Diagnostic Data for The Aerial Analyser

All measurements are taken with the analyser frequency set to 4MHz, the main supply rail fed from a regulated power supply of 12.00VDC, and a 50 ohm non inductive load connected to the instrument test terminals. A DVM is used for all DC voltage measurements, while all AC data is measured with a 100MHz oscilloscope fitted with a properly compensated X10 passive probe (giving a scope input impedance of 10Mohm// 25pf). All voltages published are indicative only and will vary slightly from unit to unit due to component tolerances.

Current Drains

With everything working correctly, the total current drain of the analyser is almost exactly 100 milliamps in total. 

This gives you a battery life of around 4 hours if 8 el cheapo zinc carbon 400 milliamp hours cells are used for your 12 volt battery supply -which is a long time on any roof (.  Rechargeable cells are a much better proposition, and usually have capacities of from 800 to 2700 milliamp hours (27 hours on a roof??). However you will need 10 cells (1.2 volts each) to get the required 12 volt supply.

With all the IC’s removed, but with the LCD still connected- which draws around 1 milliamp , the total drain is almost exactly 70 ma, and most of this current drain is generated by the wideband output amplifier which drives the test circuit. 

If you get current drains which differ widely from these values, then you are going to have to start looking for incorrect dc voltage levels. These will be caused by such things as solder bridges, incorrect resistor values, transistors and ICs inserted upside down etc.

Use the data in the following table. 

Signal Generator and 70MHz Video Amp

Please see article text for a full description of the operation of this section.

Q3  
collector

1.17 VDC

600mV p-p sine


base


1.17 VDC

----------


emitter


0.70 VDC

approx 250mV p-p distorted sine

Q4
collector

5.00 VDC

-----------


base


1.17 VDC

600mV p-p sine


emitter


0.70 VDC

approx 250mV p-p distorted sine

Q7
collector

5.00 VDC

-----------


base


1.17 VDC

600mV p-p sine


emitter


0.52 VDC

580mV p-p sine

Q8
collector

5.00 VDC

-----------


base


2.88 VDC

580mV p-p sine


emitter


2.12 VDC

550mV p-p sine

Q9
collector

4.22 VDC

80mV p-p sine


base


2.12 VDC

550mV p-p sine


emitter


1.35 VDC

470mV p-p sine

Q10 
collector

7.95 VDC

3.2 V p-p sine


base


5.00VDC

----------


emitter


4.23 VDC

80mV p-p sine

Q11
collector

7.26 VDC

3.2 V p-p sine


base


2.44 VDC

400mV p-p sine


emitter


1.76 VDC

400mV p-p sine

Q12
collector

11.13 VDC

400mV p-p sine


base


7.94 VDC

3.2 V p-p sine


emitter


7.26 VDC

3.2 V p-p sine

Obvious checks in this section-

 Transistors supplied with different pin arrangements to the common layout shown in the drawings. Use your DVM to check current gain to verify pinout before you install.

Faulty rotary switch- prolonged exposure to heat from soldering can ruin these switches by causing open circuit contacts.

Most common problems- oscillator or video amp does not work correctly due to PN3563 or PN2222 being fitted in the wrong position or with pinout reversed.

Oscillator does not work because either D1 or D2 is faulty, giving greater than 1.17 volts dc at base of T3. This biases the AGC circuits off, stopping the oscillator from working. Each diode should have around 585 millivolts across it.

The wrong type of bypass capacitor is used from T3 base to ground leading to strange output waveforms and either low output levels or no operation at all on the higher frequency ranges. Use only multiplate monolithic capacitors with near zero lead lengths as specified !!




Frequency Counting Prescaler

This section is headed by a 74LS04 used as a linear amplifier to boost the AC signal at Q9 emitter from around 500 mVp-p (sine) to TTL compatible levels (less than 0.8VDC, greater than 2.4 VDC).  The 74LS04 amp is followed by a 74LS93 and a 4040 which divide the oscillator frequency by 1024.

74LS04 pin 2-   ragged rectangular wave swinging from about 0.2 VDC to 2.4 VDC

i.e. the wave crosses the logic switching level at 1.2VDC allowing the second inverter of the LS04 to clean this signal up and generate a TTL compatible signal at pin 4.


 pin 4-   relatively clean rectangular wave swinging 0.2 to about 4 VDC.



Period of both these waveforms is 0.25 micro seconds.

74LS93 pin11- 250 KHz rectangular wave (period 4uS) swinging 0.2 to about 4VDC.

4040 pin 2- 3.9 KHz square wave (period 256uS) swinging 0 to 5.0VDC.

Obvious checks in this section. All IC’s connected to both ground and 5 VDC.

Detector Linearisation and Amplification

The test circuit has three envelope detector circuits associated with it, which develop dc voltages at their outputs very nearly equal to the peak levels of RF within the test circuit. 1.55 VDC is therefore produced by D4 and its associated 100pf at the non inverting input of IC1a because 3.2 Volts p-p of ac is applied to the test circuit input.  This 3.2volts p-p of RF is also exactly halved across the 50 ohm calibrating load and internal 50 ohm current sensing resistance (2X 100 ohm with D5and 100pf in parallel) and so 0.75 VDC appears at the inputs of both IC1b and IC1c (pins 10 and 5).

The dc outputs from these very high impedance envelope detectors are buffered by op amps IC1a, IC1b, and IC1c. At normal signal levels, these amplifiers all have dc gains of one and it is only at very low dc input voltages (high SWR) that the linearising networks have any influence (D8, D9 and associated 47K resistors). So the dc voltages which appear at their inputs (pins 12,10,5) also appear at their outputs (pins 14, 8, and 7). ALL MEASUREMENTS ON DETECTOR OUTPUTS SHOULD BE DONE AT IC1 A, B, and C OUTPUTS TO AVOID LOADING DOWN OF THE DETECTOR OUTPUTS BY TEST GEAR.

These stages are followed amplifiers IC2a, IC2b and IC2c all of which have dc gains of 4.3. So the inputs to these amplifiers (1.55 VDC, 0.75VDC, 0.75VDC) become dc levels of 6.7VDC, 3.25VDC and 3.25VDC. Finally these three voltages are scaled down (P1, P2, P3 and associated 10K resistors) to make them compatible with the microprocessor inputs. 

The full scale output count of 255 of the analog to digital converters within the Picaxe (AN0, AN1, AN2) is set absolutely by the exact supply rail voltage to the Picaxe chip.

To avoid overranging these inputs and consequently scrambling the internal calculations for impedance and SWR, it is vitally important that the voltages appearing at AN0, AN1 and AN2 NEVER EXCEED the micro supply voltage. As this can range between 4.75 and 5.25 VDC depending on the 7805 regulator output, P1 is set so that the maximum voltage at TP2 lies between say 4.4 and 4.7 VDC (beneath the 7805 output voltage to avoid overrange, and as large as possible giving max accuracy of calculations).  P2 and P3 should be set so that the voltages at TP3 and TP4 are initially EXACTLY half the voltage at TP2 with the 50 ohm load connected to the test circuit. One of these voltages will be slightly modified in the last part of the set up procedure when the 330 ohm test resistor is connected to the test terminals and adjustments made to linearise the instruments entire range (it doesn’t matter which voltage is adjusted).
Summary

IC1a pins 13,14
1.55VDC

IC2a pins 12,13
1.55VDC

IC2a pin 14

6.7VDC

IC1b pins 8,9

0.75VDC

IC2b pins 5,6

0.75VDC

IC2b pin 7

3.25VDC

IC1c pins 7,6

0.75VDC

IC2c pins10,9

0.75VDC

IC2c pin 8

3.25VDC

 Obvious checks in this section- both op amp chips connected to ground and +12VDC.

Most common problem- home builders ( rather than kit builders) discover detectors will not work because they fit Schottky diodes rather than germanium diodes. Schottky diodes are not even remotely compatible with germanium diodes because, despite what the electronic supply houses tell you, their turn on potentials are much larger. Typical Schottky types include HP5082-2800, 1N5711, BAT46/48/85.  Make sure that you use germanium diodes of one type number only. Type numbers include 1N34, 1N60, 1N61,

OA80- OA87, OA90-OA96 etc etc. Note that the Chinese sell counterfeit diodes labeled  1N60S and 1N60P. These are Schottky junction diodes which will not work in this circuit. Germanium point contact diodes with the type numbers above can easily be identified by the long glass envelope within which a “cats whisker” is visibly making contact with the crystal.
The Liquid Crystal Display

To check the display, run the analyser without the Picaxe. With power applied and the DISPLAY CONTRAST trimpot correctly set (wiper at or near ground potential), the number fields should appear as solid black rectangles. 

The Picaxe Microprocessor

The only functional checks here are to ensure that the chip has +5VDC and ground connected to the relevant pins and that the clock is running. To avoid stopping the clock due to test equipment loading, connect a 4.7pf capacitor in series with your CRO probe tip and use this to check the clock circuit (pins 9 and 10). With the correct dc voltages appearing at AN0, 1, and 2, correct displays should be produced if the chip is undamaged and correctly programmed.

