PHoToblobE CHARACTERISTICS

Silicon photodiodes are semiconductor devices responsive to high-
energy particles and photons. Photodiodes operate by absorption of
photons or charged particles and generate aflow of current in an ex-
ternal circuit, proportional to theincident power. Photodiodes can be
used to detect the presence or absence of minute quantities of light
and can be calibrated for extremely accurate measurements from in-
tensities below 1 pW/cm? to intensities above 100 mW/cm?. Silicon
photodiodes are utilized in such diverse applications as spectroscopy,
photography, analytical instrumentation, optica position sensors, beam
alignment, surface characterization, laser range finders, optical com-
munications, and medical imaging instruments.

PLANAR DIFFUSED SILICON PHOTODIODE
CONSTRUCTION

Planar diffused silicon photodiodesare simply P-N junction diodes. A
P-N junction can be formed by diffusing either aP-typeimpurity (an-
ode), such as Boron, into a N-type bulk silicon wafer, or a N-type
impurity, such as Phosphorous, into a P-type bulk silicon wafer. The
diffused area defines the photodiode active area.  To form an ohmic
contact another impurity diffusion into the backside of the wafer is
necessary. Theimpurity isan N-typefor P-type active areaand P-type
for an N-type active area. The contact pads are deposited on the front
active areaon defined areas, and on the backside, compl etely covering
thedevice. Theactiveareaisthen deposited onwith an anti-reflection
coating to reduce the reflection of the light for a specific predefined
wavelength. The non-active area on the top is covered with athick
layer of silicon oxide. By controlling the thickness of bulk substrate,
the speed and responsivity of the photodiode can be controlled. Note
that the photodiodes, when biased, must be operated in the reverse
bias mode, i.e. a negative voltage applied to anode and positive volt-
age to cathode.
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Figure 1. Planar diffused silicon photodiode

PRINCIPLE OF OPERATION

Silicon isasemiconductor with aband gap energy of 1.12 eV at room
temperature. Thisis the gap between the valence band and the con-
duction band. At absolute zero temperature the valence band is com-
pletely filled and the conduction band is vacant. Asthe temperature
increases, the electrons become excited and escal ate from the valence
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band to the conduction band by thermal energy. The electrons can
a so be escalated to the conduction band by particles or photons with
energiesgreater than 1.12eV, which correspondsto wavelengths shorter
than 1100 nm. Theresulting electronsin the conduction band arefree
to conduct current.

Due to concentration gradient, the diffusion of electrons from the N-
typeregion to the P-type region and the diffusion of holesfrom the P-
type region to the N-type region, develops a built-in voltage across
thejunction. Theinter-diffusion of electronsand holesbetweentheN

and Pregionsacrossthejunction resultsin aregion with no freecarri-
ers. Thisisthedepletionregion. Thebuilt-involtage acrossthe deple-
tion region results in an electric field with maximum at the junction
and no field outside of the depletion region. Any applied reversebias
adds to the built in voltage and results in a wider depletion region.
The electron-hole pairs generated by light are swept away by driftin
the depletion region and are collected by diffusion from the undepleted
region. The current generated is proportional to theincident light or
radiation power. Thelight isabsorbed exponentially with distanceand
is proportional to the absorption coefficient. The absorption coeffi-
cientisvery highfor shorter wavelengthsinthe UV region andissmall

for longer wavelengths (Figure 2). Hence, short wavelength photons
such as UV, are absorbed in athin top surface layer while silicon be-
comes transparent to light wavelengths longer than 1200 nm. More-
over, photonswith energies smaller than the band gap are not absorbed
atall.
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Figure 2. Penetration depth of light into silicon substrate for
various wavelengths.

ELECTRICAL CHARACTERISTICS

A silicon photodiode can be represented by acurrent sourcein parallel
with an ideal diode (Figure. 3). The current source represents the
current generated by the incident radiation, and the diode represents
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Figure 3. Equivalent Circuit for thesilicon photodiode

the p-njunction. In addition, ajunction capacitance (Cj) and a shunt
resistance (R,,) arein parallel with the other components. Seriesre-
sistance (R,) is connected in serieswith all componentsin thismodel.

Shunt Resistance, R,

Shunt resistanceisthe slope of the current-voltage curve of the photo-
diode at the origin, i.e. V=0. Although an idea photodiode should
have a shunt resistance of infinite, actual values range from 10s to
1000s of Megaohms. Experimentally it is obtained by applying +10
mV, measuring the current and calculating theresistance. Shuntresis-
tanceis used to determine the noise current in the photodiode with no
bias (photovoltaic mode). For best photodiode performance the high-
est shunt resistance is desired.

Series Resistance, R,

Seriesresistance of aphotodiode arisesfrom the resistance of the con-
tactsand theresistance of the undepleted silicon (Figure 1). Itisgiven

by:
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+Re (1)

Where W, is the thickness of the substrate, W, is the width of the
depleted region, Aisthe diffused areaof thejunction, istheresistiv-
ity of the substrate and R _isthe contact resistance. Seriesresistanceis
used to determinethelinearity of the photodiodein photovoltaic mode
(no bias, V=0). Although an ideal photodiode should have no series
resistance, typical values ranging from 10 to 1000 ohm is measured.

Junction Capacitance, C,

The boundaries of the depletion region act as the plates of a parallel
plate capacitor (Figure 1). The junction capacitance is directly pro-
portional to the diffused area and inversely proportional to the width
of thedepletion region. Inaddition, higher resistivity substrates have
lower junction capacitance. Furthermore, the capacitance is depen-
dent on the reverse bias asfollows:
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where = 8.854x10* F/cm, isthe permittivity of freespace, (=11.9
isthesilicon dielectric constant, .= 1400 cm?Vsisthe mobility of the
electronsat 300°K, istheresistivity of thesilicon, V,; isthe built-in
voltageof siliconand V, isthe applied bias. Figure4 showsthe depen-
dence of the capacitance on the applied reverse biasvoltage. Junction
capacitanceis used to determine the speed of the response of the pho-

todiode.

Rise/Fall Time and Frequency Response, t /t /f,

Therisetime and fall time of a photodiode is defined as the time for
the signal to rise or fall from 10% to 90% or 90% to 10% of the final
vauerespectively. Thisparameter can bealso expressed asfrequency
response, which is the frequency at which the photodiode output de-
creases by 3dB. Itisroughly approximated by:

0.35
(3)

f3dB

There are three factors defining the response time of a photodiode:

L t e thecharge collectiontime of the carriersin the depl eted
region of the photodiode.

2. torusene the charge collection time of the carriers in the
undepl eted region of the photodiode.

3. t_., the RC time constant of the diode-circuit combination.

RC’

t . is determined by t. =2.2 RC, where R, is the sum of the diode
seriesresistance and theload resistance (R, + R ), and C, isthe sum of
the photodiode junction and the stray capaci tances(Cj+Cs). Sincethe
junction capacitance (Cj) isdependent on the diffused area of the pho-
todiode and the applied reverse bias (Equation 2), faster risetimesare
obtained with smaller diffused area photodiodes, and larger applied
reversebiases. Inaddition, stray capacitance can be minimized by
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using short leads, and careful lay-out of the electronic components.
Thetotal risetimeisdetermined by:

2

(4)

— 2 2
tR_\/tDRIFT +tDIFFUSED +tRC

Generaly, in photovoltaic mode of operation (no bias), rise timeis
dominated by the diffusion timefor diffused areaslessthan 5 mm?2and
by RC time constant for larger diffused areasfor al wavelengths. When
operated in photoconductive mode (applied reverse bias), if the pho-
todiodeisfully depleted, such asfiber optic series, the dominant factor
isthedrift time. Innon-fully depleted photodiodes, however, al three
factors contribute to the response time.

OPTICAL CHARACTERISTICS
Responsivity, R

Theresponsivity of asilicon photodiodeisameasure of the sensitivity
to light, and it is defined as the ratio of the photocurrent I to the
incident light power P at agiven wavelength:

—'P

R =_FP
p

(5)

In another words, it isameasure of the effectiveness of the conversion
of thelight power into electrical current. It varieswith thewavelength
of theincident light (Figure 5) aswell asapplied reverse biasand tem-
perature.
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Figure5. Typical Spectral Responsivity of Several Different
Types of Planar Diffused Photodiodes
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Responsivity increases slightly with applied reverse bias due to im-
proved charge collection efficiency in photodiode. Also there are
responsivity variations due to change in temperature as shown in fig-
ures 6 and 7. This is due to decrease or increase of the band gap,
because of increase or decreasein thetemperature respectively. Spec-
tral responsivity may vary fromlot to lot and it is dependent on wave-
length. However, the relative variations in responsivity can be re-
duced to less than 1% on a selected basis.
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Figure7. Temperature Coefficient of Silicon Photodiode

Quantum Efficiency, Q.E.

Quantum efficiency is defined as the percentage of the incident pho-
tons that contribute to photocurrent. Itisrelated to responsivity by:
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R Observed
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where h=6.63 x 10* J-s, is the Planck constant, c=3 x 10® m/s, isthe
speed of light, g=1.6 x 10*° C, is the electron charge, R is the
responsivity in A/Wand isthewavelengthin nm.

Non-Uniformity

Non-Uniformity of response is defined as variations of responsivity
observed over the surface of the photodiode active area with a small
spot of light. Non-uniformity is inversely proportional to spot size,
i.e. larger non-uniformity for smaller spot size.

Non-Linearity

A silicon photodiode is considered linear if the generated photocur-
rent increases linearly with the incident light power. Photocurrent
linearity isdetermined by measuring the small changein photocurrent
asaresult of asmall changeintheincident light power asafunction of
total photocurrent or incident light power. Non-Linearity isthevaria-
tion of theratio of the change in photocurrent to the same change in
light power, i.e. I/ P.Inanother words, linearity exhibitsthe consis-
tency of responsivity over arange of light power. Non-linearity of less
than £1% are specified over 6-9 decades for planar diffused photo-
diodes. Thelower limit of the photocurrent linearity isdetermined by
the noise current and the upper limit by the series resistance and the
load resistance. Asthe photocurrent increases, first the non-linearity
setsin, gradually increasing with increasing photocurrent, and finally
at saturation level, the photocurrent remains constant with increasing
incident light power. Ingeneral, the changein photocurrent generated
for the same changeinincident light power, issmaller at higher current
levels, when the photodetector exhibits non-linearity. Thelinearity range
can slightly be extended by applying areverse biasto the photodiode.

I-V CHARACTERISTICS

The current-voltage characteristic of a photodiode with no incident
light issimilar to arectifying diode. When the photodiodeisforward
biased, thereisan exponential increaseinthe current. When areverse
biasisapplied, asmall reverse saturation current appears. It isrelated
to dark current as:

= (7)

where | is the photodiode dark current, I, is the reverse saturation
current, gistheelectron charge, V, isthe applied biasvoltage, k,=1.38
UDT SensorsInc.
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x 10 2 J/ °K, is the Boltzmann Constant and T is the absolute tem-
perature (273 °K= 0 °C).

Reverse Bias Forward Bias

Breakdown Voltage V,

Figure 8. Characteristic IV Curvesof a UDT photodiode for PC
and PV modesof operation. P-P, represent different light levels.

Thisrelationship is shown in figure 8. From equation 7, three various
states can be defined:

a V=0, In this state, the current becomes the reverse satu-
ration current.

by V=+V, Inthisstate the current increasesexponentialy. This
state is also known as forward bias mode.

c VvV=-, When areverse bias is applied to the photodiode,

the current behaves as shown in figure 8.

I1luminating the photodiode with optical radiation, shiftsthel-V curve
by the amount of photocurrent (I.). Thus:

Va
— kgT -
ITOTAL - ISAT € l++ I P

(8)
where |, is defined as the photocurrent in equation 5.

Asthe applied reverse bias increases, thereis a sharp increase in the
photodiode current. The applied reverse biasat thispoint isreferred to
as breakdown voltage. Thisisthe maximum applied reverse bias, be-
low which, the photodiode should be operated (also known as maxi-
mum reverse voltage). Breakdown voltage, varies from one photo-
diode to another and is usually measured, for small active areas, at a
photodiode current of 10 A.

NOISE

In aphotodiode two sources of noise can beidentified. Shot noiseand
Johnson noise;

Shot Noise
Shot noiseisrelated to the statistical fluctuation in both the photocur-

rent and the dark current. The magnitude of the shot noise is ex-
pressed as the root mean sguare (rms) noise current:
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I, =y2q(l,+1,) f (9)
Where g=1.6x10"°C, is the electron charge, |, is the photogenerated
current, 1, is the photodetector dark current and  f is the noise mea-
surement bandwidth. Shot noiseisthe dominating source when oper-
ating in photoconductive (biased) mode.

Thermal or Johnson Noise

The shunt resistance in a photodetector has a Johnson noise associ-
ated with it. Thisis due to the thermal generation of carriers. The
magnitude of the this generated current noiseis:

o [AT
n RS—I

Wherek,=1.38 x 10% J°K,, isthe Boltzmann Constant, T, is the abso-
lute temperature in degrees Kelvin (273 °K= 0 °C), f is the noise
measurement bandwidth and R, , isthe shunt resistance of the photo-
diode. Thistypeof nhoiseisthedominant current noisein photovoltaic
(unbiased) operation mode.

(10)

Note: All resistors have a Johnson noise associated with them, in-
cluding the load resistor. This additional noise current is large and
adds to the Johnson noise current caused by the photodetector shunt
resistance.

Total Noise

Thetotal noise current generated in a photodetector is determined by:

(11)

Noise Equivalent Power (NEP)

Noise Equivalent Power is the amount of incident light power on a
photodetector, which generates a photocurrent equal to the noise cur-
rent. NEPisdefined as:

In
NEP = (12)

Where R is the responsivity in A/W and | _ is the total noise of the
photodetector. NEP values can vary from 10 W/ Hzfor large active
area photodiodes down to 10°W / Hz for small active area photo-
diodes.
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TEMPERATURE EFFECTS

All photodiode characteristics are affected by the change in tempera-
ture. They include shunt resistance, dark current, breakdown voltage,
responsivity and to alesser extent other parameters such as junction
capacitance.

Shunt Resistance and Dark Current:

There are two major currents in a photodiode contributing to dark
current and shunt resistance. Diffusion current isthe dominating fac-
tor in aphotovoltaic (unbiased) mode of operation, which determines
the shunt resistance. It varies as square of the temperature. In photo-
conductive mode (reverse biased), however, the drift current becomes
the dominant current (dark current) and varies directly with tempera-
ture. Thus, change in temperature affects the photodetector morein
photovoltaic mode than in photoconductive mode of operation.

In photoconductive mode the dark current may approximately double
for every 10 °C increase change in temperature. And in photovoltaic
mode, shunt resistance may approximately double for every 6 °C de-
crease in temperature. The exact change is dependent on additional
parameters such asthe applied reverse bias, resistivity of the substrate
aswell asthe thickness of the substrate.

BreakDown Voltage:

For small active areadevices, by definition breakdown voltage is de-
fined as the voltage at which the dark current becomes10 A. Since
dark current increases with temperature, therefore, breakdown volt-
age decreases similarly with increasein temperature.

Responsivity:
Effects of temperature in responsivity are discussed in the
“Responsivity” section of these notes.

BIASING

A photodiode signal can be measured as a voltage or acurrent. Cur-
rent measurement demonstrates far better linearity, offset, and band-
width performance. The generated photocurrent is proportional to
the incident light power and it requires to be converted to voltage
using atransimpedance configuration. The photodiode can be oper-
ated with or without an applied reverse bias depending on the applica-
tion specific requirements. They arereferred to as* Photoconductive”
(biased) and “Photovoltaic” (unbiased) modes.

Photoconductive Mode (PC)

Application of areverse bias (i.e. cathode positive, anode negative)
can grestly improve the speed of response and linearity of the devices.
Thisisdueto increasein the depletion region width and consequently
decrease in junction capacitance. Applying areverse bias, however,
will increase the dark and noise currents. An example of low light
level / high-speed response operated in photoconductive modeis shown
infigure9.
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In this configuration the detector is biased to reduce junction capaci-
tancethusreducing noiseand risetime (t). A two stageamplification
is used in this example since a high gain with a wide bandwidth is
required. The two stages include a transimpedance pre-amp for cur-
rent-to-voltage conversion and a non-inverting amplifier for voltage
amplification. Gain and bandwidth (f, ;.0 aredirectly determined
by R, per equations (13) and (14) . The gain of the second stage is
approximated by 1+ R / R,. A feedback capacitor (C_) will limit the
frequency response and avoids gain peaking.

2

Figure9. Photoconductive mode of operation circuit example:
Low Light Level / Wide Bandwidth

f (H2) = GBP
3dBmax 2 RF (CJ +C|: +CA)

(13)

Where GBPisthe Gain Bandwidth Product of amplifier (A ) andC, is
theamplifier input capacitance.

Gain%):\/g”:RF 1+§iiR (14)

Inlow speed applications, alarge gain, e.g. >10M can be achieved
by introducing alarge value (R.) without the need for the second stage.

Typical component used in this configuration are:

Amplifier: CLC-425, CLC-446, OPA-637, or similar.
R.: 1to10K Typical, depending on C,

R;: 10to 50 k

R,: 0.5t0 10 k

C.: 0.2to 2 pF

In high speed, high light level measurements, however, adifferent ap-
proach is preferred. The most common exampleis pulse width mea-
surements of short pulse gas lasers, solid state laser diodes, or any
other similar short pulse light source. The photodiode output can be
either directly connected to an oscilloscope (Figure 10) or fed to afast
response amplifier. When using an oscilloscope, the bandwidth of the
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scope can be adjusted to the pulse width of the light source for maxi-
mum signal to noiseratio. Inthisapplication the biasvoltageislarge.
Two opposing protection diodes should be connected to the input of
the oscilloscope across the input and ground.

Oscilloscope

+

R =50 Vour

1

Metal Box

Figure 10. Photoconductive mode of operation circuit example:
High Light Level / High Speed Response

To avoid ringing in the output signal, the cable between the detector
and the oscilloscope should be short (i.e. < 20cm) and terminated with
a50 ohm|oad resistor (R ). The photodiode should be enclosed in a
metallic box, if possible, with short eads between the detector and the
capacitor, and between the detector and the coaxial cable. The metal-
lic box should be tied through a capacitor (C,), with lead length (L)
lessthan2cm, whereR C,>10 ( isthepulsewidthinseconds). R,
ischosensuchthat R, <V, ./ 101, wherel_ _isthe DC photocur-
rent. Bandwidthisdefinedas0.35/ . A minimum of 10V reversebias
isnecessary for thisapplication. Notethat abiaslarger than the pho-
todiode maximum reverse voltage should not be applied.

Photovoltaic Mode (PV)

The photovoltaic mode of operation (unbiased) is preferred when a
photodiodeis used in low frequency applications (up to 350 kHz) as
well as ultra low light level applications. In addition to offering a
simpleoperational configuration, the photocurrentsin thismode have
less variations in responsivity with temperature. An example of an
ultralow light level / low speed is shown in figure 11.

Figure 11. Photovoltaic mode of operation circuit example: Ultra
low level light / low speed
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In this example, a FET input operational amplifier aswell asalarge
resistance feedback resistor (R.) is considered. The detector is unbi-
ased to eliminate any additional noise current. The total output is
determined by equation (15) and the op-amp noise current is deter-
mined by R_in equation (16):

Vour =lp Re (15)
) et f%!ET:
JHZ' | R, (18)

where k=1.38 x 102 J°K and T istemperaturein °K.

For stahility, select C_ such that

GBP 1
>
Jz R-(C,+C. +C,) ~ 2 RC; (0

Operating bandwidth, after gain peaking compensationis:

1
fOP(HZ):Z R.C (18)
F

Some recommended components for this configuration are:

Amplifier: OP-15, OP-16, OP-17 or similar.

R.: 500M

These examples or any other configurations for single photodiodes
can be applied to any of UDT Sensors monolithic, common substrate
liner array photodiodes. The output of the first stage pre-amplifiers
can be connected to asample and hold circuit and amultiplexer. Fig-
ure 12 shows the block diagram for such configuration.
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Figure 12. Circuit examplefor a multi-element, common
cathode array
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POSITION SENSING DETECTORS

Silicon photodetectors are commonly used for light power measure-
ments in awide range of applications such as bar-code readers, laser
printers, medical imaging, spectroscopy and more. There is another
function, however, which utilizes the photodetectors as optical posi-
tion sensors. They are widely referred to as Position Sensing Detec-
torsor simply PSD. The applicationsvary from human eye movement
monitoring, 3-D modeling of human motion to laser, light source, and
mirrors alignment. They are also widely used in ultra-fast, accurate
auto focusing schemesfor avariety of optical systems, such asmicro-
scopes, machinetool alignment, vibration analysisand more. The po-
sition of a beam within fractions of microns can be obtained using
PSD's. They are divided into two families: segmented PSD's and lat-
eral effect PSD's.

Segmented PSD's, are common substrate photodiodes divided into
either two or four segments (for one or two-dimensional measure-
ments, respectively), separated by agap or dead region. A symmetri-
cal optical beam generates equal photocurrentsin all segments, if po-
sitioned at the center. Therelative positionisobtained by smply mea-
suring the output current of each segment. They offer position resolu-
tion better than 0.1 m and accuracy higher than lateral effect PSD's
due to superior responsivity match between the elements. Since the
position resolution is not dependent onthe S/N of the system, asitisin
lateral effect PSD's, very low light level detection is possible. They
exhibit excellent stability over time and temperature and fast response
times necessary for pulsed applications. They are however, confined
to certain limitations, such asthelight spot hasto overlap all segments
at all times and it can not be smaller than the gap between the seg-
ments. It isimportant to have a uniform intensity distribution of the
light spot for correct measurements. They are excellent devices for
applicationslike nulling and beam centering.

Lateral effect PSD's, are continuous single element planar diffused
photodiodes with no gaps or dead areas. These types of PSD's pro-

vide direct readout of alight spot displacement acrossthe entire active
area. Thisisachieved by providing an anal og output directly propor-
tional to both the position and intensity of alight spot present on the
detector active area. A light spot present on the active areawill gen-
erate aphotocurrent, which flowsfrom the point of incidence through
theresistive layer to the contacts. This photocurrent isinversely pro-
portional to the resi stance between theincident light spot and the con-
tact. When theinput light spot is exactly at the device center, equal
current signalsare generated. By moving thelight spot over theactive
area, the amount of current generated at the contacts will determine
the exact light spot position at each instant of time. These electrical
signals are proportionately related to the light spot position from the
center.

Themain advantage of |ateral-effect diodesistheir widedynamic range.
They can measure the light spot position all the way to the edge of the
sensor. They are also independent of the light spot profile and inten-
sity distribution that effects the position reading in the segmented di-
odes. Theinput light beam may be any size and shape, since the posi
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tionof thecentroid of thelight spot isindicated and provides electri-
cal output signals proportional to the displacement from the center.
The devices can resolve positions better than 0.5 m. Theresolution
is detector / circuit signal to noise ratio dependent.

UDT Sensors manufactures two types of lateral effect PSD's. Duo-
Lateral and Tetra-Lateral structures. Both structures are availablein
one and two-dimensional configurations.

In duo-lateral PSD's, there are two resistive layers, one at the top
and the other at the bottom of the photodiode. The photocurrent is
divided into two partsin each layer. This structure type can resolve
light spot movementsof lessthat 0.5 m and have very small position
detection error, all theway almost to the edge of the active area. They
also exhibit excellent position linearity over the entire active area.

The tetra-lateral PSD's, own a single resistive layer, in which the
photocurrent is divided into two or four parts for one or two dimen-
sional sensing respectively. These devices exhibit more position non
linearity at distances far away from the center, as well as larger posi-
tion detection errors compared to duo-lateral types. However, they
show smaller dark currents and faster response times compare to duo-
lateral PSD's.

Glossary of Terms:

Position Detection Error (PDE) or Position non-linearity is de-
fined as the geometric variation between the actual position and the
measured position of theincident light spot. It ismeasured over 80%
of the sensing length for single dimensional PSD's and 64% of the
sensing areafor two-dimensional PSD's. For all calculations, thezero
point is defined asthe electrical center. Thisisthe point at which I, =
. Theerror iscalculated using the following equation:

PDE( m)= %;L X (19)

2 Il

Wherel, and |, are the photocurrents at the ends of the PSD, L isthe
sensing area half-length in - m, and X is the actual displacement of
light spot from the electrical centerin m.

Per centage Position Non-linearity isdetermined by dividing the po-
sition detection error by the total length of the sensing area.

I nterelectrode Resistanceistheresistance between the two end con-
tactsin one axis, measured with illumination.

Position Detection Thermal Drift isthe position drift with change
of temperature. It isthe changein position divided by the total
length. It isdefined within 80% of length or 64% of the areafor
two-dimensional PSD's.
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Position Resolution is defined as the minimum detectable displace-
ment of a spot of light on the detector active area. The resolution is
limited by the signal to noise ratio of the system. It depends on light
intensity, detector noise, and electronics bandwidth. Position resolu-
tionsin excess of onepart inten million have been achieved withUDT
Sensors latera effect PSD's.

POSITION CALCULATIONS

Segmented PSD's

Figure 13 shows atypical circuit, used with UDT Sensors segmented
photodiodes.

X output

DIVIDER

R,
|(A+D) - (B+C;
2
R,

Cathode

Y output

DIVIDER

Figure 13. Typical circuit used with segmented photodiodes

The X and Y positions of thelight spot with respect to the center ona
guadrant photodiode isfound by:

(A+D) (B+C)
A+B+C+D
Y:(A+B) (C+D)
A+B+C+D

(20)

Where A, B, C, and D are the photocurrents measured by each sector.
Therecommended componentsfor thiscircuit are application specific.
However, the following components are widely used in most applica
tions:

AmplifiersA and A OP-37 or similar
Divider: DIV-100 or similar
R.andR;: 10k tol0M

Co 1/ 2 R.A)

Thesamecircuit can be used for one-dimensional (bi-cell) measurments.

9 UDT SensorsInc. Phone:  310-978-0516

Lateral Effect PSD's

Theonedimensiond laterd effect measurementsare the samefor duo-
lateral and tetra-lateral structures, since they both have two contacts
on top with acommon contact at the bottom. In tetra-|ateral devices,
however, the common contact is the anode with two cathodes on top,
thus making them a positive current generator. In duo-lateral devices
there are two anodes on top with a common cathode at the bottom.
Figure 14 shows a typical circuit set up used with one-dimensional
lateral PSD's.

Duo-Lateral

Numerator

|_ax
L2

Divider

Denominator

Figure 14. Typical circuit used with one dimensional lateral
effect PSD's

In this configuration the outputs from the first stage are summed and
subtracted in the second stage and finally divided by thedivider inthe
final stage. The summation, subtraction and the division can be per-
formed by softwareaswell. The positionisgiven as.

A B
A+B

(21)

The same components as the one used in segmented photodiodes can
be used with R, varyingfrom 1k to 100k .

For high-speed applications, the junctions can bereverse biased with a
small gain (R)). For low frequency applications, however, the photo-
diode can beleft unbiased and the gain (R)), can beashigh as100 M
Thefeedback capacitor stabilizesthefrequency dependence of thegain
and canvary from1pFto10 F. Thegaininthefirst stage amplifier
isl,x R, and the gain of the second stage s unity.

Two Dimensional Duo-lateral PSD's

The two dimensional duo lateral PSD's with two anodes on top and
two cathodes on the back surface of the photodi ode measure positions
in two different directions respectively. They provide a continuous
position reading over the entire active area, with accuracy higher than
the tetra-lateral PSD's. Figure 15 shows a typical circuit for two-
dimensional duo-lateral PSD's.

For high-speed applications, the cathodes are usually forward
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Numerator

Divider

Denominator

Numerator

Divider

f
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1F R, ¥ Difference
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Denominator

L_aX
L2

Figure15. Typical Circuit used with two dimensional duo-lateral  Figure 16. Typical Circuit used with two dimensional tetra-

PSD's lateral PSD's

biased whiletheanodesarereverse biased. Thisextendsthebiasrange
that isnormally limited by the maximum reverse voltage. Same com-
ponents as the one-dimensional PSD's are recommended. The output

isasfollowing:
_A-B
A+B
22
Y = C+D (22)
C+D

Tetra-Lateral PSD's

Inatwo dimensional tetra-lateral PSD there are four cathodes and one
common anode. Similar to other PSD's, the signals from the detector
is converted to voltage in the first stage and then summed and sub-
tracted in the second stage and then finally divided in the final stage.
Thisisshowninfigure 16.

For high-speed applications, the anode is reverse biased and the feed-
back resistor (R.) shall bechosen small. Additional gain canbeachieved
by additional stages. The recommended components and the output
aresimilar to two-dimensional duo-lateral devices.
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