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PHoToDIODE CHARACTERSITICS AND APPLICATIONS
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PHoTobIoDE CHARACTERISTICS

Silicon photodiodes are semiconductor devices responsive to higimd to the conduction band by thermal energy. The electrons can
energy particles and photons. Photodiodes operate by absorptiatsofbe escalated to the conduction band by particles or photons with
photons or charged particles and generate a flow of current in areagrgies greater than 1.12eV, which corresponds to wavelengths shorter
ternal circuit, proportional to the incident power. Photodiodes cartlien 1100 nm. The resulting electrons in the conduction band are free
used to detect the presence or absence of minute quantities oftigbbnduct current.

and can be calibrated for extremely accurate measurements from in-

tensities below 1 pW/chto intensities above 100 mW/émSilicon Due to concentration gradient, the diffusion of electrons from the N-
photodiodes are utilized in such diverse applications as spectrosdgpg, region to the P-type region and the diffusion of holes from the P-
photography, analytical instrumentation, optical position sensors, bégme region to the N-type region, developsudt-in voltageacross
alignment, surface characterization, laser range finders, optical cttrajunction. The inter-diffusion of electrons and holes between the N

munications, and medical imaging instruments. and P regions across the junction results in a region with no free carri-
ers. This is thdepletion region The built-in voltage across the deple-
PLANAR DIFFUSED SILICON PHOTODIODE tion region results in an electric field with maximum at the junction
CONSTRUCTION and no field outside of the depletion region. Any applied reverse bias

adds to the built in voltage and results in a wider depletion region.
Planar diffused silicon photodiodes are simply P-N junction diodesTHe electron-hole pairs generated by light are swept away by drift in
P-N junction can be formed by diffusing either a P-type impurity (¢he depletion region and are collected by diffusion from the undepleted
ode), such as Boron, into a N-type bulk silicon wafer, or a N-typyion. The current generated is proportional to the incident light or
impurity, such as Phosphorous, into a P-type bulk silicon wafer. Thdiation power. The light is absorbed exponentially with distance and
diffused area defines the photodiode active area. To form an ohismmiroportional to the absorption coefficient. The absorption coeffi-
contact another impurity diffusion into the backside of the wafercient is very high for shorter wavelengths in the UV region and is small
necessary. The impurity is an N-type for P-type active area and P-fgp®onger wavelengths (Figure 2). Hence, short wavelength photons
for an N-type active area. The contact pads are deposited on the $tmtt as UV, are absorbed in a thin top surface layer while silicon be-
active area on defined areas, and on the backside, completely coveamgs transparent to light wavelengths longer than 1200 nm. More-
the device. The active area is then deposited on with an anti-refleatiagr, photons with energies smaller than the band gap are not absorbed
coating to reduce the reflection of the light for a specific predefiragdll.
wavelength. The non-active area on the top is covered with a thick
layer of silicon oxide. By controlling the thickness of bulk substrate,
the speed and responsivity of the photodiode can be controlled. Note 1e-02
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.

1E-03 ——

Active Area Diameter

Sio ——o0
2 AR.Coating........... E Anode (+)

1E-04

Penetration Depth ( m)

N-Type Substrate

N*

1E-05
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Wavelength (nm)

Contact Metal

Cathode (-)
L———— o

Figure 1. Planar diffused silicon photodiode Figure 2. Penetration depth of light into silicon substrate for
various wavelengths.

PRINCIPLE OF OPERATION

Silicon is a semiconductor with a band gap energy of 1.12 eV at room ELECTRICAL CHARACTERISTICS

temperature. This is the gap between the valence band and the con-

duction band. At absolute zero temperature the valence band is @silicon photodiode can be represented by a current source in parallel
pletely filled and the conduction band is vacant. As the temperatuith an ideal diode (Figure. 3). The current source represents the
increases, the electrons become excited and escalate from the vaten@nt generated by the incident radiation, and the diode represents

6 UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.com
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Figure 3. Equivalent Circuit for the silicon photodiode
the p-n junction. In addition,janction capacitancécj) and ashunt 10
resistancgR,,) are in parallel with the other componen&eries re- 1 10 100
sistancgRy) is connected in series with all components in this modelgure 4. CapacitanceyfRINBRDIOBR(EUS Reverse Bias

Voltage
Shunt Resistance, g,
wheree = 8.854x10“ F/cm, is the permittivity of free spaeg~11.9
Shunt resistance is the slope of the current-voltage curve of the phetpre silicon dielectric constant, 1 = 1400288 is the mobility of the
diode at the origin, i.e. V=0. Although an ideal photodiode showi@ctrons at 300 °kais the resistivity of the silicony, is the built-in
have a shunt resistance of infinite, actual values range from 10goltage of silicon an¥, is the applied bias. Flgure4shows the depen
1000s of Mega ohms. Experimentally it is obtained by applying déhce of the capacnance on the applied reverse bias voltage. Junc

mV, measuring the current and calculating the resistance. Shunt regjsacitance is used to determine the speed of the response of the |
tance is used to determine the noise current in the photodiode witfhaRde.

bias (photovoltaic mode). For best photodiode performance the high-
est shunt resistance is desired. Rise/Fall Time and Frequency Response/t, / f, .

Series Resistance, R The rise time and fall time of a photodiode is defined as the time fi

the signal to rise or fall from 10% to 90% or 90% to 10% of the fina
Series resistance of a photodiode arises from the resistance of thevetue respectively. This parameter can be also expressed as freque
tacts and the resistance of the undepleted silicon (Figure 1). Itis giesponse, which is the frequency at which the photodiode output

by: creases by 3dB. lItis roughly approximated by:
_ (Ws W, )p 035
+R (1) =7 (3)
3dB

WhereW is the thickness of the substrat, is the width of the There are three factors defining the response time of a photodiode
depleted regiori is the diffused area of the junctigmis the resistiv-

ity of the substrate arfg.is the contact resistance. Series resistance is t er» the charge collection time of the carriers in the deplete
used to determine the linearity of the photodiode in photovoltaic mode reRgljFiBn of the photodiode.
(no bias, V=0). Although an ideal photodiode should have no series

resistance, typical values ranging from 10 to 1000 ohm is measurgd. t sy the charge collection time of the carriers in the

undepleted region of the photodiode.
Junction Capacitance, C

3. t. the RC time constant of the diode-circuit combination.
The boundaries of the depletion region act as the plates of a parallel
plate capacitor (Figure 1). The junction capacitance is directly pro-is determined by _t=2.2 RC, whereR, is the sum of the diode
portional to the diffused area and inversely proportional to the wigdthies resistance and the load resistange fR), andC, is the sum of
of the depletion region. In addition, higher resistivity substrates héwephotodiode junction and the stray capacitance€(C Since the
lower junction capacitance. Furthermore, the capacitance is depetetion capacitance)) is dependent on the diffused area of the pho
dent on the reverse bias as follows: todiode and the applied reverse bias (Equation 2), faster rise times
£4E,A obtained with smaller diffused area photodiodes, and larger appli
S reverse biases. In addition, stray capacitance can be minimized
\/259 gatp (Vs +Vyy) (2)

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cond
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8

eIﬁ%s_ponsivity increasesightly 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,

+t. 2 (4) because of increase or decrease in the temperature respectively. Spec:

RC tral responsivity may vary from lot to lot and it is dependent on wave-
length. However, the relative variations in responsivity can be re-

Generally, in photovoltaic mode of operation (no bias), rise timejisced to less than 1% on a selected basis.

dominated by the diffusion time for diffused areas less than Zamdh

by RC time constant for larger diffused areas for all wavelengths. When

using short leads, and careful lay-out of the electronic compon
The total rise time is determined by:

_ 2 2
tz = \/tDRlFT +oirrusen

operated in photoconductive mode (applied reverse bias), if the pho- //
todiode is fully depleted, such as fiber optic series, the dominant factor * ascl Y
is the drift time. In non-fully depleted photodiodes, however, all thre& § : //4/
factors contribute to the response time. 5 . — 15"C 30"C

© 20"C

>

OPTICAL CHARACTERISTICS P —
= | B v
i = 35'C 20°C

Responsivity, R g =2 =

2 30°C \\\A\
The responsivity of a silicon photodiode is a measure of the sensitivify 4 S
to light, and it is defined as the ratio of the photocurtgno the \ \
incident light poweP at a given wavelength: 300 500 700 900 1100

Wavelength (nm)

I . o
R,\ = FP (5) Figure 6. Temperature Dependance of Responsivity
In another words, it is a measure of the effectiveness of the conversion
of the light power into electrical current. It varies with the wavelength Lo
of the incident light (Figure 5) as well as applied reverse bias and ten:g— ' /
perature. 2 os
5
T T P /
[
o /—’__\\_/
Photovoltaic - - ©
0.6
Blue Enhanced —— Pk % 0.5 /
—~ 05 UV Enhanced e T TN ' g
% // /’\ A § -1.0
> 04 e .
s : \ ' 15
g 0.3 / / ’ \ 400 500 600 700 800 900 1000 1100
F / K \\ Wavelength (nm)
[J) \
x 02 . .. . .
/o \ Figure 7. Temperature Coefficient of Silicon Photodiode
/"\-../ ‘ N
0.1
"
0.0

200 300 400 500 600 700 800 900 1000 1100 Quantum Efficiency, Q.E.
Wavelength (nm)
Quantum efficiency is defined as the percentage of the incident pho-
Figure 5. Typical Spectral Responsivity of Several Different tons that contribute to photocurrent. It is related to responsivity by:
Types of Planar Diffused Photodiodes
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x 1022 J / °K, is the Boltzmann Constant ahds the absolute tem-

QE.= R, observed perature (273 °K= 0 °C).
Ry 1ea (100%)
_ o hc !
— ™y Reverse Bias Forward Bias
Ad (6)
= 1.24><103 & Breakdown Voltage V,
A '

where h=6.63 x 1#& J-s, is the Planck constant, c=3 R a0s, is the
speed of light, g=1.6 x 10 C, is the electron charg®, is the P,
responsivity in A/W and is the wavelength in nm.

PZ
Non-Uniformity

Non-Uniformity of response is defined as variations of responsivitigure 8. Characteristic IV Curves of a UDT photodiode for PC

observed over the surface of the photodiode active area with a s@illPV modes of operation. [P, represent different light levels.

spot of light. Non-uniformity is inversely proportional to spot size,

i.e. larger non-uniformity for smaller spot size. This relationship is shown in figure 8. From equation 7, three variot
states can be defined:

Non-Linearity

a) V=0, In this state, the current becomes the reverse sa
A silicon photodiode is considered linear if the generated photocur- ration current.
rent increasefinearly with the incident light power. Photocurrent
linearity is determined by measuring the small change in photocurfnt V = +V,  Inthis state the currentincreases exponentially. Th
as a result of a small change in the incident light power as a function of state is also known as forward bias mode.
total photocurrent or incident light power. Non-Linearity is the varia-
tion of the ratio of the change in photocurrent to the same chang®inV = -V, When a reverse bias is applied to the photodiodk
light power, i.eAl/AP. In another words, linearity exhibits the consis- the current behaves as shown in figure 8.

tency of responsivity over a range of light power. Non-linearity of less

than +1% are specified over 6-9 decades for planar diffused ph8teminating the photodiode with optical radiation, shifts the I-V curve

diodes. The lower limit of the photocurrent linearity is determined By the amount of photocurrentXl Thus:

the noise current and the upper limit by the series resistance and the WV

load resistance. As the photocurrent increases, first the non-lineqrity = keT _]E_'_ |

sets in, gradually increasing with increasing photocurrent, and finalfpTAL SAT H P (8)

at saturation level, the photocurrent remains constant with increasing

incident light power. In general, the change in photocurrent generatdrel | is defined as the photocurrent in equation 5.

for the same change in incident light power, is smaller at higher current

levels, when the photodetector exhibits non-linearity. The linearity radgethe applied reverse bias increases, there is a sharp increase ir

can slightly be extended by applying a reverse bias to the photodipHetodiode current. The applied reverse bias at this point is referrec
asbreakdown voltageThis is the maximum applied reverse bias, be

I-V CHARACTERISTICS low which, the photodiode should be operated (also known as ma:

mum reverse voltage). Breakdown voltage, varies from one phot

The current-voltage characteristic of a photodiode with no incidéiftde to another and is usually measured, for small active areas, :

light is similar to a rectifying diode. When the photodiode is forwaptiotodiode current of 10A.

biased, there is an exponential increase in the current. When a reverse

bias is applied, a small reverse saturation current appears. It is related NOISE

to dark current as:

In a photodiode two sources of noise can be identified. Shot noise ¢
Johnson noise:

Wt g
lp = lgr e -1 (7) ShotNoise

n

wherel , is the photodiode dark curreht, .
currentgis the electroeharge, \is the applied bias voltage,*1.38

Shot noise is related to the statistical fluctuation in both the photoct
is the reverse saturatior®nt and the dark current. The magnitude of the shot noise is €
pressed as the root mean square (rms) noise current:

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cor
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lo =4/29(1, +1,)Af (9) TEMPERATURE EFFECTS

Where g=1.6x1¢C, is the electron chargk,is the photogeneratedAll photodiode characteristics are affected by the change in tempera-

current,l | is the photodetector dark current affds the noise mea- ture. They include shunt resistance, dark current, breakdown voltage,

surement bandwidth. Shot noise is the dominating source when ggsponsivity and to a lesser extent other parameters such as junction
ating in photoconductive (biased) mode. capacitance.

Thermal or Johnsohoise Shunt Resistance and Dark Current:
There are two major currents in a photodiode contributing to dark
The shunt resistance in a photodetector has a Johnson noise asso@nt and shunt resistand@iffusion currents the dominating fac-
ated with it. This is due to the thermal generation of carriers. Térein a photovoltaic (unbiased) mode of operation, which determines
magnitude of the this generated current noise is: the shunt resistance. It varies as square of the temperature. In photo-
conductive mode (reverse biased), howeverthiecurrentbecomes
the dominant current (dark current) and varies directly with tempera-
| = 4kBTAf ture. Thus, change in temperature affects the photodetector more in
in Ry, (10) 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
Where k=1.38 x 16°J/°K, is the Boltzmann Constafi,is the abso- mode, shunt resistance may approximately double for every 6 °C de-
lute temperature in degrees Kelvin (273 °K= 0 %)is the noise crease in temperature. The exact change is dependent on additional

measurement bandwidth aRg, , is the shunt resistance of the photgarameters such as the applied reverse bias, resistivity of the substrate
diode. This type of noise is the dominant current noise in photovoltgiGyell as the thickness of the substrate.

(unbiased) operation mode.

. . . . B_reakDown \bltage:
Note: All resistors have a Johnson noise associated with themFir- small active area devices, by definition breakdown voltage is de-

cluding the load resistor. This additional noise current is large afifled as the voltage at which the dark current becomg8.1@ince
adds to the Johnson noise current caused by the photodetector sfuttcurrent increases with temperature, therefore, breakdown volt-

resistance. age decreases similarly with increase in temperature.
Total Noise Responsivity:

Effects of temperature in responsivity are discussed in the
The total noise current generated in a photodetector is determinedfsponsivity” section of these notes.

_ 2 2
Lo =4/l + 1 (11) BIASING

A photodiode signal can be measured as a voltage or a current. Cur-
rent measurement demonstrates far better linearity, offset, and band-

Noise Equivalent Power is the amount of incident light power of/idth performance. The generated photocurrent is proportional to

photodetector, which generates a photocurrent equal to the noisetlaﬁri-nddent I_ight power and _it rquires to be con\{erted to voltage
rent. NEP is defined as: using a transimpedance configuration. The photodiode can be oper-

ated with or without an applied reverse bias depending on the applica-
tion specific requirements. They are referred to as “Photoconductive”
(biased) and “Photovoltaic” (unbiased) modes.

Noise Equivalent Power (NEP)

—_ Itn
NEP =& (12)

A Photoconductive Mode (PC)

WhereR, is the responsivity in A/W anf is the total noise of the oppjication of a reverse biagd. cathode positive, anode negative)

photodetector. NEP values can vary fromMy/VHzfor large active can greatly improve the speed of response and linearity of the devices.

area photodiodes down to“@ //Hz for small active area photo-This is due to increase in the depletion region width and consequently

diodes. decrease in junction capacitance. Applying a reverse bias, however,
will increase the dark and noise currents. An example of low light
level / high-speed response operated in photoconductive mode is shown
in figure 9.
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PHoTobIoDE CHARACTERISTICS

In this configuration the detector is biased to reduce junction capsebpe can be adjusted to the pulse width of the light source for ma
tance thus reducing noise and rise tije & two stage amplification mum signal to noise ratio. In this application the bias voltage is larg
is used in this example since a high gain with a wide bandwidtmigo opposing protection diodes should be connected to the input
required. The two stages include a transimpedance pre-amp forgroscilloscope across the input and ground.

rent-to-voltage conversion and a non-inverting amplifier for voltage

amplification. Gain and bandwidth (,, ) are directly determined

by R, per equations (13) and (14) . The gain of the second stage is

approximated by 1+ R R,. A feedback capacito€() will limit the RS | Oscilloscope
frequency response and avoids gain peaking. ' ™ | Coaxial Cable P
P e W
C. | ! R.=50 Q| Vour
) | '
R, - . = l

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 detect
and the oscilloscope should be short (i.e. <20cm) and terminated w
a 50 ohm load resistor (R The photodiode should be enclosed in a
Figure 9. Photoconductive mode of operation circuit example: metallic box, if possible, with short leads between the detector and t
Low Light Level / Wide Bandwidth capacitor, and between the detector and the coaxial cable. The me
lic box should be tied through a capacitor)(@ith lead length (L)
GBP less than 2 cm, wherg R, > 10t (1 is the pulse width in seconds$},
deBmax( )= \/ is chosen suchthatR V,,. /101, wherel_ isthe DC photocur-

2R, (Cj +C. + CA) (13) rent. Bandwidth is defined as 0.35 A minimum of 10V reverse bias
is necessary for this application. Note that a bias larger than the pl
todiode maximum reverse voltage should not be applied.
Where GBP is the Gain Bandwidth Product of amplifig) @adC, is

the amplifier input capacitance. Photovoltaic Mode (PV)

The photovoltaic mode of operation (unbiased) is preferred when

Gain 67 ): VOJ =R +ﬁ : (14) photodiode is used in low frequency applications (up to 350 kHz) ¢
W lp R, well as ultra low light level applications. In addition to offering a

simple operational configuration, the photocurrents in this mode ha

L . . less variations in responsivity with temperature. An example of a
In I_ow spee_d applications, a Iarge gain, e.g. >00dan be achieved i1 1ow light level / low speed is shown in figure 11.
by introducing a large value (Rwithout the need for the second stage.

Typical component used in this configuration are: Ce .

AN
Amplifier: CLC-425, CLC-446, OPA-637, or similar. Re=500 M0
R.: 1 to 10 KQ Typical, depending onC 2
R;: 10 to 50 I
R,: 0.5to0 10 kK
C.: 0.2to 2 pF

In high speed, high light level measurements, however, a different ap-
proach is preferred. The most common example is pulse width mea- . _ - )
surements of short pulse gas lasers, solid state laser diodes, o 'QH{P 11. PhOtOVOIta_'C mode of operation circult example: Ultra
other similar short pulse light source. The photodiode output can be low level light / low speed

either directly connected to an oscilloscope (Figure 10) or fed to a fast

response amplifier. When using an oscilloscope, the bandwidth of the

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\Wwww.udt.cdhd



PHoTobIoDE CHARACTERISTICS

In this example, a FET input operational amplifier as well as a large
resistance feedback resistorY® considered. The detector is unbi-

RQ
ased to eliminate any additional noise current. The total output is Y Vour
determined by equation (15) and the op-amp noise current is deter- H
mined by R in equation (16): W I ey
FéS @ A
Vour =1p %R (1) | 7
T Vbias Cd °
I'Te >%
(P 4KT T AR PEty L
N THZ R (16) —~ A o
N | B sV Multiplexer
where k=1.38 x 1# J/°K andT is temperature in °K. . L
@ l— -15V
For stability, selec€_such that

GBP 1 ' 5
> ( 17 ) + Sample
2nR. (Cj +C. +C,) 2nR.C. I1>-75v  and hold

Operating bandwidth, after gain peaking compensation is: ) o _
Figure 12. Circuit example for a multi-element, common

cathode array

1
for (H2) :m (18)
F

Some recommended components for this configuration are:

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

R : 500MQ

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 a sample and hold circuit and a multiplexer. Fig-
ure 12 shows the block diagram for such configuration.
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PHoTobIoDE CHARACTERISTICS

POSITION SENSING DETECTORS

Silicon photodetectors are commonly used for light power measti@a of the centroid of the light spot is indicated and provides electr

ments in a wide range of applications such as bar-code readers, tas@utput signals proportional to the displacement from the centt

printers, medical imaging, spectroscopy and more. There is anofter devices can resolve positions better thapf5 The resolution

function, however, which utilizes the photodetectors as optical pasidetector / circuit signal to noise ratio dependent.

tion sensors. They are widely referred tdasition SensingDetec-

tors or simply PSD. The applications vary from human eye movemébfl Sensors manufactures two types of lateral effect PSD’s. Du

monitoring, 3-D modeling of human motion to laser, light source, drateral and Tetra-Lateral structures. Both structures are available

mirrors alignment. They are also widely used in ultra-fast, accumate and two-dimensional configurations.

auto focusing schemes for a variety of optical systems, such as micro-

scopes, machine tool alignment, vibration analysis and more. Thdpaluo-lateral PSD’s there are two resistive layers, one at the toj

sition of a beam within fractions of microns can be obtained usaryd the other at the bottom of the photodiode. The photocurrent

PSD’s. They are divided into two familiesegmented PSDéndlat- divided into two parts in each layer. This structure type can resol

eral effect PSD’s light spot movements of less that Qs and have very small position
detection error, all the way almost to the edge of the active area. TF

Segmented PSD'sare common substrate photodiodes divided inatso exhibit excellent position linearity over the entire active area.

either two or four segments (for one or two-dimensional measure-

ments, respectively), separated by a gap or dead region. A symnidte-tetra-lateral PSD’s, own a single resistive layer, in which the

cal optical beam generates equal photocurrents in all segments, ippotocurrent is divided into two or four parts for one or two dimen

sitioned at the center. The relative position is obtained by simply n®anal sensing respectively. These devices exhibit more position n

suring the output current of each segment. They offer position resbhearity at distances far away from the center, as well as larger po

tion better than 0.fim and accuracy higher than lateral effect PSQtien detection errors compared to duo-lateral types. However, th

due to superior responsivity match between the elements. Sincetiogy smaller dark currents and faster response times compare to d

position resolution is not dependent on the S/N of the system, as itlataral PSD’s.

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, conflBk$say of Terms:

to certain limitations, such as the light spot has to overlap all segments

at all times and it can not be smaller than the gap between the Begition Detection Error (PDE) or Position non-linearity is de-

ments. It is important to have a uniform intensity distribution of thieed as the geometric variation between the actual position and t

light spot for correct measurements. They are excellent devicesrfeasured position of the incident light spot. Itis measured over 80

applications like nulling and beam centering. of the sensing length for single dimensional PSD’s and 64% of tt
sensing area for two-dimensional PSD’s. For all calculations, the ze

Lateral effect PSD’s are continuous single element planar diffusgubint is defined as the electrical center. This is the point at wiich |

photodiodes with no gaps or dead areas. These types of PSD'slprd-he error is calculated using the following equation:

vide direct readout of a light spot displacement across the entire active

area. This is achieved by providing an analog output directly prop _HL-h

i o . . ; DE([.lm)— -X (19)

ional to both the position and intensity of a light spot present on the .+

detector active area. A light spot present on the active area will gen- 21

erate a photocurrent, which flows from the point of incidence through

the resistive layer to the contacts. This photocurrent is inversely p¥berel, andl, are the photocurrents at the ends of the RIBthe

portional to the resistance between the incident light spot and the €6Asing area half-length jm, andX is the actual displacement of

tact. When the input light spot is exactly at the device center, edigf spot from the electrical centerjim.

current signals are generated. By moving the light spot over the active

area, the amount of current generated at the contacts will deterfgigentage Position Non-linearitys determined by dividing the po-

the exact light spot position at each instant of time. These electgiiin detection error by the total length of the sensing area.

signals are proportionately related to the light spot position from the
center. Interelectrode Resistancés the resistance between the two end con

tacts in one axis, measured with illumination.
The main advantage of lateral-effect diodes is their wide dynamic range.
They can measure the light spot position all the way to the edge ofgition Detection Thermal Drift is the position drift with change
sensor. They are also independent of the light spot profile and in@étemperature. It is the change in position divided by the total
sity distribution that effects the position reading in the segmentedl@fgth. Itis defined within 80% of length or 64% of the area for
odes. The input light beam may be any size and shape, since théfggiimensional PSD’s.

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cdhd



PHoTobIoDE CHARACTERISTICS

Position Resolutionis defined as the minimum detectable displace-
ment of a spot of light on the detector active area. The resolutiofihis one dimensional lateral effect measurements are the same for duo-
limited by the signal to noise ratio of the system. It depends on ligitéral and tetra-lateral structures, since they both have two contacts
intensity, detector noise, and electronics bandwidth. Position resotutop with a common contact at the bottom. In tetra-lateral devices,
tions in excess of one part in ten million have been achieved with Uidtvever, the common contact is the anode with two cathodes on top,
Sensors lateral effect PSD’s. thus making them positivecurrent 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
POSITION CALCULATIONS lateral PSD's.

Segmented PSB’

Figure 13 shows a typical circuit, used with UDT Sensors segmentgd@pﬁ@[@ﬁ o .
photodiodes. : 1

Numerator

Divider —ﬁé

DIVIDER

Denominator

Cathode

Imua PF

Figure 14. Typical circuit used with one dimensional lateral
Y ouput effect PSD’s

DIVIDER

In this configuration the outputs from the first stage are summed and
subtracted in the second stage and finally divided by the divider in the
final stage. The summation, subtraction and the division can be per-
formed by software as well. The position is given as:

Figure 13. Typical circuit used with segmented photodiodes A-B

X =
The X and Y positions of the light spot with respect to the centerona A+ B
guadrant photodiode is found by:

(21)

The same components as the one used in segmented photodiodes car
be used with Rvarying from 1 K2 to 100 K2.

« - (A+D)=(B+C)

A+B+C+D For high-speed applications, the junctions can be reverse biased with a
(A+B)-(C+D) (20) small gain (R). For low frequency applications, however, the photo-
= diode can be left unbiased and the gajn, €an be as high as 10aM
A+B+C+D The feedback capacitor stabilizes the frequency dependence of the gain

and can vary from 1 pF to 1. The gain in the first stage amplifier

WhereA, B, C,andD are the photocurrents measured by each sedf X R and the gain of the second stage is unity.
The recommended components for this circuit are application specific. _ ,
However, the following components are widely used in most applié4.0 Dimensional Duo-lateral PSI3

tions:

The two dimensional duo lateral PSD’s with two anodes on top and
Amplifiers A and A; OP-37 or similar two cathodes on the back surface of the photodiode measure positions
Divider: ! DIV-100 or similar in two different directions respectively. They provide a continuous
R.and R: 10 kQ to 10 MO position reading over,the epnre active area, with accuracy _hlgher than
ok 1/ (2R the tetra-lateral PSD’s. Figure 15 shows a typical circuit for two-

dimensional duo-lateral PSD'’s.

The same circuit can be used for one-dimensional (bi-cell) measurments. o
For high-speed applications, the cathodes are usually forward

Lateral Effect PSD5s
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V+ S

Bias ADJ |
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3 3 3
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2

Numerator

Difference
Amplifier
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Cathode |C

B A
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]
,
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> R,
1 - -
a > Numerator
.

Difference
Amplifier

z
H
) %

Denominator

—)
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Numerator

Divider —==

Divider

Ry

A+B

< N X - o
A, A, LD D
* *"sum
R,

Amplifier

Denominator

Figure 15. Typical Circuit used with two dimensional duo-lateral Figure 16. Typical Circuit used with two dimensional tetra-
PSD’s lateral PSD’s

biased while the anodes are reverse biased. This extends the bias range
that is normally limited by the maximum reverse voltage. Same com-
ponents as the one-dimensional PSD’s are recommended. The output
is as following:

w = A-B
A+B

- 22

y-C-D (22)
C+D

Tetra-Lateral PSD$

In a two 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.
This is shown in figure 16.

For high-speed applications, the anode is reverse biased and the feed-
back resistor (B shall be chosen small. Additional gain can be achieved
by additional stages. The recommended components and the output
are similar to two-dimensional duo-lateral devices.
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APPLICATION NOTES AND READING SOURCES

The following application notes are available for more technical information about specific uses and applications:

Silicon photodiodes come into their own

Silicon photodiodes - physics and technology

Noise and frequency response of silicon photodiode operational amplifier combination
Suitability of silicon photodiodes for laser emission measurements

Measuring LED outputs accurately

Radiometric and photometric concepts based on measurement techniques

Silicon photodiode device with 100% external quantum efficiency

Lateral-effect photodiodes

Techniques for using the position sensitivity of silicon photodetectors to provide remote machine control
10. Practical electro-optics deflection measurements system

11. Non-contact optical position sensing using silicon photodetectors

12. Continuous position sensing series (LSC, SC)

13. Using photodetectors for position sensing

14. High-precision, wide range, dual axis angle monitoring system

15. Real time biomechanical position sensing based on a lateral effect photodiode

16. A new optical transducer to measure damped harmonic motion

17. Quantum efficiency stability of silicon photodiodes

18. Neutron hardness of photodiodes for use in passive rubidium frequency standards

19. The effect of neutron irradiation on silicon photodiodes

20. Stable, high quantum efficiency, UV-enhanced silicon photodiodes by arsenic diffusion

21. Stable, high quantum efficiency silicon photodiodes for vacuum-UV applications

22. Stability and quantum efficiency performance of silicon photodiode detectors in the far ultraviolet
23. Silicon photodiodes with stable, near-theoretical quantum efficiency in the soft X-ray region

©CoNo~wWNE

For any of the above documents, request them by number and write to:

UDT Sensors Inc. 12525 Chadron Avenue, Hawthorne, CA 90250
Telephone: (310) 978-0516;

FAX: (310) 644-1727

E-mail: tech-support@udt.com

Web Site: www.udt.com

RECOMMENDED SOURCES FOR FURTHER READING:

Graeme, Jerald, Photodiode Amplifiers, McGraw Hill, New York, 1996

Dereniak, E.L., and D.G. Crowe, Optical Radiation Detectors, Wiley, New York, 1984.

Keyes, R.J., Optical and Infrared Detectors, Vol. 19, Topics in Applied Physics, Springer-Verlag, New York, 1980.
Kingston, R.H., Detection of Optical and Infrared Radiation, Springer-Verlag, New York 1978.

Kruse, P.W., L.D. McGlaughlin, and R.B. McQuistan, Elements of Infrared Technology, Wiley, New York, 1963.
Sze, S.M., Physics of Semiconductor Devices, 2nd ed., Wiley-Interscience, New York, 1981.

Willardson, R.K., and A.C. Beer, Semiconductors and Semimetals, Academic Press, New York, 1977.

Wolfe, W.L. and G.J. Zissis, The Infrared Handbook, Superintendent of Documents, Washington D.C., 1979.
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STANDARD PHOTODIODES

ELecTRO-OPTICAL SPECIFICATIONS AND DESIGN NOTES

In addition to our wide variety of standard photodiodes appearing in the following pages, a majority of UDT Se
products include a broad range of custom photodiodes and custom value-added products. Our strong de:
engineering group can provide services from concept to final manufactured product.

* High Reliability, Military and Aerospace Detectors
per Applicable MIL-STDs.

» High Energy Particle Detectors

* Detector / Hybrid Combinations (Thick, Thin and
Combifilm Ceramics)

Detector / Filter Combinations

Detector / Emitter Combinations

Detector / PCB Combinations

Detector / Scintillator Crystal Combinations

« Color Temperature Detectors

» Low Cost Plastic molded Detectors

» Opto Switches and Interrupters

» Detector / Thermo-Electric Cooler Combinations
» Suface Mount Packages

» Custom Position Sensing Detectors

* Multi-Element Array (1D and 2D Configurations)




PHOTOCONDUCTIVE SERIES

PLANAR DiFFuseD SiLicoN PHoToDIODES

| APPLICATIONS FeATURES I

High Speed Response

Pulse Detectors

¢ Optical Communications * Low Capacitance
* Bar Code Readers * Low Dark Current
¢ Optical Remote Control * Wide Dynamic Range
* Medical Equipment * High Responsivity

High Speed Photometry

The Photoconductive Detector Series are suitable for high speed and highAseimdicated in the specification table, the reverse bias should not exceed 30

sitivity applications. The spectral range extends from 350 to 1100 nm, muilts. Higher bias voltages will result in permanent damage to the detector.

ing these photodiodes ideal for visible and near IR applications, including such

AC applications as detection of pulsed LASER sources, LEDs, or chopBatte a reverse bias generates additional dark current, the noise in the device

light. will also increase with applied bias. For lower noise detectors, the Photovol-
taic Series should be considered.

To achieve high speeds, these detectors should be reverse biased. Typical re-

sponse times from 10 ns to 250 ns can be achieved with a 10V reverse bigRefer to thd”hotoconductive Mode (P@gpragraph in the “Photodiode Char-

example. When a reverse bias is applied, capacitance decreases (as seeadtettigics” section of this catalog for detailed information on electronics set

figure below) corresponding directly to an increase in speed. up.

, Typical Capacitance vs Reverse Bias 0 Typical Spectral Response
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PHoOTOCONDUCTIVE SERIES TypicAL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Active Responsivity Capacitance Dark NEP Reverse Rise Temp Package
No. Area (AW) (pF) Current (WH/Hz) Voltage Time Range Style §
(nA) V) (ns) ('C)
10V
— 400 nm 632 nm 970 nm oV -0V -0V -10V 632
o« £ 970 nm nm
£ = soe | 2| g
E 5 g ®
g 2 2| 3
= [}
< g ©
= c o c o c o o o o = [=3 = o
g = 2 IS 2 g 2 2 2 2 = 2 = =
D SERIES, METAL PACKAGE
PIN-020A | .20 0.51¢ 4 1 o1 a5 28e-15 26
1/TO-18
PIN-040A | 81 1.02¢ 8 2 05 | 50 6.2e-15 24
PIN-2DI 1.1 81x1.37 25 5 10 | 1.0 8.7¢e-15
4/70-18
PIN-3CDI 13
32 | 1.27x254 45 12 15 2 1le-14
PIN-3CD 7/TO-18
PIN-5DI ol vl 2/T08
5.1 2.54¢ 85 15 25 3 l4e-14 12 S| o
PIN-5D *1 7| s/mo5
o n
S| @
PIN-13DI 2/TO5
13 3.6q 225 40 35 6 16e-14 14
PIN-13D 07 | .12 .33 40 .60 .65 30 5/TO-5
PIN-6DI 3/TO-8
16.4 457¢ 330 60 5 10 19e-14 17
PIN-6D 6/TO-8
PIN-44DI 3/TO-8
a4 6.65q 700 130 1 15 28e-14 24
PIN-44D 6/TO-8
PIN-10DI 10 / Lo-Prof
100 11.28 ¢ 1500 | 300 2 25 39e-14 43
o o
PIN-10D €1 % | 11/BNC
sl o
Sl I
PIN-25D 613 2790 9500 | 1800 | 15 | 1000 | 1.1e-13 250 12/BNC
D SERIES, PLASTIC PACKAGE 8
FIL-3C 32 | 1.27x254 45 12 15 2 1le-14 13
FIL-5C 51 254 ¢ 85 15 25 3 l4e-14 12 14/ Plastic
o o
FIL-20C 16.4 457 ¢ o8| 12| 33 | 40| 60 | 65| 330 60 5 10 19e-14 0 17 glg ?
FIL-44C 44 6.65q 700 130 | 1 15 28e 14 24 2|8
15/ Plastic
FIL-100C | 100 1128 ¢ 1500 | 300 2 25 39e-14 43
PIN-220D | 200 10 x 20 3200 | 600 5 100 6.2e-14 75 26 / Plastic

The | suffix on the model number is indicative of the photodiode chip being isolated from the package by an additional pin connected to the case.
§ The photodiode chipsin FIL series are isolated in a low profile plastic package. They have a large field of view as well as in line pins.
9 For mechanical drawings please refer to pages 59 thru 71.
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PHOTOVOLTAIC SERIES

PLANAR DIFFuseD SiLicoN PHOTODIODES

| APPLICATIONS FeATURES I

* Colorimeters ¢ Ultra Low Noise

* Photometers * High Shunt Resistance
* Spectroscopy Equipment * Wide Dynamic Range
* Fluorescence * Blue Enhanced

The Photovoltaic Detector series is utilized for applications requiring high demeonsidered for better linearity.

sitivity and moderate response speeds, with an additional sensitivity in the

visible-blue region for the blue enhanced series. The spectral response rdigs® detectors are not designed to be reverse biased! Very slight improve-

from 350 to 1100 nm, making the regular photovoltaic devices ideal for visiiblent in response time may be obtained with a slight bias. Applying a reverse

and near IR applications. For additional sensitivity in the 350 nm to 550 ias of more than a few volts (>3V) will permanently damage the detectors. If

region, the blue enhanced devices are more suitable. faster response times are required, the Photoconductive Series should be con-
sidered.

These detectors have high shunt resistance and low noise, and exhibit long

term stability. Unbiased operation of these detectors offers stability uridefer to thé>hotovoltaic Mode (P\Waragraph in the “Photodiode Character-

wide temperature variations in DC or low speed applications. For high lighits” section of this catalog for detailed information on electronics set up.
levels (greater than 10mW/énthe Photoconductive Series detectors should

Typical Shunt Resistance vs Temp

- Normalized at 23"C o7 Typical Spectral Response
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TypicaL ELECTRO-OPTICAL SPECIFICATIONS A

Model Active Responsivity Capacit Shunt NEP Rise Temp Package
No. Area (AIW) ance Resistance (W/\/Hz) Time Range Style §
(PF) (MQ) (ns) ("C)
= ov oV
< E 400 nm 632 nm 970 nm oV -10 mV 970 nm 632 nm o
E fo) Il
£ s 50 =| o
E o ©| 8
[ (2} ) o
Q c [=R s
<‘E g S a = a = a a = a a a ol ®
5 £ 2 £ 2 £ 2 2 £ 2 2 =
DP SERIES, METAL PACKAGE
PIN-2DPI 1.1 .81x1.37 150 4/TO-18
1000 10000 | 2.1e-15 30
PIN-125DPL 1.6 1.27 sq. 160 8/TO-18
PIN-3CDPI 4/TO-18
3.2 1.27 x 2.54 320 750 5000 3.0e-15 50
PIN-3CDP 71/TO-18
PIN-5DPI 2/TO-5
5.1 254 ¢ 500 500 4000 34¢e-15 60 gl »
PIN-5DP 7l ¥ 5/T0-5
! !
PIN-13DPI | 8| 2/705
13 3.6sq 1200 350 3500 3.6e-15 150
PIN-13DP 5/TO-5
PIN-6DPI 3/TO-8
07 | 12 | 33 | 40 | 55 | .60
16.4 457 ¢ 2000 200 3000 39e-15 220
PIN-6DP 6/TO-8
PIN-44DPI 3/TO-8
44 6.6 sq 4300 100 2000 48e-15 475
PIN-44DP 6/TO-8
PIN-10DPI 10/ Lo-Prof
100 11.28 ¢ 9800 50 1000 | 6.8e-15 | 1000 3l R
PIN-10DP | | 11/BNC
o o
il
PIN-25DP 613 279 ¢ 60000 2 50 3.0e-14 6600 12 /BNC
DP SERIES, PLASTIC PACKAGE §
FIL-3V 3.2 1.27 x 2.54 320 750 5000 3.0e-15 20
FIL-5V 5.1 254 ¢ 500 500 4000 | 3.4e-15 60 14/ Plastic
gl
FIL-20V 16.4 457 ¢ o8 | 12| 33| 40l 55 | 60 2000 200 3000 39e-15 220 oy
o o
FIL-44V 44 6.6 sq 4300 100 2000 48e-15 475 < o
15/ Plastic
FIL-100V 100 11.28 ¢ 9800 50 1000 6.8e-15 1000
PIN-220DP 200 10 x 20 20000 15 300 12e-14 2200 26 / Plastic

SUPER BLUE ENHANCED DP/SB SERIES ( All Specifications @ A =410nm, Vgias = 0V, R, =50Q)

Model No. Active Responsivity Capacitance Rsh NEP Operat. Current Rise Time Pakcage
Area/Dimension (A/W) (pF) M) (WIVHz) (mA) (ns) Style |
mm?® mm Min Typ Typ Min Typ Max Typ

PIN-5DP/SB 51 254 ¢ 450 150 52e-14 2.0 0.2 5/TO-5
PNI-10DP/SB o| o 10/ LoProf
100 | 11284 | 015 0.20 8800 10 20e-13 10.0 2.0 ¥
PIN-10DPI/SB & & | 1/enc
S
PIN-220DP/SB 200 10x 20 17000 5 29e-13 10.0 4.0 26 / Plastic

The | suffix on the model number is indicative of the photodiode chip being isolated from the package by an additional pin connected to the case.
§ The photodiode chips in FIL series are isolated in a low profile plastic package. The have a large field of view as well as in line pins.
1 For mechanical drawings please refer to pages 59 thru 71.

Operating Temperature: -40 to +100 "C, Storage Temperature: -55 to +125 "C.
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UV ENHANCED SERIES

I NVERSION LAYERSAND PLANAR DIFFUSED SiLICON PHOTODIODES

| APPLICATIONS FEATURES I
* Pollution Monitoring * Inversion series:
* Medical Instrumentation 100% Internal QE
* UV Exposure Meters ¢ Ultra High Ry,
* Spectroscopy * Planar Diffused Series:
* Water Purification IR Suppressed
* Fluorescence High Speed Response
High Stability

* Excellent UV response

UDT Sensors offers two distinct families of UV enhanced silicon photodiodaput power compared to inversion layer devices.
Inversion channel series and planar diffused series. Both families of devices
are especially designed for low noise detection in the UV region of electronfdgey have relatively lower responsivities and quantum efficiencies compared
netic spectrum. to inversion layer devices. There are two types of planar diffused UV en-
hanced photodiodes available: UVD and UVE. Both series have almost simi-
Inversion layer structure UV enhanced photodiodes exhibit 100% internal qlearelectro-optical characteristics, except in the UVE series, where the near IR
tum efficiency and are well suited for low intensity light measurements. Thegponses of the devices are suppressed. This is especially desirable if block-
have high shunt resistance, low noise and high breakdown voltages. Thegédhe near IR region of the spectrum is necessary. UVD devices peak at 970
sponse uniformity across the surface and quantum efficiency improves witmSand UVE devices at 720 nm (see graph). Both series may be biased for
to 10 volts applied reverse bias. In photovoltaic mode (unbiased), the cajpmager capacitance, faster response and wider dynamic range. Or they may be
tance is higher than diffused devices but decreases rapidly with an applistated in the photovoltaic (unbiased) mode for applications requiring low
reverse bias. Photocurrent non-linearity sets in at lower photocurrents fodiiifit with temperature variations. The UVE devices have a higher shunt resis-
version layer devices compared to the diffused ones. They represent highige than their counterparts of UVD devices, but have a higher capacitance.
stable responsivity under temperature changes up to 700 nm.
These detectors are ideal for coupling to an OP-AMP in the current mode con-
Planar diffused structure UV enhanced photodiodes show significant adfigoration as shown below.
tages over inversion layer devices, such as lower capacitance and higher re-
sponse time. These devices exhibit linearity of photocurrent up to higher light

For further details, refer to the “Photodiode Characteristics” section of the catalog.
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INVERSION LAYER UV ENHANCED PHOTODIODES TypPicAaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Active Responsivity | Capaci Shunt NEP Reverse Rise Operating Temp Package
No. Area (A/W) -tance Resistance (W/W/Hz) Voltage Time Current Range Style |
(pF) M9Q) () (Bs) (mA) ("C)
= - ov oV
S o 254 nm oV -10 mv 254 nm 254 nm oV Operating Storage
£ g E 50 Q
& e=
< o min typ typ min typ typ max typ max
UV ENHANCED SERIES, METAL PACKAGE
UVv-001 0.8 10¢ 60 250 500 6.4e-14 0.2
UV-005 5.1 254 ¢ 300 80 200 1.0e-13 0.9 5/T0-5
UVv-015 15 3.05x3.81 800 30 100 l.4e-13 2.0
-20 ~ +60 -55 ~ +80
UVv-20 20 5.08 ¢ 1000 25 50 2.0e-13 2.0
6/TO-8
UV-35 35 6.60x5.33 1600 20 30 1.7e-13 3.0
.09 14 5 0.1
UV-50 11/BNC
UV-50L. 50 7.87 ¢ 2500 10 20 2.6e-13 3.5 10/ LoProf
-10 ~ +60 -20~+70
UV-100 11/BNC
UV-100L 100 11.28 ¢ 4500 5 10 45e-13 5.9 10/ LoProf
UV ENHANCED SERIES, PLASTIC PACKAGE §
FIL-UV005 5.1 254 ¢ 300 50 100 9.2e-14 0.9
14/ Plastic
FIL-UV20 20 5.08 ¢ 1000 20 50 1.3e-13 2.0
UV-35P 35 | 6.60x5.33 | 09 14 1600 15 30 1.7e-13 . 3.0 0.1 -10~+60 | -20~+70 | 24/ Plastic
FIL-UV50 50 7.87 ¢ 2500 10 20 21e-13 3.5
15/ Plastic
FIL-UV100 100 11.28 ¢ 4500 5 10 29e-13 5.9
The | or L suffix on the model number is indicative of the photodiode chip being isolated from the package by an additional pin connected to the case.
§ The photodiode chips in FIL series are isolated in a low profile plastic package. The have a large field of view as well as in line pins.
9 For mechanical drawings please refer to pages 59 thru 71.
) Typical Shunt Resistance vs Temp
Typical Spectral Response Normalized at 23"C
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PLANAR DiIFFusep UV ENHANCED PHOTODIODES TypicAL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Active Peak Responsivity Capacitance Shunt NEP Reverse Rise Temp Package
No. Area Wavelength (A/W) (pF) Resistance (WHHz) Voltage Time Range Style 1
(nm) (GQ) V) (us) ("C)
. ov oV
= 15 254 | 633 | 930 oV -10 mV 254 nm 254nm | 2| o
g ag nm nm nm 50 Q = ?
© o E ) o
® £~ ) 2| 0
< a typ typ typ typ min typ typ max typ o
UVE SERIES METAL PACKAGE
UV-005E 5.7 2.4 sq 200 0.50 10 13e-14 0.15
2| g| 5/T05
UV-013E 13 3.65q 400 0.40 5 18e-14 5 0.30 i
720 0.10 | 0.33 | 0.17 S|y
UV-035E 34 5.8 sq 1000 0.20 1 41e-14 0.80 "1 "] 6/TO-8
UVE SERIES CERAMIC PACKAGE
UV-005EC 5.7 2.4sq 200 0.50 10 1.3e-15 0.15 ol o
[te} [ee]
+ + .
UV-035EC 34 5.8sq 720 010 | 033 | 0.7 1000 0.20 1 41e-14 5 0.80 ! 1 | 24/Ceramic
o o
N N
UV-100EC 100 10sq 2500 010 | 050 | 58e-14 1.00
UVD SERIES METAL PACKAGE
UV-005D 5.7 2.4 sq 100 0.30 4 20e-14 0.10
2l gl 5/7105
+ +
UV-013D 13 36sq 970 0.10 | 0.33 | 050 225 0.20 2 28e-14 5 0.20 ! ]
o n
N [Tel
UV-035D 34 5.8 5q 550 010 [ 050 | 56e-14 0.40 ' ‘| 6/TO-8
UVD SERIES CERAMIC PACKAGE
UV-005DC 5.7 2.4 sq 100 0.30 4 20e-14 0.10 ol o
[te} e}
+ + .
UV-035DC 34 5.8sq 970 0.10 | 0.33 | 0.50 550 0.10 0.5 56e-14 5 0.20 ! 1 | 24/Ceramic
o o
N N
UV-100DC 100 10 sq 1750 0.04 [ 020 | 91e-14 1.00
1 For mechanical drawings please refer to pages 59 thru 71.
. Typical Spectral Response Typical Capacitance vs Reverse Bias
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FIBER OprTiC SERIES

| APPLICATIONS FEATURES I

* Fiber Optic Communication Link® Speeds in sub ns

* Video Systems * High gain

* L aser Monitoring Systems ¢ Low dark current

* Computers and Peripherals * Low capacitance

¢ Industrial Controls * TO-46 metal can

* Guidance Systems With lensed cap

* FDDI Local Area Networks
* High Speed Optical Communications

UDT Sensors offers a variety of fiber optic detectors. They include: only 325 V. It provides high gain bandwidth product and high responsivit
compared to detector/transimpedance amplifier combination.
Fiber Optic Series-Silicon: are several families of small active area sili-
con photodiodes divided into High Responsivity Series (HR), High Speed Fiber Optic Series-Silicon BPX-65: is a 1 x 1 mm active area high spee
Series (HS) and Ultra High Speed (UHS) series. silicon photodetector for high modulation bandwidth applications wher
a large active area is needed.

Fiber Optic Series-Silicon / Hybrid: is a 90 MHz integrated silicon pho-

todetector / transimpedance amplifier hybrid with a single power supply Fiber Optic Series-InGaAs: devices are high speed InGaAs detectors ¢

and linear differential output voltage for applications such as Ethernet hibiting a spectral range of 850 to 1700 nm. These detectors are spec

and token ring systems. This detector is available with a micro lens cap. cally designed for NIR optical communication, providing high responsivity
low capacitance and high speed. They are available with micro lens c:

Fiber Optic Series-Silicon APD: is a small active area Silicon Avalanche
Photodiode with gains up to a few hundred with a typical reverse bias of

All of the above detectors and /or hybrids are also available with a spherical micro lens cap to enhance fiber optic coupliffigiency. They can also
be provided with any of the standard receptacles such as SMA, ST, FC, etc., for direct optical fiber coupling.

‘ FSMA | FC | ‘ ST |
1 - ® 1 1 ‘
,,,,, f,,,%, - 7777?*7 ,,,,z

I @] b i I
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HicH SPEED SLICON SERIES

FiBer OpTiCc PHOTODIODES

| APPLICATIONS FEATURES I

* Fiber Optic Communication Link® Sub ns Response

* Video Systems ¢ Low Dark Current
* Computers and Peripherals * Low Capacitance
¢ Industrial Control * TO-46 Package

* Guidance Systems *w/ FO Receptacle
* Laser Monitoring *w/ Lensed Cap

UDT Sensors Silicon Fiber Optic detector series consist of three families)DIT Sensors’ Ultra High Speed (UHS) detector demonstrates state of the art
small active area photodiodes with High Responsivity (HR Series), High Spgstector technology, achieving response times less than 300ps at -3V reverse
(HS Series) and Ultra High Speed (UHS Series) properties. bias.

The spectral range for these devices are from 350 nm to 1100 nm. Ndte that for all high-speed photodetectors, a reverse bias is required to achieve

responsivity and response time are optimized such that the HR series exhili fastest response times. However, the reverse bias should be limited to

peak responsivity of 0.50 A/W at 800 nm and typical response times of afieaximum reverse voltage specified to avoid damage to the detector. Output

hundred pico seconds at -5V, while the HS series have a peak responsivifiginéls can be measured directly with an oscilloscope or coupled to high fre-

0.40 A/W at 750 nm and typical response times less than 500 ps at -3V. quency amplifiers as shown in figure 10 of the Photodiode Characteristics sec-
tion of the catalog.

Typical Capacitance vs Reverse Bias Typical Capacitance vs Reverse Bias
100 HiGH ResPonsIvITY SERIES 100 HiGcH SPeeD SERIES
HR-040 HS-040
HR-026 HS-026
HR-020 UHS-016
— HR-008 & HR-005 — HS-020
w w
S 1 \ S \ HS-008 & HS-005
) )
o | o —
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S} \\\\ @] \\—\\
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. HicH RESPONSIVITY SERIES 1E4 HicH SPEED SERIES
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—————————————————
FiBer OpTiC SERIES, SLICON TypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

Model Active Peak Responsivity Capacitance Dark Current NEP Reverse Rise Temp Package
No. Area Wavelength (A/W) (pF) (nA) (WIVHZ) Voltage Time § Range Style 1
(nm) V) (ns) (9]
T
«GE“ £ 830 830 nm 830 nm o 4
~ c
E 5 nm 50 Q = =
@ @ 3| S
2 5 min typ typ typ max typ max typ max S &
< = o
5
HIGH SPEED SERIES (Vgias=-3 V)
PIN-HS005 .01 0.127 ¢ 1.0 0.01 0.30 45e-15 0.30 | 0.40
PIN-HS005L*
PIN-HS008 .04 [ 0.203sq 1.0 0.01 030 | 45e-15 0.30 | 0.40
PIN-HS008L*
15
PIN-HS020 .20 0.508 @ 750 35+ 40* 25 0.02 0.50 6.3 e-15 0.40 0.50
PIN-HS020L* ’ ’
PIN-HS026 .34 0.660 @ 4.0 0.035 0.80 8.4 e-15 0.45 0.65
PIN-HS026L*
PIN-HS040 77 0.991 @ 55 0.05 1.50 1.0e-14 0.65 0.90
PIN-HS040L*

HIGH RESPONSIVITY SERIES (Vgjas=-5 V)

o wn

o N
PIN-HRO05 o1 | 0127¢ 08 003 | 080 | 1.6e-14 060 | 10 | F| ¥ |°/TO®
PIN-HROO5L* Sl b

§| 8
PIN-HR008 04 | 0203sq 08 003 | 080 | 1.6e-14 060 | 1.0
PIN-HROOBL*

15

PIN-HR020 20 | 05089 . " 2.0 006 | 1.00 | 88e15 080 | 1.2
PIN-HRO20L* 800 ol e
PIN-HR026 34 | 06600 35 0085 | 150 | 1.0e-14 090 | 14
PIN-HRO26L*
PIN-HR040 77 | 09919 45 030 | 200 | 1.9e14 10 | 16
PIN-HRO40L*

ULTRA HIGH SPEED (Vgias=-3 V)

PIN-UHS016 13 0.406 @ 750 .30* .35% 2.0 0.020 0.50 7.2e-15 15 0.25 0.30
PIN-UHSO016L*

* Responsivtiy measured with a flat glass window.
Refer to the specific family of
devices for applied reverse bias.

1 For mechanical drawings please Typ ical Spec tral Respons e
refer to pages 59 thru 71. 0.6

Chip centering within — 0.005 inches HR
w.r.t. the OD of header.

o
3

UHS

\
A\

400 500 600 700 800 900 1000 1100
W avelength (nm)

o
N

Responsivity (A/W)

o
i

PRECAUTION: These devices are sensitive to electrostatic discharge (ESD). Use proper handling and testing procedures.
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PIN-HO90M

FiBer OpTic HYBRID PHOTODIODE

| APPLICATIONS FEATURES I

* Ethernet and Token Ring SystemsHigh Speed CMOS op-amp
* Fiber Based 10Base-FL * High Sensitivity

* FOIRL ¢ Differential output

* WDM in 750-900 nm range * Single +5V supply

Vdd —

The PIN-H90M is an integrated silicon photodetector and transimpedance am-
plifier hybrid mounted in a lensed TO-46 metal package, suitable for fiber \\‘4 1
optic coupling with any of standard fiber optic receptacles such as ST, SMA J{ X Data-Out
and FC. Fiber sizes from @i to 10um can be accommodated when mounted Data-Out
in any the above receptacles. The device is capable of handling a bandwidth of 2

45 MHz minimum and operates from a single +5V supply. Furthermore, it
provides a linear, differential output biased around a nominal 2.5V.

/

\

3
PARAMETER SYMBOL UNIT CONDITION MINIMUM TYPICAL MAXIMUM
Absolute Maximum Ratings
Operating Temperature Range TOP "C — -40 —_— +85
Storage Temperature Range TST "C - -50 — +85
Lead Soldering Temperature TSLD "C 10 sec — — +260
Package Style I TO-18 with Micro Lens Cap

1 For mechanical drawings please refer to pages 59 thru 71, figure 16.
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—————————————————
Fiser OpTic SErRIES / PIN-HO0M TvypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

PARAMETER SYMBOL UNIT CONDITION MINIMUM TYPICAL MAXIMUM

OPERATING CONDITIONS

Power Supply V+ \% 4.75 5.0 5.25
Spectral Range ARANGE nm 750 800 950
Resistive Load R Q 400
Capacitive Load C. pF 10
Power Supply Current lop mA Rc=infinity 15 20

OPTICAL CHARACTERISTICS

Peak Linear Input Power Pun dBm -13
Saturation Input Power Psar dBm -6
DC Output Voltage Vobc \% 2 2.5 3
Differential Output Voltage Swing Vose \ 1
Output Sink / Source Current lout mA 4
Output Impedance Zo Q 50

DYNAMIC CHARACTERISTICS

Bandwidth fc MHz 45 90
Output Rise/Fall Times tr, tr ns 4 6
PW=10ns
Pulse Width Distortion PWD ns 50% duty cycle 0.5 2.5
50% amplitude

Overshoot % 3

NOISE

Equivalent Optical Noise Input Pno dBm DC-50MHz -43 -41
Equivalent Optical Noise Voltage Vo mVv 0.5

TRANSFER CHARACTERISTICS

Single Ended 9.0 12.0 15.0
Responsivity R mV/pw
Differential 18.0 24.0 30.0
Single Ended 20
Power Supply Rejection Ratio PSRR dB
Differential 30

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.ca2®



PIN-APDO0O32

FiBer OpTic AVALANCHE PHOTODIODE

| APPLICATIONS FEATURES I

* Pulse Detectors * Very High Sensitivity / QE
* Optical Communications * Low Noise

* Bar Code Reader * Fast Response time

¢ Optical Remote Control * Low Bias \oltage

* Medical Equipment
* High Speed Photometry

There are a few applications where a normal photodiode becomes Johtmois especially suited for making good avalanche photodiodes, as the ioniza-
noise limited when used with a low impedance load resistor for fast respatime coefficient for electrons is much higher than for holes.

Silicon Avalanche Photodiodes (APD) make use of internal multiplication, to

achieve gain due to impact ionization. The result is high responsivity as WE-APD032 is manufactured using a double implanted “reach through” struc-
as high gain bandwidth product with superior sensitivity compared to regtlae, which is the optimum structure for good gain and temperature stability
PIN photodiode/amplifier combinations for high bandwidth applications. S@éembined with low noise and dark current.

Typical Gain vs Reverse Bias

0 1064 nm Typical Responsivity vs Reverse

1E+0 1E+0:
@ 850|nm
1E+02) g 1E+02)
'g 1E+01 Z 1o
5 / — @ 1064 nm
[oR
]
1E+00 O 1E+00
/—_—/
—/—/
1E-01! 1E-01
0 50 100 150 200 250 300 350 (9] 50 100 150 200 250 300 350
Reverse Voltage (V) Reverse Voltage (V)

Typical Dark Noise vs Reverse Bias
@ 10 kHz _ Typical Dark Current vs Reverse Bias

1E-08 1E-0
g 1E-09] / 1E-06 /
<
3 / < /
< 1E-10 c 1E-07
< )
= L

=
8 >
= (@)
o 1E1 < 1E08
=z =

© /
x (=
T 1E12 —
[a) 1E-09)

//—
181 1E-10
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Reverse Voltage (V) Reverse Voltage (V)
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AVALANCHE PHOTODIODE

TypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

PARAMETER UNIT CONDITION MINIMUM TYPICAL MAXIMUM
Active Area mm?® 05
Active Area Diamater mm 0.8
Operational Voltage \% Gain=120 275

850 nm 45 75
Responsivity AW

1064 nm 10 20
Dark Current nA Gain=120 3 10
Capacitance pF 2 4
Series Resistance Q 15
Temperature Coeff. *
Const. Responsivity v/I'C 2.2
Noise Current pA/HZ" f=10 kHz, Af=1.0 Hz 0.5 2
Rise Time ns 50 Q, 900 nm 2.0 3.0
Breakdown Voltage \% 300 375
Operating Temperature "C -40 +70
Storage Temperature "C -60 +100

Package Style

Isolated 3 pin TO-5

1 For mechanical drawings please refer to pages 59 thru 71, figure 2.

* Measured between 0° - 40° C

UDT Sensors Inc.

Phone:

310-978-0516

Fax:

310-644-1727

http:\\www.udt.cddid




BPX-65

FiBer OpTic PHOTODIODES

| APPLICATIONS FeATURES I

* TO-18 Flat Glass Pkg
* High Speed
¢ 1 X 1 mm active area

¢ Fiber Optic Communications
¢ Laser Warning Systems
* Encoders

BPX65 is a high speed 1 x 1 mm active area photodiode designed for applica-
tions with high modulation bandwidth including fiber optics. A TO-18 with a
flat window houses this low dark current device. It is also available with a
micro lens cap as well as standard fiber optic receptacles such as SMA, FC and
ST, for fiber coupling enhancement and higher efficiency.

TypicaL ELECTRO-OPTICAL SPECIFICATION AT TA=23°C

Model
No.

Active
Area

Peak
Wavelength
(nm)

Responsivity
(A/W)

Capacitance

(PF)
1 MHZ

Dark
Current
(nA)

NEP
(WHz)

Reverse
Voltage
V)

peak

-20V
1 MHZ

-20 V

-20V
970 nm

Rise
Time
(ns)

Temp
Range
("C)

20V
830 nm
50 Q

Package
Style 1

Area(m mz)
Operating
Storage

min typ typ max typ typ max typ | Max

Dimension (mm)

BPX65 1.0 | 10sq 900 3.0 4 0.50 5.0 2.3e14 50 2.0 3.0 8/TO-18

-25~+85
-40 ~ +100

1 For mechanical drawings please refer to pages 57 thru 67.

Typical Spectral Response
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HicH SPEED INGAAS SERIES

FiBer OpTiCc PHOTODIODES

| APPLICATIONS FeATURES I

* High Speed LAN * High Speed Response
* FDDI Local Area Networks * \ery Low Capacitance
* High-Speed CATV, Telecom  * Micro Lens Cap

The InGaAs detectors exhibit a spectral response range from 900 nm to 1708pplying reverse bias is required to achieve the fastest response. The reve
These detectors are specifically designed for optical communication appliéas should be limited to maximum reverse voltage as specified in the tal
tions, providing high responsivity, low capacitance and high speed. Theytelew, to avoid damage to the detector. Detector output can be coupledto b
provided with a spherical lens to enhance coupling efficiency. The deteci@guency amplifiers or measured directly with an oscilloscope as shown
are also available with any of the standard receptacles such as SMA, STigu@ 10 in the Photodiode Characteristics section of this catalog.

FC for direct optical fiber coupling.

InGaAs SERIES TypicaL ELECTRO-OPTICAL SPECIFICATION AT Ta=23°C
Model Active Responsivity Capacitance Dark Rise/Fall Reverse Reverse Forward Temp Package
No. Area (A/W) (pF) Current Time Voltage Current Current Range Style 1
(nA) (ns) V) (mA) (mA) ("0
€
< c 1300 -5V -10V -5V o
€ = nm 1 MHz 1300 nm £l g
£ S ® o
= 2 50 Q = =
[0} 2] [ o
(] g o 1)
< . o
< 1= min typ typ max typ max max max max max
a
InGaAs-100L .008 10 ¢ 15 2.0 0.05 1.0 0.5 20 1 5 § ‘ﬁ 16/
0.8 0.9 ':' ':' TO-18
g8
InGaAs-300L .071 309 5.0 7.0 0.1 1.0 4 20 1 5 i

Responsivity measured with a 8.7/125 fiber for InGaAs-100L and 62.5/125 fiber for INnGaAs-300L. { For mechanical drawings please refer to pages 57 thru 67.

PRECAUTION: These devices are sensitive to electrostatic discharge (ESD). Use proper handling and testing procedure.

Typical Spectral Response

- N

Typical Capacitance vs Reverse Bias
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SoFT X-rAY, FAR UV ENHANCED SERIES

I NVERSION LAYER SiLicoN PHOTODIODES

| APPLICATIONS FeATURES I

* Electron Detection * Direct Detection
* Medical Instrumentation * No Bias Needed
; * Dosimetry * High Quantum Efficiency
* Radiation Monitoring * Low Noise
7 . * X-ray Spectroscopy * High Vacuum Compatible
* Charged Particle Detection * Cryogenically Compatible

* 0.070 nm to 1100 nm
Wavelength Range

UDT Sensors’ 1990 R&D 100 award winning X-UV detector series are a unigueverse bias can be applied to reduce the capacitance and increase speed of
class of silicon photodiodes designed for additional sensitivity in the X-Ragponse. In the unbiased mode, these detectors can be used for applications
region of the electromagnetic spectrum without use of any scintillator crystatuiring low noise and low drift. These detectors are also excellent choices
or screens. Over a wide range of sensitivity from 200 nm to 0.07 nm (6 ef6taletecting light wavelengths between 350 to 1100 nm.

17,600 eV), one electron-hole pair is created per 3.63eV of incident energy

which corresponds to extremely high stable quantum efficiencies predictediiy detectors can be coupled to a charge sensitive preamplifier or low-noise
Eph/3.63eV (See graph below). For measurement of radiation energies atymanp as shown in the circuit on the opposite page.

17.6 keV, refer to the “Fully Depleted High Speed and High Energy Radiation

Detectors” section.

Typical Quantum Efficiency
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—————————————————
SoFT X-RAY, FAR UV ENHANCED PHOTODIODES TvypicaL ELECTRO-OPTICAL SPECIFICATIONS

Model Active Capacitance Shunt NEP Temp Range Package
No. Area (nF) Resistance (WHHz) ("C) Style 1
(MQ)
o c
= S oV -10 mv oV
£ 2 200 nm Operating Storage
© o E
1} [~ .
b3 (=) typ max min typ typ max

XUV SERIES METAL PACKAGE

XUV-005 5 2.565 @ 0.3 0.5 200 2000 29e-15 9.1e-15 21/TO-5
XUV-020 20 5.00 1.2 1.6 50 500 5.8¢e-15 18e-14

-20 ~ +60 -20 ~ +80 22/ TO-8
XUV-035 35 6.78 x 5.59 2 3 30 300 7.4¢e-15 23e-14
XUV-100 100 11.33 ¢ 6 8 10 100 13e-14 4.1e-14 27/ BNC

XUV SERIES CERAMIC PACKAGE

XUV-50C 50 0.316 @ 2 3 20 200 9.1e-15 29e-14
-20 ~ +60 -20 ~ +80 24 | Ceramic
XUV-100C 100 0.396 sq 6 8 10 100 1.3e-14 41e-14
1 For mechanical drawings please refer to pages 59 thru 71.
All XUV devices are supplied with removable windows.
In this circuit example, the pre-amplifier is a FET input op-amp or a Amplifier: OPA-637, OP-27 or similar
commercial charge sensitive preamplifier. They can be followed by
one or more amplification stages, if necessary. The counting Ry. 10 MQ to 10GQ
efficiency is directly proportional to the incident radiation power. The Rs. 1 MQ; Smaller for High Counting Rates
reverse bias voltage must be selected so that the best signal-to- o 1pF
noise ratio is achieved. Ca: 1pF to 10 UF
For low noise applications, all components should be enclosed in a OUTPUT Vou = Q1 C

metal box. Also, the bias supply should be either simple batteries or

avery low ripple DC supply. Q, is the Charge Created by One Photon or One Particle

10K Rg

O
=

ouT
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36

FuLLy DEPLETED SERIES

LARGE AcTIVE AREA SLICON PHOTODIODES

- | APPLICATIONS FEATURES I

¢ Laser Guided Missiles
* Laser Warnin
HicH SPEED g

* Laser Range Finder
DETECTORS ]
¢ Laser Alignment

¢ Control Systems

¢ Large Active Area

* Fully Depleteable

* Fast Response

¢ Ultra Low Dark Current
* Low Capacitance

* Electron Detection

* Medical Instrumentation
Rapiation  ® High Energy Spectroscopy
Detectors ® Charged Particle Detection
' * High Energy Physics

* Nuclear Physics

ThelLarge Active Area High Speed Detectorsan be fully depleted to achieveDirect High Enegy Radiation Measurement:
the lowest possible junction capacitance for fast response times. They may be

¢ Large Active Area

* Scintillator Mountable

* Fully Depleteable

¢ Ultra Low Dark Current
* Low Capacitance

* High Breakdown \oltage

operated at a higher reverse voltage, up to the maximum allowable valuesdeti PIN-RD100 and PIN-RD100A, can also be used without any epoxy resin
achieving even faster response times in nano seconds. The high reverse biagi@s window for direct measurement of high energy radiation such as alpha

this point, increases the effective electric field across the junction, hencedgls and heavy ions. The radiation exhibits loss of energy along a linear line

creasing the charge collection time in the depleted region. Note that thiieép into the silicon after incident on the active area.
achieved without the sacrifice for the high responsivity as well as active area.

The amount of loss and the penetration depth is determined by the type and
ThelLarge Active Area Radiation Detectorscan also be fully depleted formagnitude of the radiation. In order to measure completely the amount of
applications measuring high energy X-raygays as well as high energy parradiation, the depletion layer should be deep enough to cover the whole track
ticles such as electrons, alpha rays and heavy ions. These types of radigginhe incident point to the stop point. This requires a high bias application
can be measured with two different methods. Indirect and direct. to fully deplete the detector. In spite of the large active area as well as high bias

voltage applications, the devices exhibit super low dark currents, low capaci-
tances and low series resistances.

Indirect High Enggy Radiation Measurement:

In this method, the detectors are coupled to a scintillator crystal for converingddition to their use in high energy particle detection, the PIN-RD100 and
high energy radiation into a detectable visible wavelength. The devicesPakeRD100A are also excellent choices for detection in the range between

mounted on a ceramic and covered with a clear layer of an epoxy resin f@s@nto 1100 nm in applications where a large active area and high speed is
excellent optical coupling to the scintillator. This method is widely useddssired.

detection of high energy gamma rays and electrons. This is where the X-UV
devices fail to measure energies higher than 17.6 keV. The type and size afitbge detectors can be coupled to a charge sensitive preamplifier or low-
scintillator can be selected based on radiation type and magnitude.

noise op-amp as shown in the opposite page. The configuration for indirect
measurement is also shown with a scintillator crystal.

00 Typical Capacitance vs. Reverse Bias

. Typical Spectral Responsivity
7
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FuLLy DepLETED PHOTODIODES

TypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA

Model Active Peak Responsivity | Depletion Dark Capacitance Rise NEP Reverse Temp Package
No. Area Wavelength (A/W) Voltage Current (pF) Time (WIWHz) Voltage Range Style 1
(nm) W) (nA) (ns) ) (0)
3
o £ 900 nm -100V -100V 900 nm 900 nm 10 pA o
£ = 100V | -100v £l g
E s 0Q 2
o @ S | S
g s sl
< = typ typ typ typ max typ max typ typ max
a
LARGE ACTIVE AREA, HIGH SPEED
PIN-FDO7 7.1 3.00 ¢ 0.55 48 0.2 5.0 8.0 9.0 15 1l2e-14 135 § g
+ +
900 S| & | 2s/T08
PIN-FD15 149 435¢ 0.58 55 1.0 30 14 16 3.0 25e-14 140 T w
Model Active Peak Responsivity Depletion Dark Capacitance NEP Reverse Temp Package
No. Area Wavelength (A/W) Voltage Current (pF) (WHNHz) Voltage Range Style 1
(nm) V) (nA) v) ("C)
. . Depletion
— - 450 nm | 950 nm Depletion Depletion Voltage 10 pA o
= 2 Voltage Voltage 950 S| 9
E 2 nm 5| 8
© Q£ o S
o E= 5| @
3 a typ typ typ typ max typ max typ max (@)
LARGE ACTIVE AREA, RADIATION DETECTORS
PIN-RD100 100 10 Sq 0.3 0.65 120 2 10 50 60 3.2e-14 75 ol o
Q| ®| 24/
950 1 1 Ceramic
PIN-RD100A 100 10 Sq 0.3 0.60 35 2 10 40 45 34e-14 70 Il

Measured at Vpias = -50V
1 For mechanical drawings please refer to pages 59 thru 71.

DIRECT DETECTION

For direct detection of high-energy particles, the pre-amplifier is a FET input op-amp,
followed by one or more amplification stages, if necessary, or a commercial charge
sensitive preamplifier. The counting efficiency is directly proportional to the incident
radiation power. The reverse bias voltage must be selected as such to achieve the
best signal-to-noise ratio. For low noise applications, all components should be
enclosed in a metal box. Also, the bias supply should be either simple batteries or a
very low ripple DC supply. The detector should also be operated in the photovoltaic
mode.

INDIRECT DETECTION (WITH SCINTILLATOR CRYSTAL)

The circuit is very similar to the direct detection circuit except that the photodiode is
coupled to a scintillator. The scintillator converts the high-energy y-rays and/or X-rays
into visible light. Suitable scintillator include CsI(TL), CdWO,, BGO and Nal(TL). The
amplifier should be a FET input op-amp, followed by one or more amplification stages,
or a commercial charge sensitive preamplifier. The output voltage depends primarily
on the scintillator efficiency and should be calibrated by using radioactive sources.

Amplifier: OPA-637, OP-27 or similar

Re: 10 MQ to 10 GQ

Rs: 1 MQ; Smaller for High Counting Rates
Ck: 1pF

Co: 1pF to 10 pF

OUTPUT VOUT = (?/ CF
Where Q is the Charge Created
by One Photon or One Particle

oL

o

10K Rg Cu‘
\

}}
<
w0
+ 1

Vour

~ VBiAs
1000 pF

UDT Sensors Inc. Phone:

310-978-0516
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PHoTOPS™

PHoToDIODE-AMPLIFIER HYBRIDS

| APPLICATIONS FeATURES I

* General Purpose Light DetectionDetector/Amplifier Combined

* Laser Power Monitoring * Adjustable Gain/Bandwidth
* Medical Analysis * Low Noise
* Laser Communications * Wide Bandwidth
* Bar Code Readers * DIP Package
¢ Industrial Control Sensors * Large Active Area
4 ¢ Pollution Monitoring

* Guidance Systems
¢ Colorimeter

The Photopl Series, combines a photodiode with an operational amplifierin either unbiased configuration for low speed, low drift applications or biased

the same package. Photdpgeneral-purpose detectors have a spectral ragefaster response time.

from either 350 nm to 1100 nm or 200 nm to 1100nm. They have an integrated

package ensuring low noise output under a variety of operating conditigms; modification of the above devices is possible. The modifications can

These op-amps are specifically selected by UDT Sensors engineers for pergimply adding a bandpass optical filter, integration of additional chip

patibility to our photodiodes. (hybrid) components inside the same package, utilizing a different op-
amp, photodetector replacement, modified package design and / or mount

Among many of these specific parameters are low noise, low drift and capa@hilPCB or ceramic. For your specific requirements, contact one of our

ity of supporting a variety of gains and bandwidths determined by the exteapglications Engineers.

feedback components. Operation from DC level to several MHz is possible in

Typical Spectral Response
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PHoToPS™ (PHOTODIODE SPECIFICATIONS)

TvypicaL ELECTRO-OPTICAL SPECIFICATIONS A

Model Active Responsivity Capacitance Dark Shunt NEP Reverse Temp Package
No. Area (AW) (pF) Current Resistance (WAHHZ) Voltage Range Style |
(nA) (MQ) W) ('C)
o E | 200nm | 970nm | ov | -0v -0V -10 mv oV -10v >
£ = = )
£ = 200 nm 970 nm = g
P D o| S
z G c o c o o =% o 3 o o o 3 8_ @
< = = > = > > > > > > >
5 = 2 E 2 2 2 2 £ 2 2 2 £
350-1100 nm Spectral Range
UDT-451 28/ DIP
UDT-455
51 254 ¢ 85 15 .25 3 l4e-14
29/TO-5
UDT-455LN 60 5 20
UDT-455HS
UDT-020D 16 457 @ 330 60 5 10 19e-14 30/TO-8
UDT-555D 100 | 11.3¢ 1500 300 2 25 39e-14 31/ Special
o
gl 5
200-1100 nm Spectral Range ]
°l 8
UDT-455UV
51 | 254¢ 300 100 9.2e-14 29/TO-5
UDT-455UV/LN
UDT-020UV 16 457 @ 10 14 1000 50 13e-13 5 30/TO-8
UDT-055UV 50 7.98 ¢ 2500 20 21e-13 31/ Special
UDT-555UV
100 113¢ 4500 10 29e-13 31/ Special
UDT-555UV/LN
1 For mechanical drawings please refer to pages 59 thru 71.
OPERATIONAL AMPLIFIER SPECIFICATIONS TYPICAL ELECTRO-OPTICAL SPECIFICATIONS AT T,=23 "C
Model Supply Quiescent Input Temp Input Bias Gain Slew Rate Open Loop Input Noise Input
No. Voltage Supply Offset Coefficient Current Bandwidth (V/ps) Gain, DC Voltage Noise
V) Current Voltage Input (pA) Product (V/mv) (NVAHZ) Current
(mA) (mV) Offset (MHz) (FAWHz)
Voltage
(uv/*C) 100 1kHz 1
-15V Hz kHz
E| 5| E|&| E|s| E|s|E | &| E|E |8|E |8|E| 58|58 |8 | &
UDT-451 - -15 -18 14 25 3.0 6.0 10 - 30 200 4.0 - 13 50 150 18 10
UDT-455
UDT-455UV
- -15 -18 2.8 5.0 0.5 3 4 30 -80 —400 3.0 54 5 9 50 200 20 15 10
UDT-020D
UDT-020UV
UDT-455HS -15 | 18 | 48 [ 80 | 05 3 4 30 -80 -500 11 26 25 40 | 50 200 20 15 10
UDT-455LN
-5 -15 -18 0.9 1.8 .26 1 20 15 0.3 0.5 1 0.5 3 50 2500 78 27 0.22
UDT-455UV/LN
UDT-055UV
UDT-555D — | <15 | 22 | 27 | 40 | 04 1 3 10 | 40 | —200 | 35 [ 57| 75 [ 12 [ 75 [ 220 20 15 10
UDT-555UV
UDT-555UV/LN -5 -15 -18 25 35 .05 0.25 0.5 1 05 1 2 1 2 1k 1770 11 7 04
UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cc3®




PHoTOP™ SERIES

40

ScHEMATIC DIAGRAMS

UDT-455, 455HS
UDT-555, 555UV, 055UV

ok
>

—e VOUT

Case
Ground

+15V

UDT-451, 455LN, 455UV/LN
UDT-555UV/LN

UDT Sensors Inc. Phone: 310-978-0516

The output voltage is proportional to the light intensity of the light and is given
by:

Vour = 1p ¥R,
= (PxR)xR.

FREQUENCY REsPONSE (PHOTODIODE /AMPLIFIER COMBINATION)

The frequency response of the photodiode / amplifier combination is deter-
mined by the characteristics of the photodetector, pre-amplifier as well as the
feedback resistor (lRand feedback capacitor (C For a known gain, (R

the 3 dB frequency response of the detector / pre-amp combination is given by:

R
3d8 2nC. R

However, the desired frequency response is limited by the Gain Bandwidth
Product (GBP) of the op-amp. In order to have a stable output, the values of
the R and G must be chosen such that the 3 dB frequency response of the
detector / pre-amp combination, be less than the maximum frequency of the
op-amp, i.e. f.<f .

C oz GBP
™ V2R (Cq +C, +C,)

«nereC, is the amplifier input capacitance.

In conclusion, an example for frequency response calculations, is given below.

For a gain of 1§ an operating frequency of 100 Hz, and an op-amp with GBP
of 5 MHZ:

C. = _ 1 _is0pF
2nf3dB RF

Thus, for G = 15.9 pF, G= 15 pF and C= 7 pF, {_ is about 14.5 kHz.
Hence, the circuit is stable singg.£f__.

For more detailed application specific discussions and further reading, refer to
the APPLICATION NOTES INDEX in the catalog.

Note: The shaded boxes represent the Phdfopompo-
nents and their connections. The components outside the
boxes are typical recommended connections and com-
ponents.

Fax: 310-644-1727 http:\\www.udt.com



BPW-34

ResIN MoLD - LEap FRAME PHOTODIODES

| APPLICATIONS FeEATURES I

* IR Sensors * High Reliability
* Bar Code Scanners * High Density Package
£ * Color Analysis * Rugged Resin Mold
* Smoke Detectors * Fast and Low Dark Current
E BPW-34 series are a family of high quality and reliability plastic encapsulate
= - photodiodes. All three types of devices in this series, exhibit similar electric
1A characteristics, but vary in optical response. BPW-34B has an excellent
sponse in the blue region of the spectrum, while BPW-34F is an excelle
1 A . choice for applications requiring blocking the visible light. They are exceller
. - for mounting on PCB and hand held devices in harsh environments.
s
TyricaL ELECTRO-OPTICAL SPECIFICATION AT TA=23°C
Model Active Spectral Responsivity Dark NEP Reverse Rise Temp Package
No. Area Range (AIW) Capacitance Current (WHHz) Voltage Time Range Style 1
(PF) (nA) V) (ns) ("©)
£ oV 10V -10V -10V
& IS 950 nm 1 MHz 1 MHz -10vV 950 nm 830 nm o °
E = 50 Q S| o
= S s | £
g 2 gl 3
= ) . O
£ min typ typ typ typ | max typ max typ
(=)
BPW34 .55 .60 42e-14 )
350-1100 2l
BPW34B 6.7 2.71sq 15* 20* 65 12 2 30 1.3 e-13* 40 20 ! 2 19/
8 g | Molded
BPW34F 750-1100 .50 .55 46e-14 '
* Measured at A= 410 nm 1 For mechanical drawings please refer to page 57 thru 67.
Typical Dark Current vs Temperature
VR = 10V Typical Dark Current vs Reverse Bias
1000.0 4
E 100.0 E 3
() [
g 10.0 g 2
< i~
© I
o 10 ol
0.1 0
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PLASTIC ENCAPSULATED SERIES

ResIN MoLD - LEap FRAME PHOTODIODES

| APPLICATIONS FeATURES I

* Bar Code Readers * High Density Package

¢ Industrial Counters * Rugged Resin Mold

* Measurement and Control * L ow Capacitance

* IR Remote Control * Low dark Current

* Reflective Switches * Lead frame Standard
* SMT

* Lensed Mold
¢ Side Lookers

UDT Sensors, Inc. offers a line of high quality and reliability plastic encapdiiey have an excellent response in the NIR spectrum and are also available
lated photodiodes. These molded devices are available in a variety of shieyisible blocking compounds, transmitting only in the 700-1100 nm range.
and sizes of photodetectors and packages, including industry standard T1 a@ offer fast switching time, low capacitance as well as low dark current.
T13/4, flat and lensed side lookers as well as a surface mount version (Sbgy can be utilized in both photoconductive and photovoltaic modes of op-
23). They are excellent for mounting on PCB and hand held devices in haration.

environments.

Typical Detection Angular Characteristics
TunGsTEN BROADBAND SOURCE

o0 Typical Capacitance vs Reverse Bias

E— 10
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—————————————————
PLAsTic ENcAPSULATED PHOTODIODES TvypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

Model Active Spectral Responsivity Capacitance Dark Reverse Rise Time Temp Package
No. Area Range (A/W) (pF) Current Voltage (ns) Range Style 1
1 MHz (nA) V) ("C)
T -10V
< £ peak A oV -10V -10V peak A o
£ b=t 50Q S| 5
g 5 sl g
« ‘® | o
£ 5
IE typ typ typ typ max max typ
a
PIN-01CJ 350-1100 .
02 | 04sq 54 I{/I SI‘;S'”
PIN-01FJ 700-1100
PIN-01CT3 350-1100
0.2 0.4 Sq 0.40
PIN-01FT3 700-1100
21 4 2 1 53/ Resin
Mold
PIN-01CT5 350-1100
0.2 0.4 Sq
PIN-01FT5 700-1100 30 20
vl 8
PIN-01CLSL 350-1100 0.45 ¢ b .
2 56 / Resin
0.2 0.4 Sq 1
'] o Mold
PIN-01FLSL 700-1100 0.40 N <5
PIN-07CSL 350-1100 .
81 | 284sq 52'{/'3‘;5'”
PIN-07FSL 700-1100
85 15 5
50
PIN-07CSLR 8.1 284S 350-1100
4 0.55 51/ Resin
Mold
PIN-O7FSLR 700-1100 ©
PIN-08CSL 8.4 2.90 Sq 100 18 5 55/ Resin
350-1100 Mold
PIN-16CSL 16 4.00 Sq 330 55 5 100

1 For mechanical drawings please refer to pages 59 thru 71.

TAPE AND REEL SPECIFICATIONS FOR SURFACE MOUNT PIN-01C(F)J

TAPE REEL

mﬂ T - |,
R e

L N i

5 2.0 03
8‘0 1.55

1

UNITS IN MM .14.4

v
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DeTECTOR-FILTER COMBINATION SERIES

PLANAR DiFFuseD SLicoN PHoTODIODES

| APPLICATIONS FeATURES I

* Analytical Chemistry * CIE Match (AP series)

* Spectrophotometry * Flat Band Response (DF)
* Densitometers * 254 Narrow Bandpass

* Photometry/Radiometry * w/ Amplifier Hybrid

* Spectroradiometry * BNC Packages

* Medical Instrumentation

¢ Liquid Chromatography

The Detector-Filter combination series incorporates a filter with a photodidaier replace the standard glass windows or be used in conjunction

to achieve a tailored spectral response. UDT Sensors offers a multitud@tbithe glass window, depending on the specific requirement and / or nature

standard and custom combinations. Upon request, all detector-filter comisifithe filter. Customer furnished optical filters can also be incorporated in the

tions can be provided with a NIST traceable calibration data specified in tepaigkage. The following are among a few of the optical filter types available.

of Amps/Watt, Amps/lumen, Amps/lux or Amps/ footcandle. These colored glass filters are grouped into four major categories: Shortpass
Filters, Longpass Filters, Bandpass Filters, and Neutral Density Filters.

Among many possible custom combinations, following are a few standard de-

vices available as standard devices. Shortpass Filtersprovide transmission of light in the shorter wavelengths of
the spectral band in question. In general, shortpass filters have less steep cut-

PIN-10DF - is a 1 chactive area, BNC package detector-filter combinatiogif slopes than the longpass filters, therefore, careful evaluation of the sensi-

optimized to achieve a flat responsivity, from 450 to 950 nm. This is tivity of the detector should be taken into account.

spectral response required for radiometric measurements. This type of detec-

tor has several advantages over thermopile, such as sensitivity, which is lse\@pass Filtersprovide a cut-on filter performance by absorbing photons in

a thousand times higher, as well as 10 times more stability. the lower wavelengths and passing them in the higher wavelengths.

PIN-10AP - is a 1 cAmctive area, BNC package detector- filter combinatid¥ndpass Filterscombine the cut-on performance of the longpass filters with
which duplicates the response of the most commonly available optical aidthiecut-off performance of the shortpass filters. They define a range in the
human eye. The eye senses both brightness and color, with response vav@vgjength spectrum, which allows the transmission of photons. The rest of
as a function of the wavelength. This response curve is commonly knowih@spectrum is blocked.
the CIE curve. The AP filters accurately match the CIE curve to within £2% of
area. Neutral Density Filters provide a fairly flat response across the visible spec-
trum. These filters are used to attenuate the light so that the amount of passed
PIN-555AP - has the same optical characteristics as the PIN 10-AP, witBrg1gy is reduced. The reduction is in uniform amounts. In these filters the
additional operational amplifier in the same package. The package and thi@psmittance can also be defined as Optical Density, i.e.OD = log (1/T) where
amp combination is identical to UDT-555D detector- amplifier combinati€¥D is the optical density and T is the transmittance.
(Photops]).
Custom Thin Film Coatings can be applied to either or both surfaces of the
PIN-005E-550F - uses a low cost broad bandpass filter with peak transfitigr glass to improve the performance of the glass absorption filter. The most
sion at 550nm to mimic the CIE curve for photometric applications. The pe@®mon coatings applied are anti-reflective, neutral density, cut-on and cut-
band is similar to the CIE curve, but the actual slope of the spectral respefig@atings.
curve is quite different. This device can also be used to block the near IR
portion of the spectral range, 700 nm and above. Anti-reflective Coatingsan reduce the surface reflection loss from an aver-
age of 4% to as low as 0.25%, or less. This will raise the filter’s transmittance
PIN-005D-254F - is a 6 mhactive area, UV enhanced photodiode-filter convalues in the coatings performance range.

bination which utilizes a narrow bandpass filter peaking at 254 nm.
Cut-on and Cut-off Filter Coatingsan be applied to glass absorption filters
to attain a more defined bandpass than is normally achieved by combining

CusTomizED CAPABILITIES filters.

Current existing standard photodiodes can be modified by adding varioudp-PHoTobiobes WitH or WiTHouT Fitters Can Be CaLiBRATED IN House

tical filter(s), to match your specific spectral requirements. The filters canf&i® ReEsPonsiviTy From 200nm 7o 1100nm in 10nm Steps As WELL As
SINGLE PoINT CaLBRATION . ALL OpTicAL CALIBRATIONS ARE NIST TRACE-

ABLE .
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DeTecTOR-FILTER COMBINATION SERIES TypicAL ELECTRO-OPTICAL SPECIFICATIONS AT
DETECTOR-FILTER COMBINATION SERIES TypicaL ELECTRO-OPTICAL SPECIFICATION AT
TA=23°C
Model Active Typical Spectral Capacitance Rise Time Shunt NEP Temp Package
No. Area Responsivity Match (pF) (us) Resistance (WA Hz) Range Style 1
@ 550 nm (MQ) ()
_ oV oV
€ S oV 550 nm -10 mv 550 nm 2| o
s | && sl €
(1] [} o
o E~ Y =
2 & AW Lum typ typ typ typ o
PIN-10DF 0.15 — 7% 1.9e-13
13/BNC
PIN-10AP 100 | 11.28 ¢ 1550 1.0 20 o
0.27 0.4 - 2% 1.1e-13 § @©
PIN-555AP § j L | 32/ special
© N
PIN-005E-550F 0.23 200 0.15 500 2.5e-14 5/TO-5
5.7 2.4 sq.
PIN-005D-254F 0.025 * 100 0.10 * 300 3.0e-13 * 18/TO-5

Point by point from 450 to 950 nm

Area
* A= 254nm
§ PIN-555AP is a detector/opamp hybrid. For op-amp specifications please refer to page 51.
1 For mechanical drawings please refer to pages 57 thru 67.

Typical Spectral Response Typical Spectral Response
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DuaL SanDwicH DETECTOR SERIES

Two CoLor PHOTODIODES

| APPLICATIONS FeATURES I

* Flame Temperature sensing  ® Compact

* Spectrophotometer * Hermetically Sealed

* Dual-wavelength detection * Low Noise

* IR Thermometers for Heat * Wide Wavelength Range
Treating, induction heating, * Remote Measurements

and other metal parts processimgw/ TEC

Dual Sandwich Detectors or Two Color Detectors are mostly employed(i¢§T Sensors offers three types of dual sandwich detectors. The Silicon-Sili-
remote temperature measurements. The temperature is measured by @iighndwich, in which one silicon photodiode is placed on top of the other,
the ratio of radiation intensities of two adjacent wavelengths and compajiti the photons of shorter wavelengths absorbed in the top silicon and the
them with the standard black body radiation curves. The adVantageS of Omi’%ns of |Onger Wave|engths penetrating deeper’ absorbed by the bottom
remote measurement have deflnltely made these devices the perfect matﬁhmdiode For app”cations requiring a wider range of Wave|ength beyond
this type of measurements. They are independent of emissivity and unaffactg¢h, either a Germanium or InGaAs photodiode replaces the bottom photo-
by contaminants in the field of view or moving targets. In addition, measygmde. The Silicon-InGaAs version is also available with a two stage thermo-

ments of targets out of the direct line of sight and the ability to function fr@actric cooler for more accurate measurements by stabilizing the temperature
outside RF/EMI interference or vacuum areas are possible. They also havsrip@saAs detector.

advantages of overcoming obstructed target views, blockages from sight tubes,
channels or screens, atmospheric smoke, steam, or dust, dirty windows agwgbvices are designed for photovoltaic operation (no bias), however, they

as targets smaller than field of view and/or moving within the field of vieiay be biased if needed, to the maximum reverse voltage specified. They are
These detectors can also be used in applications where wide wavelength [@88or coupling to an operational amplifier in the current mode. For further

of detection is needed. details refer to the “Photodiode Characteristics” section of this catalog.

Typical Spectral Response Typical Spectral Response
PIN-DSGe PIN-DSS
1 0.5
~\ ==\ — / \
g I\ \ o4 -
3 / \ \ % Top Silicon
E // Silicon \/ Germanium h go.s /
= > /
2 0.1 /, ", 2 / \
5 ,’ ,’ S 0.2
7 / | 7] / Bottom Silicon
S [ : g /|
)/ I orf——7 /
0.01 I 0 / /

400 600 800 1000 1200 1400 1600 1800 400
Wavelength (nm)

500 600 700 800 900 1000 1100
Wavelength (nm)
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DuaL SanpbwicH DETECTORS TypicAL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Detector Active Spectral Peak Respo- Cap. Shunt NEP D* Reverse Rise Temp Package
No. Element Area Range Wave- nsivity Resistance @ peak Voltage Time Range Style 1
(nm) length (A/W) (pF) MQ) (WHHz) (cmvHz/W) V) (us) ("C)
(nm)
= ov ov ov
£ Peak A oV -10 mV peak A peak A 50Q o °
E Peak A = ?
7] ) o
& ; sl &
£ typ typ typ min | typ typ typ max typ
[a)
NON-COOLED
Si (top) 400-1100 950 0.45 1.3e-14 1.7e+13 10
PIN-DSS 2.54 ¢ 70 50 500 5
Si 950-1100 1060 0.12 48e-14 4.7e+12 150
Si (top) 254¢ | 400-1100 950 0.45 70 50 500 1.3e-14 1.7e+13 5 10 of w
PIN-DSGe S|y %/5
Ge 2.00 9 | 1100-1800 1650 0.45 300 006 | .012 3.3e-09 5.3 e +07 15 .035 . )
g| B8
min max min max max max max
Si (top) 254¢@ | 400-1100 950 0.55§ 450 150 19e-148 | 12e+138§ 5 4
PIN-DSIn
InGaAs 2.00 @ | 1000-1800 1300 0.60 500 1.0 2.1e-13 8.4e+11 2 4
TWO STAGE THERMOELECTRICALLY COOLED
Si (top) 2.54 ¢ 400-1100 950 0.55§ 450 150 19e-148 | 12e+138§ 5 4 S| 9
PIN-DSIn- S|
TEC ] | TO-8/23
3|8
InGaAs 2.00¢ | 1000-1700 1300 0.60 500 1.0 2.1e-13 8.4e+11 2 4 ' '
§ @870 nm
VR=15

Thermo-Electric Cooler and Thermistor Specifications are specified in the tables below.
1 For mechanical drawings please refer to pages 59 thru 71.

THERMISTOR SPECIFICATIONS

PARAMETER CONDITION SPECIFICATION
Temperature Range -100 "C to +100 "C
Nominal Resistance - 1.25KQ @ 25"C

-100"Cto-25 "C -6.5"C

Accuracy -25"C to +50 "C -35"C
@25"C -15"C

+50 "C to +100 "C -6.7"C

TWO STAGE THERMO-ELECTRIC COOLER SPECIFICATIONS

PARAMETER SYMBOL CONDITION SPECIFICATION
I = lyax Vaccumm 91
Maxiumum Achieveable Temperature Difference ATwax ("C)
Qc=0 Dry N2 83
Maximum Amount Of Heat Absorbed At The Cold Quax (W) | = Iyax, AT =0 0.92
Face
Input Current Resulting In Greatest ATyax Ivax (A) 1.4
Voltage At ATyax Viax (V) - 2.0

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cay



MuLTI-CHANNEL ARRAY SERIES

PLANAR DiFFuseD SLicoN PHoTODIODES

| APPLICATIONS FeATURES I

* Level Meters ¢ Common Substrate Array
* Optical Spectroscopy * Ultra Low Cross Talk

* Medical Equipment * UV Enhanced (A5V-35UV)
* High Speed Photometry ¢ Low Dark Current

¢ Computed Tomography Scannersow Capacitance

* Position Sensors * Solderable

Multichannel array photodetectors consist of a number of single element fitn@y can be either operated in photoconductive mode (reverse biased) to de-
todiodes laid adjacent to each other forming a one-dimensional sensing aresease the response time, or in photovoltaic mode (unbiased) for low drift ap-
a common cathode substrate. They can perform simultaneous measurepiaifons. A2V-16 can be coupled to any scintillator crystal for measuring
of a moving beam or beams of many wavelengths. They feature low electtiiggi-energy photons in the X-ray apday region of electro-magnetic spec-
cross talk and super high uniformity between adjacent elements allowing wemy. In addition, they have been mechanically designed, so that several of
high precision measurements. Arrays offer a low cost alternative when a lérgen can be mounted end to end to each other in applications where more than
number of detectors are required. The detectors are optimized for eitherll@\élements are needed.
visible or near IR range.
Figure 12 in the “Photodiode Characteristics” section of this catalog provides
a detailed circuit example for the arrays.

Typical Cross-Over Characteristics Typical Spectral Response
0.7 T T T T
1 100um gap, 20um spot Photoconductive —
— )
N // __ 0.6]-Photovoltaic _—— - st
) ™N 1 g UV Enhanced ~——— i \
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8 > il ANE
& 2 04 d
D o6 g o » \ A
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—————————————————
MuLTI-CHANNEL ARRAYS TypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

Model | Number of Active Area Pitch Respon- Shunt Dark Capacitance NEP Temp. Package
No. Elements Per Element (mm) sivity Resistance | Current (PP (W/VHz) R"i'(‘:ge Style
(AW) (MQ) (nA) ©)
970 nm -10 mV -10V ov -10V ov -10v o @
Are.521 Dimension 970nm 970nm = 2
(mm?®) (mm) £l s
typ typ typ typ typ w | &7

PHOTOCONDUCTIVE SERIES

A5C-35 35 50/ 40 pin
3.9 4.39x0.89 0.99 0.65 - 0.05 - 12 - 6.2e-15 DIP

A5C-38 38

PHOTOVOLTAIC SERIES

A2V-16 16 192 | 157x122 | 159 0.60 1000 170 | — | 48e-15 48/PCB
8 | &
ASV-35 35 T | S| 50/40pin
39 439x089 | 099 0.60 1000 340 | — | 48e-15 LT DIP
ABV-38 38 8 |9
A2V-76 76 18 6.45x028 | 031 050 500 160 | — | 82e-15 49 /Ceramic

UV ENHANCED SERIES (All Specifications @ A = 254 nm, Vgias = -10V)

A5V- 35 39 4.39x0.89 0.99 0.06 500 340 6.8e-14 50/ 40 pin
35UV DIP
MONOLITHIC SOLDERABLE CHIP ARRAYS TYPICAL ELECTRO-OPTICAL SPECIFICATIONS AT T4=23 "C
Model Number Element Size Active Area Pitch Short Circuit Open Circuit Shunt Capacitance
No. of per Element Current / element Voltage / Resistance (e]3)
Elements (mA) element MQ)
mm mm?® mm (mv)
(inches) (inches?) (inches)
10 mWem? 10 mWem? -10mvV oV
2850 "K 2850 "K
typ typ typ typ
A4V-2 2
A4V-2L §
A4V-4 4
A4V-4L
A4V-6 6
AdV-6L 152 X279 424 191 0.07 500 1000 500
0.06 X 0.110 0.007, 0.075,
AVia 8 ( ) (0.007) (0.075)
A4V-8L
A4V-10 10
A4V-10L
A4V-12 12
A4V-12L
§ The L series solderable chips are mounted on a 1.25" x 0.25" PCB at the center. Adv-X
The chips are equiped with a 2" long bare tinned leads soldered to all anodes and the common cathode. T
V suffix indicates the device is optimized for photovoltaic operation 2 eee
C suffix indicates the device is optimized for photoconductive operation. 160t

1 For mechanical drawings please refer to pages 59 thru 71.

‘ “ ‘GDQ‘ ‘
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SOLDERABLE CHIP SERIES

PLANAR DiFFuseD SLicoN PHoTODIODES

| APPLICATIONS FeATURES I

* Solar Cells * L arge Active Areas
i ¢ Low Cost Light Monitoring * Various Sizes
- r-

* Diode Laser Monitoring ¢ High Shunt

\ * Low Capacitance

The Solderable photodiode chip series offer a low cost approachltof the devices are also available in chip form without any leads. For
applications requiring large active area photodetectors with or withdering subtract suffix ‘L’ from the model number, e.g. S-100C.

out flying leads for ease of assembly and / or situations where the

detector is considered “disposable”. They have low capacitance, nfiad-large signal outputs, the detectors can be connected directly to a
erate dark currents, wide dynamic ranges and high open circuit \@ltrent meter or across a resistor for voltage measurements. Alter-
ages. These detectors are available with two 3" long leads solderadtisly, the output can be measured directly with an oscilloscope or
the front (anode) and back (cathode). There are two types of pheith an amplifier. Please refer to the “Photodiode Characteristics”
diode chips available. “Photoconductive” series, (S-XXCL) for logction for further details.

capacitance and fast response and “Photovoltaic” series (S-XXVL)

for low noise applications.

-

. 7TYPICAL SPECTRAL RESPONSIVITY
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SoLDERABLE CHIP SERIES

TvypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

. Short Circuit | Open Circuit Shunt Dark .
A:rt'e\;e Current Voltage Resistance Current Cap?;::t)ance
(mA) (mv) (MQ) (nA)
Chip size
Model 2 2
100 mW/cm' 100 mWicm
No. Area Dimensions mm (inches) 2850 "K 2850 "K -10mv 5V oV SV
mm? , mm
inches inches X .
( ) ( ) P min min max typ typ
S-4CL § 47 17x28 19x4.1 0.75 20 15
(0.007) (0.07x0.12) (0.08x0.16)
S-avL 0.65 10 370
S1ocL 9.6 23x4.2 25x5.1 15 40 %
S10VL (0.015) (0.09x0.17) (0.10x0.10) 14 8 750
S25CL 258 51x51 (052;2 X g'g " 40 100 %
S25VL 009 (020x0.20) T 38 5 2100
S25CRL 254 25x10.1 34x105 40 100 %
0.039 0.10 X 0.40 0.13x0.41
S25VRL (0.089) (010x0.40) (013x0.41) 38 5 2100
SS0cL 51.0 25%20.3 34x20.6 90 300 20
S50VL (0.079) (0.10x0.80) (0.13x0.81) 80 3 4000
S80cL 82.6 41x201 52x20.4 120 500 300
SB0VL (0.128) (0.16x0.79) (0.21 x 0.80) 110 5 6000
S-100CL 14.0 600 375
934 9.7x9.7 10.5x 11.00 400
0.145 0.38x0.38 0.42x0.43
S-100VL (0.145) (038x0.38) (042x0.43) 130 10 8500
S120ct 105.7 45%x235 55x23.9 170 800 450
S120VL (0164) (018x093) (022x094) 150 05 10000
S-200CL 189.0 9.2x20.7 10.2x21.0 210 1200 0
0.293 0.36x 0.81 0.40%0.83
S-200VL (0.293) (036 x081) (040%0.83) 250 02 17000
§ ALL OF THE ABOVE BARE CHIPS ARE PROVIDED WITH TWO 3" LONG 29-30 AWG INSULATED COLOR CODED LEADS ATTACHED TO THE FRONT FOR ANODE (RED)

AND TO THE BACK FOR CATHODE (BLACK). THEY ARE ALSO AVAILABLE IN CHIP FORM ONLY (LEADLESS). FOR ORDERING SUBTRACT SUFFIX L FROM THE

MODEL NUMBER, I.E. S-100C.
'470.413 —»‘
FO.S% —b‘

S-100

All chip dimensions in inches.

160
112
075 .06

g 412 ———-

DRI T )
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SEGMENTED PHOTODIODES (SPOT &RIES)

PosiTioN SeEnsING DeETECTORS (PSD)

| APPLICATIONS FeATURES I

* Machine Tool Alignment * High Accuracy

* Position Measuring * Excellent Resolution

* Beam Centering * High-Speed Response

* Surface Profiling * Ultra Low Dark Current

* Targeting * Excellent Response Match

* Guidance Systems * High Stability over Time and
Temperature

The SPOT Series are common substrate photodetectors segmented into Eifes¢ detectors exhibit excellent stability over time and temperature, fast re-
two (2) or four (4) separate active areas. They are available with eithgp@nse times necessary for high speed or pulse operation, and position resolu-
0.005" or 0.0004" well defined gap between the adjacent elements resultitigis of better than 04m.

high response uniformity between the elements. The SPOT series are ideal for

very accurate nulling or centering applications. Position information carMisximum recommended power density is 10 mW?7ana typical uniformity
obtained when the light spot diameter is larger than the spacing betweeofthesponse for a 1 mm diameter spot is +2%.

cells.

The circuit on the opposite page represents a typical biasing and detection
Spectral response range is from 350-1100nm. Notch or bandpass filtergieauit set up for both bi and quad cells. For position calculations and further
be added to achieve specific spectral responses. details, refer to “Photodiode Characteristics” section of the catalog.

Typical Cross-Over Characteritics

Typical Spectral Response
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SEGMENTED PHOTODIODES TypPicAL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Active Area Responsivity Capacitance Dark NEP Reverse Rise Time Temp Package
No. Per Element = (A/W) (pF) Current (WNHZ) Voltage (ns) Range Style 1
£ (nA) V) ('C)
—~ Q.
E 3
€ g8 = 970 -10V -10V -10V -10V 2| o
£ = Z nm 970 nm 780 nm sl ®
P Iz 5 50 Q g| o
2 5] i S| &
<< = o
a min typ typ typ max typ max typ
TWO-ELEMENT SERIES, METAL PACKAGE
SPOT-2D 3.3 |1.3X25 127 11 0.15 2.0 11e-14 5 =] ] 38/TO-5
— -
+ +
SPOT-2DMI 0.7 |06x12 .013 3 0.05 1.0 6.2e-15 7 1 t| 37/TO-18
0.60 | 0.65 30 2l 8
SPOT-3D 2.8 |0.6X4.6 .025 7 0.13 2.0 99e-15 4 38/TO-5
FOUR-ELEMENT SERIES, METAL PACKAGE
SPOT-4D 1.61 1.3sq 127 5 0.10 1.0 8.7e-15
3 0 38/TO-5
SPOT-4DMI 0.25 0.5sq .013 1 0.01 0.5 2.8e-15 7 7
0.60 | 065 30 3 X X
SPOT-9D 102 g B
19.6 10¢ 60 0.50 10.0 19e-14 40 / LoProf
SPOT-9DMI .010
PLASTIC PACKAGE §
FIL-S2DG 3.3 1.3X25 127 11 0.15 2.0 lle-14 5 o o
Q1 T | 14/ Plastic
FIL-S4DG 1.6 1.3sq 127 5 0.10 1.0 8.7e-15 é é
0.60 | 0.65 30 3 2| |
FIL-S9DG 19.6 10¢ .102 60 0.50 10.0 19e-14 15/ Plastic

§ The photodiode chips in FIL series are isolated in a low profile plastic package. The have a large field of view as well as in line pins. FIL-S2DG has the same photodiode as
SPOT-2D, FIL-S4DG has the same photodiode as SPOT-4D and FIL-S9DG has the same photodiode chip as SPOT-9D.

Overall Diameter (All four Quads)
1 For mechanical drawings please refer to pages 59 thru 71.

Chip centering within —0.010".

RV
- +15V R, &
A sy
r + 15V *J\/\/\/—I A,
) c : 18V & |X output
L (A+D) - (B+C) =}
=
a
Anodes
Cathode
Imoo pF
x
w Y output
=]
=
a

For further details refer to the Photodiode Characteristic section of the catalog.
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Duo-LATERAL, SUPER LINEAR PSD’s

PosiTioN SeEnsING DeETECTORS (PSD)

| APPLICATIONS FEATURES I
* Beam Alignment * Super Linear
* Position Sensing ¢ Ultra High Accuracy
* Angle Measurement * Wide Dynamic Range
¢ Surface Profiling * High Reliability
* Height Measurements * Duo Lateral Structure
* Targeting

* Guidance System
* Motion Analysis

The Super Linear Position Sensors feature state of the art duo-lateral teclimedrity at high light levels. For position calculations and further details on
ogy to provide a continuous analog output proportional to the displacemenirotfiit set up, refer to the “Photodiode Characteristics” section of the catalog.
the centroid of a light spot from the center, on the active area. As continuous

position sensors, these detectors are unparalleled; offering position accur@biesnaximum recommended power density incident on the duo lateral PSDs
of 99% over 64% of the sensing area. These accuracies are achieved byadrid-mW / crh. For optimum performance, incident beam should be perpen-
lateral technology, manufacturing the detectors with two separate resistive laj@rjar to the active area with spot size less than 1 mm in diameter.

one located on the top and the other at the bottom of the chip. One or two

dimensional position measurements can be obtained using these sensors.

A reverse bias should be applied to these detectors to achieve optimum current

Typical Position Detectability

4 DL-10 o Typical Spectral Response

0.6
— E 0.5
E < \
E 2 04
g 0 = \
= 2 03
o o
a by \
- o 0.2

o
0.1

-5 0 5 300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

Typical Capacitance vs Reverse Bias Typical Dark Current vs Reverse Bias
. Normalized at 15V L Normalized at -10V, 23"C

1.4 =
<
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2 || o
21 =<
3+
% 0.8 \ e
= 1\ 3
< 0.6 =
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0.4 £
— =}
0 — =

0! 0

.01
0 5 10 15 20 25 0.01 0.1 1 10 100
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Duo-LATERAL SUPER LINERAR PosITION SENSORS TypicAL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C
Model Position Respon- Position Dark Capacitance Rise Position Inter- Temp Package
No. Sensing Area sivity Detection Error Current (pF) Time Detection electrode Range Style §
(A/W) (um) (nA) (ps) Drift Resistance ("C)
(um /"C) (KQ)
— Over
& g 670 nm 80% of Length -15V, SL Series | -15V, SL Series | 670 nm =
£ = 64% of Sensing | -5V, DL Series -5V, DL Series 50 Q £ 2
E i) Area § g
g 2 g 2
< 2 g| &
E . .
= min typ typ typ max typ max typ typ min max
ONE-DIMENSIONAL SERIES METAL PACKAGE (Vaias=-15V)
e 3 3x1 3 5 50 3 7 0.04 0.06 15 80 | g| g| 38/TO5B
+ +
03 | 04 sl o
Anl
SL5-1 500 [ s5X1 5 10 100 5 9 0.10 0.10 20 | 100 39/70-8
ONE-DIMENSIONAL SERIES CERAMIC PACKAGE ~ (Vgins=-15V)
SL3-2 3 3X1 3 5 50 3 7 0.04 0.06 15 80
SL5-2 5 5X1 5 10 100 5 9 0.10 0.10 20 100 45/ 8-pin DIP
g |3
] ]
SL15 15 | 15x1 | 03 | 04 15 150 300 15 25 0.60 0.10 60 | 300 [ o | g | 46/24-pin
S DIP
SL76-1 190 | 76x25 76 100 1000 190 250 14.00 14 120 | 600 47 | Special
Two-DIMENSIONAL SERIES METAL PACKAGE 8 (Vaias=-5V)
DL-2 30 600 10 30 0.20
4 2sq 30 0.25
DLS-2 10 175 8 14 0.40
36/70-8
DL-4 50 1000 35 60 0.20 o | o
e} [e¢]
16 4sq 50 0.08 T
03 | 04 5 s [ L]
DLS-4 25 300 30 40 0.40 S| S
DL-10 100 | 10sq 100 500 5000 175 375 0.20 0.20 41/ Special
DL-20 400 | 20sq 200 2000 | 12000 | 600 1500 1.00 0.40 34/ Special
TwO-DIMENSIONAL SERIES CERAMIC PACKAGE 8  (Vgius=-5V)
DLS-10 100 | 10sq 100 50 400 160 200 0.20 0.2 31
03 | 04 T T !
5 25 \9., a 35/ Ceramic
DLS-20 | 400 | 20sq 200 100 1000 | 580 725 1.00 0.4

The position temperature drift specifications are for the die mounted on a copper plate without a window and the beam at the electrical center of the sensing area.
§ The DLS Series are packaged with A/R coated windows and have a lower dark current than the DL series.

Also available in the same package as DL-10. Specificy DL-10-1.
9 For mechanical drawings please refer to pages 59 thru 71.

NOTES:

1. DL(S) series are available with removable windows.
2. Chip centering within —0.010".
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TETRA-LATERAL PSD'’s

PosiTioN SeEnsING DeETECTORS (PSD)

| APPLICATIONS FeATURES I

* Tool Alignment and Control * Single Resistivity Layer

¢ L eveling Measurements * High Speed Response

* Angular Measurements * High Dynamic Range

¢ 3 Dimensional Vision * Very High Resolution

* Position Measuring * Spot Size & Shape
\\:ﬁ Independence

Tetra-lateral position sensing detectors are manufactured with one singlé reverse bias should be applied to these detectors to achieve optimum current

sistive layer for both one and two dimensional measurements. They featlinearity when large light signals are present. The circuit on the opposite page

common anode and two cathodes for one dimensional position sensing oréuuesents a typical circuit set up for two dimensional tetra-lateral PSDs. For

cathodes for two dimensional position sensing. further details as well as the set up for one dimensional PSDs refer to the
“Photodiode Characteristics” section of the catalog. Note that the maximum

These detectors are best when used in applications that require measurescenimended incident power density is 10 mW 7. cRurthermore, typical

over a wide spacial range. They offer high response uniformity, low dark euniformity of response for a 1 mgspot size is + 5% for SC-25D and SC-

rent, and good position linearity over 64% of the sensing area. 50D and + 2% for all other tetra-lateral devices.
Typical Position Detectibility os1ypical Spectral Response
SC-10D, 50 m Spot
B p g —
= \
£ < \
£ > 0.4
= = \
20 2 44
bry o
@ s \
o
o 8 0.2]
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1 Typical Capacitance vs Reverse Bias " Normalized at -10V, 23"C
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™ o
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TETRA-LATERAL PosITION SENSORS

TypicaL ELECTRO-OPTICAL SPECIFICATIONS AT TA=23C

Model Position Responsivity Absolute Position Dark Capacitance Rise Inter- Temp Package
No. Sensing Area (A/W) Detection Error Current Time electrode Range Style
(mm) (nA) (pF) (Ms) Resistance ('C)
(KQ)
Over
— - 670 80% of Length -15V -15V -15V o
£ o _ nm o 670 nm = g
£ o€ 64% of Area 50Q = )
© o E ) o
o E= o &
< [a} f . o
min typ typ typ max typ typ min max
ONE-DIMENSIONAL SERIES PLASTIC PACKAGE
LSC-5D 115 53x22 0.040 1 20 50 0.25 2 50 2 2 | 44/Plastic
+ +
0.35 0.42 1 1
o o
LSC-30D 122 30x4.1 0.240 3 60 300 3.00 4 100 i | 43/ Plastic
TWO-DIMENSIONAL SERIES METAL PACKAGE
SC-4D 6.45 2.54 sq 0.080 0.5 10 20 0.66 38/TO-5
SC-10D 103 10.16 sq 1.30 3 50 300 1.00
o 2 41/ Special
T +
SC-13D 173 | 130 sq | 035 | 042 2.20 5 100 500 1.70 3 30 J K8
el «
SC-25D 350 18.80 sq 4.45 12 250 1625 5.00 42 | Special
SC-50D 957 30.94 sq 12.25 50 1000 3900 13.00 20 / Special
TWO DIMENSIONAL SERIES PLASTIC PACKAGE §
FIL-C4DG 6.45 2.54 sq 0.080 0.5 10 20 o o 14 / Plastic
0.66 15
0.35 0.42 3 30 "3 "3
FIL-C10DG | 103 | 10.16sq 1.30 3 50 300 100 A D 15/ Plastic

Rise time specifications are with a 1 mm ¢ spot size at the center of the device.
§ The photodiode chips in FIL series are isolated in a low profile plastic package. The have a large field of view as well as in line pins.

1 For mechanical drawings please refer to pages 59 thru 71.

Chip centering within — 0.010".

Numerator

Divider

Denominator

—)
—k
Cathodes (4
=
!

Numerator

Divider

Denominator

For further details refer to the Photodiode Characteristics section of the catalog
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PHoTobIoDE CARE AND HANDLING

AVOID DIRECT LIGHT

Since the spectral response of silicon photodiode includes the visible light region, care must be taken to avoid photsdicetoexgh
ambient light levels, particularly from tungsten sources or sunlight. During shipment from UDT Sensors, your photodiadksgeaé in
opaque, padded containers to avoid ambient light exposure and damage due to shock from dropping or jarring.

AVOID SHARP PHYSICAL SHOCK

Photodiodes can be rendered inoperable if dropped or sharply jarred. The wire bonds are delicate and can become sépapitetbiimde’s
bonding pads when the detector is dropped or otherwise receives a sharp physical blow.

CLEAN WINDOWS WITH OPTICAL GRADE CLOTH / TISSUE

Most windows on UDT Sensors photodiodes are either silicon or quartz. They should be cleaned with isopropy! alcohol(apticalsoft
grade) pad.

OBSERVE STORAGE TEMPERATURES AND HUMIDITY LEVELS

Photodiode exposure to extreme high or low storage temperatures can affect the subsequent performance of a silicon ghotagede.
temperature guidelines are presented in the photodiode performance specifications of this catalog.

OBSERVE ELECTROSTATIC DISCHARGE (ESD) PRECAUTIONS

UDT Sensors photodiodes, especially with IC devices (e.g. Photops) are considered ESD sensitive. The photodiodes ar&Shipped i
protective packaging. When unpacking and using these products, anti-ESD precautions should be observed.

DO NOT EXPOSE PHOTODIODES TO HARSH CHEMICALS

Photodiode packages and/or operation may be impaired if exposed to CHLOROTHENE, THINNER, ACETONE, or TRICHLOROETHYL
ENE.

INSTALL WITH CARE

Most photodiodes in this catalog are provided with wire or pin leads for installation in circuit boards or sockets. Ghsetgerihg
temperatures and conditions specified below:

Soldering Iron: Soldering 30 W or less
Temperature at tip of iron 300°C or lower.

Dip Soldering: Bath Temperature: 260+5°C.
Immersion Time: within 5 Sec.
Soldering Time: within 3 Sec.
Vapor Phase Soldering: DO NOT USE
Reflow Soldering: DO NOT USE
Photodiodes in plastic packages should be given special care. Clear plastic packages are more sensitive to envirosthantthstesf
black plastic. Storing devices in high humidity can present problems when soldering. Since the rapid heating duringtsetsesrtge wire

bonds and can cause wire to bonding pad separation, it is recommended that devices in plastic packages to be bakedf@3Lhours

The leads on the photodiode SHOULD NOT BE FORMED. If your application requires lead spacing modification, please contact UL
Sensors Applications group before forming a product’s leads. Product warranties could be voided.
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| NTRODUCTION

PAckAGE MECHANICAL SPECIFICATIONS AND PARAMETERS

1. Parameter Definitions:
A = Distance from top of chip to top of glass.
a = Photodiode Anode.
B = Distance from top of glass to bottom of case.
¢ = Photodiode CathodéNote: cathode is common to case in metal package products unless otherwise noted)
W = Window Diameter.
F.O.V. = Filed of View (see definition below).
2. Dimensions are in inches (1 inch = 25.4 mm).
3. Pin diameters are 0.018 £ 0.001" unless otherwise specified.

4. Tolerances(unless otherwise noted)

General: 0.XX 0.01"
0.XXX =+ 0.005"
Chip Centering: +0.010"
Dimension ‘A: +0.015"
5. Windows

All ‘UV’ Enhanced products are provided with QUARTZ glass windows, 0.027 + 0.002" thick.
All XUV’ products are provided with removable windows.
All ‘DLS’ PSD products are provided with A/R coated glass windows.

All ‘FIL' photoconductivandphotovoltaicproducts are epoxy filled instead of glass windows.

-

F.O.V. = tan'! [W/2A]




MECHANICAL SPECIFICATIONS

o TO-18 Products 9 TO-5 Products e TO-8 Products
0.210 PIN-020A 0.360—] PIN-APD032 0.550 PIN-6DI
0.183 PIN-040A 0.325 PIN-5DI PIN-6DPI
0.155 (W) PIN-5DPI 0.485 PIN-44DI
0073 oW 1 PIN-13DI o4soﬂ PIN-44DPI
. % o200 L T PIN-13DPI k -
- s T T PIN A
H H H A 0.107  |BIN-6DL "6 445
1 : PIN-6DPI |
PIN-APD032 J‘ Emzigll:’l 8.423
7 TN
3 Case Oﬂ\ EA—K/ 01l a H H H PIN-6DI/6DPI
Pin Circle Dia. = 0.100 2¢ 3a o—N—»o te
All Others 5
4 Case Pin Circle Dia = 0.200 2 Case
c OJ_N% ta ’ Coﬁ l L PIN-44D1/44DP!
PIN A B | W | »case laotptjozc
PIN-APD032 0.073 | 0.167| 0.260 \\6,/
All Others 0.094 | 0.180) 0.240 Pin Circle Dia = 0.295 3 Case
o TO-18 Products e TO-5 Products e TO-8 Products
0.210 PIN-2DI ] PIN-5D 0.550 PIN-6D
0.183 PIN-2DPI 0360 PIN-5DP PIN-6DP
0.155 (W) PIN-3CDI (0-325 gm-igg/ss 0.485 PIN-44D
PIN-3CDPI 0.240 - B PIN-44DP
0.000 T oo (1] PIN-13DP ﬁO-CVSO ‘ UV-020
T 0102 T PIN-005E-550F w) UV-035D
05 B 0180 UV-001 T T UV-035E
MiN. L UV-005 0.14 0,205 UV-035
1 UV-005D :
UV-005E _L
< uVv-013D
UV-013E
o UV-015 H H
Pin Circle Dia = 0.100 @ ALL EXCEPT UV35
Pin Circle Dia = 0.200 3c 0«—*0{( la
3c le a PiNan % b sopiss UV35 PINOUT
e Ov-0930 Ov-0%3 UV-001, UV-005, UV-015 TN
o : ' / \
2 Case L N 3a OTN?K) lc
3cofjq2o 1a 3aoiplolc Pin Circle Dia = 0.295
0 TO-18 Products e TO-18 Products e TO-18 Products
0.210 0.210 0.210
0.183 PIN-3CD 0.190 PIN-125DPL 0.182 PIN-HRO05
0.155 (W) PIN-3CDP 0.148 +/- 0.13 0.094 (W) Em:sggg
BPX-65 LENS MAX DIA 0.030 -
gt e T Fows piNHRO26
T 0.185 0.244 PIN-HR040
1.0 N PIN-HS005
MilN LH HH PIN-HS008
1 PIN-HS020
H H PIN-HS026
o ] PIN-HS040
31 3¢ ol—{qjola PIN-UHS016
N <
Pin Circle Dia = 0.100 3 1 o _
Pin Circle Dia = 0.100
P/N A B o )
PIN-3CD/CDP | 0.087 | 0.146 Pin Circle Dia = 0.100 3 gase
BPX-65 0.075 | 0.200 TN // \‘\\
3col{q—o1la 2¢ oi—f4jola
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MECHANICAL SPECIFICATIONS

@ LOW PROFILE Products @ BNC Products @ BNC Products
PIN-10DI PIN-10D PIN-25D
100 PIN-10DPI PIN-10DP PIN-25DP
0.975 j PIN-10DPI/SB PIN-10DP/SB
UV-50L UV-50
0.695
’» (W) ﬂ UV-100L UV-100
0.195{ _F0.125
‘ ’7 1,675—‘
0.975
0.750 ’T*OVGQSﬂ 0.175 0.100 }7 1.302 4‘ 0.252
W ) w I
L 0.092{‘ L ‘ r ‘ L ) ’7
0.‘56 T ‘ ‘ —7T1 0.56
Cor?rll\‘ecctor Q 0“47 BNC 0L7
4‘* Connector ’
Outer Contact =Anode (PIN-10D, PIN-10DP, PIN-10DP/SB)
Outer Contact = Anode
Outer Contact = Cathode (UV-50 & UV-100)
@ sreciaL BNC Products | |@ sPeciaL PLASTIC | Products | |@ sPECIAL PLASTIC  Products
PIN-10AP FIL-3C FIL-44C
PIN-10DF FIL-5C 0.750 —| FIL-100C
0.55 FIL-20C ’» 0.575 FIL-44V
Twasw FIL-3V il FIL-100V
0.44 FIL-5V A— B FIL-UV50
‘ 1230 ——] hvw ] FIL-20V ﬁ'ﬁ—ogo FIL-UV100
L A ] FIL-UV20 ) FIL-S9DG
B 0.20 [ FIL-UV005 FIL-C10DG
L ' 0.031 FIL-S2DG - Foao
FIL-S4DG o | |
FIL-C4DG A Z*T
0.675 1.000
8 7168 §,i
DIMENSIONS
PN _L A | B DIMENSIONS
i e
1.23 ﬂ AL oo | o e | oo, | o
FIL-5C FIL-44V
}70.700 —' A FIL-20C FiL-100v
(W) r FIL-UV005 FIL-UVS0 1 g 099 | 0.155
?’ e —— ! E‘.t::éi 0087 | 0.152 FiL-uvaoo
1 ] ] FIL-C4DG FIL-S9DG | 0.072 0.155
FlLsa0e FIL-C10DG | 0.082 | 0.155
C
Q PINOUTS PINOUTS
PIN__[1]2]3]4]5]6
L v e Dibhllslelile
FLz0v B al|-ele] || e
At-sc A1) FIL-100V
DIMENSIONS EBUCC FIL-UVS0
PIN A B C FIL-UV005 FIL-Uv100 | © ac a
PIN-10DF | 0.217 | 0.330 | 1.02 FIL-S2DG FILS906 | alclelalalelela
PIN-10AP | 0.386 0.550 1.30 FIL-UV20 cl-lajc|-|a FIL-C10DG clajalc|c|afalC
FIL-S4DG ala|clalalc
FIL-C4DG clajc|clalc
UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cdpd




MECHANICAL SPECIFICATIONS

@ TO-18 LENSED CAP Products @ TO-5 Products @ TO-5 Products
) InGaAs-100L 0.360 - 0.360 - -
(?12;31 INGaAs-300L e gm ggg PIN-005D-254F
. . o e 0.325
PIN-H90M PIN-DSI
B{ }A PIN-HS005L o240 LI ‘0240‘
PIN-HS008L . (W) - (w) -
PIN-HS020L 0.104
PIN-HS026L 007 0.262 °'18°I 0.275
HHH PIN-HS040L : L L
PIN-HROO5L
PIN-HRO08L
PIN-HRO20L
. PIN-HRO26L
All Others PIN-H90M PIN-HRO40L o
& 70 PIN-UHSO016L
3¢ 31
2
4c Pin Circle Dia = 0.220 o .
ase Pin Circle Dia = 0.215
4a 1c
3 Case la 3 Vout 1 Vdd
[ Bottom Diode Top Diode 2¢ @01 a
2¢c 2 Vout
Pin Circle Dia = 0.100 3¢ 2a
P/N A B
All Others 0.146 0.173
PIN-H90M 0.176 0.203
@ PLAsTIC MOLD Products | |@) SPECIAL METAL | Products
BPW34 SC-50D
BPW34F
—0.180 — BPW34B
0.090 —— — ‘ 2.225
‘ 1.850 |
0.072— — ‘ ‘
0.020 0.230
T [» | 0.130 — r ‘
0.030 '
‘ E ’7’—‘ 0.075 0‘150 7‘ ‘ ‘ B 0.300
0.150 .
T | T | |
0.375
- JouF oo el
Tab Identifies Cathode (c) B
1.900
—0.180 — 0.020
L
| c W 0.080
0.130 / \ ‘
—4
15" Typ
Pin Circle Dia = 1.110
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MECHANICAL SPECIFICATIONS

@ TO-5 Products @ TO-8 Products @ TO-8 Products

0.600
(0,3507 XUV-005 XUV-020 PIN-DSIn-TEC

ro.zssi 0.550 XUV-035 0.525
1-0.09 [—0.460 k0.437
0.065 (W)

T a1

Ii & jjs o2

Pin Circle Dia = 0.200

. Pin Circle Dia = 0.295 PINOUT
3aoiptjolc 1-TEC ()
St 3¢ (},{_N_}o la 2 - Thermistor
N 3 - Thermistor
4 - TEC (+)
5 - Bottom InGaAs, Cathode
6 - Bottom InGaAs, Anode
7 - Top Silicon, Anode
8 - Top Silicon, Cathode
@ SPECIAL CERAMIC/PLASTIC Products || @B T0-8 Products
RD-100 0.550 PIN-FDO7
RD-100A 0.485 PIN-FD15
UVv-35P
UV-005EC FOASOT
UV-035EC (W)
‘7 A UV-100EC T T
j DIMENSIONS UV-005DC  0.120
PIN A s lc o UV-035DC L 0.201

T | l\(lj(_)tc? UV-005EC  [0.30 |0.24 0.18 Uv-100DC
ndicates . 4 . ) )
7 Amode Pin |4y ooec Joss [oss | Jos Aeing T
XUV-100C 0.530
UV-005DC | 0.30 |0.24 0.18 .
UV-035DC | 0.40 |0.35 |0.053 |0.29 H H i
UV-100DC |0.59 |0.59 0.50

XUV-50C 0.49
XUV-100C | 0.49 | 0.59 |0.027|0.49

c—=— 0.08 RD-100 0.65
RD-100A | 0.65
b 0.39 Min Uv-35P 0.390] 0.345] 0.050| 0.275

Pin Circle Dia = 0.295 2 Case
@ SPECIAL PLASTIC Products @ BNC Products
PIN-220D XUV-100
PIN-220DP
@ ; ’ @*\ PIN-220DP/SB
| ES ‘ 0.975

FO'%? 0.626 ‘ ho'm;‘ ]

=7 083

| | 0.236 \
i 1.575 \ e | —0.118 0.39

[ L I
0,209{ [ Lo ‘ - F-0.076 |
U H [ Foss -
|- 0.045 o
‘ 1.250 \ Pin Dia = 0.040
BNC Connector
| N 1

L Outer Contact = Cathode

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cd®



MECHANICAL SPECIFICATIONS

@ 8-PIN DIP Products @ TO-5 Products @ TO-8 Products
UDT-451 0.360— UDT-455 UDT-020D
0.020 0.325 UDT-455HS 0.600 UDT-020UV
1L — -0.06 ' UDT-455LN 0.550 —
T ! o 2401 UDT-455UV '
f [ RIS - w1 UDT-455UV/LN - 0.437
0.100— |- ) 0.26 W)
010 ojz;
0.385 — .
I J <T»
T 0.50 MIN
TO 1 0.50 MIN
8 5 L
PIN CIRCLE DIA. = 0.23
PINOUT PINOUT
1. Offset Null
2. Inverting Input 1. Offset Null
Detector Cathode 2. Inverting Input
3. Noninverting Input Detector Cathode
4V - i yonlnvertlng Input PINOUT
5. Offset Null i 1 - Not Used
e g ou L
. Vh i
8. Detector Anode 8. Detector Anode 4 - Offset Null
5 - Inverting Input
6 - Noninverting Input
7 - Detector Cathode
8 - Case Ground
9 - Detector Anode
10 - V-
11 - Output
12 - V+
@ SPECIAL Products @ SPECIAL Products
0.975 UDT-055UV 1.230 - PIN-555AP
UDT-555D (w)
0.895 UDT-555UV T ‘
— o.695 — UDT-555UV/LN FILTER CAP 0.55 - FILTERCAP____ | 0.364 \
L - ‘ — | T
+/- 0.
0.175
T o < 7 | |
} 0.050 Min
0.050 MIN

I

Pin 8 is designated
by a printed mark on
the bottom of case

Pin Circle Dia = 0.23

PINOUT

. Offset Null

. Inverting Input
Detector Cathode

. Noninverting Input

. Of-fset Null
Output
v+

[T

N OIS W

. Detector Anode & Case

64
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Pin 8 is designated
by a printed mark on
the bottom of case

Pin Circle Dia = 0.23

PINOUT

N

®NoUIs W

. Offset Null
. Inverting Input

. Noninverting Input

V-
. Offset Null

V o+
. Detector Anode & Case

Detector Cathode

Output
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MECHANICAL SPECIFICATIONS

€D sreciaL Products ||€) sPeciAL Products

DL-10 DL-20

1.70

1A40—‘
0.094 T 0.107
0.053 = |

| Foars T
0.750 \ \ 0-375
\
4L 0.385 & HB &
0 0 0
1.41
Pin Circle Dia = 0.730
Pin Dia = 0.040
Pin Circle Dia = 1.110
€D srPeciAL CERAMIC Products ||D TO-8 Products
DLS-10 DL-2
DLS-20 DLS-2
DL-4
DLS-4
— 0.600
1¢ 2a T 0.5501
0.437
o H H | -0.140 +/- 0.014 ‘ o ‘

—
-

HBa ACH 0.065

Pin Dia = 0.028 Typ
Pin Length = 0.25 Typ

DIMENSIONS

P/N |DLS-10|DLS-20 Pin Circle Dia = 0.400
A 1.000 | 1.500

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cdd®



MECHANICAL SPECIFICATIONS

@ TO-18 Products @ TO-5 Products @ TO-8 Products
0.360
0.210 SPOT-2DMI 0.325 SC-4D 0.594 SL5-1
0.185 SL3-1
0.155 (W) ( Wﬂw SPOT-2D 0.485
i SPOT-3D
0.088— ?0.146 A " SPOT-4D ko(-\‘,‘\go *‘
- T 0 SPOT-4DM|
\
0.114 T
HH T 0.200
L
Pin Circle Dia =0.100 H H
<>
Pin Circle Dia = 0.200
PINOUT
PIN 12 3 5
SC-4D c ¢ ¢ a
SL3-1 a c a - -
SPOT-2D a a a a c
SPOT-4D a a a a c
/ SPOT-4DMI| a a a a ¢
/ SPOT-3D a ¢ a -
\ Pin Circle Dia = 0.300
PARAMETER DEFINITION
PIN A B w
SC-4D 0.071  0.142  0.240
SL3-1 0.106  0.195  0.217
SPOT-2D | 0.063  0.114  0.240
SPOT-4D | 0.073  0.142  0.240
SPOT-4DMI| 0.063  0.142  0.240
SPOT-3D | 0.104  0.138  0.240
@ LOW PROFILE Products @ SPECIAL Products @ SPECIAL Products
SPOT-9D SC-10D ‘ SC-25D
SPOT-9DMI SC-13D 1.50
1.15 4‘
1.00 1.00 )
0.977 n | ‘
‘— 0.69)3 —‘ 0.09—%‘ ‘ ‘ ‘0#5 0.38
|
\
0.38
0 0 0 |
‘ 1.25 ‘
PIN CIRCLE DIA = 0.730 PIN CIRCLE DIA = 0.730
PIN CIRCLE DIA = 0.950
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MECHANICAL SPECIFICATIONS

@ PLASTIC Products @ PLASTIC Products
LSC-30D LSC-5D
2.40 1.400
1.000
2.00 I— 0.580—]
0.20 i ‘ i
1.58 0.10 =
cac 7‘ 0.07
0.60 T 135
[oeome ] o 1 LLI
| cl1 als clls 0.25 T
— O 0.5
0.32 T T ?
‘ Q) O 0.64 L
0.10

\ L IR
21456 ‘%
LCHZ aHA cuﬁ ﬁ 0.10 cac — I 0.170
) N ) 0.093 DIA. 2 HOLES

0.093 Dia. 2 Holes 0.170

PIN LENGTH = 0.100 TYP.
Pin Length = 0.100 Typ.

@ 8-PIN DIP Products @ 24-PIN DIP Products
SL3-2 SL-15
8§ S SL5-2 24 13
|:| PINOUT

11 = ANODE 1

1 12,24 = COMMON CATHODE
23 = ANODE 2

0.520 ﬂ 0 288 ALL OTHER PINS NOT CONNECTED

0.125 Max—:l: E —F—0.064 ! 12
‘ 0 175 | 1.200 L [— o594 ﬁro.ow

4 }0.300] 0.050 0.125 MAX.
]| ymm—w 12 fih
0.100 6000000000
F0.100 I 0600 —]
PINOUT 1100

- PIN LENGTH = 0.225
el PIN THICKNESS = 0.010
1,4,5,8 = COMMON CATHODE
3,6 = ANODE 2
@ SPECIAL Products
SL76-1
5.03
o s —1 | |
0.125
O ¢ ¢ o i o.‘soo
4.65

T 0.093
|

‘ ‘ o 0.250

T 0.040 —| |—

UDT Sensors Inc. Phone: 310-978-0516 Fax: 310-644-1727 http:\\www.udt.cdd’



MECHANICAL SPECIFICATIONS

@ SPECIAL Products @ SPECIAL Products

A2V-16 A2V-76

O0o0co000O00O0

| [-0.100 TYP ‘7 2.000 4‘
o f— 1.018 —
1

cas 68 7276
3 1315¢
000 TWO ROWS OF PINS 000
999 gyen NUMBERED PINS THESE Rows O C ©
o.600 | [[[[TTIT[]]]][] 0222 0.787 2610 1

I
.. o 091 76 - ELEMENT 0.316
o]

~rO0 000000

7

ARRAY
|
c 37 677175 ELLIPSE
oo 080 JIE N
0.062 1509 CIRCULAR 6973 ¢
. i i HOLE 0.128 DIA
I 0.200 1.60 |
-
0.060 0.018- £0.030
0.115 - |
-+
R SO 1
i
- F0.100 TYP
Pin Dia = 0.025
@ <o-PinDIP Products
A5V-35UV
A5C-35
R A5C-38
A5V-35UV ABV.35
A5V-38

| 2.00 |
’7 2.095 + 0.021 4‘
433 22 40 2
098 21
35 OR 38
T O 0ooo6osoo 11| 0.600

HHHHH 35 UV SENSITIVE ELEMENTS HH 0.79 ARRAY ELEMENTS

12
13
2 90

£0.050 o110

‘ ] 0105 [-0.130 ™ -
oooesesnconsnansnscsssl| | 0.180
0.100 -

35 ELEMENT ARRAY 38 ELEMENT ARRAY
PIN | ELEM || PIN |ELEM PIN ELEM || PIN | ELEM
NO. NO. NO. | NO NO NO. || NO. | NO

1 c 21 c 1 c 21

2 2 22 35 2 2 22 37

3 4 23 33 3 4 23 35

4 6 24 31 4 6 24 33

5 8 25 29 5 8 25 31

6 10 26 27 6 10 26 29

7 12 27 25 7 12 27 27

8 14 28 23 8 14 28 25

9 16 29 21 9 16 29 23

10 18 30 19 10 18 30 21

1 31 17 11 20 31 19

12 20 32 15 12 22 32 17

13 22 33 13 13 24 33 15

14 24 34 11 14 26 34 13

15 26 35 9 15 28 35 1

16 28 36 7 16 30 36 9

17 30 37 5 17 32 37 7

18 32 38 3 18 34 38 5

19 34 39 1 19 36 39 3

20 C 40 C 20 38 40 1
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MECHANICAL SPECIFICATIONS

@ rLAsTIC MOLD Products || PLASTIC MOLD Products | | PLASTIC MOLD Products
0,196 | PIN-07CSLR PIN-07CSL 7 PIN-01CT3
PIN-O07FSLR PIN-07FSL I PIN-01FT3
#0 169{
PIN-01CT5
,,,,,,, . PIN-01FT5
P+
0.256 L 0.291— K
10.157 1 g
I A H H
0.59 0.688 —
min. H min. ——
aE
FrU D
0.100 T
PIN-07FSLR  PIN-07CSLR F @
ol 75 **
PIN A B C D E F
COQ;I\\ a E::gig: 0.650 | 0.213]0.118{0.090 | 0.031 |0.154
\\\//’ PIN-01CT5
PIN-01FTS 1.04 | 0.343{0.197|0.100| 0.039 |0.228
@ PLASTIC MOLD Products @ PLASTIC MOLD Products @ PLASTIC MOLD Products
0.075 0.037 PIN-01CJ A 0.070 PIN-08CSL - 0.177 PIN-01CLSL
0.020 ﬂE PIN-01FJ j T q JE e PIN-16CSL 0.0%  p|N-01FLSL
i - o118 —Br
L 0.224 ®W 0-03R
T ' 0069 0.173
0.039 |4 gsq | 0.50 0.688 H H
‘ min. H H H
0.043 60.018 i
L # | L - 0.010 ‘
|-0.063 0.050 0.100
2 -0.100
13
LO.MOJ aOv’\—N—/,*OC

PIN A B
PIN-08CSL {0.170 | 0.220

TOP VIEW PIN-16CSL |0.215 | 0.264
a
[0 1
! 1
| |
| | PIN-08CSL PIN-16CSL
I, N T 1 T 1
!
c < IR
3 1 ) 3 ) 13
1 2 3 1 2 3
a C nc C a a
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DiIE TOPOGRAPHY

The following die topographies are for reference only. They shall not be used for any design purposes. Consult an Applications
Engineer for further details and accurate dimensions.

All chip dimensions are in millimeters (inches in parentheses).

PIN-5D/DP
PIN-2DI/DPI PIN-3CD/DP uv-005
e i s =
LJ [ 1
fo.81(0.032) l=—1.27 (0.050) —]
=—1.50 (0.059) —={ =—1.93(0.076) —=
PIN 13D/DP PIN 6D/DP
PIN 44D/DP
UV-013D/E uv-20
T T ]
s = s = < g S O
o = N |
PIN-10D/DP
- UV-035D/E
UV-100(L) UV-005D/E
N O - 0
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DIE TOPOGRAPHY

PIN-RD100(A) uvoo1

11.28 (0.444)
10.03 (0.395)
1.25 (0.049)
0.87 (0.034)
9.27 (0.365)
8.00 (0.315)

UV35(P) SPOT-2D SPOT-2DM1

F-1.27 (.050)

5.9 (0.236)
5.51 (0.217) T‘
I 3.81 (0.150)
‘ %2.54 (0.100)%
u
1.925 (0.076)
'61.189 (0.047)9‘

‘ ‘ B < 0.587 =
‘ 6.71 (0.264) ‘ (0.023) L
‘ 7.19 (0.283) ‘ 0.127(0.005) 0.013 (:0005)
3.81 (0.150) 1.514 (0.060)
SPOT-3D SPOT-4D SPOT-4DM1
N o [

4.98 (0.196)
4.57 (0.180)

)‘ 0.58 - <1.27 (0.050) k0519 ~
(0.023) L (0.021) L
> >
0.025 (0.0010) 0.127 (0.005) 0.013(.0005)
[=—1.52 (0.060) —=| 3.81 (0.150) SQ 1.905 (0.075) SQ

PIN BPX-65 SPOT-9D SPOT-9DM1

FO,QI (0.036) so.%

= 1.38 (0.054) SQ. ——=|

0.102 (.004) -0102 (.0004)
10.01 (0.394) 10.01 (0.394)
11.99 (0.472) 11.99 (0.472)
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CusTtoM PHOTODIODE SPECIFIER

Please fill out the items in the tables below in order to assist us in selecting the most appropriate item for your
requirements. You may not need, or able to complete ALL items. Hence simply fill out what you can and fax or mail the
form directly to the factory or one of our sales representatives. We will return back to you with a prompt quotation.

Company: Name: T#:

Address: Tech Contact: F#:

City: State/Zip: Main Product Line: Other #:
Purchase Information

Qty. / Date Required: Application * :

Target Price: Competitor:

Photodetector Electro-Optical Specifications (Fill as many specifications as you can):

Die Size: Active Area Size: Spectral Range: Applied Bias:
Responsivity Dark Current Junction Capacitance Rise/Fall Time
@ nm: AW @ V: nA @ V: pF @ V: nsec
Enviornmental e.g. Operating Temp, etc:
ARRAYS: Bl /QUAD CELLS: PHOTOPS:
No. of EImnts: Active Area / EImnt: Operating Frequency: S/N Ratio:
Pitch: Gap: Gain: Supply Voltage:
Mechanical Details (Package Type):
TO Type: Ceramic: PCB: Chip:
Isolated:  Yes ~ No___ Common: Cathode Wire Bond Other:
Anode__ Solderable

* Please provide a brief explanation of your specific application and / or any additional requirements or information that
you may consider necessary on additional sheets.
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TERMS AND CONDITIONS OF SALE

10.

11.

12.

SALES OF UDT Sensors Inc. PRODUCTS ARE SUBJECT TO THE FOLLOWING TERMS AND CONDITIONS:

PRICING. Price quotations for UDT Sensors Inc. products are subject to change. Unless otherwise stated, UDT Sensors Inc.'s pnidadelsales, use, VAT,
excise, or similar taxes. Consequently, in addition to the prices specified herein, the amount of any present or fulses YAlEsxcise or other similar tax
applicable to the sale of the products hereunder shall be paid by the Customer, or in lieu thereof the Customer Shdllp®erd®is Inc. with a tax exemption
certificate acceptable to the taxing authorities.

PAYMENT TERMS; U.C. SECURITY INTEREST. A customer purchasing products must represent that it is not insolvent as that term is defined in Califol
Commercial Code § 1201 (23). If a Customer becomes insolvent before delivery of the products, the Customer shall notifotsiicSeA Failure to notify UDT
Sensors Inc. shall be construed as a reaffirmation of the Customers solvency at the time of delivery. Standard payftemntredinagproval by UDT Sensors Inc.
are net 30 days after the original product shipment dates. However, if credit approval is not granted or if UDT Sehsmraftec determines in its sole discretion
that full payment by the Customer on a timely basis is not assured, UDT Sensors Inc. reserves the right to demand e tustomer provide assurance of
full payment by prepaying the purchase price, providing a letter of credit, posting bond issued by a competent surety rcencpaniner manner as may be
determined by UDT Sensors Inc. in its sole discretion. Each product shipment will constitute a separate and indepectitemt fFargaustomer shall granta UCC
security interest to UDT Sensors Inc. in all shipped products to secure payment of the purchase price and all other doiwlSsmhees Inc. and authorizes UDT
Sensors Inc. to file financing statements with respect to such security interest. Delinquent payments will accrueiméguestent per month, but not to exceed the
maximum amount permitted by law, until paid in full.

PACKAGING; SHIPMENT; INSURANCE: RISK OF LOSS. UDT Sensors Inc. shall provide at its expense commercial packaging adequate under norr
conditions to identify and protect the products during shipment by regular commercial carrier. A Customer may requstckpeai at its extra expense. A
Customer shall pay all freight and unloading costs. Unless a Customer requests specific carriers or methods of shipreeshrid INE.Sshall ship products to
Customer by regular commercial carrier. Any shipment dates specified by UDT Sensors Inc. are approximate dates only asar&§/D€. Das the right to adjust
the shipment dates as it deems appropriate. Unless a Customer requests specific insurance coverage or specific valsatiibTaBensors Inc. shall specify
shipment without insurance coverage and at minimum valuation amounts. A customer shall pay all insurance costs. ShppimpealO.B. place of shipment
and a Customer assumes all risk of loss and damage after delivery to the carrier and during shipment and shall file atayrddonagerequired by the carrier or
insurer.

RESCHEDULING CHARGES. Product shipments may be rescheduled by a Customer without prior written consent from UDT Sensors Inc. and payme
rescheduling charges determined by UDT Sensors Inc.. If shipments are delayed by a Customer, payment shall becomatuglerttbDd” Sensors Inc. is
prepared to make shipment. Products held for a Customer shall be at the risk and expense of the Customer. UDT Ssesas tine right to ship to its order and
make collection by sight draft with bill of lading attached.

FORCE MAJEURE; ALLOCATION. Performance by UDT Sensors Inc. will be excused without liability during any period that performance is prevente
delayed by causes beyond the reasonable control of UDT Sensors Inc..

ACCEPTANCE OF PRODUCTS. As soon as products are delivered to the Customer, the Customer shall inspect the products. Notice in writing shall be
within 48 hours after receipt of products of any defects or omissions. The failure of the Customer to give notice wiphénl atteatation of acceptance thereafter
shall have any effect whatsoever. If any products are rejected, the Customer shall hold the products at the Custorhetsipiesewntil UDT Sensors Inc. has
been notified in writing of the rejection and has had reasonable opportunity to arrange for suitable transportation.

LIMITED WARRANTIES: WARRANTY DISCLAIMER. UDT Sensors Inc. warrants only the products will comply with product specifications contained i
this catalog (or any supplement or amendment thereto) and that the products will operate properly under proper use anditiomaalithout defects in parts or
labor that prevent such operation for a period of 90 days after the individual product shipment dates. Minor defecisrs flerigiroduct specifications that do
not materially affect such operation will not constitute a breach of warranty or a failure to meet specifications. NO OTREANNMES ARE GIVEN AND NO
AFFIRMATION BY UDT Sensors Inc., BY WORDS OR ACTION, WILL CONSTITUTE A WARRANTY. UDT Sensors Inc. DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY THAT THE PRODUCTS ARE MERCHANTABLE OR THAT THE PRODUCTS ARE FIT FOR A PARTICULAR USE OR PURPOSE
EVEN IF THE PARTICULAR USE OR PURPOSE IS DISCLOSED TO UDT Sensors Inc. IN ADVANCE.

LIMITED REMEDIES FOR BREACH OF WARRANTY. Defective Products may be returned to UDT Sensors Inc. freight prepaid only after obtaining a Rett
material Authorization Number (RMA) from UDT Sensors Inc.. If after testing and inspection any such returned productieddigidDT Sensors Inc. to be
defective, UDT Sensors Inc. shall promptly repair or replace the product and return it to Customer freight prepaid. A GISASMD OTHER REMEDY FOR
BREACH OF WARRANTY OR FAILURE TO MEET PRODUCT SPECIFICATIONS.

LIMITATION OF LIABILITY AND DAMAGES. UDT Sensors Inc. SHALL NOT BE LIABLE FOR INJURY TO ANY PERSON OR PROPERTY AND IN
NO EVENT SHALL UDT Sensors Inc. BE LIABLE FOR ANY DIRECT OR INDIRECT CONSEQUENTIAL, INCIDENTAL OR SPECIAL DAMAGES.

INDEMNITY BY CUSTOMER. Customer shall defend and indemnify and hold UDT Sensors Inc. harmless against any claims that are based upon any sub
resale of the products by the Customer, any sale by the customer of any of the products or any use of such produ¢twéithe Cus

PATENT AND TRADEMARK INFRINGEMENT DEFENSE AND INDEMNITIES. The Customer shall defend, indemnify and hold UDT Sensors Inc.
Sensors Inc. harmless against any claims that use or combination of the products by the Customer with any materiahot gaidigt&) DT Sensors Inc. Sensors
Inc. constitutes a violation or infringement of any U.S. or foreign patents covering the use or combination products toyrthe Qe Customer shall also defend,
indemnify and hold UDT Sensors Inc. Sensors Inc. harmless against any claims that manufacturing or sales of productethantifac@uistomer specifications
constitutes a violation or infringement of any U.S. or foreign patents or trademarks. SALE OF THE PRODUCTS BY UDT Sefisosohsdnc. CONVEYS NO
EXPRESS OR IMPLIED LICENSE UNDER PATENT OWNED OR CONTROLLED BY UDT Sensors Inc. Sensors Inc..

APPLICABLE LAW: ARBITRATION: TIME FOR BRINGING ACTIONS. California law will exclusively apply to sales of UDT Sensors Inc. Sensors Inc.
products. All unresolved claims and disputes relating to such sales shall be settled by arbitration in Los Angeles,u@dkfioArieerican Arbitration Association
Commercial Rules (including mutual discovery and judgement upon the arbitration award may be entered and enforced inemntConmipeth jurisdiction. Such
award shall be final and binding upon both parties. Any action relating to such sales must commence within one (1}heaaadienf action has accrued.
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