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GENERAL DESCRIPTION

The T2001S is mniature VHF narrow band FM audio transmtter for
application in Police Radio Service technical surveillance, and
personnel protection. The T2001 features ten channel synthesized
operation over the frequency range of 150 to 174 M&z with an RF out put
power of 1 Watt.

The T2001S is housed in a "hard" al um num cased assenbly and

i ncorporates an integral "AAA' 6-cell battery pack. The antenna is
integrated into the mcrophone |lead-wire, thus elimnating the need for
a separate antenna assenbly.

AUDI O CHARACTERI STI CS

The T2001S utilizes linear audio conpression with a 45dB dynam c range.
Thi s provides the end user excellent audio performance over a w de range
of audi o conditions and audi o i nput |evels.

BATTERY SUPPLY VOLTAGE
The T2001S operates on a power source of 3.5 to 9 VDC.
CHANNEL SELECTI ON

The T2001S incorporates a ten position rotary switch for channel
selection. The ten frequencies are user programmable via a built in
serial -data interface.

PONER SW TCH

The T2001S i ncorporates a power switch for control of the transmtter
The power is ON when the power switch is noved toward t he GREEN dot.
The power is OFF when the power switch is toward the RED dot. The
T2001S will transmt approximately 1 second after application of power,
allowing for the channel data to be read fromthe non-volatile nmenory
and settling of the phase | ocked | oop.



T2001S SPEC FI CATI ONS

ELECTRI CAL
Frequency range . . . . . . . . . . . . . . . 150 - 174 Mt
Channels . . . . . . . . . . . . . . . . TEN (programmabl e)
Maxi mum channel separation . . . . . . . . . . 24 M&
RF Power output . . . . . . . . . . . . . . . @®.0VDC
1.0 < Po<1.25 W
Frequency stability . . . . . . . . . . . . . +- 2.5 ppm
-30 to +65 deg C
Modul ation Type . . . . . . . . . . . . . . NBFMtype 11K2F3E
Devi ati on e e e e . . .. . . . . . . +-2.5 KkHz peak
( maxi mum
Spurious and Harnonics (conducted) . . . . . . -52 dBc
Audi o frequency response . . . . . . . . . . . +2to -6dB from
a 6dB / octave
pr e- enphasi s
300 Hz to 2500 Hz
ACCrange . . . . . . . . . . . . . . . . 45 dB
M crophone (integral to antenna wire) . . . . FET - electret
PONER SUPPLY ...
Voltage input range . . . . . . . . . . . . .3.5- 9VDC
Supply current . . . . . . . . . . . . . 250 mA max



T2001S
G RCU T DESCRI PTI ON

TX AUDI O
(ref schematic 1002901-1)

The TX Audio is capable of driving the FM nodul ator to constant peak
devi ation over an audi o input range of 45 dB.

M crophone audio is routed to preanplifier stage QL. Preanplified audio
is fed to operational anplifier Ul-A which functions as a high gain
audio anplifier with frequency sel ective feedback. The feedback network
results in a 6 dB per octave (pre-enphasis) frequency response over the
range of 300 to 2500 Hz with the response peak centered at 2500 Hz.

The pre-enphasized audio is fed to operational anplifier U2-A and Ul-D
Amplifier UL-D functions as an AGC anplifier and feeds a tenperature
conpensat ed audi o detector. The audio detector is inplenented by
silicon signal diodes CRL and CR2 in conjunction with transistor (@B.
The detected audio signal is fed to a voltage controll ed attenuator

i npl emented by FET @, and input resistor R6.

The negati ve feedback action of the overall AGC |oop |evels the audio
present at the output of Ul-A over a 45 dB range of input signal. The
ACGC mai ntains a constant deviation over the rated 45 dB audi o i nput
range. Input overload protection limters are inplenented by
operational anplifiers WA and UW2B in conjunction with di odes CR3 and
CR4. The AGC |l eveled audio is then routed to a two-pole | owass filter
i npl emented by op-anp UL-B. Circuit conponents C8, C9, R18 and R19 set
the 3 dB cutoff frequency at 3,000 Hz.

TRANSM T VOLTAGE CONTROLLED OSCI LLATOR

The primary VHF transmt frequency is generated by a Col pitts oscillator
i npl enented by integrated circuit U7 (MAX2620). The frequency is
determ ned by a resonant tank circuit formed by capacitors C7, C7, and

i nductor L2. Frequency nodul ation is provided by a variabl e capacitance
di ode D1 placed in series wth inductor L1. A dual output high
isolation buffer anplifier contained within U7 splits the VCO signa

into two output paths. The first output is fed to the synthesizer IC
W9, while the second output is fed to the PA driver I1C U8.

PA DRI VER

The buffered VCO output signal is fed to a high gain broadband rf
anplifier inplenented by integrated circuit U3 (RF2361). The RF |evel
at the input to U8 is anplified to a +15 dBmoutput level. This signa
is then fed to the Power Anplifier stage.



The driver integrated circuit features a high isolation shutdown feature
that is used to inhibit drive to the PA. The driver ICis inhibited
under the follow ng conditions:

1. When the Voltage supervisor circuit detects that the initial power-on
battery Voltage is below 5.0 Volts

2. Wien the Voltage supervisor circuit detects that the battery Vol tage
has fallen below 3.5 Volts

3. During initial power-on synthesizer frequency |ock-up
4. \Wen the channel switch is noved to a new frequency

5. When the microcontroller detects that there is an external serial-
port connection

PONER AMPLI FI ER

The RF Power Anplifier (@) is inplenmented by a single netal -oxide field
effect transistor. The +15dBm signal fromthe PA driver is fed to the
FET gate via a broadband 9:1 i npedance matchi ng network inpl enented by
transfornmer T1l. Gate bias Voltage is supplied via the secondary side of
transformer T1. PA drain inpedance matching to 50 Chns is provided via
shunt inductor L5, series connected L6 - C6, and shunt capacitor C27.
The PA output is then fed to a 5 section harnoni c suppression | ow pass
filter inplenented by C28, L7, C30, L8, and C31. L9 provides a ground
return for the mcrophone audio signal that is duplexed on the RF and
RF-ground signal |eads. Potentioneter RV1 provides a variable gate bias
voltage that is use to set the output power |evel during factory test
and al i gnnment .

FREQUENCY SYNTHESI ZER

Integrated circuit W (LMX2306) functions as a single conponent serial

input PLL frequency synthesizer. It inplenments a dual nodulus 8 / 9
prescaler, a 5 bit progranmmabl e swal | ow counter, a 13 bit programmabl e
mai n counter, and a 14 bit reference divider. It also inplenents a

char ge- punp type phase detector. The main paraneters of the PLL are:

Phase conparator reference frequency variable 10 to 20 kHz
Mai n reference TCXO i nput frequency 9. 600 MHz
Prescaler divider ratio 8/ 9

Ref erence divider ratio vari abl e 480 - 960

Counter paraneters for a 161.050 MHz exanpl e are:

201
20

Mai n counter (N)

Swal | ow count er

Ntotal = N* P+ A where P = 64
= 201 * 64 + 20

= 12884



Nt otal * Fref
12884 * 12.5 kHz
161. 050 M+

Qut put frequency

PLL IC WO is serially progranmmred via the mcrocontroller | C ULO.

M CROCONTRCLLER

The function of the mcrocontroller is:

1. Read the ten position channel switch to determne the desired rf

channel frequency.
Read synthesizer frequency programmng data from the non-volatile
RAM contained within ULO at initial power-on and when the channel
switch is rotated.

Inhibit drive to the power anplifier stage as descri bed above.

Read (when connected) programm ng data from the serial programm ng
port used to define the ten channel frequenci es.



TRANSM TTER ALI GNIVENT
The follow ng section details the alignment of the T2001S transmtter.
TEST EQUI PMVENT

o DC power supply
- 3.5to 9.0 VDC
nmetered current 0 - 300 mA DC

o DC Vol t net er
10 meg Chm i nput i npedance
0 to 5 volt range

o Audi o frequency generator
1,000 Hz
50 nV rns out put |evel

o FM devi ati on nonitor
150 - 174 MHz
2.5 kHz peak full scale

o RF power neter
50 Om termnated or "thru-Iine"

@]

Frequency count er
150 - 174 M
0.1 ppm frequency accuracy

o 50 Chm attenuator pads
as required

o

Spectrum anal yzer
10 Mz to 2.0 G&

PRELI M NARY

Preset the power supply to 80 VDC, and turn off the supply. Set the
audi o frequency generator to 1 kHz and adjust the output level to 50 nV
RVS. Cable the transmtter under test per figure 1.

Preset the potentioneters RV1, RV2, and RV3 as foll ows:

RV1 (mc gain) to md position
RV2 (deviation) to nmax CCW
Rv3 (out put power level) to max CCW

Note! The transmitter mcrocontroller NV RAM is |oaded with initial
frequencies used to test and align the device.
They are:



Chan Fr equency

150. 025
153. 025
157. 025
161. 025
165. 025
170. 025
174. 025

QOVWoh~,wWNE
1
\l

1
VGO ADJUST

Set the channel switch to the highest frequency (channel 10).
Apply DC power to the transmtter and set the power switch to ON
Monitor the voltage at the top of C12 with a DVM

Adjust the core in L2 for 3.1 VDC as read on the DM

PONER AMPLI FI ER

Set the channel switch to the md-frequency (channel 4).
Adjust RvV3 CWfor an RF output power reading of 1.0 Watt.

*** 8.0 VDC Conditions of DC current and out put power. ***

ldc < 240 mllianps
Pout = 1 Watt

Adjust the power supply to 9.0 VDC, note the output power and total
supply current. Test output power and current at the |owest frequency
(channel 1), the mddle frequency (channel 4) and the highest frequency
(channel 10).

*** 9.0 VDC Conditions of DC current and output power. ***

Idc < 260 mllianps
1.0 < Pout < 1.25 Watts

TRANSM TTER FREQUENCY

Set the channel select switch to channel 10 and note the exact specified
channel frequency. Monitor the output of the transmtter wth the
frequency counter. Adjust the trinmer capacitor |ocated on the TCXO
nmodule (U6) until the transmtter frequency error with respect to the
speci fied channel frequency is less than .2 ppm

M CRCPHONE GAI N ADJUST

Monitor the Voltage at TP4 with the DVM
Adjust Rvl1 for 1.4 VDC as read on the DVM



TRANSM TTER DEVI ATI ON

Set the channel select switch to channel 4. Monitor the transmtter
output with the FM deviation nonitor, and nodulate the transmtter by
connecting the audio frequency generator to the m crophone input via the
J1 accessory connector. Set the audio generator to a frequency of 1 kHz
and the output level to 50 nV RM. Set the deviation contro
(potentionmeter RV2) for a peak deviation of 2 kHz.

Now set the channel select switch to channel 1, and then channel 10
Check that the deviation is:

1.8 kHiz < FM Dev < 2.5 kHz
SPECTRUM CHECK

Cable the transmtter under test to the spectrum analyzer via
appropriate attenuator pads. Perform a frequency sweep from 10 Mz to
2.0 G1z, and verify that the conducted spurious em ssions are attenuated
greater than 50 dB below the | evel of the carrier.

Vary the supply voltage over the range of 3.5 to 9.0 VDC. Verify that
the out put spectrumis clean and the conducted spurious em ssions remain
50 dB or greater below the carrier.

D sconnect the transmtter under test from the spectrum analyzer and
connect it to an appropriate electrically-short body worn antenna.
Using a "sniffer" antenna attached to the spectrum anal yzer verify that
the transmtter remains stable when driving the external antenna.

Perform the above radiated stability audit while varying the supply
vol tage over the range of 3.5 to 9.0 VDC

**  END OF ALI GNMENT PROCEDURE **



FUNCTI ON OF EACH SEM CONDUCTOR DEVI CE

T2001S
Modul e/circuit # Type Ref Part Functi on
R EERREEE R EEEEEEEEEE EERREE - R ERRREEEEEEE
TX AUDI O
1 | C op-anmp Ul-A LM224 Audi o anplifier
2 | C op-anmp UL-B ! Low pass filter
3 | C op-anmp Ul-C " Bi as buffer
4 | C op-amp U1-D ! ACGC amplifier
5 NPN tran. QL BCOWB3 Audi o preanp
6 N chan FET @ BFT46 Gin Control
7 PNP tran. @ BCW O FET driver
8 Sil. diode CR1 BAVWG6 AGC det ect or
9 Sil. diode CR2 ! AGC det ect or
10 Sil. diode CR3 BAV99 Pos. peak cli pper
11 Sil. diode CR4 " Neg. peak cli pper
12 Sil. diode CR5 ! Pre-clipper
13 Sil. diode CR6 " Pre-clipper
TX VCO
1 IC Ul NMX M NMX2620 VOO / Buffer
2 Varactor D1, SW1236 VCO t uni ng di ode
PA DRI VER
1 W3, IC, RFMD RF2361 Driver RF anp
PONER AMPLI FI ER
1 NCHAN MOSFET B, TRF7003A Power anplifier
SYNTHESI ZER
1 TCXO U6 T-1050-1B0 TCXO nodul e
2 Sil. IC w9 LMX2306 Freq synt hesi zer
PONER CONTRCL
1 Sil. diode D4 MBRS140T3 Rev pol protect
2 Sil. IC u3 TK11435 3.5V reqgul at or
3 Sil. IC Us MAX6315 Reset generat or
4 Sil. IC u MAX6315 0.2 Sec del ay
U_PROCESSOR 1 Sil. IC wo Pl CA6LF84A Controller
AGC Control 1 N CHAN FET QL VNO605T Anal og Switch
2 n n n n n
3 " " " Logic Inverter



