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1. Manufacturing
1.1. Printed circuit board

The board 100mm x 160mm has to be ordered at Beta Layout in Germany under reference e-callisto.T3001. Parameter:  2 different stop-masks, printed label only on top layer, 40um copper, no test, allow over-delivery. Incoming inspection is necessary and shall be reported to Beta Layout using their website: http://www.pcb-pool.com/
1.2. IF transformers

Two transformers are needed in Callisto, one for IF1 at 37 MHz and another for IF2 at 10.7 MHz. do not mix up these two different transformers. Necessary tools are: soldering iron 300°, a pair of sharp tweezers, side-cutter and may be a knife or scalpel. The length of the wires depends whether you put the winding as first or second winding (on top of the first). The length given below is selected such that both layers can be wound. May be you need to cut a few mm before soldering. Before soldering the wire to the pins of the transformer-body, both ends of the wire have to be tin-coated first. This can be done in two ways, either heating as long as needed to get rid of the varnish and then tin it or, scratch first varnish away with a knife and then tin-coat the wire. It is NOT possible to directly solder the wire onto the pins of the transformer-body; the transformer-body would melt away! Soldering of tin-coated wire must be done very quickly and precise. Using magnifying goggles are recommended.
1.3. IF transformer 37MHz (FM1.1, black core)

Nine windings on the side with 3 pins where the middle pin is not to be used, (13cm wire)
Six windings primary (that side with 2 pins), (8cm wire)
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Take insulated copper wire 0,3mm … 0,4mm diameter. Slightly scratch 3mm … 4mm on the ends of the wires with a knife before soldering to the pins. Check with ohm-meter the full connection from pin to pin less than 1 Ohm. Position the black ferrite core in the centre of the coil. It takes about 10 minutes to manufacture one transformer. Before mounting the transformer, check between coils and metal case 100% isolation with ohm-meter.
Figure 1. FM1.1: parts from left to right: metal-case, ferrite-jacket, transformer-body, ferrite core (black head).
1.4. IF transformer 10.7MHz (FM1.0, yellow core)
14 windings on the side with 3 pins where the middle pin is not to be used, (17.5cm wire)
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Two windings primary (that side with 2 pins), (3.7cm wire). Take insulated copper wire 0,3mm diameter. Slightly scratch the wires before soldering to the pins. Check with ohm-meter the full connection from pin to pin less than 1 Ohm. Position the yellow ferrite core in the centre of the coil. It takes about 10 minutes to manufacture one transformer. Before mounting the transformer, check between coils and metal case 100% isolation with ohm-meter.
Figure 2: FM1.0: parts from left to right: metal-case, ferrite-jacket, transformer-body, ferrite core (yellow head).
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Figure 3: Two coils wound on transformer-body.

Wires in the back are already soldered, wires in front not yet soldered.
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Figure 4: Two windings fixed on the transformer-body and soldered to the pins. Be very careful to NOT produce short circuits between soldered wires and the metal case. The system would not work in this case!
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Figure 5: Ferrite-jacked mounted and ferrite-core screwed into the body. Metal case is ready for mounting.
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Figure 6: Transformer completed. Carefully check with Ohm-meter isolation between pins (of windings) and metal case. We need full isolation, no short circuit! In case of short circuit, take away metal case again and get a file to take away large tin-balls which led to the short circuit. Close metal case again and check isolation again with ohm-meter.
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1.5. Antenna connection cable

Mount the metal angle connector to one end of the cable #3 (19cm, RG-58) and SMA crimp to the other.
1.6. Power cable

Take cable #4 (30cm, RG-174) and prepare the ends.
1.7. K3 flat cable

Take cable #2 (16cm, 8pin flat cable) and mount header K3 (8p female connector) on one end (red wire to the arrow).
1.8. K2 flat cable

Take cable #3 (14cm, 14pin flat cable) and mount header K2 (14p female connector) on one end (red wire to the arrow).

1.9. Ext. power cable

Mount the DIN 3P female connector to the supply cable (red/black coded).

1.10. Chip programming External
Take STK500 micro controller starter kit composed of AtmelAVR board, power supply 12V and one risk processor ATMega16.
Compare with the photo “Chip_Programming.jpg”.
Connect serial port of a Laptop with CTRL RS232 port of AtmelAVR board, put ATMega16 into Soket3100A3 (red), connect SPROG3 with ISP6Pin, and connect power supply
Switch power on (upper right corner).
Start program CodevisionAVR C Compiler with valid licence number, get latest software on http://www.exp-astro.phys.ethz.ch/astro1/Users/cmonstei/instrument/callisto/ecallisto/20061104_e_callisto.zip
Complete RISC ATmega16 Software (latest version only)
Settings; Programmer; set communication port to the port which is attached to AtmelAVR board (mostly COM1).

Project; Make; Programmer chip

Close software, power off, take chip out of AtmelAVR board and mount it on Callisto.

2. Assembly

2.1. Printed circuit board

The best chronology for the equipping of the board is the one you find in the Excel data “Callisto_Partlist.xls”.

· First solder all SMD components on the bottom side of the board (resistors, capacitors, inductors).
Be careful, only those components with mirrored label have to be soldered on the bottom side, all other components (having normal labels) need to be mounted on the front side due to their height or functional complexity.

Make sure that capacitor C36 and C37 are in the right direction. Black bar denotes to positive electrode!
· Mount all sockets for the integrated circuits to the front side; check the notch to be set to the edge with pin number one.

· Now mount all small components on the front side.

The two dc regulators, IC2 and IC6 have to be screwed on and if possible use thermal compound.
· Mount the power supply connector KL1 and connect it to an external dc power supply with constant voltage of 12V and current limiter of 100mA.

· Check all pins of the IC sockets and tuner with respect to ground if they are supplied with the correct voltage; see circuit diagram.
· If all voltages are correct, continue to mount tuner IC1 and all IC.
· Keep the assembled board in an antistatic bag to protect it until it’s in the aluminium case.
2.2. Aluminium metal case
To be ordered at CONRAD 522953 SFr. 25.05
Back plane drilling plan (from inside of the box):
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Figure 7: back plane.
· Mount SUB-D9 and SUB-D25 connector (outside has to be in the right upper corner)
The longer side of the trapezium has to be ahead as you can see on the photo.

· Mount audio jack 3.5mm

· Mount BNC connector

· Mount DIN-connector 3-pin

· Mount rf adapter N/SMA

· Glue inventory label on backplane
Front plane drilling plan (from inside of the box):
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Figure 8: front panel
· Mount power – LED (outside has to be left ahead)
· Mount power switch

· Connect LED to the switch, solder cable #4 to the switch and connect LED to KL1 as you can see on the photo

· Glue ETH label on front panel

3. Preliminary Integration
· Solder cable #1 to SUB-D25 as you can see on the graphic.

· Solder cable #2 to SUB-D9, BNC and audio jack and solder Elko (1uF) to audio jack

· Solder cable #4 to DIN 3P male connector and mount the isolation to KL1.

· Antenna cable between tuner and SMA/N-adapter

4. Adjustment of the IF transformer
Test set-up 1
[image: image13.png]01

o(r)

oo

AlaVvar eCallisto #35 at 607.19MHz
Allan STD DEV/

“

= ADEV.
- HDEV.

Line Fit
L Lower Bound

T~ Upper Bound




Connect a serial port (direct or via USB) of a pc to the RS232 port.

For free COM, you can check it in: “Start; Control panel; System; Hardware; Device Manager; Ports (COM & LPT)”
Arrange test set-up 1.
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Testprogram ‘simple.exe’
Start program “simple.exe” from desktop, edit COM-port and press Connect. Set Frequency to 610 MHz and PWM to 0 (minimum gain). Replace antenna by a signal generator set to 610 MHz and output power -90dBm.
Adjust the variable capacitor and then both IF cores to maximum output signal by observing progress-bar. The variable capacitor C1 shall not be at the extreme positions, try to find a compromise with ferrite core of transformer IF-T2. If there is no reaction, increase PWM to 50...150. When finished, press Disconnect and close the application.
4.1. Audio output

With this test set-up, you also can test the audio output.

Attach headphone, boxes or sound cart of notebook and start program “Terminal.ht”.

Enter “?” to get information about the Callisto. (You’ll find more commands on page 18 of “eCallistoManual.doc”).

Enter O255 to set pwm value, then enter “F0” and a frequency of a radio station (example: “F0100.4”). With + and – you can correct in small steps.

If you hear a radio signal, test was successful.
5. Final integration

If the adjustment of the IF was successful, put the complete wired board into the aluminium box.
Close the front and back panel with appropriate parker screws

6. Test
The final plots shall be put onto the web as reference document. For detail, see
http://e-collection.ethbib.ethz.ch/ecol-pool/bericht/bericht_501.pdf
6.1. FPU digit

Attach FPU-Testbox to SUB-D25.

Start program “Terminal.ht”.
Enter “fs” and a number to get out a binary code on the test box.

Check if all LEDs are right, if a LED is on at the false time, you might have soldered cable#1 false, then change it and do this test again.

Example: “fs0” -> all LED are on (binary code 0).
This test can be done much easier using the special program “FocusTest.exe”
6.2. Schematic Automatic Test set-up
Test set-up 2
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Apply Marconi 80kHz-1040MHz signal generator 2019A to antenna terminal of Callisto.
Set “LEVEL” of Marconi by pressing “RF LEVEL” and typing in -127 and “% rad dB”.
If Marconi doesn’t communicate to Laptop, search in mainunit.cpp; “#define Marconi2019Adr” Marconi-address should be between 1 and 30.
If Laptop can’t find the Callisto, search in RXRS232.cpp;

“char rxcomport=”COM” comport should have the number of the comport you’ve used for the Callisto. (You can check it in “Start; Control panel; System; Hardware; Device Manager; Ports (COM & LPT)”
6.3. Overall bandwidth

Arrange test set-up 2.
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Start the program “iecbus.exe” in D:\e_callisto\Software\ieee488_Bandwidth_plott.

Set Callisto number in Edit “Callisto_e# 00”. Set PWM to 150 digits.
Press “Start” and wait till it’s finished.

Start this program at least two times. If the graphic looks alright and doesn’t change anymore, save as a .png data by selecting radio button “PNG” and pressing “Plott”.

Data will be saved in D:\e_callisto\Software\ieee488_Bandwidth_plott as “dislin.png”. The minimum difference between peak and noise should be 40 dB. Because you can’t tell it from the next measurement, drag this data directly, rename it to “bandwidth_eC00” (with correct Callisto number) and move it to D:\e_callisto\Qualification\Bandwidth.

6.4. SFDR

Arrange test set-up 2.
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Start the program “iecbus.exe” in D:\e_callisto\Software\ieee488_SFDR_plott.

Set Callisto number in Edit “Callisto_e# 00”.

Press “Start” and wait till it’s finished.

This program should be started twice. If the graphic looks alright, save as .png data by selecting radio button “PNG” and pressing “Plott”.

Data will be saved in D:\e_callisto\Software\ieee488_SFDR as “SFDR_e#_00”.

Drag this file and move it to D:\e_callisto\Qualification\SFDR.

6.5. Gain Sensitivity

Arrange test set-up 2.
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Start the program “iecbus.exe” in D:\e_callisto\Software\ieee488_GainSensitivity_plott without switching off the Callisto after the SFDR measurement.

Set Callisto number in Edit “Callisto_e# 00”.

Press “Start” and wait till it’s finished.

This program should not be started twice. If the graphic looks alright, save as .png data by selecting radio button “PNG” and pressing “Plott”.

Data will be saved in D:\e_callisto\Software\ieee488_GainSensitivity_plott as “Sensitivity_eC00.png”.

Drag this file and move it to D:\e_callisto\Qualification\Sensitivity.

There are often failures in the program (sometimes almost every second measure point is 20.0) it’s not clear why this happens. Start it after the SFDR measurement without switching off the Callisto to get a good result. And start the measurement a few times. Somehow you’ll get a good result.
6.6. Dynamic range

Arrange test set-up 2.
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Start the program “iecbus.exe” in D:\e_callisto\Software\ieee488_DynamicRange_plott.

Set Callisto number in Edit “Callisto_e# 00”.

Press “Start” and wait till it’s finished.

This program can be started twice. If the graphic looks alright, save as .png data by selecting radio button “PNG” and pressing “Plott”.
Data will be saved in D:\e_callisto\Software\ieee488_DynamicRange_plott as “dyn_at_pwm80_eC00”.

Change pwm value in Edit “pwm” to 100, 120 and 200 and repeat this for each time.
Drag these files and move it to D:\e_callisto\Qualification\DynRange\DynRange_eC00.

6.7. Noise figure
Test set-up 3
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Apply solid state Noise Source MC7024 (SerialNr. 860) with a Suhner Attenuator (20dB, 18GHz, 50Ohm) to the antenna terminal.

If Laptop can’t find the Callisto, search in RXRS232.cpp;

“char rxcomport=”COM” comport should have the number of the comport you’ve used for the Callisto. (You can check it in “Start; Control panel; System; Hardware; Device Manager; Ports (COM & LPT)”
Arrange test set-up 3.

Start program “callisto.exe” in D:\e_callisto\Software\e-Callisto_latest.

Select “Manual”, press “Save spectral overview” and wait till it’s finished.

Disconnect the Noise Source from the main, wait a few seconds (to let it discharge), then press “Save spectral overview” again.

Open up “NF_a_eC00.xls” in D:\e_callisto\Software\e-Callisto_latest\NF and the two latest .prn files in D:\e_callisto\Log with EXCEL. For opening the .prn files you’ll get the message “Text Import Wizard”, press “Next >”; “Semicolon”; “Finish” for both files. 
Copy the second Column of the two .prn files and paste it in Columns B and C of the “NF_a_eC00.xls”. If the graphic looks alright now, save as “NF_a_eC00.xls” (with correct Callisto number) in D:\e_callisto\Qualification\NF. Save graphic as well as a .gif file.
6.8. AGC low pass filter
To check the integration time of the low pass filter of the AGC-voltage use the special program called “iecbus.exe” in the folder “AGC_PWM”. If the capacitor should be wrongly mounted or should have the wrong value we would miss the typical low pass characteristics. You need to start the process twice such the capacitor can be charged during the first test.
6.9. Allan time

Apply a 50 Ohm terminator to the antenna terminal.

Delete all files in D:\e_callisto\data.

Start program “callisto.exe” in D:\e_callisto\Software\e-Callisto_latest.

Press “Start Measurement” and let it work for at least 1.5 hours, without changing anything around it (security against influence).

Delete the first and the last few files in D:\e_callisto\data.

Start program “Fits2Ascii.exe” select your files.

Select a quiet light curve near 608 MHz. (Proposal: 130 for 607.19 MHz). You can find the channels in D:\e_callisto\Software\e-Callisto_latest\frq00201.cfg.

Then press “Convert all selected Fits-files”, press “OK” for the message that opens.

Start program “AlaVar” load the by pressing File; Load Data then open the .prn file in D:\e_callisto\data and press “Validate”.

Select “Remove Outliers” then press “PreProcess”, deselect blue and green curve, set “Tau(0)” to 2.5 and press “Process”.

Select “Fixed Slope = -0.50” and “0 From the beginning”, count the points from the end that are not about each other and write it in “From the End”, then press “Fit”.

Rename title to AlaVar e-Callisto#00 at 607.19 MHz (with correct Callisto number and Frequency) by pressing Edit; Plott Options; Titles.

Save data as “alan_eC00” (with correct Callisto number) in D:\e_callisto\Qualification\AlaVar by pressing
6.10. Physical parameter

Measure weight, length, height and width and put the data into the data sheet of the spectrometer

6.11. Different aspects

Arrange test set-up 1.

Applying 1MHz TTL 5V to BNC connector, start program “callisto.exe” in D:\e_callisto\Software\e-Callisto_latest, press Edit; callisto.cfg alternate [clocksource]=1 into “[clocksource]=2”. Now press “Start measurement”. Program should work.
Remove now 1MHz TTL 5V and do this again, if program doesn’t work now, test was successful.
Don’t forget to change [clocksource] back after testing.
Check the front panel LED by switching Callisto off/on.

Put all measurements onto the Callisto website.
6.12. Endurance test
After surviving all previous tests, Callisto must be configured for an endurance test for at least one week. This, to be sure that all tantalum capacitors are correctly mounted and. A scheduler needs to be prepared to automatically start and stop every couple of hours. Include also at least one spectral overview per day. Tick and sign the checklist appropriately.
(Re-)Adjust supply voltage exactly to 12.0 V and measure the supply current. Put the value into the checklist and also onto the website for future verifications.





































Check Isolation here and all other pins also against metal case.





At all cost, avoid short circuit to the metal case





At all cost, avoid short cicuit 


to the metal case
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