the receiver and to  set the
transmit fregquency, receive freguency and transmit deviation to specification
at final tesat.

2. Digital Beard

The M20005 digital board acts as the petwork controller for the M2Z0005 unit.
The microprocessor controls the data flow from an RS5-232 serial port, process—
es the messages, and will either transmit messages or receive messages via the
RF board.

The digital board containsg the signal processing circuitry for the transmitter
and receiwver circuits.

There are no adjustabkle components on this board.
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MONICOR Electronic Corporation

11. Detailed Description

h. FRF Board
1. Transmitter
4., Oecillator) Temperature Compensation

Tha transmitter uses a third overtone Colplitts cryetal ocscillator design with
transistor Q10 as the active device. The operating freguency is set by third
overtone crystal Y1, Capacltors C48 and C4%, inductor L1% and resistor R3G
imsure that the srystal operates on the third overtone freguency. Freguency
adjustment iz provided by wariable inductor L18. Teo reduce fregquency wvaria-
tion due to change in battery wvoltage the cgcillator s powered by a regulated
+5% wolt supply. The collector cirguit for transistor QL0 is tuned to the 4th
harmonic of ¥1. The crystal freguency is egual te the transmit freguency
divided by sight.

A temperature dependent woltage applied fo varactor CR4, generated by compen-
sation network consisting of resistors REZ, RE3 and Re4d and thermistors RTL,
RT2? and RT3. This network provides fregquensy stability exceeding + .0005%
over the temperature range of =309 to +80° centigrade. £ temperature stable
reference voltage (+5 wvolts) is provided to the temperature compensation
network from the digital bosed through pin & of the interconnecting cable.

k. Buffer hmp/ Harmonic Fillter

The output of the oscillatoer is amplified by transistor Q11 and the ath har-
menic of the cscillator crystal is gelected by the bandpass filter consisting
of capacitors €57 through ©60 and industors L23  theoough L25.

©. Hultiplier

The output of the bandpass filter provides approximately a 0 dBm signal lewel
to the base of transistor Q12. The collector load of transistor Q12 is tuned
to the transmit frequensy, provides broad band freguency doubling and an
cutput power level of +7 dbm.

d. PFre-Driver / Driver

Capacitors €68 and €69 and inductor LZB match the output impedance of transis-
tor 912 to the driver transistor Q13. Transistor Q13 provides a nominal powear
gain of S5db and a powsr output of +12 dbm.

The broadband interstage matching network between the driver and the final
output transisktor Ql4 consliate of inductors L2% and L3) and capacitors ©74 and
275, The final output tramsistor Ql4 which operates Jlass C draws approxi-
makely 100 ma from the +7.5 wolt supply and provides a nominal 120 m¥ power
cutput. Driver amplifier harmonic filtering is achieved by 2 3 section low
pass matching and filter network consisting of capacitors C7% and <80 and
inductor L33,
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2, Modulator

The modulation eignal is passed from the digital board to the transmitter
through pin 3 of the interconnecting cable. The meodulation signal level and
frequency content are well defined by the signal processing clircultry on the
digital board. The modulation signal is attenuated by the resistive divider
consisting of resistor R66 and the deviation adjustment variable resistor RES

which connects to varactor CR4 and frequency modulateas the transmit oscilla=-
tor.

2. Reaceiver
&. Helical Pilters/ RF Amp

The RF preamplifier transister Q1 is broadband low noise amplifier with input
and output selectivity provided by tunable filters FL1 and FL2. The output of
the RF preamplifier L= impedance matched to the mixer transistor 02 using
capacitora C5 through 2 and inductors LY and L3.

b, Mixer/ Crystal Filter/ IF Pre-amp

The ecollector of transistor Q2 is tuned to the desired I.FP. of 21.4MHs using
capacitors Cl4 and €135, inductor L14 and resistor R10. This network provides
4 propar impedance match te the 4 pole crystal filter FL3 and FL4. The output
of the 4 pole crystal filter is impedance matched to transistor 93 by capaci-
tor C17 and inductor LS. Transletor g3 serves as an IF preamplifier.

. Integrated IF Circuit

The integrated IF circuit U2 provides IP limiting gaim, 2Znd local eoscillator
at 20.%45MHz, and FM detection with & guadrature discriminator using induector
L&, The discriminator cutput contains the recovered data and is pasaed to the
digital beoard through pin 7 of the interconnecting cakble.

d. GegillatorS Harmonic Filter f Hultipliar

The receiwve cscillator is similar in design and function to the trapsmit
nacillator with transistor 4 28 the active device., The operating freguancy
is set by third overtone crystal ¥2. Capacitors C30 apd €31, induckor LA and
registor R21 imsure that the crystal ocperates on the third overtone fredquency.
Froegquency adjustment is provided by wvariable induckor L7. To reduce freguency
variation dus to change in battery woltage the osecillator is powered by the
regulated +5 volt supply. The colleckor cipcuit for transistor Qd is tuned to
the 4th harmonic of ¥2. The crystal freguency is equal to the difference of
the receive freguency minus 21.4 MRz divided by eight.

b temperature dependent wvoltage applled bo varactor CRS, generated by compen-
sakion network consisting of resistors RS7, RSE and R6D and thesmistorss RT4,
RT5 and RTH. This network provides freguency astability exceeding + .0005%
owver the temperature range of -30% to +507 centigrade.

Bdditbional filtering of the 4th harmeonic of the crystal is provided by capaci=
tors 098 and €34 through ©37 and iaduckors L10 throuwgh L12. The 4th harmonie
of the ogcillator is doubled in traneistor multiplier Q5. This i a broadband
multiplier and provides a nominal Injectiocn level of =104BEm to the mixer
stage Q.
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MONICOR Electronic Corporation

. Antenna Switch

A PIN diode T/R switch is incorporated to provide antenna switching between
receive and transmit sections. Additional harmonic filrering is provided by
the T/R switch capacitors C84 and CBS and industor L35, Connection to the
daughter board P.A. is through a short section of RF coax cable.

4. DO Cirewitry
a. Input Power

The unit is supplied 7.5 volts nominal from the digital board connected
through pin 4 of the interconnecting cable. Twe ground lines are provided by
pins 2 and 8 of the interconnecting cable. Total transmitter current draim is
250ma maximum. A regulated +5 wolt supply is also provided from the digital
board through pin & of the interconnecting cable.

B. T and B Switches

A tranamit enable signel is provided by the digital board through pin 1 of the
interconnesting cable., This signal enables the tranemit switch, consisting

of transistors QB and & voltage regulater, applying woltage to the tranamit-
ter. In addition switched 7.5 wolts is applied to the antenna T/R switch and
voltage regulator Ul.

A receive enable signal is provided by the digital board through pin 5 of the
interconnecting cable. This signal enables the receive switch, consisting of
tranasistors Q6 applying woltage to the receiver and voltage regulator U3,

C. 43 Volt Regulators
The wvoltage regulator Ul supplies regulated +5 wolte to most of the tranemit-
ter power chain and transmitter oscillator. The voltage regulator U2 supplies
regulated +5 volts to the receiver. U4 supplies regulated 5 volts to Q13.

5. hActive Devices

The following main active devices are used on the M2000:5 RF board:

2l RF Post-amplifier

] Mixer

e IF Preamplifier

2 Oecillator

0% Freguency Multiplier MONICOR ELECTRONIC CORP.
el Raceiver Power Switch FCC ID: GES4 g
Q8 Transmitter Power Switch EXHIBIT #: gﬁé

2l decillator

o1l Buffer Amplifier

Q12 Fregquancy Multiplier

013 Driver amplifier

014 Final Cutput Amplifier

ul Transmitter +5 Volt Regulator

uz Integrated IF Circult

i3 Receiver +5 Volt Regulator

ud Transmitter +5 Wolt Hegulator
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1. Hicroprocesgor/ Software

The micreprocessor Ul controls the data flow from an RS-232 serial port,
processes the messages, and will either transmit messages or receive messages
via the RF board. The microprocessor coordinates =his message passing and
control with the software resident Lo EPROM U3, The microprocessor clock
operatas at the Y1 crystal fregquency of 7,.3728 HHE=. Mesasages and other proc=
e¢ssing statistics are maintalined in RAM U2 and EEROM U4.

The microprocesscr independently controls both the receiver and the transmite
ter enable signals which connect to the RF board through pins 1 and 5 of the
interconnecting cable. During transmit the operator is notified of the trans-
mit ¢ondition via a green LED display.

2. RS 232 Interface

Communication with & digital computer periphersl or data collection component
which provides asynchronous RS=237 data is accomplished by connecting the
device to the R5-232 conmector on the digital board. The RE-Z32
transmitter/receiver Ul4 provides the signal conversion between a bkinacy
format and an R5=23% formak.

3. Signal Processing Cireuitry
&. Transmlt
1. HManchester Encoding

During transmit digital data is encoded with a Manchester Epncoder-Decoder Ul6.
This Lintegrated circuit <onverts the digital kinary signals to Manchester
encodad format with the fregquency of the ocutput shifting between 2400 and 4800
Hz with a fixed amplitude,

ii. Medulation Filterf T& Output

The woltage limited Manchester encoded data is filtered by a 6 section active
low pass filter consisting of operational amplifiers U11-1, Ull=2 and U1l=3
with their assoclated components. Thlse is a transitional filter design with
lingar phase in the pass band and a Butterworth response in the astep band.
The conditioped transmit avdio signal ia passed to the transmitter section
through Pin 3 of the interconnecting cable and provides FSE modulation to the
transnitter.

. Regeiva
i. PReceive Audio Filter
turing receive the received FSX signal from the RF board on pin 7 of the

interconnecting cable fg rowted through the analog switch Ul% and filtered by
tha active filter consisting of operational amplifier Ull-2 and Ull-3.
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i1i. Detector

Then the analeg data is amplified and detected by operaticnal amplifiera U11-4
and UiZ=4.

iii. Hanchester Decoder

The detected receive data ie applied to the Manchester encoder-decoder Y16 and
is converted to binary format for the microprocessor U1,

4. DC Chireuitry
a. Battery Input) on-0fFf Switch
Power is supplied to the digital board directly from the RI-45 Connector
through the power switch SW1l. Power for the BF board ie routed through and
controlled by the digital board,
b. +5 Volt Regulator

Voltage regulator U1lT provides accurate woltages for the digital board cip=-
cuitey.

. Low Battery Detector

The diglital bosrd containe & low battery deteckor U113, When & low battery 18

@ detected the nicroprocessor signals the operator with an optional flashing red
LED indicator. If the operator continues to operate in the low power condi-
tien & second sansing cirguit will halt the microprocessor, farcing a resek
conditicn, which forces the transmitter to the OFF condition.

5. Active Devices

The following active devices are uaed on the digital boasd:

Ul Micro-cankrollers
uz Static RAM BK x 8
u3 EPROCM 32K x B
ua EEROM 1K x 1
us Octal Buffer and Line Driver
e Octal D Transparent Lateh
u? unadruple 2-Input Positive OR
ug fuadruple Z=Input Poslitiwve AND
us Hex Invercter
ulo Duel 4=BLt EBinary Counter
U1l Quad Oparational Amplifier
Uiz fuad Operaticnal Bmplifier
U1z Law Battery Detectors
ula R5=-232 Interface
uls fuad Transmission Gate
uls Manchester Encode/Decods

@ uly IC 4% Volt Regulator
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