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Abstract

To best leverage the orders of magnitude average bright-
> ness increase of multi-bend achromat synchrotron radiation
storage rings, ambitious beam stability requirements are im-
posed. One system that will be employed at the Advanced
Photon Source Upgrade in support of photon beam stability
will be X-ray beam position monitors. In the present work,
electrical characterisation of several types of photodiodes are
evaluated for potential use in X-ray beam position monitors.

INTRODUCTION

In order to meet demanding photon beam stability re-
quirements of the Advanced Photon Source — Upgrade (APS-
U) [1], hard X-ray beam position monitors are planned [2—4].
Several geometries of x-ray beam position monitors for dif-
» ferent insertion device beamlines are foreseen, based upon

the grazing-incidence insertion device hard x-ray fluores-
cence BPM (GRID XBPM) detector geometry [2—11].

In the present work, electronic performance testing of
silicon photodiodes for X-ray beam position monitors is
presented.

PHOTODIODES TESTED

The photodiodes tested in these studies were Luna Opto-
5 Electronics solderable silicon photodiodes. The diodes are
g intended to be operated either in a photoconductive (‘C’) or
= photovoltaic (‘V’) mode. These solderable photodiodes are
« compatible with operation in an ultrahigh vacuum environ-
> ment. Diode types tested in the present work included:
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* PDB-C612-2,
* PDB-C613-2,

* PDB-V615-2.

METHOD

We consider here electrical tests that can be performed
throughout stages of detector assembly, cleaning and instal-
lation. During all measurements in the present work, the
photodiode under test was positioned within a light-tight
box.

* Work supported by the U.S. Department of Energy, Office of Sci-
ence, Office of Basic Energy Sciences, under Contract No. DE-ACO02-
06CH11357.
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Shunt Resistance

Shunt resistance is defined to be the average slope of the
voltage-current V-I curve about O V. The accepted practice
for the measurement of diodes is to measure the current
across the diode at voltages of +10mV [12].

For measurement of shunt resistance, the DC power supply
and picoammeter were connected in series with the photo-
diode. The current through the diode was measured using
the picoammeter. The power supply was set to output either
+10mV, OmV or —10mV.

The sequence of measurement was to measure at 0 mV,
+10mV, OmV, —10mV. Three observations of the current
at each voltage setpoint were made. It took some time for
the picoammeter current measurement to reach equilibrium.
During these tests it took approximately 30 s per voltage step
for the current measurement to stabilise. In practice, this
was the slowest measurement to make.

Two-Wire Resistance

One technique to measure resistance of the diode is to
perform a two-wire resistance measurement [13]. The aver-
age forward resistance is measured with a digital multimeter
(Keysight 34465A 6 1/2 digit multimeter) used as an ohm-
meter. The measurement current is 500nA [14]. Due to
the nonlinear /-V curve of the photodiode, this resistance
value is expected to change with the measurement current.
This measurement only returns a value for the voltage with
the leads connected in forward bias across the diode. For
a normal diode measured in reverse bias, the multimeter
returned an ‘overload’ response.

Each two-wire resistance measurement took less than one
second to measure. Three observations were made at each
setting.

Diode Test

A diode test is commonly included on multimeters [13].
It is a voltage measurement at a nominal current. In the
present work, the current used was ~1 mA.

Each diode test took less than one second to measure.
Three observations were made at each setting.

Photocurrent

Photodiodes in the GRID XBPM are illuminated by X-ray
fluorescence from a cerium-doped yttrium aluminium garnet
(YAG) scintillator crystal. As a performance characteristic,
we evaluate the uniformity of DC photocurrent produced by
these photodiodes when illuminated by a green LED.

To evaluate the photocurrents of photodiodes, the photo-
diode was illuminated by a InGaAlP light emitting diode
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(LED) with a central emission wavelength of 571 which
closely matches the central emission wavelength of 550 nm
of the YAG scintillator. The diode was powered by a DC
power supply with a 500 Q resistor in series. The power
supply for the LED was configured to operate in voltage-
controlled mode. The voltage was set at each setpoint be-
tween 0 — 12V, in steps of 2 V.

RESULTS

For each model of photodiode tested, histograms of the
measured distribution of properties are presented.

PDB-C612-2

The measured shunt resistance of the PDB-C612-2 pho-
todiodes is plotted in Fig. 1.
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Figure 1: PDB-C612-2 shunt resistance measurements.

The measured two-wire resistance of the PDB-C612-2
photodiodes is plotted in Fig. 2.
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Figure 2: PDB-C612-2 two-wire resistance measurements.

The measured diode test of the PDB-C612-2 photodiodes
is plotted in Fig. 3.

The photocurrent response of the PDB-C612-2 photodi-
odes is plotted in Fig. 4.
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Figure 3: PDB-C612-2 diode measurements.
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Figure 4: PDB-C612-2 photocurrent measurements.

PDB-C613-2

The measured shunt resistance of the PDB-C613-2 pho-
todiodes is plotted in Fig. 5.
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Figure 5: PDB-C613-2 shunt resistance measurements.

The measured two-wire resistance of the PDB-C613-2
photodiodes is plotted in Fig. 6.

The measured diode test of the PDB-C613-2 photodiodes
is plotted in Fig. 7.
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Figure 6: PDB-C613-2 two-wire resistance measurements.
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Figure 7: PDB-C613-2 diode measurements.

The photocurrent response of the PDB-C613-2 photodi-
odes is plotted in Fig. 8.
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Figure 8: PDB-C613-2 photocurrent measurements.

PDB-V615-2

The measured shunt resistance of the PDB-V615-2 photo-
diodes is plotted in Fig. 9.
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Figure 9: PDB-V615-2 shunt resistance measurements.

The measured two-wire resistance of the PDB-V615-2
photodiodes is plotted in Fig. 10.
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Figure 10: PDB-V615-2 two-wire resistance measurements.

The measured diode test of the PDB-V615-2 photodiodes
is plotted in Fig. 11.
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Figure 11: PDB-V615-2 diode measurements.

The photocurrent response of the PDB-V615-2 photodi-
odes is plotted in Fig. 12.
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Figure 12: PDB-V615-2 photocurrent measurements.

DISCUSSION

We compared the electrical measurements of various
diodes. A summary of the mean and standard deviation of
these measurements is given in Table 1. The spread of pho-
tocurrent results for each type of photodiode was evaluated
for the given condition of 12 V excitation of the illuminating
LED.

Table 1: Mean (u) and Standard Deviation (o) of Batch
Measurements of Photodiodes

Property Units puce12 oce12 % (%)
Shunt resistance MQ 265 19 7.1
2-wire resistance  kQ 466 3.1 0.67
Diode voltage vV 0465 0.001 0.28
Photocurrent HA  1.29  0.03 2.6
Property Units uce13 oce13 % (%o)
Shunt resistance MQ 186 26 14
2-wire resistance k€ 459 44 0.96
Diode voltage vV 0476 0.001 0.16
Photocurrent pA 118 0.01 0.95
Property Units pvels Ovels ZX—::; (%)
Shunt resistance MQ 220 225 100
2-wire resistance  kQ 520 46 8.8
Diode voltage vV 0471 0.007 1.6
Photocurrent HA 344  0.10 2.8

We evaluated the statistical distribution of the diode prop-
erties using a ratio of the standard deviation over the mean
(0i/u;), where i is the identifier of the photodiode model.
For the PDB-V615-2 diode, the ratio (o7 /u;) for the shunt
resistance, two-wire resistance and diode voltage is more
than an order of magnitude larger than the ratio for the PBD-
C612-2 or PDB-C613-2 diodes. The statistical distribution
of photocurrents appears similar for all three diode types, at
about 1-3%. In future, other diode properties could addi-
tionally be measured, such as the dark current at a reverse
bias of SV.
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CONCLUSION

Electronic performance testing of silicon photodiodes
for X-ray beam position monitors was presented. For the
V615 diode, the statistical spread of shunt resistance, two-
wire resistance and diode voltage is more than an order of
magnitude larger than the ratio for the C612 or C613 diodes.
The statistical distribution of photocurrents appears similar
for all three diode types, within 1-3%.
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