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ATF2 Q BPM electronics

• Specification (Y. Honda, 02.2006)
• Design
• System 

– Hardware layout
– Software
– Calibration

• Testing
• Production schedule

ATF2 electronics group (SLAC), NanoBPM collaboration, and Y. Honda (KEK)
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Specifications
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Specifications
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New board layout

• Improved coupler and packaging
• More robust power and sensor connectors

Design
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LO locking 
chassis

CAL tone 
locking chassis

714MHz
2.16 MHz

BPM electronics 
box

BPM hybrid

ATF2 BPM System

RF coupler

Local 
configuration

System design
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Electronics mounting

• The structure of the ATF2 magnet system will be 
a magnet, position adjustable support, mover 
and concrete base from top to bottom. You can 
mount the BPM electronics boxes on the side 
face of the concrete bases. 

• But their height will be about 580 mm. So you 
had better place your boxes so that their 
dimension might be 300 mm vertically and 700 
mm horizontally. I can install iron plates, which 
have several screw holes in order to mount your 
boxes, on the side face of the concrete bases.

Design
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Electronics package

• Thermal 
tests done. 
Temperature 
rise of about 
10 degrees 
in the closed 
box.

Design
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Calibration• The purpose of 
this calibration 
system is to 
keep track of 
gain variations

• Typical 
variations are 
caused by 
temperature 
changes

• On-board 
calibration signal 
coupler (non-
directional)

• On-board 
precision cal and 
LO power meter

• This type of 
calibration 
procedure has 
not been tested.
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With a single tone calibration (away from the cavity resonance), the power meter will 
provide a few tenths of a percent calibration stability. 

The calculated gain stability vs. temperature of the ATF2 board is 0.02dB/C, or an 
amplitude change of 0.25% / C. 

The temperature variation of the attenuation of the limiter is not known or specified. We 
could test this with a connnectorized limiter. 

The cable variation is calculated at approximately  0.06%/C, if good cable is used. 

The power meter chip has a variation of 0.16%/C, slightly better than the calculated 
stability of the board. 

The power supplies are well regulated on the board, so input voltage variations are 
probably not important. However, if the input voltage varies, the power dissipated in the 
primary regulator will change, and the board temperature will change. It might be worth 
running a separate power cable to each board (in a multi-conductor bundle) so that 
changes in the number of operating boards doesn’t change the board temperatures. 

Since we believe (but need to measure) the board temperature variation is 0.25%/C, and 
the power meter variation is 0.16%/C (all numbers calculated - have not done 
measurements), it is not clear we can improve on the stability with calibration. 

Calibration
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RECOMMENDATIONS

1: Use non-directional couplers. Include a temperature monitoring thermistor
connected to the diagnostic cable. Include a pad for a thermistor in parallel with the 
gain resistor on the output amplifiers. Test board temperature stability. 

1a. If the 2 channels match well, install a thermistor set to cancel the first 
order variation with temperature. Expect ~0.1%/C stability. 

1b. If channels do not track, expect ~0.25%/C stability.

Calibration
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The default scheme would be to have a calibration synthesizer operate with a 
tone which we blank off for a few microseconds around beam time. The 
standard SIS data acquisition will then see some tone, and the cavity signal. 

Two operation modes:

1: system calibration: This is used to find cavity frequencies, couplings to X,Y, 
etc. Optionally we could also do a tone sweep of the calibration synthesizer to 
map out the cavity resonance and possibly (if we are clever enough), the cable 
attenuation.

2: Operation mode: DDC is performed in the VME crate controller using the 
precalculated coefficients. The I and Q amplitudes are multiplied by previously 
calculated matricies to get X,Y. These X,Y are made available to the EPICs
server. 

The I and Q of the calibration tone is also made available for history buffering. 
We will need beam studies to determine if we want to adjust the calculated gain 
based on the measured calibration tone, or just use it as a check. 

The crate controller should be fast enough to do DDC even for multi-bunch 
beams in real time.

Operation
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Summary of ATF 2 electronics board test results. 
 
Boards tested: Boards #1-5, both channels were tested 
 
Operating current: All boards were operated at 8.2V input.  
Mean current: 592mA 
Maximum current: 609mA 
Minimum current: 583mA 
Current calculated from circuit design 467mA. (quiescent only)  
 
LO Power Meter readout at nominal LO power 
Mean readout: 1.173 Volts 
Minimum readout: 1.124 Volts 
Maximum readout 1.259 Volts 
Deviation: 3.9% (0.17dB) 
 
Gain: measured at 6429 MHz RF, 20MHz IF 
Mean gain: 33.66 dB 
Minimum gain: 32.76 dB 
Maximum gain: 34.69 dB 
Standard deviation: 0.34dB 
Calculated gain from circuit design (without limiters): 32.93 dB 
Note, addition of limiters will reduce gain approximately 0.8dB 

Lab Tests
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Noise Figure: 6429 MHz RF, 20MHz IF 
Mean 6.11 dB 
Min 5.50 dB 
Max 6.74 dB 
Calculated 5.29 dB 
 
Linearity: With 2 tones, 1 MHz separation, each 6dB below full scale (combined peak 
power = full scale = 2V pk-pk), maximum spur line relative to full scale: 
Mean 74.12 dB 
Minimum 71.70 dB 
Maximum 75.80 dB 
Calculated 62.98 dB (calculation method assumes worst case addition of modes). 
 
 
Derived parameters: 
RMS output noise in counts: ~2.25 counts RMS. 
RF input power for full scale out ~ -23.7dBm 
 
 

Lab Tests
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Beam Tests of ATF2 
electronics (Y. Honda)
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Beam Tests
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Beam Tests



17

Beam Tests
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Beam Tests
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Beam Tests
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Beam Tests
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Beam Tests
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Beam Tests
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Basic Schedule Highlights 
 
There are five targets in the Electronics Production track: 

1. Coupler Design finished done1 
2. Board Design finished2 6/7/06 

a. changes:  
i. power on/off LED, 

ii. coupler stub,  
iii. limiter pad with cutout, done 
iv. output IF trace routing options (front vs back), done 
v. fuse, done 

vi. thermistors (three total: one for readback, two in parallel with output IF OpAmp 
feedback reisitors)  

3. Board Testing finished (prototype, burn-in, etc.) 3 6/30/06 
a. boards in to Sierra 6/7  
b. back 6/13, in to AmTech 
c. back from AmTech 6/16, burn-in test begins with limiter space jumpered 

4. Board Production finished4 7/21/06 
5. Benchmark testing complete5 8/18/06 

 

Schedule
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There are two components in the Installation Production track, hard deadlines closer to 
actual completion of ATF2 beamline: 

1. Enclosure Design and Fabrication 
a. enclosure        
b. connectors (bulkhead) 
c. internal cabling (if needed) 

2. Installation design and preparation 
a. enclosure mounting 
b. signal cable plant 
c. 8Vdc power supply and distribution 

 
 
 
Scheduled Reviews: 
6/30/06 (review results of two-week powered test on five boards.  Current plan includes 5
boards with DC power only, one board under power with RF and LO input.) 
 
 
                                                 
1 as in retired.  We shall adopt Joe’s non-directional coupler option. 
2 Includes review and final corrections/changes 
3 Includes time for production of final prototype board 
4 Assuming we didn’t find anything fatal in the two-week burn-in, this is a full production run of the 
proven design, fully assembed except for the outstanding balance of the lmiter order (due 7/21). 
5 Gain, IP3, noise, thermal stability, pulsed response?

Schedule
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Remaining:

• Bench tests of coupling
• Bench tests of stability, lifetime and temperature 

response
• Beam test analysis
• Saturation tests and matching with digitizer
• Calibration tests
• System design


