This system is to measure two kinds of values: 
leakage current and capacitance. 
ADC result represents the leakage current and timer count represents capacitance. As a measure system, some features need to be taken care of for both kinds of measure:
1, formula;

2, error;

3, resolution;

4, response time;

5, temperature calibration;

6, stability of time;

7, measure speed;

1 Leakage Current Measurement

The total (sum of 32 channels) leakage current of a HV Board is obtained by measuring the voltage drop across a 1M( (1% tolerance) resistor. The voltage is buffered on a chopper-stabilized op-amp (ICL7650) with very low DC input bias current (below 10pA), in cascade with a second op-amp (OP177) to adjust the voltage gain (the output voltage range is 0-10V). The op-amp input is protected by clamping diodes, at the first stage of signal inputs. An RC filter ((=2.2ms) is used against chopper noise. This is shown in Fig.1.
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1.1 Voltage-to-Current Conversion
The equivalent circuit for the current measurement is shown below.
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In the formula, Ileak is the leakage current we want to measure and Vd is the corresponding number of ADC counts. Rs represents the value of the measuring resistor (1M() and VMAX the ADC range. The conversion gain can be adjusted by tuning the values of G (on the Test Board) and R1 (on the Control Board).
To scale the current measure circuit, an experiment is done to get the digital value curve to current. In the experiment, an adjustable current source (a voltage source in combination with a resistor) was used to inject current (using the 34-pins round common-shield cables) into the measuring circuit; the ADC values were then recorded as a function of the input current, as determined by a current meter with a 1nA accuracy. The results are summarized in Tab.XXX. In Fig.XXX the ADC values are plotted versus the input current and a straight line is fit to the data. The slope of the fitted line corresponds, for Rs=1M(, R1=20k(, and R2=10k(, to a value of the op-amp gain G=11.037.
	Iinput (nA)
	VADC (mV)
	(ADC (mV)

	4
	12.8
	0.6

	6
	21.2
	0.4

	10
	33.4
	0.5

	20
	72.2
	0.4

	32
	114.7
	0.5

	47
	171.3
	0.5

	60
	217.4
	0.5

	79
	290.7
	0.5

	101
	371.3
	0.5

	130
	475.6
	0.5

	201
	736.6
	0.5

	301
	1106.2
	0.4

	398
	1464
	0.3

	497
	1826.2
	0.4

	598
	2200.2
	0.4

	697
	2562.4
	0.5

	800
	2940.3
	0.6

	901
	3311.7
	0.5


Table 1
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Figure 1
1.2 Sources of Uncertainty
Many sources of uncertainty along the signal path contribute to the leakage current: stray leakage currents, the leakage currents from the protection diodes, the leakage currents from analog devices, the tolerances of the resistors, the input bias current of the chopper amplifier, the offset of the chopper amplifier, the offset of the buffer amplifier, and the uncertainty in the amplification factor.

The effect of stray leakage currents is minimized by “guarding” the chopper amplifier input with a conductive ring obtained from the output pin.
The protection diodes and the analog switches chosen are all special ultra-low leakage current devices. The linearity of the ADC response in Fig.XXX means that the leakage current from these devices is either too small to affect the result or contributes linearly (effectively equivalent to a very large resistor in parallel with RS).
The chopper amplifier has a very low input bias current (below 10pA, typically 1.5pA) and low input offset voltage (below ±5(V, typically ±0.7(V). 
The values of the sample resistor RS is fixed; the effect of its uncertainty can be compensated by adjusting the amplification factor.
The main error in the ADC result comes from the offset of the buffer amplifier. This can be adjusted to any desired value above zero (the ADC input range starts from V=0V) by means of a potentiometer (R7 in the schematics) on the Test Board.
1.3 Resolution
Many sources of noise along the signal path degrade the resolution of the leakage current  measurement: the high-voltage supply noise, electromagnetic-field effects, the effect of the chopper frequency, and the ADC noise.
The noise from the HV supply is very harmful for the leakage current measurement, because it will result in charging of the capacitors on the HV Board, which in turn will produce a current higher than the capacitor leakage current itself. We studied the effect of the HV-supply noise on the buffer amplifier output (for the HV supply used in the study, this resulted in a 10nA swing) and found that it could be eliminated with the addition of a two-stage RC filter ((1=0.47s and (2=0.24s) on the Adpater Board before the HV input of the HV board.
Electromagnetic fields (in particular the 50Hz noise from the network main) can easily couple to the chopper-amplifier input due to its high input resistance (about 1M(). Therefore, all flat cables from the Adapter to the Test Board and the corresponding connectors should be well shielded. All HV and Adapter Boards are resident in a climate chamber, which provides in itself a very good shielding. Our studies proved that noise lower than 1nA can be achieved (as long as no un-grounded large inductive surfaces are in the vicinity of the Test Boards).

The op-amp chopper output spike is very high (or the order of 1V), but it is only few microseconds wide. A low-pass ((=2.2ms) filter between the chopper and the buffer amplifier has been added to minimize the effect of the chopper output spike. As shown in Fig.XXX, the amplitude of the chopper output spike in the output of the buffer amplifier is reduced to less than 5 mV.
The noise contributed by the ADC itself is less than one LSB change.

The statistical spread in the measurements for various values of the input current (0, 2, 20, 200, 500, and 800 nA) was determined by measuring about 2,000 times with the same Test Board channel. The spreads in the measurements were approximately the same for all values of the input current, giving a maximum deviation of ±1 LSB and a (ADC = 0.5 LSB (corresponding to 0.14 nA for our experimental setup).
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Figure 2 Buffer Amplifiere Output
1.4 Time Resolution
As the leakage current measurement is based on measuring the voltage drop across a sample resistor, it is in principle suited to determine the instantaneous time structure of the current. In practice, the presence of noise and of filters with a response time of few millisecond (see previous section) will limit the time resolution of the measurement. This becomes crucial if the occurrence of sparks is to be detected.
Sparks can occurr either on the HV Board capacitor or at the HV Board edge, between high voltage and ground. Since the amplitude of the voltage glitch caused by a spark is very large (XXX and waveform from Tom’s scope), its low frequency components are also very large and are thus visible in the output of buffer amplifier (the width of the output peak is about 30 ms). Whether the effect of the spike is finally visible in the ADC result will also depend on the speed with which the ADC can be readout by the control software (see following sections). E.g. in Fig.XXX, is shown the occurrence of two spikes detected by the system.
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Figure 3 Sparks
1.5 Temperature Effect

In a typical test cycle, in order to induce mechanical stresses into the HV Boards, all HV Boards under test will continuously undergo temperature variations in a climate chamber, between 25°C and 70°C. These temperature variations will cause the change of the leakage current of the HV Boards. Monitoring the temperature (and humidity) variations allows us to correct the leakage current values for this effect.

As for the measuring system outside the climate chamber, it will in first instance not be affected by environmental changes, since the leakage current from the flat cable to ground is, in normal conditions, very small because the voltage between the signal wires and ground is very small.
1.6 Stability

In fact some experiment is needed.

(The one night experiment can show this result.)
1.7 Measurement Speed

Electronic actions for current measurement only take place in control block because all 32 analog voltages about 32 channels of leakage current are already present on the pins of the DIN64 connector. Since 32 channels need to be measured but the ADC chip (MAX1247) has only four input pins, four 8-to-1 analog multiplexers are added before the ADC input pins. And to get more stable signals there is a 10 nF capacitor before each input of the ADC. Thus, a period is needed to establish a correct voltage after channel switching on these analog multiplexers, now it’s set to 2ms in the MCU software. The MCU controls the ADC actions and manages the data transmission through RS232 port to PC with 115200 baud rate (80us per character). Each AD conversion for one result needs 25 us and 3 characters are needed to represent the result. So, 240us is needed to get and transmit a result of one channel to PC (the AD conversion can be during the transmission time of one character), this is very short comparing to the channel switching waiting time(2ms). The sample rate for each channel is about 16 per second (1s = 2ms *32*16). The picture in time resolution section is under such a sample rate.
In fact, not each measurement needs the 2ms of the waiting time. The strategy of measurement can be optimized to wait only 8 times for all 32 channels. Then the sample rate for each channel can rise to 40 per second.
Measure speed mainly means the sample rate of the ADC and the MCU speed to control ADC and transfer data. In this application, every AD convert need 25 us. The transfer baud rate between MCU and PC through RS232 port now is set to 115200. So to transfer 1 character needs 80 us. Every channel needs 3 characters when mass measure of the current So the time needed is 240 us for every measure because the AD convert can be during the transfer time of one character. The ideal sample rate for each channel can be 130 per second. Almost one value every 8 ms for each channel. In fact, the neck of the system lies on the waiting time when channels switch. The ADC chip only has 4 input channels but there are 32 channels to be measured. So there are some analog multiplexers before the ADC inputs. To get more stable signals there is a 10 nF capacitor before each input of ADC, so a period is needed to establish a stable voltage after channels switch on analog multiplexers. Now in the software, the waiting time is set to 2 ms, so the sample rate for each channel is only 16 per second. But the capacitor can be reduced to a smaller value and the strategy of measure can also be changed to only have 8 waiting time per all current measure. Then the sample rate for each channel can rise to 40 per second without change of the waiting time.
The wave graph from Labview.

2 Capacitance Measurement

Each of the 32 HV capacitors on a HV Board can be connected (through analog switches) to a 2M( resistor and a single-shot 0(5V up-edge injected on it: from the resulting capacitor charge-up ((=330pF×3M(=1ms) the capacitance can be determined. Two digital signals, marking the times at which the up-edge and Vcap cross a threshold (appox. 4V, tunable in the range 3.7 – 4.65 V) resp., are forwarded to the Control Board to measure the charge-up time. This is shown in Fig.XXX.
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Figure 4
The equivalent circuit for the capacitance measurement is shown below.

Neglecting any parasitic capacitance (cables etc.), the voltage drop on the sample resistor R1_3 can be expressed as
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Therefore, the measured time delay is linearly related to the value of the HV capacitor: 
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2.1 Time-to-Capacitance Conversion
In a calibration experiment, a set of accurately known capacitance values, in series with a 1M( resistor, were connected (using the 34-pins round common-shield cables) to various Test Board channels; the measured values of the time delays were then recorded as a function of the input capacitance. The results are shown in Tab.XXX.

In Fig.XXX the measured time delays from Tab.XXX are plotted as a function of the calibraction capacitances and a straight line,
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 is fit to the data. The good quality of the fit shows that, in the capacitance interval of interest, the relation between the time delay and the capacitance is linear. The cause of the non-negligible offsets is the presence of parasitic capacitances, mainly due to the 34-pins round common-shield cable from the Adapter to the Test Board (about 100 pF) and has to be taken into account in calculating the capacitance from the measured time delay. In principle, both parameters p1 and p2 will depend on the Test-Board channel as well as on the connection configuration (cable etc.)
	Ccal (pF)
	Ch01
	(01
	Ch17
	(17
	Ch31
	(31

	18.1
	11020
	20
	9890
	20
	11450
	30

	36.4
	11880
	20
	10740
	20
	12300
	30

	59.1
	12960
	30
	11840
	20
	13380
	30

	127.6
	16280
	40
	15190
	30
	16720
	40

	281.8
	24010
	50
	22920
	50
	24430
	70

	331.3
	26480
	50
	25420
	50
	26940
	70

	391.8
	29570
	60
	28500
	70
	30000
	70

	465.7
	33310
	70
	32250
	70
	33740
	100

	567.5
	38500
	100
	37430
	100
	38930
	100

	794.7
	50050
	100
	48980
	130
	50490
	150


Table 2
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Figure 5
The parameter p1 can be operationally defined as the time delay measured in the absence of the HV Board, and is thus related the parasitic capacitances, Ccable, in the measuring circuit. Therefore, it can be expressed as
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This expression contains explicitly the dependence of the parameter p1 on the Test-Board channel (through Vthr ) as well as on the connection configuration (through Ccable). In order to investigate the effect of changing the threshold voltage Vthr that the time marker signals have to cross, the time delays for various values of the input capacitance (0, 59.1, 127.6, 331.3, and 465.7 pF) were measured at different settings of the threshold voltage: 2.7, 3.2, 3.78, 4.1, 4.25, 4.5 and 4.65 V (notice that the threshold range was increased ad hoc for this measurement). For each Vthr setting, the values of p1 and p2 were extracted by fitting a straight line to the time-vs-capacitance data. In Fig.XXX, the values of p1 extracted from the fits are plotted as a function of Vthr and the above expression was fit to the data. The best values of the fit parameters yield VSQ=5V and to Ccable=218pF.
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From what discussed before it follows that, to determine the capacitance of all channels of a set of 32 HV Boards in a test system, one needs the two “calibration” matrices p1(chan,slot) and p2(chan,slot), where “slot” uniquely identifies which of the 32 Test Board channels (there are 16 Test Boards in a fully loaded crate) is used and “chan” uniquely identifies which of the 32 capacitors is measured. Any change in the Test Board or in the connection configuration (cable etc.) will result in different values of the calibration constants p1(chan,slot) and p2(chan,slot), which will then have to be determined again.
To illustrate this procedure, a series of experiments was carried out with two HV Boards (Version 3 and 4, resp.)

All capacitances in the two HV boards were accurately measured (to ±1 pF) with a FLUKE multimeter and are shown in Tab.XXX; channels marked in red are either broken or not connected.
The capacitances of all channels was then measured with two Test Boards, plugged in slot 1 and 3 of the backplane; the bottom channel of the Test Board in slot 1 and the top channel of the Test Board in slot 3 were used (henceforth referred to as “S1” and “S6”, resp.) First the Version 3 HV Board was measured with S1 and the Version 4 HV Board with S6; then they were swapped. The same combinations of Adapter Board, Frame Board and cables (resp. referred to as “L1” and “L2”) were used throughout the whole experiment. In order to determine the offsets, all configurations were also measured without HV Boards. All measured time delays (together with the statistical uncertainties stemming from about 20 measurements) for the 32 channels of each HV Board are given in Tab.XXX; channels marked in red are either broken or not connected.
The values of p1 are determined directly from the measurements without HV Boards (columns 1, 2, 5, and 6 in Tab.XXX). The values of p2 must be obtained with the help of “calibration” HV Boards, i.e. HV Boards for which the value of the capacitance of each channel is accurately known. In this test, the values of p2 obtained with the two HV Boards are given in Tab.XXX, for different Test Board channels and cabling configurations.
In order to investigate the effect on the capacitance measurement of changing the threshold that the time marker signals have to cross, the time delays for various values of the input capacitance (0, 59.1, 127.6, 331.3, and 465.7 pF) were measured at different settings of the threshold voltage: 2.7, 3.2, 3.78, 4.1, 4.25, 4.5 and 4.65 V (notice that the threshold range was increased ad hoc for this measurement). For each threshold setting, the values of p1 and p2 were extracted by fitting a straight line to the time-vs-capacitance data.
	Chan
	V3 (pF)
	V4 (pF)

	1
	296
	338

	2
	282
	336

	3
	283
	336

	4
	281
	341

	5
	298
	333

	6
	301
	342

	7
	287
	338

	8
	284
	343

	9
	6
	340

	10
	6
	339

	11
	6
	336

	12
	7
	329

	13
	6
	341

	14
	6
	328

	15
	7
	340

	16
	7
	341

	17
	281
	331

	18
	296
	336

	19
	299
	339

	20
	282
	341

	21
	286
	319

	22
	299
	339

	23
	285
	335

	24
	300
	335

	25
	8
	334

	26
	8
	340

	27
	8
	335

	28
	8
	334

	29
	8
	333

	30
	8
	341

	31
	8
	323

	32
	8
	328


Table 3
	(L1,S1)
	(L2,S6)
	V3(L1,S1)
	V4(L2,S6)
	(L1,S6)
	(L2,S1)
	V3(L1,S6)
	V4(L2,S1)

	8321
	8
	10766
	13
	18866
	13
	27080
	19
	10839
	14
	8266
	9
	25274
	25
	20157
	15

	8163
	6
	10557
	9
	18229
	12
	26800
	14
	10616
	6
	8121
	6
	24386
	14
	19953
	9

	8589
	7
	10878
	6
	18670
	9
	27162
	14
	11201
	7
	8368
	5
	24953
	9
	20235
	6

	8569
	4
	10895
	5
	18601
	10
	27444
	13
	11180
	5
	8373
	5
	24870
	15
	20429
	6

	8149
	5
	10259
	7
	18789
	12
	26509
	13
	10592
	16
	7882
	4
	25177
	26
	19713
	7

	8099
	6
	10227
	6
	18846
	13
	26935
	14
	10543
	10
	7863
	3
	25264
	25
	20021
	8

	8398
	5
	10738
	5
	18685
	17
	27189
	13
	10911
	6
	8254
	3
	25004
	12
	20253
	8

	8470
	4
	10808
	5
	18594
	11
	27536
	14
	11007
	5
	8303
	3
	24861
	11
	20495
	15

	7589
	3
	9663
	7
	7915
	4
	26386
	14
	9864
	7
	7445
	3
	10295
	6
	19609
	8

	7608
	4
	9698
	6
	7926
	4
	26369
	13
	9888
	6
	7464
	3
	10303
	5
	19592
	7

	7786
	3
	10356
	5
	8020
	5
	26549
	11
	10129
	6
	7966
	4
	10435
	4
	19748
	9

	7750
	4
	10368
	5
	7980
	4
	11456
	5
	10081
	5
	7970
	3
	10394
	5
	8770
	4

	7570
	3
	10036
	6
	7800
	3
	26672
	14
	9862
	4
	7708
	3
	10163
	4
	19818
	8

	7553
	4
	10037
	6
	7786
	4
	26058
	20
	9835
	4
	7714
	3
	10137
	9
	19396
	9

	8212
	4
	10522
	5
	8451
	4
	26980
	12
	10704
	5
	8078
	4
	11026
	5
	20065
	8

	8204
	3
	10426
	6
	8458
	4
	26918
	14
	10694
	5
	8006
	4
	11040
	4
	20015
	24

	7685
	3
	9530
	5
	17727
	14
	25728
	12
	10016
	5
	7311
	5
	23765
	14
	19106
	9

	7694
	3
	9532
	6
	18227
	9
	26003
	13
	10023
	6
	7318
	3
	24469
	11
	19303
	11

	7715
	3
	9825
	5
	18309
	10
	26339
	13
	10081
	6
	7539
	10
	24585
	11
	19554
	8

	7686
	4
	9857
	6
	17699
	6
	26438
	13
	10040
	5
	7554
	3
	23745
	11
	19619
	7

	7674
	15
	9989
	5
	17925
	9
	25631
	13
	10012
	4
	7653
	3
	24041
	12
	19072
	9

	7561
	3
	10034
	6
	18225
	10
	26621
	13
	9873
	6
	7688
	2
	24504
	10
	19774
	8

	7962
	4
	10669
	5
	18084
	9
	26980
	12
	10401
	5
	8176
	3
	24253
	11
	20064
	7

	7901
	3
	10757
	5
	18523
	10
	27076
	12
	10321
	4
	8241
	3
	24888
	9
	20142
	7

	7306
	6
	9836
	7
	7665
	5
	26223
	12
	9538
	6
	7526
	3
	10020
	5
	19468
	8

	7289
	3
	9832
	6
	7636
	5
	26502
	11
	9516
	5
	7530
	3
	9978
	6
	19671
	7

	7686
	2
	10799
	4
	7934
	4
	26799
	28
	10035
	4
	8271
	4
	10368
	5
	19938
	8

	7715
	4
	10818
	5
	7961
	4
	11732
	7
	10072
	5
	8284
	3
	10405
	4
	8968
	4

	7295
	3
	9643
	5
	7563
	4
	10685
	5
	9534
	5
	7393
	3
	9883
	8
	8160
	4

	7285
	3
	9608
	5
	7550
	3
	25912
	25
	9519
	6
	7375
	3
	9867
	6
	19207
	8

	8049
	4
	10991
	7
	8242
	4
	11520
	6
	10515
	19
	8419
	4
	10773
	5
	8814
	4

	8031
	4
	10884
	4
	8221
	4
	11380
	6
	10491
	4
	8342
	4
	10744
	4
	8716
	4


	P2(L1,S1)
	P2(L2,S1)
	P2(L1,S6)
	P2(L2,S6)

	35.63
	0.18
	35.18
	0.17
	48.77
	0.28
	48.27
	0.24

	35.70
	0.17
	35.22
	0.15
	48.83
	0.22
	48.34
	0.21

	35.62
	0.16
	35.32
	0.14
	48.59
	0.20
	48.46
	0.20

	35.70
	0.16
	35.35
	0.14
	48.72
	0.21
	48.53
	0.20

	35.71
	0.16
	35.53
	0.14
	48.94
	0.28
	48.80
	0.20

	35.70
	0.17
	35.55
	0.14
	48.91
	0.26
	48.85
	0.20

	35.84
	0.18
	35.50
	0.14
	49.10
	0.21
	48.67
	0.20

	35.65
	0.16
	35.54
	0.16
	48.78
	0.20
	48.77
	0.20

	54.35
	1.38
	35.78
	0.14
	71.90
	2.28
	49.19
	0.21

	53.15
	1.33
	35.78
	0.14
	69.17
	2.02
	49.18
	0.20

	39.00
	1.48
	35.07
	0.14
	51.00
	1.90
	48.19
	0.19

	32.93
	1.23
	2.43
	0.03
	44.60
	1.65
	3.31
	0.04

	38.32
	1.16
	35.51
	0.14
	50.10
	1.58
	48.79
	0.20

	38.85
	1.48
	35.62
	0.14
	50.25
	2.35
	48.84
	0.22

	34.14
	1.20
	35.25
	0.14
	46.09
	1.52
	48.41
	0.19

	36.33
	1.12
	35.22
	0.19
	49.44
	1.49
	48.36
	0.20

	35.74
	0.17
	35.63
	0.15
	48.93
	0.22
	48.94
	0.20

	35.59
	0.15
	35.67
	0.15
	48.81
	0.20
	49.02
	0.20

	35.43
	0.15
	35.44
	0.16
	48.51
	0.20
	48.71
	0.20

	35.51
	0.14
	35.38
	0.13
	48.60
	0.20
	48.63
	0.20

	35.84
	0.19
	35.80
	0.14
	49.05
	0.21
	49.04
	0.20

	35.66
	0.15
	35.65
	0.14
	48.93
	0.20
	48.93
	0.20

	35.52
	0.15
	35.49
	0.14
	48.60
	0.20
	48.69
	0.20

	35.41
	0.15
	35.53
	0.14
	48.56
	0.19
	48.71
	0.20

	44.93
	1.51
	35.75
	0.14
	60.26
	1.57
	49.06
	0.20

	43.40
	1.08
	35.71
	0.14
	57.84
	1.54
	49.03
	0.20

	31.01
	0.86
	34.83
	0.14
	41.60
	1.29
	47.76
	0.24

	30.79
	1.09
	2.05
	0.03
	41.66
	1.26
	2.74
	0.04

	33.49
	0.91
	2.30
	0.03
	43.63
	1.72
	3.13
	0.04

	33.21
	0.90
	34.70
	0.14
	43.56
	1.63
	47.81
	0.23

	24.11
	1.11
	1.22
	0.03
	32.24
	3.06
	1.64
	0.05

	23.82
	1.08
	1.14
	0.03
	31.61
	1.09
	1.51
	0.03


P2 ………

Example to measure capacitance…….

Experiment result, show how the capacitance of one board can be calculated with the calibration data and ratio.

(now, Some data recorded on paper, maybe also in some file,   or do a new experiment)
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2.2 Sources of Uncertainty

The capacitance measure error is mainly caused by the nonlinear of timer counts to capacitance and the stability of cable capacitances. The formula above is only an approximate instance. So when the capacitance is far from 330pF, the data calculated out with such formula will be far from the real capacitance. But it doesn’t matter. When the capacitance is near to 330pF, the change of cable capacitance will mainly cause error on measure. The temperature and shape of the cables will change their capacitance. So temperature calibration data are needed. When cables’ shape are changed, new calibration need to be implement.
One experiment of calibration and measure.   (lies in 2.1)
2.3 Resolution

Many sources of noise along the signal path degrade the resolution of the capacitance measurement: the high-voltage and low-voltage supply noise, electromagnetic-field effects, and the random noise contributed by the various ICs.
The statistical spread in the measurements for various values of the input capacitance (59.1, 127.6, 331.3, and 465.7 pF) was determined by accumulating measurements with the same Test Board channel. Typical distributions are shown in Fig.XXX. It can be seen that the deviations of the measured from the true capacitance values are mostly contained within ±1 pF and a with typical RMS of the order of 0.4 pF.
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Figure 6
Now, zero of the x is Cmeas,  should it be Ctrue?
2.4 Response Time

When switch among different capacitors, a period is needed to wait before the measure. When capacitor is disconnected with the measure circuit, the voltage on one pin of capacitor will rise up because of the leakage current in capacitor itself. But this is not so important, the capacitance is seldom measured.
2.5 Temperature Effect

As mentioned in error sector, temperature will cause the change of cable capacitance, so temperature calibration data are needed.

Wave graph from Labview.

2.6 Stability

This stability is not only for a long time, but also the capacitance should be same( if the real capacitance doesn’t change) when temperature comes back to the original value after some temperature cycles and a long time.

Experiment needed in fact, because now there’s no long time data, only temperature cycles.
2.7 Measurement Speed

This is not cared because capacitance is seldom measured.
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Sheet1

		cap value		ch01		ch01 res		ch17		ch17 res		ch31		ch31 res

		18.1		110.2		0.2		98.9		0.2		114.5		0.3

		36.4		118.8		0.2		107.4		0.2		123		0.3

		59.1		129.6		0.3		118.4		0.2		133.8		0.3

		127.6		162.8		0.4		151.9		0.3		167.2		0.4

		281.8		240.1		0.5		229.2		0.5		244.3		0.7

		331.3		264.8		0.5		254.2		0.5		269.4		0.7

		391.8		295.7		0.6		285		0.7		300		0.7

		465.7		333.1		0.7		322.5		0.7		337.4		1

		567.5		385		1		374.3		1		389.3		1

		794.7		500.5		1		489.8		1.3		504.9		1.5

		note:

		1.  if res=0.2, it means plus minus 0.2

		2.  the capacitance value is based on pf, the count is in fact (timer count)/100
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