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    The testing data is shown in table 1. 

    Because BCM ADC module is made in house, its input range is uncertain and has to be determined in testing.    

    The input signals refer to the standard voltages loaded on the input terminals of ICS110B, which are measured by HP3458A. 

    The readback raw data (NREADBACK) is DAC converting result in integer format. In order to decrease statistic noise, the 64000 samples of raw data were averaged. 

    Standard deviation indicates the distribution of 64000 samples. 

Table 1
BCM ADC test data

	INPUT SIGNAL

VINPUT
(mV)
	READBACK RAW DATA

NREADBACK
(mean of 64000 samples)
	STANDARD DEVIATION

	-36.189
	-8039.06
	23.61

	-35.248
	-7830.49
	24.03

	-34.309
	-7627.97
	24.26

	-33.37
	-7420.84
	23.96

	-32.43
	-7223.1
	23.65

	-31.491
	-7019.76
	23.03

	-30.552
	-6816.81
	23.68

	-29.613
	-6614.33
	23.77

	-28.673
	-6407.98
	24.23

	-27.734
	-6209.5
	23.37

	-26.794
	-6006.41
	23.3

	-25.854
	-5805.63
	22.5

	-24.915
	-5601.98
	23.79

	-23.975
	-5399.72
	24.38

	-23.036
	-5200.43
	23.17

	-22.097
	-4997.09
	22.8

	-21.157
	-4805.97
	22.92

	-20.218
	-4597.52
	24.62

	-19.279
	-4401.04
	22.79

	-18.339
	-4197.97
	22.76

	-17.4
	-3995.98
	23.1

	-16.459
	-3793.91
	22.86

	-15.521
	-3585.49
	25.85

	-14.581
	-3390.49
	23.19

	-13.642
	-3188.2
	22.94

	-12.702
	-2987.24
	22.94

	-11.763
	-2784.5
	22.37

	-10.824
	-2578.93
	25.64

	-9.884
	-2381.77
	22.96

	-8.945
	-2178.49
	22.65

	-8.006
	-1977.48
	22.79

	-7.066
	-1774.8
	22.55

	-6.127
	-1574.45
	23.72

	-5.187
	-1373.76
	23.09

	-4.248
	-1171.86
	23.23

	-3.308
	-970.45
	23.06

	-2.368
	-765.83
	22.85

	-1.428
	-567.23
	22.97

	-0.016
	-258.28
	23.06

	1.00E-03
	-256.73
	54.89

	0.939
	-51.01
	61.21

	INPUT SIGNAL

VINPUT
(mV)
	READBACK RAW DATA

NREADBACK
(mean of 64000 samples)
	STANDARD DEVIATION

	1.876
	147.75
	56.56

	2.814
	349.64
	54.57

	3.753
	552.06
	55.73

	4.691
	752.93
	55.68

	5.63
	954.04
	55.7

	6.566
	1154.85
	54.39

	7.506
	1357.93
	54.64

	8.447
	1561.81
	55.6

	9.386
	1762.08
	55.24

	10.325
	1965.13
	57.44

	11.263
	2165.7
	54.45

	12.202
	2366.7
	54.88

	13.139
	2569.13
	54.91

	14.079
	2769.42
	55.18

	15.018
	2971.92
	56.7

	15.957
	3174.28
	54.36

	16.896
	3376.48
	54.41

	17.834
	3578.46
	55.27

	18.772
	3778.03
	55.58

	19.71
	3979.05
	55.8

	20.65
	4180.74
	56.63

	21.588
	4382.07
	55.89

	22.528
	4586.09
	56.88

	23.467
	4785.06
	55.59

	24.405
	4988.18
	56.6

	25.343
	5190.69
	55.14

	26.279
	5392.39
	55.97

	27.214
	5594.72
	56.56

	28.153
	5795.96
	56.86

	29.093
	5999.81
	56.1

	30.03
	6203.11
	55.17

	30.969
	6404.83
	55.23

	31.908
	6607.8
	56.54

	32.847
	6808.98
	54.84

	33.785
	7012.88
	56.44

	34.722
	7216.57
	55.13

	35.659
	7414.44
	56.09

	36.598
	7617.38
	57.33

	37.538
	7821.38
	56.78


    Associated with the above table, Fig. 1 shows the output character of BCM ADC module, in which X-axis is input signal and Y-axis is ADC output data. The linear fitting result of all data gives out an output curve, which describes the relationship of input signals and output values. In our test, the linear output function is 
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A  =  -254.1 ( 0.4 ,         B  =   214.92 ( 0.02
Fig.1 (b) shows the error of readback values. 
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    From formula (1), we can calculate the input range of this ADC module. Assign –8191 and 8191 to NREADBACK , the min and max value of input voltage should be -39.29mV and 36.93mV. 
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Fig. 2 shows ADC out put data standard deviation over the full range.

Distribution

    Fig. 3 (a) – (h) showed the distribution of BCM ADC output data under different input voltages (30mV, 20mV, 10mV, 0, -10mV, -20mV, -30mV and input 50( terminator).

    In the following graphs the X-axis is the ADC output data under the same input signal, and the Y-axis is the count at the same output data. The total of counts is 64000.

    Obviously the readback count is gaussian distribution. So we used a gaussian function to fit all data points. The function is as follows and xc indicates the central value, w indicates the range of distribution.  


Count   =   y0 + A * exp ((-(x-xc)/w)2)                                      

(2)
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Frequency domain analyze

    Fig. 4(a) and (b) show 64000-points FFT of readback value. It is obviously that the responses of BCM ADC module for negative and positive input are totally different. From Fig. 2 and Fig.4, the noise under positive input is much more than negative input. 
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Noise test

    In order to determine the source and spectrum of noise, we monitored the input signal of BCM ADC module and compared it with ADC acquiring data. The layout of test configuration is shown in Fig.5.
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    TDS784D is a 4GS/s oscilloscope, which is used to monitor the input signal and give out a FFT of it. HP voltage meter is not connected into system and used as a noise source and just share power and ground with other instruments.

    All noise tests include 7 steps:

1. Turn on oscilloscope and disconnect signal cable of voltage source. Turn on and off diagnostic PC and get two FFT graphs of input signal of ADC. Compare difference of them (Fig. 6);

2. Keep voltage source disconnected and turn on diagnostic PC. Compare FFT of input signal and FFT of ADC readback data (Fig.7);

3. Connect voltage source. Compare FFT of input signal and FFT of ADC readback data (Fig.8); 

4. Turn on voltage source and set output to –30mV. Compare FFT of input signal and FFT of ADC readback data (Fig.9);

5. Turn on voltage source, set output to –30mV, and turn on HP voltage meter. Compare FFT of input signal and FFT of ADC readback data (Fig.10);

6. Turn on voltage source and set output to +30mV. Compare FFT of input signal and FFT of ADC readback data (Fig.11);

7. Turn on voltage source, set output to +30mV, and turn on HP voltage meter. Compare FFT of input signal and FFT of ADC readback data (Fig.12).

[image: image15.wmf]0

2

4

6

8

10

12

-100

-90

-80

-70

-60

-50

-40

(V)

 

FFT of input signal

    

Amplitude (dBV)

Frequency (MHz)

10µ

100µ

1m

10m

 

0

2

4

6

8

10

12

0

10

20

30

40

50

60

70

80

90

100

 

FFT of ADC readback value

Amplitude (

m

V)

Frequency (MHz)

 

 


[image: image16.wmf]0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

4.8MHz

455kHz

Amplitude  (

m

V)

 

 Input 50

W

 terminator

 Input voltage = 30mV 

 Input voltage = -30mV 

Amplitude  (

m

V)

10MHz

7.9MHz

Amplitude  (

m

V)

 

2M

4M

6M

8M

10M

12M

14M

16M

18M

20M

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

 Frequency  (Hz)

 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

 

 

 

    From above graph we can find that when diagnostic PC shut down the baseline of noise is about 5 uV and there is a small peak (10uV) at 225kHz. After diagnostic PC running the baseline of noise increases to 20uV and there are two new peaks appearing at 5MHz (1mV) and 10MHz (200uV). It looks like most part of noise comes from PC’s power line.

    In FFT graph of BCM ADC readback data (input floating), the baseline of noise is very low (mean 0.067uV) and there is a peak (45uV) at 10MHz. The noise at the input terminal should be filtered by front end circuit of ADC and the peak at 10MHz should be coupled into ADC from another loop but not signal cable.
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    After voltage source connected into test loop the noise at input terminal increased obviously. 11 new peaks can be found in spectrum of noise: 225kHz (78uV), 850kHz (88uV), 1.05MHz (69uV), 1.28MHz (69uV), 3.40MHz (178uV), 3.88MHz (69uV), 7.05MHz (160uV), 7.50MHz (100uV), 8.55MHz (100uV), 11.0MHz (93uV) and 12.0MHz (78uV). The amplitudes of two old peaks also increase to 2.18mV(5.00MHz) and 2.91mV(10.0MHz). Obviously there is much noise coupled from voltage source power loop.

    For FFT of ADC data the baseline of noise spectrum increases to 0.075uV and there are a group of peaks appearing in noise spectrum. The center frequency of group of peaks is 454kHz and the maximum amplitude is 27uV. This group of peaks is totally different from noise spectrum at the input terminal. So it should be coupled into ADC from another loop but not signal cable. 
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    When we turn on voltage source and set its output to negative the noise spectrum at the ADC input terminal is as same as voltage source turned off. 

    The FFT of ADC readback data also is not changed. But the baseline of noise increases to 0.076uV.

    After voltage meter turned on a new peak (53uV) appears at 6.60MHz in noise spectrum of input signal and the amplitude of 8.55MHz peak increases to 179uV.  

    The noise baseline increases to 0.088uV and two new groups of peaks appear in the FFT of ADC readback data. Their center frequencies are about 5MHz and 8MHz.

    So voltage meter really adds some noise into ADC module and this noise is not coupled from signal cable but from power loop.
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    When we turn on voltage source and set its output to positive the noise at the ADC input terminal is lower than voltage source turned off (it is interesting). 

    The FFT of ADC readback data is totally different from negative input. The baseline of noise increases to 0.10uV and the maximum amplitude of group of peaks (454kHz) increases to 90uV. There are a lot of new small peaks appearing from DC to 7MHz.

    After voltage meter turned on the noise spectrum at the input terminal is not changed.  

    But the noise baseline increases to 0.15uV and two new groups of peaks appear in the FFT of ADC readback data. Their center frequencies are about 5MHz and 8MHz. The maximum amplitudes of these two groups of peaks are two times as negative input situation.

    Based on the all noise tests above, we can give some conclusions as following:

1. Comparing the noise spectrums of ADC input signal and ADC output data, we can find that baseline of noise in input signal (20-30uV) is much higher than in output data (<0.10uV). A lot of noise should be filtered by front end circuit of ADC module.

2. In noise spectrum of ADC output data, the amplitude of peak at 10MHz is constant 45uV for variable input signals even for input terminated. So this noise should be coupled from digital circuit but not analog circuit (i.e. some 10MHz clock). 

3. The noise distributions for negative and positive input are totally different. The noise for positive input is higher than negative input. It is maybe caused by different responses or input impedances for negative and positive input.

4. After connecting HP voltage meter into power network but not test loop, the noise in ADC output data increased obviously. The main parts of Additional noise are two groups of peaks (their center frequencies are about 5MHz and 8MHz) in spectrum. 

So the test results of linearity and readback distribution should include this noise coming from HP voltage meter. The real linearity and readback distribution should be better than tested results. Removing HP voltage meter and testing distribution again can give out the following results:

32 counts readback standard deviation for positive input

18 counts readback standard deviation for negative input

5. The distributions of noise in ADC input signal and output data are totally different. So the most part of noise in output data should be coupled from power network but not signal cable.

Repeatability

    Fig. 13 shows the BCM ADC repeatability under different input voltages, in which every data dot is 63900 samples averaging value. In order to reduce the temperature efficiency all data were acquired in 10 seconds and room temperature were supposed to be stable during acquisition.
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Temperature coefficient

    The relationship between input signal and output value of ADC can be figured out by following formula:

Voutput = Offset + Gain * Vinput 





(3)

    So the temperature coefficients are referred to not only offset but also gain. Supposing Vinput change can be ignored in this test, the temperature coefficient can be derived from (3) as following:


(Voutput/(T = (Offset/(T + (Gain/(T * Vinput  




(4) 

    In which T refers to temperature.

    If we can measure the values of (Voutput/(T at the different input voltages, (Offset/(T and (Gain/(T should be calculated.

    Fig. 14(a)(b) ~ Fig. 20(a)(b) show the temperature coefficient testing results under different input voltages. Graph (a) describes BCM ADC output values and room temperatures changed by time. Graph (b) describes BCM ADC output values changed by room temperature and the skew factor of fitting linearity gives out the value of (Voutput/(T.
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    From the above test results, obviously the BCM ADC output drifts are based on the room temperature drifts. Basically under the certain input voltage output value is a linear function of room temperature. From Fig. 14(b) to Fig. 20(b) we can get the temperature coefficients under different input voltages. It is shown in table 3.

Table 3
ICS110B output temperature coefficient

	Readback (LSB)
	-6644
	-4613
	-2628
	-259
	2111
	4118
	6090

	(Voutput/(T (LSB/oC)
	0.05
	0.03
	0.19
	0.45
	0.72
	0.8
	2.1


Using ADC readback values as X coordinates and (Voutput/(T as Y coordinates we can make the temperature coefficient plot (Fig. 12). 
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    Based on the formula (4), (Offset/(T and (Gain/(T can be calculated from the fitting linearity of temperature coefficients. The offset of linearity should give out the value of (Offset/(T and the skew factor should give out the value of (Gain/(T. From the above test results the BCM ADC offset voltage drift is about 0.66LSB/oC, and the BCM ADC gain factor drift is about 140PPM/oC.
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Fig. 1(a) 	BCM ADC output curve
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Fig. 2 	 BCM ADC output standard deviation
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Fig. 12	  Positive input and voltage meter running
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� EMBED Origin50.Graph  ��� Fig.4(b)	Zoom in (2kHz to 1MHz) 64000-points FFT of  readback
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Fig. 11  Voltage source turned on and positive input
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� EMBED Origin50.Graph  ��� Fig. 3 (h) Input = -30mV





� EMBED Origin50.Graph  ��� Fig. 1(b) 	BCM ADC readback error
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Fig. 9   Voltage source turned on and negative input
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Fig. 10  Negative input and voltage meter running
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Fig.4(a)	64000-points FFT of  readback
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Fig. 7	Voltage source disconnected
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Fig. 8	Voltage source connected and turned off
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Fig. 6	Voltage source disconnected, PC ON and OFF
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Fig.5 Noise test configuration





� EMBED Origin50.Graph  ���Fig. 13 Repeatability under different input voltages
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Fig. 14(b) Output VS temperature, input = -30mV





� EMBED Origin50.Graph  ���Fig. 14(a) 24hours stability, input = -30mV
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Fig. 15(b) Output VS temperature, input = -20mV
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Fig. 18(b) Output VS temperature, input = +10mV
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Fig. 17(b) Output VS temperature, input = 0V





� EMBED Origin50.Graph  ���Fig. 17(a) 24hours stability, input = 0V
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Fig. 16(b) Output VS temperature, input = -10mV
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Fig. 12 ICS110B temperature coefficient
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Fig. 20(b) Output VS temperature, input = +30mV





� EMBED Origin50.Graph  ���Fig. 20(a) 24hours stability, input = +30mV
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Fig. 16(b) Output VS temperature, input = +20mV





� EMBED Origin50.Graph  ���Fig. 19(a) 24hours stability, input = +20mV
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