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Declaration of Compliance

The follow ng declaration applies to Wrld Wrel ess

Communi cations Corp NQELOO5 TIM spread spectrumtransmtter.
This device conplies with part 15 of the FCC Rules. Qperation is
subject to the followng two conditions: (1) This device may not
cause harnful interference, and (2) This device nust accept any
interference received, including interference that may cause
undesi red operati on.

2. Caution

Changes or nodifications not expressly approved by Wrld Wrel ess
could void the authority to operate this equi pnent.

The responsible party for this declaration is:

World Wreless Communi cations Corp
150 Wight Brothers Drive / Suite 560
Salt Lake Cty, U ah 84116
Phone: (801) 575-6600
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Note to Installers

Do not install this equipnment in |ocations that could cause RF
exposure to persons where the distance is |l ess than 20
centineters.

Har dwar e Requi renments

Ant ennas

Built in: No connections required

Power Supply

The NQE1005 Transmitter is a sealed unit with internal lithium
3.6 volt Dbattery

desi gned for 10 year service under normal conditions. No

mai nt enance required.
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NQE1005 TIM TRANSMITTER
Functional Description

General Description

The TIM Transmitter remains in "deep” mode until an input event occurs. The TIM Transmitter
wakes up to monitor and accumulates switch closures. Events represent units of power or other
similar items measured. Events are monitored by closures between pins 1 and 6 of connector JP2.
Events are accumulated and compared to a preset number

(1 to 10,000 set at installation).When this count is reached it will trigger, transmitting a data
packet containing the total accumulated count. This datais transmitted to a receiver station using
FSK (Frequency Shift Keying) modulation, on 1 of 25 different frequency channels ranging from
902 to 928 MHz. The complete packet transmits within 0.043 seconds. After the data has
transmitted, the transmitter returns to “sleep” mode and collects another set of data. This process
isthen repeated when the next preset count is reached and transmitted on the next frequency
from the hop table. As an example, let’s say the meter count is at 1000 units of gas used and the
preprogrammed event count is set at 10. The TIM wakes up 10 times to advance the accumulator
but will only advance the transmitter channel on the tenth event. At this point the accumulated
count of 1010 would be sent. All 25 transmit frequency channels are used before any given
frequency is repeated. The worst case or shortest delay that the firmware allows is 0.043 seconds
between channels. Accounting for switch debounce of 1ms, a wakeup time of 1ms, 4ms to setup
the PLL, and 0.037 seconds to transmit. It takes 1.075 seconds to visit all 25 channels
(0.043x25=1.075 seconds). Any one channel could be visited 9.3 times in 10 seconds (10\1.075 =
9.30). Total transmit time for any 10 second period is 9.3x .037 for 0.344 seconds, 0.4 seconds is
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alowed.
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is contact closed

advance TX channel

1ms wakeup Y
setup PLL
* ams
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debounce A 2
Y Transmit accumulator
count 37ms
Inc event count

Detailed Description

The 4 MHz crystal (Y 1) will provide areference clock for the synthesizer 1C (U2) and the micro-
controller (U1). U1 will program the dividersin U2 to values that will select the appropriate
frequency. The output of U2 (pin 4) will be filtered (C14, R11, C15, R24, C35, C46, R33, C47,
R32, and C46) and will provide the tune voltage for the V oltage Controlled Oscillator (V CO).
The VCO consists of D1, D2, Q1, Q3 and their associated resistors, capacitors, and inductors.
The output of the VCO (Q3) will provide the feedback (via C19 and R20) for U2 (pin 8) and will
also feed the Power Amplifier. The Power Amplifier consists of alow passfilter (C49, L8, C50,
L9, and C51), Q2, Q5 and their associated resistors, capacitors, and inductors. The output of the
Power Amplifier (Q5) is then filtered by C33, C56, L10, C55, C24, C25, C62, C26, and C37.

The output of C37 will then feed the antenna (the antenna is etched on the PCB). Serial datafrom
U1-2 passes through a variable resistor (R2) and is low pass filtered by C41, R28, C42, R29, and
C43. Thissigna then modulates the VCO using D1, C38, and C36. R2 sets the frequency
deviation of the output frequency. When in “sleep” mode, U1 (pins 3 & 6) powers down the VCO
and power amplifier by setting the base voltage on Q4 and Q6 to a high voltage (3.6 volts). Prior
to transmitting, U1 pulls these two signalsto alow (0 volts), which will apply power to the VCO
and power amplifier. JP1 is used as an interface to do “on-board” programming of the micro-
controller (Ul). JP2-2 & 3 allows the battery (3.6 Volts) to be disconnected until the unit is
instaled out inthe field. J2-4, 5, & 6 will provide an externa interface to U1.
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WinGate 2000 TIM RECEIVER
Functional Description

TI M RECEI VER DESCRI PTI ON

Overvi ew

The TI M Receiver is a frequency-hopping receiver with an IF
bandw dt h of 330KHz. It continuously hops through the 25
specific frequencies it has nenorized, stopping just |ong enough
at each frequency to determ ne whether valid data is being
received. |If valid data is detected, the receiver stays on
frequency | ong enough to accept the entire packet of data, then
it continues hopping. The receiver detects frequency-nodul at ed,
Manchest er - encoded, digital signals using dual down-conversion
architecture. On board processors decode and verify that the
data is good before passing it to a notherboard through a 24-pin
(12x2) connector. Power and control signals are also passed to
the receiver through this connector.

RF Front End

A RF input signal enters the receiver through a fenmal e SVA
connector. The signal passes through a SAWband pass filter (915
+/- 13 MHz), an anplifier, and another SAW band pass filter.

Each of these filters has approxinmately 3 dB of |oss while the
anplifier has approximately 18 dB of gain. The signal next
passes through the first m xer, which provides 18 dB of
conversion gain. The Local Gscillator (1 LO for this mxer
conmes fromthe Synthesizer which provides frequencies from967.1
MHz to 985.5MHz at approximately —-10 dBm The Internedi ate
frequency fromthis mxer is 61.3 MHz. This |IF passes through a

t hree-section band pass filter, which nust be manually tuned. On
the output end of the band pass filter is a resonant shunt that
nmust be tuned to 66.65 Mz to provide imunity to “half-IF
spurs”. Following this shunt is an inpedance match to the input
of the FM Denodul ator chip, MC13156.

Synt hesi zer

The synt hesi zer consists of a discrete designed Vol tage
Controlled Gscillator (VCO and a Phase Locked Loop (PLL) chip,
MC145191F. The heart of the VCOis a varactor and a single-I|oop
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air-core inductor. The PLL provides voltage in the range of 0.5V
to 4.0V (nmeasured at TP4) to the varactor for tuning the 1% LO
frequency. The air inductor nust be tuned by hand to center the
VCO response for the given voltage input. A control voltage of
0.5 volts corresponds approximately to an output frequency of 960
WMHz while a control voltage of 4.0V corresponds approxi mately

wi th an out put frequency of 990 MHz. The VCO output is buffered
before being sent to the m xer or fed back to the PLL

Chip. The PLL receives a serial control word fromone of the
mcro controllers to set the synthesizer frequency. The
reference frequency for the PLL is 24 Miz.

FM Denodul at or Chi p MC13156

The 1° IF of 61.3 MHz enters the FMchip, MC12156, on pin 1
which is the input to a second mxer. The 2" LO of 72 M&
enters the mxer on pin 24 of the chip at approximtely -3 dBm
The 2™ LOis derived fromthe third harmonic of the 24 Mz
crystal oscillator that services the PLL and mcro controllers.
The output of the mixer is at 10.7 MHz. This 2" IF then passes
t hrough a narrow band ceramc filter, an on chip anplifier,
another ceramc filter, and back on chip to a limting anplifier.
The filters have 3 dB of | oss and a bandw dth of 330kHz; the
anplifiers have 39 dB and 55 dB of gain respectively. The final
stage is a denodul ation using an off chip tuned circuit that nust
be adjusted for maxi num data anplitude and duty cycle symretry.
The denodul ated data signal is then |lowpass filtered by an off
chip op-anp circuit before passing onto the m croprocessors. The
chip also provides a signal strength indicator on pin 20 in the
formof a current proportional to the signal strength. This
current is converted to a voltage through an adjustabl e, external
resistor and conpared with hysteresis to a set |level. The out put
of this conparator is called the “squelch” line. The squelch
line goes high (+5V) for signals above the m nimum sensitivity of
the receiver and is |low (0V) otherw se.

M croprocessors

There are three processors on the receiver. Thefirst one, U5, takes the demodulated data stream
and decodes the Manchester formatting. The decoded data passes along to a processor, U3,
which controls the PLL hopping and performs the verification of the bit stream to determineif it is
valid data. The valid data then passes to U8, which handles interface with the outside world
through the 24-pin motherboard connector.
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Speci fications
Sensitivity:
Dynam ¢ Range:
Data Rate :
Tenper at ure

| nput Range:

Hop Frequenci es:
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7.0 Bl ock Di agram
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Recei ver and System Descri ption

The NQE1005 is the conpanion to the WnGate 2000 Recei ver from
Wrld Wrel ess Conmuni cations. This receiver fast scans al
twenty-five channels listed in the hopping table. If valid data
is detected fromone of the Transmtters it stays on that channel
| ong enough to accept an entire packet of data. The on board
processor then passes the data out to a data collection system
and continues to scan for the next transmtter. After each
transm ssion the transmtters advance to the next frequency in

t he hoppi ng table. Wen the input count is reached a new packet
is sent. This conpletes the cycle. One typical inplenentation is
illustrated bel ow

Typi cal System Using the NQE1005 Transmtters

Transmitter W
A
Meters
or other
devices
A Wingate 2000 Data Collection
. TIM > Logic and Control > Two Way Pager
multiple Receiver Board
TIM'S
TIM
Transmitter RS232
* RS485
or
Meters - other
or other Data Collection
devices Interfaces
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Example System Operation

Let us assume a system with 16 TIM Transmitters and one WinGate 2000 TIM Recelver.

Each TIM Transmitter is attached to meters with event counts set to allow transmitters to
transmit depending on meter demand from a few minutes to several hours. As each TIM reaches
the condition were the event count equals the preset count the contents of the accumulator will be
sent to the receiver. Let us say the accumulator was at 1010 and the event count was set to 20 the
value received would be 1030. Let us assume that either some other Transmitter or another TIM
transmitted at the same time on the same frequency one packet might be lost but on the next
transmit a count of 1050 would be received only the intermediate count of 1030 would be lost.
Because of the random nature of count generation the over all system error rate is very
acceptable.

Freguency Table Description

The frequency assignments were made on the basis of dividing the available channel alocation
into 400 KHz channels. Then dropping the end channels for guard bands and the center channels
next to 916 MHz for improved performance. The channels were assigned the numbers 1 — 25
then randomized as shown in figure 1.

Assigned Tx Freq Random Table

1 905.8MHz | 8 910 MHz

2 9064MHz | 18 | 920 MHz

3 907 MHz | 19 | 920.6 MHz
4 9076 MHz | 4 | 9194 MHz
5 908.2MHz | 20 | 921.2 MHz
6 908.8MHz | 25 | 924.2 MHz
7 909.4MHz | 4 | 907.6 MHz
8 910MHz | 2 | 906.4 MHz
9 9106 MHz | 13| 917 MHz

10 911.2MHz | 24 | 923.6 MHz
11 911.8MHz | 7 | 909.4 MHz
12 9124 MHz | 22 | 922.4 MHz
13 917MHz | 6 | 908.8 MHz
14 9176 MHz | 23 | 923 MHz

15 9182MHz | 1 | 905.8 MHz
16 9188MHz | 16 | 918.8 MHz
17 9194MHz | 14 | 917.6 MHz
18 920MHz | 15| 9182 MHz
19 9206 MHz | 9 | 910.6 MHz
20 921.2MHz | 10 | 911.2 MHz
21 921.8MHz | 11 | 911.8 MHz
22 9224 MHz | 12 | 912.4 MHz
23 923MHz | 21 | 921.8 MHz
24 9236 MHz | 3 907 MHz

25 9242MHz | 5 | 908.2 MHz

Figurel
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NQE1005 TI M TRANSM TTER
Speci fications

Dat a Tr ansm ssi on

The NQEL1005 TIM Transmtter will transmt 11 bytes of data every
tinme the event counter capture matches the programed interval.
Each transm ssion occurs on one of 25 distinct frequencies

bet ween 905.8 and 924. 2MHz.

Sync Fl a?s
65 sync ags (data 7Eh) will be sent out to allow receiver
to synchroni ze on the transm ssion frequency.

Sync Byte
1 sync byte (data AAh) Wil be transnitted to indicate start
of packet

Addr ess
32 bit (4 Byte) address transnmitted

| nput St at us

Status of external input other than pul se count input.
Status of input reflected in the status byte sent at the
time of transm ssion.

Count er

16 bit (2 Byte) up counter keeping track of switch closures
(normal state of input pinis active high). Counter wll
increment on switch closure (negative edge).

CRC Byt es
2 bytes of CRC data transmitted to ensure accuracy of
transmtted data

Programming

The TIM Transmtter is progranmed using the PC parallel port to
operate a synchronous serial data transfer using 3 1/0O pins from
the Transmtter (switch input, pclock and pdata). Data valid on
rising clock edge. The data transfer format foll ows:

Conmand
1 conmmand byte to indicate to TIMto read and send or
receive and wite data fronm'to EEPROM
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Addr ess
32 bit (4 Byte) programmabl e address stored in non-volatile
nmenory

Transm ssi on | nterval

Programmabl e interval from1 to 10000 used to update the
next transm ssion capture count. Interval stored in non-
vol atil e nenory.

Pul se debounce Duration

Programmable from1 to 255 ms with 50 ns set as factory
default. Pulse duration (debounce) stored in non-vol atile
nmenory

Count er Prel oad
Progranmabl e counter prel oaded fromO0 — 65535 (2 bytes).

TI M Options Progranm ng Communi cati ons For mat

Handshake
TI' M nust recogni ze a handshake routine fromthe PC parall el
port as follows. Pclk and Pdata are inputs to the TIMduring

handshake
Parallel Port to TIMout Ti m Responds
Pcl k Pdat a

1. 0 1 0

2. 0 0 1

3. 0 1 0

4. 1 1 1

Data Transfer — Wite
After accepting the handshake sequence, the TIM will read in the next 8 bits of data
that is presented on the Pdata pin when the Pclk pin transitions from low to high. If
the 8 bitsisa‘AQ’ hex, the TIM will receive the next 72 bits as data in, then store
the data at the appropriate location in NVRAM.

Pdat a |77 | (1100110000000000)
( AO) _
Pclk 71T T T2 .17 (0101010101010101)

Dat a Sequence — Wite

Pdata ==
[ Conmand] [ Addr 1] [ Addr 2] [ Addr 3] [ Addr 4] [IntrvliH gh[Intrvl Lo][D
ebounce] [ Preset H gh[ Preset Lo]
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Data Transfer — Read
After accepting the handshake sequence, the TIM will read in the next 8 bits of data
that is presented on the Pdata pin when the Pclk pin transitions from low to high. If
the 8 bitsisa ‘05’ hex, the TIM will transmit the next 72 bits as data out on the
pushbutton input pin.

Pdat a |77 | (0000000000110011)
(05) _
Pclk 7T T T T 71. (0101010101010101)

Dat a Sequence — Read

Pdat a [ Comrand]

Pushbut t on[ Addr 1] [ Addr 2] [ Addr 3] [ Addr4] [Intrvl H gh[Intrvl Lo] [
Debounce] [ Preset Hi gh[ Preset Lo]

Data Transm SSi on

The TIM Transmtter wll transmit 11 bytes of data every
time the event counter capture matches the programed

interval. Each transm ssion occurs on one of 25 distinct
frequenci es between 905.8 and 924. 2MVHz.
Frequency

The TIM Transmtter wll broadcast the accunul ated data on
one of 25 frequencies in pseudo-random order.

Sync Fl a?s
65 sync ags (data 7Eh) will be sent out to allow receiver
to synchroni ze on the transm ssion frequency.

Sync Byte
1 sync byte (data Aah) Wil be transnitted to indicate start
of packet

Addr ess
32 bit (4 Byte) TIMaddress transnmtted

| nput St at us

Status of secondary input reserved for future use. Status
of input reflected in the status byte sent at the tine of
transm ssi on

Count er

16 bit (2 Byte) up counter keeping track of switch closures
(normal state of input pinis active high). Counter wll
increment on switch closure (negative edge).
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CRC Byt es
2 bytes of CRC data transmitted to ensure accuracy of
transmtted data

CRC = x™-15 + x"M-13 + x~-1

Expl anation 16 Bit CRC Ceneration:
If Isb of data byte == 1, EXOR 0xA001 into CRC
Shift data byte right
Shift CRC right on every bit (O rotates into nsb)
Shift the data byte 8 tinmes (8 bits)
Shift the 8 bytes of data in the nessage through the

Baud Rate
Data is transmtted using Manchester encodi ng (Bl TOUT = DATA
&% CLOCK) at 16129 data rate.

Devi ati on
150KHz — sel ectabl e using potentioneter on PCB
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| DENTI FCATI ON LABEL

The follow ng |abel will be permanently attached to the front of
t he NEQLOOS5 TIM
Transm tter, as shown bel ow.

i
Williams. qe. o 200

_ FCC ID: NQE 10058 -
This device complies with FPart 18 of the FOC rukes.

Operalion is gulyect o the foloeing two conditions.

{1} This devica may not causs harmful interfarence. and
{2} This devica must accept any inerferance recieved,
mcluding intarferanca that may cause undasmed oparation




