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The Electron-Ion Collider (EIC) will have a Detection of Internally Reflected Cherenkov Light (DIRC) detector that reuses quartz bars from 
the DIRC detector of the B-B bar (BaBbar) experiment at Stanford Linear Accelerator Center (SLAC) National Accelerator Laboratory. Before 
the bars are used, they must undergo tests to ensure their internal reflective properties meet the desired reflectivity specification of  95%. This 
note provides a brief description of the tests and proposals for the data acquisition system for the tests.
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To test the bars’ internal reflectivities, a dual-wavelength, 
He-Cd, laser is used as the source light; specifications are 
listed in Table I. 

The laser beam is directed through a quarter-wave plate to 
change the beam from linearly polarized to circularly polar-
ized. A beamsplitter divides the beam into two. One beam is 
directed to a photodiode whose response serves as a reference 
for the power of the un-reflected beam. The other is directed 
to the quartz bar where, ideally, the beam reflects off of the 
inside of the bar several times along its length before exiting 
the bar, and is incident on another photodiode whose response 
serves as a measurement of the power of the reflected beam. 
Figure 1 is a system diagram of the test setup.

While the optomechanical components for directing the laser 
beam to the photodiodes have been defined, the data acquisition 
system for digitizing the photodiode response has not. To pro-
vide more options for the DAQ system to be selected, the photo-
diode’s natural current response will be converted to a voltage by 
putting a resistor in series with the photodiode, Fig. 2. If needed, 
this voltage could be correlated to the current response during 
analysis. In general, the methodology for reading the voltage 
drop across the resistor will be ADCs communicating to the PC. 
There are different hardware options to accomplish the readout. 

Three proposed options for the readout hardware are a 
National Instruments cDAQ-9171 with NI-9219 module, 
a Keithley 2010 multimeter with scan card, or an Arduino/
Raspberry Pi with ADS1263 ADC. Table II lists the key fea-
tures of these units.

The cDAQ-9171 serves as a USB adapter for any cRIO 
module. For the tests, an NI-9219 universal analog input 
module would be used. There are two advantages to this op-
tion. If desired, the DAQ could be reconfigured to read the 
current response from the photodiode rather than the voltage 

TABLE I.  Specifications of the dual-wavelength, He-Cd laser.

FIG. 1.  System diagram for EIC DIRC laser tests.

Fig. 2.  Simplified schematic for reading voltage induced by current 
response of photodiode.
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diameter at 

output [mm]

Power 
stability 

[%]

325 UV 3B 14 0.9 ±2
442 blue 3B 44 1.0 ±2

Unit Ch. Measurement 
range

Measurement 
resolution

cDAQ-9171 w/ 
NI-9219 module 4 -60 V–60 V 7.2 µV

-15 V–15 V 1.8 µV
-4 V–4 V 480 µV
-1 V–1 V 120 nV

-125 mV–125 mV 15 nV
-25 mA–25 mA 3 µA

Keithley 2010 w/ 
scan card 10 0 V–1000 V 100 µV

0 V–100 V 10 µV
0 V–10 V 1 µV
0 V–1 V 100 nV

0 mV–100 mV 10 nV
0 A–3 A 1 µA
0 A–1 A 100 nA

0 mA–100 mA 10 nA
0 mA–10 mA 1 nA

AD1263 w/ Arduino 
or Raspberry Pi 5 0 V–5 V 1 nV

TABLE II.  Readout hardware features.
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drop across the resistor. Also, the NI-9219 provides a larger 
measurement range than the other two options. 

A Keithley 2010 is a benchtop digital multimeter with the 
capability of using a model 2000-SCAN scan card to mea-
sure multiple channels at a time, and can communicate to the 
DAQ PC via GPIB and RS232. Similar to the cDAQ-9171 
with an NI-9219 module, advantages are that it could be used 
to measure either voltage or current and the unit has a large 
measurement range. 

The ADS1263 ADC is a standalone unit from Texas Instru-
ments that communicates using Serial Peripheral Interface 
(SPI) protocol. Any device capable of sending and receiving 
digital signals can use SPI to read data from the ADC. Either 
an Arduino microcontroller or Raspberry Pi is the best choice 
for the application. Advantages of using the ADS1263 is that 
it has a higher resolution than the other two options. Disad-
vantages of the ADS1263 are that it can only read voltages, 
limited to 0–5 VDC input range, which requires careful selec-
tion of the resistor to ensure that the voltage drop over the 
resistor does not exceed 5 VDC, and that the drivers for read-
ing data have to be developed, while the other two options are 
usable straight out of the box. 

The main difference between using a Raspberry Pi and an 
Arduino is how the device is treated. The Arduino will act as 
a peripheral to the main DAQ PC and communicate over USB 
to the PC. The Raspberry Pi will replace the DAQ PC and run 
all programs for the test station.

In conclusion, in order to digitize the signal from the pho-
todiodes used to measure the amount of light that passes 
through EIC DIRC bars, an ADC is needed. The three pro-
posed formats for the DIRC laser tests are a cDAQ-9171 
with NI-9219 module, a Keithley 2010 with scan card, or an 
Arduino/Raspberry Pi with an ADS1263. Each of the three 
proposed formats has its advantages that must be considered 
before selecting one for use in the EIC DIRC bar’s laser tests. 
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