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I 
INTRODUCTION

    SIS3301 is a 14-bit 65MHz analog input board consisting of 8 channels with simultaneous sample-and-hold inputs, which should be a candidate of digitizer in SNS IPM system (working in 4 samples average mode). In order to evaluate the performance of this board, the following test should be done:

Precision

    Test the transfer characteristics in full range and figure out the output curve, accuracy, linearity and distribution of readbcak value.

Temperature coefficient

    Test the readback value drift referred to room temperature and calculate the offset and gain drift.

Crosstalk

    Test the different channels crosstalk from 100kHz to 5MHz.

II
MODULE SPECIFICATIONS

The specifications provided by vendor are shown in Table 1.

	Resolution
	14-bit

	Channel number
	8

	Input voltage range
	(1V full scale

	Offset voltage and drift
	NA

	Bias current and drift
	NA

	Typical pedestal variance
	1.1 LSB

	Crosstalk
	Below noise

	Gain accuracy
	NA

	Integral nonlinearity
	NA

	Differential nonlinearity
	NA

	Internal bit references
	NA

	Sampling rate
	65MHz per channel External

50MHz per channel Internal

	N sample averaging
	N = 2,4,8,…,128

	Output rate
	12.5MHz (4 samples average)

	Sampling delay
	NA

	Sampling jitter
	NA

	Input impedance 
	NA 

	Temperature
	NA

	Relative humidity
	NA


III
HARDWARE CONFIGURATION

The hardware configuration of testing system is shown in Fig. 1. 
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SIS3301 Readback (V)

Input Signal (V)


MVME2100


Testing platform used to control ADC module and acquire readback data. Running EPICS real time database. Data acquired from ADC under test should be sent to main PC as an EPICS waveform record via Channel Access protocol.

PC



Running Labview based test routine to set programmable DC calibrator output and arbitrary function generator output and record ADC readback data, digital multimeter readback data and current room temperature.

ADC module under test

SIS3301 14-bit analog input module

Programmable DC Calibrator

EDC 522-RA7, used to provide standard voltage input signals in full range. Resolution is 1(V at (10V output range or 0.1(V at (100mV output range. Programmed via GP-IB bus.

Arbitrary Function generator

TEKTRONIX AFG310, used to generator sine signal to test crosstalk between different channels.

Digital Mmultimeter

8bits digital voltage meter used to measure the actual values of ADC input signals. 

Temperature Monitor

Omega Cni843, used to monitor room temperature drift.

IV
TEST ROUTINE

(a) Precision

Fig. 2(a) shows the panel of SIS3301 linearity test routine. Fig. 2(b) shows its Labview hierarchy. And Fig. 2(c) shows its flow diagram.
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(b) Temperature coefficient

Fig. 3(a) shows the panel of SIS3301 temperature coefficient test routine. Fig. 3(b) shows its Labview hierarchy. And Fig. 3(c) shows its flow diagram.
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(c) Crosstalk

Fig. 4(a) shows the panel of SIS3301 crosstalk test routine. Fig. 4(b) shows its Labview hierarchy. And Fig. 4(c) shows its flow diagram.
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V
TEST RESULT

(a) Precision 

    Run the linearity test routine and set the test up limit to 1V, test low limit to –1V and test steps to 1000. The linearity test routine will sweep DC calibrator output from –1V to 1V step by 2mV. For every DC calibrator output value test routine will acquire 80000 samples of SIS3301 readback data and calculate their mean and standard deviation. At the same time test routine also recodes digital multimeter readback and room temperature.

    Fig. 5 shows the output curve of SIS3301, in which X-axis is input signal and Y-axis is readback voltage. The linear fitting result of all data gives an output linearity, which describes the relationship of input signals and output values. In our test, the linear output function is 

VREABACK = A  +  B  *  VINPUT                                                       (1)

A = -0.057710 ( 2E-6

B =  0.931290
( 4E-6 
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    From above results, there are a 7% gain error and 57mV offset error. So SIS3301 has to be calibrated using software in application. The calibration formula can be derived from formula (1) as following: 



Vcorrected  =  (Vreadback + 0.05771) / 0.93129                                   (2)


    Fig. 6 shows SIS3301 readback standard deviation and error after calibration over the full range.
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    In which error is calculated using following formula:


Verror = Vinput – Vcorrected





(3)

    From above results we can find that readback deviation and error after calibration are at the same level. They are less than 1.5LSB(0.2mV) over full range. It meets the specification (variance is 1.1LSB) provided by vendor. 

 (b) Gain and Offset drift

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

Voutput = Offset + Gain * Vinput 





(4)

    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  




(5) 

    In which T is temperature.

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

    Fig. 7(a)(b) ~ Fig. 11(a)(b) show the temperature coefficient testing results under different input voltages. Graph (a) describes SIS3301 output values and room temperatures changed by time. Graph (b) describes SIS3301 output values changed by room temperature and the skew factor of fitting line gives out the value of (Voutput/(T.
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    From the above test results, obviously the SIS3301 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. 7(b) to Fig. 11(b) we can get the temperature coefficients under different input voltages. It is shown in table 1.

Table 1
SIS3301 output temperature coefficient

	Input Voltage (V)
	1
	0.5
	0
	-0.5
	-1

	(Voutput/(T (V/oC)
	-1.800E-4
	-8.34E-5
	-2.7E-6
	8.70E-5
	1.49E-4


Using input voltages 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 (5), (Offset/(T and (Gain/(T can be calculated from the fitting linearity of temperature coefficients. The interception of line 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 SIS3301 offset voltage drift is 6±5uV/oC, and the gain factor drift is 166±7PPM/oC.

(c) Cross talk

    Run crosstalk test routine and set the start frequency to 100kHz, stop frequency to 5MHz and frequency step to 100kHz. Crosstalk test routine will make AFG310 output a sine waveform and sweep its frequency from 100kHz to 5MHz step by 100kHz. At the every output frequency crosstalk test routine will capture channel1 and channel2 waveforms and calculate their crosstalk.

    The crosstalk test results are shown in Fig. 13.
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    From 100kHz to 5MHz the crosstalk of SIS3301 is much better than its resolution (14bits, 84dB). So crosstalk can be ignored in application.

VI
DISCUSSION

(a) The output curve of SIS3301 can be exactly described by a linearity function. In our test this calibration formula is measured as: 

Vcorrected  =  (Vreadback + 0.05771) / 0.93129

In which offset error is 2(V and linear factor error is 4E-6. So the maximum error coming from software calibration should be 1V*4E-6 + 2(V = 6(V. It is less than one LSB.

(b) The standard deviation of SIS3301 readback value is about 1.3 LSB. 

(c) From the results of temperature coefficients test, the offset drift of SIS3301 is about 6±5uV/oC, and the gain drift is 166±7PPM/oC. For a 14bits ADC module it is very stable. In operation the variation of temperature should be limited in (1 oC or calibration formula including temperature should be used.

(d) Crosstalk between channels is so small that we can ignore it in application. 

VII  
CONCLUSION

    SIS3301 is a 14bits high throughput digitizer. Its dynamic range (84dB), precision, distribution, temperature coefficients and crosstalk are suitable for IPM system. It should be a very good candidate of fast signal digitizer in SNS IPM system.  
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Fig. 5	SIS3301 output curve


















































� EMBED SmartDraw.2  ���Fig. 1 Test system hardware








� EMBED Origin50.Graph  ���Fig. 6	 SIS3301 readback deviation & error after calibration
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Fig. 7 Thermal drift test, input = 1V
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Fig. 10 Thermal drift test, input = -0.5V
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Fig. 9 Thermal drift test, input = 0V
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Fig. 8 Thermal drift test, input = 0.5V
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Fig. 11 Thermal drift test, input = -1V





� EMBED Origin50.Graph  ��� Fig. 12 SIS3301 temperature coefficient
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Fig. 4(c)	Flow diagram of SIS3301 crosstalk test routine
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Fig. 3(c)	Flow diagram of SIS3301 temperature coefficeint test routine
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Fig. 4(b)	Hierarchy of SIS3301 Temperature coefficient test routine
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Fig. 4(a)	Panel of SIS3301 crosstalk test routine
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Fig. 3(b)	Hierarchy of SIS3301 Temperature coefficient test routine





� EMBED Origin50.Graph  ��� Fig. 13		Crosstalk between channel 1 and channel 2
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Fig. 2(a)	Panel of SIS3301 linearity test routine
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Fig. 2(b)	Hierarchy of SIS3301 linearity test routine





� EMBED SmartDraw.2  ��� Fig. 2(c)	Flow diagram of SIS3301 linearity test routine
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Fig. 3(a)	Panel of SIS3301 temperature coefficient test routine
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