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MONICOR Electronic Corporation

Technical Description
Honicor M2000T Portable RF Modem

I. Introductian

The Monicor MIOOOT consists of a Hetwoerk Control Unit and a Portable RF
moden. The Hetwork Control Unit provides network control and communicabions
between a host computer and up to 99 different peripheral devices linked wia
H2O00T RE Modems. The unit is battery powered and operates in the UHF 450 -
470 HHz band. The RF data trapsmission rate is 4800 bhits per second using FSK
madulaticon with a nominal owtput power of 120 mW. Emission type is 11KIFID,

B. MIOOOT

The circuibry in the M2Z0D0T is divided between the RF board and the digital
board., The RF board contalns the tranambitter, receiver, and antenna switch
while the digital board contains a micreoprogessor, an BS-232 interface and
signal preocessing cilreocuitry. In addition each board contalne DC switching
cirguitry and veltage regulation. The RF board is shielded by a enclosura
formed by the case walls, palnted wlth 2 conductlilve coating, and a metal
SOVar.

L. RF Board

The H2000T transmitter ls a2 5 stage transmitter with a temperaturs compensatad
crystal controlled escillator. B ftotal of 7 transistor devieces and 1 blokes
grated circulit are used in the MI2000T transmitter design. The nominal trans-
mitter power output is 100 mW into a 50 obm load at end of battery life {6
volte) and 140 mW inte a 50 ohm load with a freshly charged kattery (B.2
volts). HNominal output power with a 7.5 wolt battery is 120 mW.

The H2Z000T recaiver is a dual conversion receiver using 7 transistor devices
and 2 integrated circuits. The receiver employs low side receiver lnjecticn, a
21.4 MHz firet I.F. and a 455 khz second I.F.

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

Z. Digital Board
The MZIOOOT digital board acks as the network controller for the MI000T unit.
The microprocessor controls the data flow from an R5-232 serial port, procese-
&5 the messages, and will elther Eransmit messages or recelve messages via the

BF board.

The digital board contains the signal processing clircultry for The transmitter
and receiver circuits.

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

IT. Detailed Description

A. RF Board
1. Transmiktter
4. Oscillator/ Temperature Compensation

The tranemitter uwees & third overtone Colpitts erystal escillator design with
tranzistor QL0 as the active device. The operating fregquency is set by third
overtone crystal Y1. Capacitors C48 and C49, ifnductor L19 and resistor R3S
insure that the crystal operates on the third overtone frequency. Frequeansy
adjustment ig provided by wvariable inductor L18. To reduce fregquency varia-
tion due to change in battery woltage the oscillator is powered by the regu-
lated +5 wolt supply. The oollector circuit for transistor QL0 iz tuned o the
dth harmonic of ¥Y1. The crystal freguency is equal to the transmit frequency
divided by eight.

A temperature dependent woltage applied to varactor CR4, generated by compen-
gation network consisting of resistors R62, RE3 and R64 and thermistows RTIL,
RTZ apd RT3. This network provides freguency stability exceeding + 0005% over
the temperature range of -30° to +60° centigrade. A temperature stable refer-
ance voltage (+5 wvolts) is provided to the temperature compensation network
from the digital board bhrowgh pin & of the interconnecting cable.

b. Buffer Amp/ Harmonic Filter

The output of the oscillater is amplified by transistor Q11 and the 4th har-
monic of the oscillator crystal is selected by the bandpass filter consisting
of capacitera C57 through C60 and industers L23 throough LIS,

c. Multiplier

The output of the bandpass filter provides approximately a D dBm aignal level
to the bage of transister Ql#, The collector load of transistor 12 is tuned
to the transmit freguency, provides broad band freqgquency doubling and an
cutput power lewvel of +7 dbm.

d. Driver [/ Final

Capacitors C&8 and ©&% and inductor L28 match the cutput impedance of transis-
bor Ql¥ to the driver transistor 13, Transistor Q13 provides a nominal powsar
gain of 10dbk and a powsr output of +17 dbm.

The broadband interstage matching network between the driver and the final
output bransisktor Ql4 consiste of inductors L29 and L300 and capacitors ©74 and
C75. The final output tramsistor 914 which operates Class ¢ drawe approximate-
ly 140 ma from the +7.5 wolt supply and provides a nominal 250 mW power oub-
put. Final amplifier harmonic filtering is achieved by a 3 sectlon low pass
matching and filter network consleting of capacitors ©79 and CBD and inductor
Li3.
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e, Hodulatop

The modulation signal is passed from the digital board te the transmitter B
through pin 3 of the interconnecting cable. The madulation signal lewvel and i
freguency content are well defined by the signal processing circuitry on the
digital board. The modulation signal is attenuated by the resistive divider )
consisting of resistor RE6 and the devistion adjustment variable resletor RES f

which connecte bto varactar CR4 and freguency modulates the transmit oscilla-
Lor.

2. Becelvar
#. Halical Filters, RF Amp

The RF preamplifier transistor @l is broadband low noise amplifier with input
and ocutput selectivity provided by tunable filters FL1 and FLZ. The ouvtput of
the RF preamplifier Ll= impedance matched to the mixer transistor 92 using
capacitors C5 through CE and inductors L2 and L3,

b. Mixer/ Crystal Filter/ IF Pre-amp

The collector of transistor @2 iz tuned to the desired I.F. of 21.4MHz using
capacitors Cl4 and €15, inductor L14 and resistor R10. This metwork provides a
proper impedance match to the 4 pole ceystal filter FL3 and FL4. The output of
the 4 pole crystal filter is impedance matched to transistor 93 by capaciteor
17 and inductor L5. Transistor Q3 serves 28 an IF preamplifier. i

c. Integrated IF Clreoult b

The integrated IF circuit U2 provides IF limiting gain, 2nd local ocecillater
at 20.%45MHz, and FM detection with & guadrature discriminator using inductor |
L&, The discriminator output contains the recowvered data and is passed to the
digital board through pin 7 of the interconnecking cable.

d. Omcilletoer) Harmonic Filter J Muleiplier

The receive oscillator is similar in design and function to the transemit 4
oacillator with transistor Q4 as the active dewice. The opsrating freguency is
set by third overtone orystal ¥2. Capacitors 030 and €31, induckor LA and
registor R21 imsure that the crystal operates on the third overtone [redgquency.
Froguency adjustment is provided by variable induckor L7. To reduce fregquency i
variation due to change in kattery waltage the ocscillater ia powered by the !
regqulated +5 wolt supply. The collector circuit for transistor Q4 15 tuned Eo i
thie 4th harmonic of ¥2. The ceyskal frequency 1s egual to the differsnce of :'
the recelve freguency minus 2l.4 MHz divided by eight. |

& temperature dependent voltage applied to wvarackor CRE, generated by compen- h
sation network conslsting of resistorse E&T, R&EE and BESY and thermistors RTY,
RTS and RT6. This network provides freguency stability exceeding + .0005%
over the temperature rangs of =36 to +80° centigrade,

Additional filtering of the 4th harmonic of the crystal is provided by capaci- ,
tors %8 and ¢34 through €37 and industors L10 through LIZ. The 4th harmonic ke
of the oscillator is doubled in transistor multiplier 95. This is a broadband fi
multiplier and provides & nominal injectlion level of =10dBm to the mixer

stage Q3.
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d. Antenna Switch

A PIN dipde T/R switch iz incorporated to provide antenna switching betwesn
receive and transmit sections. hdditional harmonic filtering is provided by
the T/R switch capacitors €84 and CBE apnd inductor L35, Connectlon te Ehe
antenns is through RBF connector J01

4. DC Ciccuitsy
a. Input Power

The unit is supplied 7.5 wvolts from the digital board connected through pin 4
of the interconnecting cable. Twoe ground lines are provided by pins 2 and 8
of the interconnecting cable. Maximum total tranamitber current drain ia
iddma. A regulated +5 wolt supply is alsg provided from the digital board
through pin & of the interconnecting cable.

B. T and B 3witches

A tranemit enable signal is provided by the digital board through pin 1 of the
interconnecting cable, This signal enables the transmit awitch, consisting
cf transiastors QB and Q%, applying veltage to the transmitter. In addition
gwitched +7.5 wolts is applied to the antenna T/R swltch and woltage regulator
ul.

h receive enable signal is provided by the digital board through pin 5 of the
Lntermnnecting cable. This aignal enables the receive switch, conasiasting of
transisteors Q6 and {7, applying wvoltage toe the recelver and voltage regulator
u3
<. +5 Volt RBegulators

The wvoltage regulater Ul supplies roegulated +% wolte to most of the transmit-
ter power chain and transmitter cecillator. The woltage regulator U3 supplies
regulated +5 volts o the receliver.

5. Ackive Devices

The following active devices are waed on the M2000T RF board:

1 BF Preamplifier

oz Mixer

23 1F Preamplifier

od Ozclllator MONICOR ELECTRONIC CORP.
05 Frequency Multiplier FOC ID: GES4 00T
06 Recelver Power Switch EXHIBIT #

a7 Recaiver Power Switéh

8 Trangmitter Power Switch

o] Tranamitber Power Switch

Q10 Oscillater

Q11 Buffer Bmplifier

212 fraquency Multiplier

Qi3 Driver Amplifier

al4 FPinal Output Amplifier

Ui Tranemitter +5% Volt Regulator

nz Integrated IF Clirouit

3 BEecaiver +5 Wolt Regulator
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8. Digital Board
1. Micropracessor/ Software

The microprocessor Ul controls the data flow from an R5-232 serlal port,
processes Lhe messages, and will either fransmit messages or rescive mEESagSs
via the RF board. The microprocessor coordinates this message pasaing and
control with the software resident in EPROM U3, The nicroprocessor clock
operates at the Y1 crystal fregquency of 7.3728 MH:. Mpssages and other proo=
255ing statlistice are maintained in RAM U2 and EEROM 14,

The microprocessor independently controls both the receiver and the transmit-
ter enable signals which connect o the RF board through pins 1 and 5 of the
interconnecting cable. During tranemit the operator is notified of the trans-
mit condition via a green LED display.

2. BS 232 Interface

Communication with a digital computer peripheral or data collecstion component
which provides asynchronous RS-232 data is accomplished by conmnecting the
davice to the RKSE-232 connector on the digital board. The RE-232
transmitter/receiver Ul4 provides the signal conversion between a binary
format and an R5-232 format.

3. Signal Processing Clircuitry
a. Tranamit

i. Manchester Encoding

Curing transmit digital data is encoded with a Manchester Encoder-Decoder D16.
This integrated cirgcuit converts the digital binary signals te Manchester
encoded farmat with the freguensy of the output shifting between 2400 and 4800
Hz with a fixed amplitude,

if. Modulation Fllrer/ TE Output

The wvoltage limited Manchester encoded data is filtered by a 6 section active
low pass filter consisting of operaticonal amplifiers Ull-1, Ull=2 and Uil=-3
with their assoclated components. This is a transitional filter design with
linear phase in bthe pessband and a Butterworth response in the stop band. The
conditioned transmit audic signal is passed to the transmitber section through
Pin 3 of the Lnterconnecting cable and provides FSE medulation to the trans-—
mitter.

. Baceive
i. Regeive Audico Filter

During raceive the received FSK signal from the RF board on pin 7 of the
interconnecting cakle iz rovted through the analog switch V1% and filtered by
the active filter consisting of operational amplifier Ull-2 and Ull=3.

ii. Detector

Then the analog data is amplified and detected by operaticnal amplifiers D11-4
and U12-4.

2064 MW, 60th St, Fr. Laud, FL 33309, (954) 979-1907, 979-2611 fax, www.monicor.com




MONICOR ELECTRONIC CORF,

M Electroni i %ﬂﬂdﬂﬁgc E [ :

iif. Manchester Decoder

aﬁh The detected receive data s applied to the Manchester encoder-decoder Ul and
is converted to binary format for the microprocessor Ul.

4. DC Qircuitry
&. Battery Input/ On=0ff Switch

Power is supplied to the digital board directly from the 7.5 wvolt Nicd bat=-
tery pack through the power switch SWl. Power for the RF board is routed
theough and controlled by the digital board.

b. +5% Volt Regulabor

Voltage regulator UL7 provides accurate voltages for the digital board cip=-
cuibry.

2., Low Battery Detector

The digital board contains a lew battery detector Ull, When a low batkery iLs
detected the microprocessoer signals the operator with a flashing red LED
indicator. If the operator continues to operate in the low power conditicn a
gecond sensing circuit will halt the microprocessor, forcing & reseb condi-
tian, which forces the transmitter to the OFF condition.

5. Active Devices

%ﬁ? The following active devicea are used on the digital boarsd:
ul Micro=controller
uz Static RFAM K X &
u3 EPROM 32K x B
ud EEROM 1K x L
us Gotal Buffer and Line Driver
il otal O Transparent Latch
u7 fuadruple Z=Input Positive OR
Ue Unadruple 2-Input Positive AHD
i1} Hex Inverter
110 Dual 4-Bit Binary Counter
UlL Guad Operaticnral Amplifisr
112 Uuad Operaticnal hmplifier
Uls Low Saktery Detector
1714 R5-232 Interfacao
uls Gguad Transmission Gate
Ula Hanchester Encode/Decode
Uiy IC +5 volt Regulator
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