A Simplified GPS-Derived
Frequency Standard

Here is a simple and modern approach to a 10-MHz frequency
standard.

Bertrand Zauhar, VE2ZAZ

tandard at an Amateur Radio statiotening exactly at the right frequency; othererators on track.
is desirable. For weak-signal operatiorwise the narrow receive filters used will make The advent of the Global Positioning Sys-
such as EME (moonbounce) at microwavgou miss that weak signal. With such a setupem (GPS) has allowed a simplified approach
a 10-MHz frequency reference feeds the freo time and frequency accuracy. Several com-

For many reasons, an accurate frequendgequencies, you must be transmitting and liszan put frequency counters and signal gen-
S

242 Robert-Martial St quency synthesizer that generates the radiaisercially available GPS receiving units pro-
Gatineau, Québec J9J 2V1 operating frequency. An accurate 10-MHzide a 1 pulse-per-second (pps) signal. This
Canada reference is also useful for test equipmergignal typically exhibits a short-term accu-
ve2zaz@amsat.org adjustment. With an accurate standard, yotacy of +1 microsecond (1 ppm or +1 x90
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Figure 1 — Block diagram of the GPS-derived frequency standard.
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By averaging it over a long period, a muctGPS-derived 10-MHz frequency standard. It provides full software control of the fre-
better accuracy can be achieved. This is whahprovements found in today’s technology quency acquisition and control processes,
this project does: it locks an external 10-MHffer the following benefits: solid perfor-  without DIP switches.

voltage-controlled signal source to the 1 ppsiance, more features and a reduction in thelt has fewer components and does not re-

GPS signal. number of components. quire an external DAC or external input
The good work of Brooks Shéraas gen- This design differentiates itself from other  counter chips.
erated a lot of interest within a broad commupreviously published designs because: . It runs off only one supply voltage: +5 V dc

nity of experimenters who want to increase the |t uses a simpler frequency measurement (€xcluding the VCXO supplies).
level of frequency accuracy available to them  technique, as opposed to phase measure- Tests have shown that this system consis-

at low cost. His system uses a PLL technique ment. tently produces a short-term reference accu-
to lock an external oscillator to a GPS receiver|t provides on-board reference buffering andacy in the 1 x 18°range. This is derived us-
and obtain an accurate frequency standard.  fan-out with 50 output impedance.  ing standard automotive-grade GPS receivers.

~ The project | present here provides a |t provides the three most common referThat range of accuracy does not rival cesium-
simpler and more modern approach to a ence frequencies of 10 MHz, 5 MHz ancbased references. It is much better than most
INotes appear on page 21. 1 MHz. of the standard built-in, free-running oscilla-
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Figure 2 — Schematic diagram of the GPS-derived frequency standard circuit.
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tors seen in commercial test instruments, how/CXO Frequency Control slope sign can be set in firmware to accom-
ever. Just to give you an idea of the type of Tp¢ Microchip PIC18F2220 microcon- Modate both types of VCXOs.

accuracy, one part in @epresents an error yqler does not have an integrated digital-to

of one hertz on a 10 GHz signal! analog converter (DAC). To produce anou_?;lut Re{erences " 10 four 10-MH
- adjustable voltage source to vary the VCXO € system provides up 1o tour 10-MiHz
System Description freJquency, the %uilt-in 10-bit p)l/JIse-width reference signals. In addition, it provides up

Figure 1 shows a block diagram of mymqoqulator (PWM) is used instead. A continu{0 two references with a selectable frequency
GPS-derived frequency standard. The systegys rectangular-wave output is produced by tH¥ €ither 5 MHz or 1 MHz. These sub-rates
operates a hardware/firmware frequencypywm. A downstream external 1-Hz, two-stagéire produced by U2, a synchronous counter.
locked loop (FLL). In essence, the system COMaw-pass filter (USA, U5B and discrete com-The active sub-rate is selected with an on-
pares a local frequency source (an externghnents) is used to recover the average @@ard jumper, JP1. All references are of
oscillator) to a GPS-derived reference. It will5jye of the PWM output. By varying the duty®0<2 output impedance and provide an am-
adjust the local 10-MHz variable source tQ:ycIe of the PWM, it is possible to produceP”tUde of greater than 1 V pk-pk with a
match the GPS-derived 1 pps reference. Thg, accurate analog dc voltage witha? 1024 Square wave shape. These signals are pro-
10-MHz source is kept aligned with respeckieps over the range. vided by U3, a line driver chip.
the 1-Hz GPS reference on a real-time basis A paAC of 14-bit resolution is achieved  When the firmware feature is enabled, the
by the firmware. The resulting 10-MHz by precisely controlling the duty cycle of thereference outputs are inhibited if the FLL
reference is fanned out, frequency-divided angyyn output. This translates to a tuningd©o€s into its unlocked state. That protection
provided to the user for high-accuracy appliyranularity of 6 x 1GHz for a VCXO that ensures that the user does not use a reference
cations. System control and monitoring ar¢as a 1-Hz tuning range. Achieving a 14-bief unknown quality. LED D2 provides an
achieved using a bicolor LED and a serial pofyac using a 10-bit PWM requires additionajindication of the reference output state.

connected to a terminal (PC). : ; ; ; PR
(PC) firmware pro_cessmg._The idea is to _dlther FLL Status LED
Hardware Description the pulse width within a 16-cycle window. h des basi q
Those 16 cycles translate into an additional The system provides basic FLL status an

Figure 2 shows the system circuit scheg_pjt resolution. For example, increasing th&larm conditions with a single bicolor LED
matic. The main operation consists of count; 4_pit DAC output by one step involves in-(D1). The LED control is designed to allow
ing the number of rising edges produced byreasing the 10-bit PWM output width by ondhe user to learn about the current and past FLL
the 10-MHz voltage-controlled crystal oscil-increment on one of the 16 pulses. Increastatus in a lapse of a single second. Being a
lator (VCXO) signal over a 16 s period (16ing the DAC by two steps means increasinﬁombinEd green/red LED pair in a single pack-
GPS pulses). If the GPS and the VCXO argye 10-bit PWM output width by one incre-a9€, it can produce three colors: green, red and
at the same frequency, exactly 160,000,009ent on two of the 16 pulses, and so on. @mber. The latter is produced when both green
pulses will be counted (+1 pulse, inherentto 14 a4 flexibility for interfacing with vari- @nd red LEDs are simultaneously on. Addi-
counter technology). ous VCXOs, the filtering stages have a suppl jonally, the LED unit will flash at a 1-Hz rate

Prior to entering the microcontroller, thebypass feature that allows you to feed th provide a 1 pps signal sanity check.

10-MHz VCXO signal is buffered and am-gperational amplifiers with different UPPET g, 7 Port

plified by U1, a receiver chip. An optional gnqg |ower rail voltages. This is done by~ _
input termination resistor R1 can be added Feconfiguring JP2 and C17. Remember, Since the FLL status LED only provides

the VCXQO's output circuit calls for one. Thethough, that the maximum voltage differencdasic FLL status and alarm, a serial portis also
buffered 10-MHz reference signal is fannegetyeen upper and lower rails must be kept t§Plemented. The serial port provides com-
out to several locations on the board. 12 V or less. Another feature, the second stagéehensive control and monitoring of the FLL

U4, the Microchip PIC18F2220 micro- o low-pass filtering, allows for additional gain and other firmware features. When interfaced
controller, has a built-in 16-bit counterusing R7/R8 if the VCXO operates onalargthrOUQh a TTL-to-RS232 bidirectional con-
incremented by an external source, thging voltage range than the more standa(erter, the serial port will connect to a personal
VCXO. The counter value is latched by ans_y/ range. A 5-V offset can also be added t§omPuter RS-232 port. Such a converter can
other external signal rising edge, the GP§,e second stage using jumper JP3. This prB-e easily assembled using a couple of transis-
1 pps signal in our application. This procesgjges support for VCXOs that have a 5 V tdors or can be made using Maxim's MAX23x
is totally autonomous and independent froms \/ tyning range. series of conversion chips. The Internet has
firmware. The microcontroller’s task in this  Tapje 1 lists some of the possible configuseveral simple circuits documented. It can also
process is to analyze the results and adjustions on the filtering stages for varioud?e purchased “off-the-shelf.”

the VCXO frequency accordingly. VCXO tuning ranges. Finally, the tuning The serial port is ASClI-character-based
Table 1

Tuning Range Configuration

VCXO Tuning Range R7 R8 Cc17 JP2 Upper Rail JP3 Offset

Oto+5V Leave Open Jumper wire Jumper wire Position A Leave Open

Oto+8V * 100 k 62 k Jumper wire Position B Position A

Oto+10V* 100 k 100 k Jumper wire Position B Position A

-5V to+5V ** 100 k 100 k 0.1 pF Position A Position B

*External positive supply required.
**This configuration is used with the HP 10544/10811 series OCVCXQ's. External —5 V supply required.
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and provides standard status text strings thsignal happened to be greater than on the The user may elect to build the circuit us-
can be captured and analyzed by the us&armin GPS-35, while still meeting theing other techniques such as breadboard and
The serial port also interprets a series of usabove specification. This jitter gets averagegoint-to-point wiring. The layout is not that
commands to control the FLL and other firm-out, though, by the FLL since many fre-critical. Care should be taken in proper dc sup-
ware features. Additional information on thequency samples are taken before makingmy decoupling near the integrated circuits.
text strings and user commands can be foundCXO frequency correction.

on my Web sité. For better accuracy, | recommend settin§irmware Description
the GPS unit to fixed-position (position- The firmware running on the PIC
+5 V dc Voltage Regulator pinning) mode. In this mode, the GPS firm-microcontroller was written in assembly lan-

To guarantee a stable and clean voltageare assumes a fixed location. This translategiage. It is well documented in the source
supply to the board, a separate +5 V dc fixeithto a more accurate 1 pps signal. Consult tHage. Both the firmware source code and the
voltage regulator, VR1, is used. A heatsinlGPS unit documentation for more details omssembled hex code can be downloaded from
is required on the regulator since the boardow to set the GPS unit to this mode. my Web sité. (Also see Note 2.) Once as-
could potentially draw close to 200 mAwhen_ o sembled, the hex code takes about 3 kbytes
all reference outputs are terminated. Thifrinted Circuit Board of flash memory space.
would make the voltage regulator excessively | designed a double-sided circuit board to o
hot without a heatsink. integrate the hardwardzigure 3 shows a top FLL Acquisition and Control Cycle

view of the circuit board assembly. Its dimen- A simplified FLL acquisition and control
External VCXO sions are 2.8 x 3.5 inches. IC sockets are opycle flow chart is shown in Figure 4. The pro-

System performance is set to a large deional, but recommended. This is especiallgess starts from the left hand side and repeats
gree by the external 10-MHz VCXO selecte@pplicable to the microcontroller. A fine-tip indefinitely as long as the FLL is enabled. The
for this design. It is recommended that asoldering iron should be used. | am makingrmware samples the 10-MHz VCXO signal
oven-controlled VCXO (OCVCXO) be usedthe circuit board design files available to théor a duration of 16 seconds. Based on how
to provide better short term stability. Goodpublic? close the sample is to the nominal frequency,
second-hand Hewlett-Packard OCVCXOs
are readily available on eBaf.hese should
be your primary targets.

This project has been tested and proven
with OCVCXOs that have a 1-Hz or a 10-Hz

tuning range over their entire control volt- o :':-‘ M o [FE-Ap fmo. 5] U0 Be gy &
age. Different tuning slopes may require dif- " " - o L EL ey ol
ferent firmware parameter settings to achieve R — s = ) ! = L
optimum performance. The user will want - = . He @ J e |
to experiment with these. Eﬁ = TE S > .:‘ L]
- L 7

GPS Receiving Unit e ’j = ?’}x P

The GPS receiver used on this system LKA | = - '*:,' - .
must have a 1 pps TTL-compatible output ™ = 73 =3
signal. Accuracy of this signal will influence rI_I_LI_I_I_IJ1 . - E____:J &
overall accuracy of the system. Typical ac- Halz &z - el 2 sbim 1
curacy seen on automotive-grade units is in LLANEANE o5 .:El .
the order of 1 microsecond (1 x-48)and BETI = T Sl m =0 WS
this is satisfactory for our applicatién. L: D Izl ] ¢ i : ol

This design has been tested with the hed § bl 1% T '= [:]E firh -
Garmin GPS-35 and the Motorola Oncore AR R RS . 41k
GT+ GPS receivers. Both meet the above- I"H I'E‘H J;‘ I:'I'I "',__I I'EHE * [* ojicie =] 7 2
mentioned accuracy. The Motorola Oncore SRR - W e Wl e
GT+ unit is actually specified as having a L o CHD JERT IR T8 BN CHD R [
somewhat better accuracy on the 1 pps out- CHOB0T-Zauhdd
put. This did not materialize in better overall
system accuracy during evaluation. In fact
the second-to-second “jitter” on the 1 pp$igure 3 — Circuit board pattern for the GPS-derived frequency standard.
QX0609-Zauh04
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Figure 4 — FLL acquisition and control cycle.
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it will update the FLL state. If the sampled fre-
guency is within the specified limits, the firm-

ware will add the sample to the average fre-
guency calculation. Otherwise, it will drop the W

sample and start another sample acquisition. Limit

After updating the average frequency, the
firmware verifies if the frequency averaging User o
cycle has reached the specified number ¢f Use,c’g’"va,,d
samples. If it has, the DAC output is update %"’ana FLL
to reflect the required VCXO frequency Disabled
change based on the calculated average fre- Sails
guency. Otherwise, the firmware simply starts
another sample acquisition.

Whenever the DAC output value is
changed, a 16-second pause is inserted to al-
low the VCXO to stabilize before the next
frequency averaging cycle begins.

FLL States and Transitions

Figure 5 illustrates the various states and
transitions seen during FLL operation. Under
normal “stabilized” conditions, the FLL will FLL
be in locked state, with occasional transitions
to holdover state to reject GPS receiver timing Sl
impairments. The unlocked state is seen at sys-
tem startup or if the holdover state extends fo*X°609-2aun0s
too long. Finally, the disabled state is initiated
by a user command and essentia”y disab|é?5igure 5 — FLL states and transitions diagram.
the FLL. In this mode, the FLL merely main-
tains the last valid DAC voltage.

The current FLL state can be clearly iden|
tified in the FLL text string sent over the seria
port every 16 seconds. It can also be found
assessing the LED color: green for locked
amber for holdover, red for unlocked and dist___
abled. These colors indicate the relative rel
ability level of the 10-MHz reference output.
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Frequency Averaging Modes s : | bt Figure 6 —The Windows GPS

. . ot ot 1 Standard MonTrol software
Two averaging modes are available to the-- - L sl provided by the author.
user. | named them summing mode and vof-. e e e ttsera [T

ing mode. The summing mode is more ef-l' TR b LA | |
fective when the frequency averaging cyclg .- - i i il i
is shorter, for example five minutes. Thig ' | A
mode will be helpful in acquiring a lock at & | y ey
faster pace. The voting mode allows the dg-——1
tection of a trend and is more effective whepl
the frequency averaging cycle duration i
large, for example greater than 30 minutes.

This mode will be helpful with GPS units

that put out a 1 pps signal with significanidata flash memory. If the microcontroller islocked state and will try to acquire frequency
second-to-second jitter, as the FLL does nqowered up for the first time after programsamples automatically. VCXO frequency ad-
care about the size of the frequency differming, default parameter values will load. justments will be made at the end of each
ence, but merely the sign. Tests have also A few parameters must be set by the usetveraging cycle. After a period that may span
shown that this mode yields the best accwia user commands, because different GPom minutes to hours, the system will tran-
racy. The voting mode should be used in coneceivers and different VCXOs require differ-sition to locked state. Once the system is set
junction with long frequency averagingent parameter values. Parameters such as ygand in locked state, it should require little
cycles. There are more details on how theseimber of samples taken before updating th@aintenance.

- — —_— s K g, s [T

modes operate in the user manual. VCXO frequency, the number of samples al- Every 16 seconds, and under any circum-
. lowed while in holdover state and the tuningstances, the firmware sends a status string
Operation slope sign of the VCXO must be set. A dethat provides detailed information on the FLL

At power up, the system will display atailed description of each of these parametetgquisition process and alarm condition. An
start-up prompt at the serial port, includings included in the systems user manual avaiexample of such status string is shown here:
firmware version. It will then reload the pre-able on my Web site (see Note 2).
viously saved FLL parameter settings from The system FLL will start from the un- L|U|01FF6|+|F|67FC|0120|FFFD|007D|03
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The definition of each field in the statusas a function of time. Initially, the DAC value horizontal portion of the curve indicates that
string is available in the system user manualas intentionally set 0.1 Hz below the nomithe system reached an equilibrium. Under these

The user will want to accelerate the initiaihal value to highlight the acquisition processconditions, the system is considered to be sta-
acquisition process by manually tuning théfhe averaging cycle was set relatively short dtilized. At this stage, though, ultimate accu-
FLL closer to the target DAC value that yielddive minutes between DAC value updates. Theacy may still not be achieved, since long av-
a GPS-to-oscillator lock. This is achieved by
zero-beating the 10-MHz oscillator to another
known-good reference. The NIST WWV/
WWVH or NRC CHU shortwave radio sta-
tions are good sources to achieve this. QX0609-Zauh07 5 min Avg period

Once the system is stabilized, the user can ] Summing Mode
increase the averaging cycle duration. The DAC Value vs Time Oncore GT+GPS
longer the sampling cycle, the more accurate
the frequency measurement will be. A typical
longer sampling cycle will last from one to four
hours. This means that the system will accu- 7500 S
mulate frequency errors for this period before
making a VCXO frequency change. With a
good and stable VCXO, the averaging cycle
can be made even longer. This will improve
system accuracy even further.

To make the man/machine interface even
more friendly, | have created a Windows pro- 6500
gram to monitor and control the system. A
snapshot of the software screen is shown in
Figure 6. The compiled Windows software
is available for download on my Web site.

8000

DAC Value
7000

6000

0 2 4 6 8 10 12 14 16 18 20
Results

Figure 7 shows an FLL acquisition phase-
The graph illustrates the VCXO DAC valueFigure 7— DAC behavior during FLL frequency acquisition.

Time (hours)

Table 2
Parts List
Component Reference Description Part Number
C1-C5, C9-C16 0.1 pF, 10 V or higher, radial Digikey: 478-2472-ND or equiv.
C17 Piece of wire for a 0-5 V VCXO tuning range.

0.1 uF, 10V or higher, radial for some other ranges. See text. Digikey: 478-2472-ND or equivalent.
C6, C7 1 uF 10V or higher, radial Digikey: 478-2479-ND or equiv.
Cc8 10 uF, electrolytic, 25V or higher Digikey: P1176-ND or equiv.
D1 Bicolor (Green-Red) LED, two leads. Digikey: MV6461A-ND or equiv.
D2 Green LED Digikey: MV5477C-ND or equiv.
JP1 1 x 3 Header, 0.1 inch spacing, One computer jumper required. Digikey: S1012-36-ND. Cut to size, or equiv.
JP2 Piece of wire. Selects upper operational amplifier rail. See text.
JP3 Piece of wire. Adds -5V offset. See text.
R1 51 Q, ¥4 W, axial. Optional. See text. Digikey: P51BACT-ND or equiv.
R2,R6 47 kQ, ¥a' W, axial Digikey: PA7TKBACT-ND or equiv.
R3, R9 470 Q, Ya' W, axial Digikey: P470BACT-ND or equiv.
R4, R5 100 kQ, ¥a W, axial Digikey: PLOOKBACT-ND or equiv.
R7 Optional, do not populate for a 0-5 V VCXO tuning range. See text.
R8 Piece of wire for a 0-5 V VCXO tuning range. See text.
Ul Linear Technology LTC1485, DIP-8 package Digikey: LTC1485CN8-ND
u2 74HC390, DIP-16 package Digikey: 296-9199-5-ND
u3 MC3487, DIP-16 package Digikey: 296-1408-5-ND
u4 Microchip PIC18F2220, DIP-28/0.3 inch package, programmed part 5 Digikey: PIC18F2220-1/SP-ND
us Texas Instruments OPA2705, DIP-8 package Digikey: OPA2705PA-ND
VR1 7805 Voltage Regulator, TO-220 package Digikey: LM7805CT-ND
Sockets for:
U1, U5 IC Socket, 8-pin, 0.3 inch spacing, low profile, optional Digikey: ED3108-ND or equiv.
U2, U3 IC Socket, 16-pin, 0.3 inch spacing, low profile, optional Digikey: ED3116-ND or equiv.
u4d IC Socket, 28-pin, 0.3 inch spacing, low profile, recommended Digikey: ED3128-ND or equiv.
Heat sink for VR1 TO-220 Compact Heat sink, recommended Digikey: HS107-ND or equiv.
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= Photo B — This photo shows the GPS derived frequency standard
L k I 1 | connected to an HP frequency counter.

Photo A — The complete frequency standard system integrated

into an enclosure. The unit at the top left corner is the GPS board.

The bottom-left unit is the FLL controller board and the oven

controlled variable crystal oscillator is at the bottom right. The

RS232 converter chip and related circuitry is on the board shown

at the top center. Also shown in the top-right corner is an 8 V

regulator and dc input fuse holder. you will be able to assemble and own this high-
accuracy 10-MHz standard for less than $200
US, including VCXO and GPS receivéhis
represents a tiny fraction of the cost of atomic-
based systems. While using it, you will also

QX0609-Zauh08 2.25 Hour Avg period learn a lot about frequency accuracy, stability
Voting Mode i i
Measured Accuracy vs Time Onco?e BTAGPS and related measurement techniques. You will

no longer have doubts about your transmitted
frequency or your frequency counter reading!

Notes
1B. Shera, W50JM, “A GPS-Based Fre-
guency Standard,” QST, Jul 1998, p 37.
2| maintain a Web site where | provide up-
dates to the project, a detailed user
manual, source files and additional com-
ments. Please visit www3.sympatico.ca/
b.zauhar for more details.

3Look for HP10544A, HP10544-xxxxx, HP
10811A or HP 10811-xxxxx Crystal Oscil-
lator units. These units differ one from the
other in their stability and tuning range, but
all of them should work in our application.
Expect to pay around $80 for a working
unit when purchased on eBay.

0 8 16 24 32 40 48 56 64 72 AGPS receivers that provide a 1 pps signal
can commonly be found new on eBay for
less than $50. These are OEM versions
without display. On such units, settings
are entered via a serial port.

5| distribute high quality, fully-etched bare
circuit boards for this project. Please con-
tact me via e-mail if you are interested in
purchasing a circuit board. | am also mak-

eraging cycles and fine DAC adjustments arfactors. One of them is OCVCXO stability over ?Sgptgi %'l':sugnbr?]?/r\%gygﬁé fg?fnﬁxg'iﬁglrﬁ

required to achieve higher accuracy. time, voltage, temperature and vibration. When ¢ 5 1:1 scale will give accurate printouts.
Figure 8 shows the measured system accshooting for atomic-like accuracy, the slight- The layout is made in such a way that
racy as a function of time for a 72-hour peest disturbance on the VCXO will make it shift component leads pass the signals from
riod. The reference | used for this comparisom frequency. This is why | believe that it is one layer to the other. In the case of a
is Canada’s CHU atomic time radio statfon.difficult to obtain an accuracy better than the nand-made circuit board, all component
10 leads and wires should then be soldered

The graph shows frequency accuracy as a funtd'° range on OCVCXO-based systems. on both sides of the board
tion of time. From the graph, we can conclude \usi 6For those of you who cannot program
that rubidium-like accuracy can be reached, bonclusion Microchip PIC18F series microcontrollers,

cannot be guaranteed. This is due to several Assuming a reasonably stuffed junkbox, | make pre-programmed PIC micro-

1.E-09

1.E-10

Accuracy

1.E-11

1.E-12

Time (hours)

Figure 8 — Frequency accuracy for a 72-hour period.

20 Sep/Oct 2006 HEX-



controllers available for purchase. Please
contact me via e-mail for more details.

7| use the carrier frequency of the 14.670
MHz CHU atomic time radio station for fre-
quency measurement purpose. | basically
add (zero-beat) a signal generator syn-
chronized off the GPS-derived 10-MHz
standard with the CHU signal into a short-
wave receiver. From the duration between
two signal nulls, | derive the frequency dif-
ference. | compute accuracy using the fol-
lowing formula: Accuracy = 1/ (T y-nun %
14.67 x 10%). The National Research
Council of Canada maintains three atomic
clocks, and the CHU carrier frequency is
derived from them. Carrier frequency ac-
curacy is guaranteed at 5 x 10712 or bet-

ter. I am fortunate to live about 15 km from
the transmitters. With such a small station-
to-station distance, the propagation mode
is ground wave and most certainly surface
wave. Since surface wave propagation is
very stable (no phase distortion), | can
consider the received CHU carrier fre-
quency (and phase) to be virtually as good
as the 5x10~12 they guarantee at their an-
tenna, and at least one order of magnitude
better than the level of accuracy | am
trying to measure.

designed for the hobby, amongst other
things, an L-band transmit convertérisat
Journa) May/June 2003), a 1 to 12 GHz fre-
guency counter prescaler, a microprocessor-
based repeater controller, several amateur
satellite antennas and a RF-sensing alarm
(73-Amateur RadipMay 1998). Bertrand
received his Electronics Engineering degree
in 1989 from Ecole Polytechnique de
Montréal. Since then, his professional engi-
neering career has been spent working for
Nortel at the Montréal and Ottawa locations.

Bertrand Zauhar has been a radio amateutn his current position, he is an electronics
as VE2ZAZ since 1984. He holds arardware design engineer on optical trans-
advanced amateur license. Bertrand hasission equipment.
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Celebrate 25 Years of Digital Innovation!

Come to Tucson, Arizona for the 2006
TAPR/ARRL Digital Communications
Conference, September 15-17 at the Clarion
Airport Hotel. Join with your fellow hams to
celebrate the 25th anniversary of the founding
of Tucson Amateur Packet Radio, the group
that pioneered amateur digital innovation.

Learn about new digital modes, see live demonstrations
and share in the camaraderie that is unique to Amateur
Radio. Bring your family, too. Tucson is a desert oasis of

beauty and fun!

See the Digitel Communications Conferente site on the Web ol www.tapr.ong/dee/, o coll

TAPR af 972-671-8277 to moks your reservations fodoy
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