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PART I

24bits Digitizer (ICS110B)
Test system setup
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    The test setup for BLM front-end circuit simulator is shown in Fig.1, in which VME crate and CPU board is testing software running platform, ICS110B is 24bits 100kHz sampling rate waveform digitizer, WaveTek function generator is signal source simulating beam loss, and FEC simulator is device under test.  

    WaveTek function generator outputs a series of periodic rectangular pulses to simulate the beam loss signals, which width is 1ms and repeatable frequency is 60Hz. BLM FEC simulator responses these input signals and generates fast loss output signals and slow loss output signals. In current test we use ICS110B channel 1 to sample fast loss output signals and channel 2 to sample slow loss output signals at the same time. 

Pulse integration

    Fig.2 shows a digitized slow loss waveform at 100kHz sampling rate. The first 100 points before rising edge should be averaged as baseline. Normalized waveform can be calculated from raw waveform subtracting baseline. And the result of sum of normalized waveform multiplying time interval (10us) is pulse integration.     
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Single pulse slow loss test
    Based on the above formulas we measured single pulse integrations under the different amplitude input pulses (1.0V, 1.5V, 2.0V, 2.5V, 3.0V, 3.5V, 4.0V, 4.5V and 5.0V). For every input signal 100 samples were recorded. The test results are shown in fig.3 to 

fig. 11. 

[image: image9.wmf]0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

54µ

56µ

58µ

60µ

62µ

64µ

66µ

68µ

70µ

72µ

74µ

 

Slow loss integration, input = 1.0V
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Slow loss integration, input = 1.5V
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Slow loss integration, input = 2.0V
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Slow loss integration, input = 2.5V
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Slow loss integration, input = 3.0V
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Slow loss integration, input = 3.5V
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Slow loss integration, input = 4.0V
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Slow loss integration, input = 4.5V
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Slow loss integration, input = 5.0V
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Table 1 shows the integration deviations for different amplitude input pulses.

Table 1
 Integration deviation VS pulse amplitude

	Pulse Amplitude (V)
	1.0
	1.5
	2.0
	2.5
	3.0

	Integration Deviation (V·s)
	2.8E-9
	3.2E-9
	2.4E-9
	2.7E-9
	2.9E-9

	Pulse Amplitude (V)
	3.5
	4.0
	4.5
	5.0
	

	Integration Deviation (V·s)
	2.6E-9
	2.6E-9
	3.5E-9
	3.5E-9
	


    From above results we can find that single pulse integration deviation is a constant (about 3E-9 V·s) and independent from input pulse amplitude. So increasing the amplitude of beam loss signal can get a better resolution.  

Multi pulses slow loss test

    Refreshing rate and CPU time cost of slow loss monitor application depend on the accumulating pulses number for beam slow loss. In order to find out the best answer for it we measured the integration deviations under different accumulating pulses numbers. Fig. 12 shows the test results.
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    From the above graph the relationship between pulse integration deviation and accumulating pulse number can be described by a second order exponential decay function:
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    In which Deviation refers to average pulse integration deviation and N refers to accumulating pulse number.

    It looks like that 600 should be a good choice for high efficiency/cost accumulating pulse number.

Slow loss resolution test
    The final resolution requirement of BLM system for slow beam loss is better than 1%. So when we change the input pulse amplitude 1% the whole circuits including ICS110B and FEC simulator have to be able to separate the pulse integration from each other of them. Based on all above test results we choose 2.97V, 3.00V and 3.03V input signal and 600 accumulating pulses number. 

    Fig. 13 display 100 samples test results.
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PART II

16bits Digitizer (VMIC3123)

Test system setup

    The test setup for BLM front-end circuit simulator is shown in Fig.1, in which VME crate and CPU board is testing software running platform, VMIC3123 is 16bits 100kHz sampling rate waveform digitizer, WaveTek function generator is signal source simulating beam loss, and FEC simulator is device under test.  
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    WaveTek function generator outputs a series of periodic rectangular pulses to simulate the beam loss signals, which width is 1ms and repeatable frequency is 60Hz. BLM FEC simulator responses these input signals and generates fast loss output signals and slow loss output signals. In current test we use VMIC3123 channel 1 to sample slow loss output signals. 

Pulse integration

    Fig.2 shows a digitized slow loss waveform at 100kHz sampling rate. The first 100 points before rising edge should be averaged as baseline. Normalized waveform can be calculated from raw waveform subtracting baseline. And the result of sum of normalized waveform multiplying time interval (10us) is pulse integration.     
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Single pulse slow loss test
    Based on the above formulas we measured single pulse integrations under the different amplitude input pulses (3.0V, 3.5V, 4.0V, 4.5V, 5.0V, 5.5V, 6.0V, 6.5V and 7.0V). For every input signal 100 samples were recorded. The test results are shown in fig.3 to 

fig. 11. 
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Slow loss integration, input = 3.0V
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Slow loss integration, input = 3.5V
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Slow loss integration, input = 4.0V
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Slow loss integration, input = 4.5V
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Slow loss integration, input = 5V
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Slow loss integration, input = 5.5V
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Slow loss integration, input = 6V
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Slow loss integration, input = 6.5V
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Slow loss integration, input = 7V
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Table 1 shows the integration deviations for different amplitude input pulses.

Table 1
 Integration deviation VS pulse amplitude

	Pulse Amplitude (V)
	3.0
	3.5
	4.0
	4.5
	5.0

	Integration Deviation (V·s)
	1.1E-7
	1.2E-7
	1.2E-7
	1.1E-7
	1.2E-7

	Pulse Amplitude (V)
	5.5
	6.0
	6.5
	7.0
	

	Integration Deviation (V·s)
	1.1E-7
	1.2E-7
	1.2E-7
	1.2E-7
	


    From above results we can find that single pulse integration deviation is a constant (about 1.2E-7 V·s) and independent from input pulse amplitude. So increasing the amplitude of beam loss signal can get a better resolution.  

Multi pulses slow loss test

    Refreshing rate and CPU time cost of slow loss monitor application depend on the accumulating pulses number for beam slow loss. In order to find out the best answer for it we measured the integration deviations under different accumulating pulses numbers. Fig. 12 shows the test results.
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    From the above fitting curve we can figure out the relationship between pulse integration deviation and accumulating pulse number as following:
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    In which Deviation refers to average pulse integration deviation and N refers to accumulating pulse number.

Slow loss resolution test
    The final resolution requirement of BLM system for slow beam loss is better than 1%. So when we change the input pulse amplitude 1% the whole circuits including VMIC3123 and FEC simulator have to be able to separate the pulse integration from each other of them. Based on all above test results we choose 6.93V, 7.00V and 7.07V input signal and 750 accumulating pulses number. 

    Fig. 13 display 100 samples test results.
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    Obviously for 7V input signal new BLM simulator and VMIC3123 16bits ADC can meet the 1% resolution requirement.
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Fig.1 Test setup
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� EMBED Origin50.Graph  ���Fig.3 Input = 1.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.4 Input = 1.5V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.5 Input = 2.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.6 Input = 2.5V, (a) Single pulse integration, (b) digitized waveform
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� EMBED Origin50.Graph  ���Fig.11 Input = 5.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig. 13		Resolution test





� EMBED Origin50.Graph  ���Fig. 12		Multi pulses integration deviation test





� EMBED SmartDraw.2  ���


Fig.1 Test setup





� EMBED Origin50.Graph  ���Fig.2 Digitized slow loss waveform





� EMBED Origin50.Graph  ���Fig.3 Input = 3.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.4 Input = 3.5V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.5 Input = 4.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.6 Input = 4.5V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.7 Input = 5.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.8 Input = 5.5V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.9 Input = 6.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.10 Input = 6.5V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig.11 Input = 7.0V, (a) Single pulse integration, (b) digitized waveform





� EMBED Origin50.Graph  ���Fig. 12		Multi pulses integration deviation test





� EMBED Origin50.Graph  ���Fig. 13		Resolution test
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