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INTRODUCTION

Photodiodes make use of the photovoltaic-effect —the
generation of a voltage across a P-N junction of a semi-
conductor when the junction is exposed to light. While the
term photodiode can be broadly defined to include even
solar batteries, it usually refers to sensors intended to
detect the intensity of light. Photodiodes can be classified
by function and construction as follows.

® Photodiode Types

1) PN photodiodes

2) PIN photodiodes

3) Schottky type photodiodes

4) Avalanche photodiodes
All of these types provide the following features and are
widely used for the detection of the existence, intensity,
position and color of light.

® Features

1) Excellent linearity

2) Low noise
3) Wide spectral response
4) Mechanical ruggedness
5) Compact and lightweight

6) Long life

This section will serve to introduce the construction
characteristics, operation and use of photodiodes.

CONSTRUCTION

Hamamatsu photodiodes can be classified by manufac-
turing method and construction into five types of silicon
photodiodes and two types each of GaAsP and GaP pho-
todiodes.

Table 1: Photodiodes Types

Type Construction Features Photodiode types

Silicon photodiodes
‘@g. S2386. S2387 series,
Smali dark current | \S1087. S1133 series

GaAsP photodiodes

Planar diffusion
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Fast response (51336 series,)
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@ Planar Diffusion Type
An SiO2 coating is applied to the P-N junction surface,
yielding a photodiode with a low level dark current.

® Low-Capacitance Planar Diffusion Type

A high-speed version of the planar diffusion type photo-

diode. This type makes use of a highly pure, high-resis-

tance N-type material to enlarge the depletion layer and
thereby decrease the junction capacitance, thus lowering
the response time to 1/10 the normal value. The P layer

is made extra thin for high ultraviolet response.

® PNN* Type

A low-resistance N* material layer is made thick to bring
the N-N* boundary close to the depletion layer. This
somewhat lowers the sensitivity to infrared radiation,
making this type of device useful for measurements of
short wavelengths.

® PIN Type

An improved version of the low-capacitance planar dif-
fusion device, this type makes use of an extra high-re-
sistance | layer between the P- and N-layers to improve
response time. This type of device exhibits even further
improved response time when used with reversed bias

-and so is designed with high resistance to breakdown and

low leakage for such applications.

@ Schottky Type

A thin gold coating is sputtered onto the N material layer
to form a Schottky Effect P-N junction. Since the distance
from the outer surface to the junction is small, ultraviolet
sensitivity is high.

@ Avalanche Type

If a reverse bias is applied to a P-N junction and a high-field
formed within the depletion layer, photon carriers will be
accelerated by this field. They will collide with atoms in
the field and secondary carriers are produced, this proc-
ess occurring repeatedly. This is known as the avalanche
effect and, since it results in the signal being amplified,
this type of device is ideal for detecting extremely low level
light.

THEORY OF OPERATION

Figure 1 (a) shows a cross section of a photodiode. The
P-layer material at the light sensitive surface and the N
material at the substrate form a P-N junction which oper-
ates as a photoelectric converter. The usual P-layer for
a silicon photodiode is formed by selective diffusion of
boron to a thickness of approximately 1 um and the neutral
region at the junction between the P and N layers is known
as the depletion layer. By varying and controlling the
thickness of the outer P-layer, substrate N-layer and bot-
tom N* layer as well as the doping concentration, the
spectral response and frequency response can be con-
trolled.



When light is allowed to strike a photodiode, the elec-
trons within the crystal structure become stimulated. If the
light energy is greater than the band gap energy Eg, the
electrons are pulled up into the conduction band, leaving
holes in their place in the valence band (see Figure 1 (b)).
These electron-hole pairs occur throughout the P-layer,
depletion layer and N-layer materials, and in the depletion
layer the electric field accelerates the electrons towards
the N-tayer and the holes toward the P-layer. Of the
electron-hole pairs that are generated in the N-layer, the
electrons, along with electrons that have arrived from the
P-layer, are left in the N-layer conduction band, while the
holes diffuse through the N-layer up to the P-N junction
while being accelerated, and collect in the P-layer valence
band. in this manner, electron-hole pairs which are gen-
erated in proportion to the amount of incident light are
collected in the N-layer and P-layer. This results in a po-
sitive charge in the P-layer and a negative charge in the
N-layer. If an external circuit is connected between the
P- and N-layers, electrons will flow away from the N-layer
and holes from the P-layers towards the opposite elec-
trode, respectively.

Figure 1 (a): Photodiode Cross-Section
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EQUIVALENT CIRCUIT

The photodiode equivalent circuit is shown in Figure 2.

Figure 2: Photodiode Equivalent Circuit
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VD: Voltage across the diode
lo:  Output current
Vo: Output voltage

Using the above equivalent circuit and solving for the
output current, we have:

o=l =10~ F =1L~ Is (expSR = 1)~ 1

Where

Is: photodiode reverse saturation current

e: Electron charge

k: Boltzmann's constant

T: Absolute temperature of the photodiode
The open circuit voltage Vop is the output voltage when
lo equals 0. Therefore, we have:

kT (i
Vop = /(LI I+1)

If we ignore I', since Is increases logarithmically with re-
spect to increasing ambient temperature, Vop is inversely
proportional to ambient temperature and inversely pro-
portional to the log of IL. However, this relationship does
not hold for very small amounts of incident light.

The short-circuit Ish is the output current when the load
resistance RL equals 0 and VO equals 0, yielding:

e(lsn-Rs) _ 1 ) _ IshRs
kT Rsh

Ish = IL — Is (exp

In the above relationship, the 2nd and 3rd terms limit Ish
linearity. However, if Rs is several chms or lower and
Rsh is 107 to 10! ohms, these terms become negligible
over quite a wide range.

V-l CHARACTERISTICS

When a voltage is applied to a photodiode in the dark state,
the V-l characteristic curve observed is similar to the curve
of a conventional rectifier diode as shown in Figure 3 .
However when light strikes the photodiode, the curve at
@ shifts to @ and, increasing the amount of incident light
shifts the characteristic curve still further to position @
in parallel with respect to incident light intensity. For the
characteristics for @ and ®, if the photodiode terminals
are shorted, a photocurrent Ish or Ish’ proportional to the
light intensity will flow in the direction from the anode to
the cathode. If the circuit is open, an open circuit voltage
Vop or Vop’ will be generated with the positive polarity
at the anode.

Figure 3: V-l Characteristics
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Figure 4: Output Signal vs. Incident Light Relationship
(S2386-5K)
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The short circuit current Igh is extremely linear with
respect to the amount of incident light. The achievable
range of linearity is 6 to 8 orders of magnitude, depending
upon the type of photodiode and circuit in which it is used.
Vop varies logarithmically with respect to a change of
amount of light and is greatly affected by variations in
temperature, making it unsuitable for light intensity mea-
surements. Figure 4 shows the result of plotting Ish and
Vop as a function of incident light illuminance.

Figure 5 (a) and (b) show methods of measuring light
by measuring Ish. In the circuit shown at (a), the voltage
(Ish x RL) is amplified by an ampiifier A and the use of the
bias voltage VR makes this circuit suitable for receiving
high-speed pulse light, although the circuit has limitations
with respect to linearity. This condition is shown in Figure
6. In the circuit of Figure 5 (b), an operational amplifier is
used and the characteristics of the feedback circuit are
such that the equivalent input resistance is several orders
of magnitude smaller than Rf, enabling nearly ideal Ish
measurements. The value of Rf can be changed to enable
Ish measurements over a wide range.

If the zero region of Figure 3 O is magnified, we see,
as shown in Figure 7, that the dark current is linear over
a voltage range of approximately +10 mV. The slope in
this region is termed the shunt resistance (Rsh) and this
resistance is the cause of thermal noise currents de-
scribed later. In this catalog, values of Rsh are given using
a dark current of Ig with —10 mV applied.

Figure 5: Photodiode Operational Circuits
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Figure 6: V-l Characteristics and Load Line
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Figure 7: V-1 Characteristics (Expanded Zero Region)
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SPECTRAL RESPONSE CHARACTERISTICS

As explained in the section on principles of operation,
when the energy of absorbed photons is lower than the
band gap energy Egq, the photovoltaic effect does not occur.
The limiting wavelengths A can be expressed in terms
of Eg as follows.

_1240

A
Eg

[nm] O]

At room temperatures, Eg is 1.12eV for silicon and 1.8eV
for GaAsP, so that the limiting wavelengths are 1100nm
and 700nm, respectively. For short wavelengths, however,
the degree of light absorption within the diffusion layer
becomes very high. Therefore, the thinner the diffusion
layer is and the closer the P-N junction is to the surface,
the higher the sensitivity will be (see Figure 1 (a)). For
normal photodiodes the cutoff wavelength is 300 to 400nm,



whereas for ultraviolet enhanced photodiodes (e.g. $1226
and S1336) it is below 190nm.

The cutoff wavelength is determined by the intrinsic
material properties of the photodiode, but is also affected
by the spectral transmittance of the window material. For
borosilicate glass and plastic resin coating, wavelengths
below approximately 300nm are absorbed. If these ma-
terials are used as the window, the short wavelength
sensitivity will appear to be lost. For wavelengths below
300nm, photodiodes with fused silica windows are used.
For measurements limited to the visible light region, a
green filter is used as the light-receiving window.

Figure 8 shows the spectral response characteristics
for various photodiode types. The BQ type shown uses a
fused silica window, the BK type a borosilicate glass
window and the BR type a resin coated window.

Figure é: Spectral Response Characteristics
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NOISE CHARACTERISTICS

Like other types of light sensors, the lower limits of light
detection for photodiodes are determined by the noise
characteristics of the device. The photodiode noise in is
the sum of the thermal noise (or Johnson noise) ij caused
by the shunt resistance Rsh and the shot noise is resulting
from the dark current and the photocurrent.

in = /i +is? [A] (2)
When a photodiode is used in an operational amplifier
circuit such as that shown in Figure 5 (b), since the applied
voltage is the operational amplifier's input offset voltage
only, the dark current may be ignored and in is given as
follows.
kTB

Rsh | ©]

in—lj—

Where

k: Boltzmann’'s constant

T: Absolute temperature of the photodiode
B: Noise bandwidth

When a bias voltage is applied as in Figure 5 (a), there is
always a dark current. For a bias voltage of 1to 2 V or
greater, is >> ij, so that in is given as follows.

in=is= /2B (Al (@

Where

q: Electron charge
Ig: Dark current

B: Noise bandwidth

With the application of incident light, IL exists and if Ii
>>0.026/Rsh or IL => Id, the above equations (3) and (4)
are replaced by the following equation for shot noise.

in=ls =/2qiLB (5)

The amplitudes of these noise sources are each propor-
tional to the square root of the measured bandwidth B,
so that they are expressed in units of (A//HZ).

The lower limit of light detection for a photodiode is
usually expressed as the intensity of incident light required
to generate a current equal to the noise current as ex-
pressed in equations (3) or (4). Essentially this is the noise
equivalent power (NEP).

NEP=i§n W/ /Rz]  (6)

Where
in: noise
S: peak radiant sensitivity

Figure 9 shows the relationship between NEP and dark
current, from which can be seen the agreement with the
theoretical relationship. The light detection limit for DC
coupling as shown in Figure 5(b) is influenced by the
amplifier’s thermal drift, low-frequency flicker noise and,
as will be described later, gain peaking. Thus the limit is
actually greater than the NEP.

If the incident light can be periodically switched ON and
OFF by some means and detection performed in syn-
chronization with this switching frequency, it is possible
to eliminate the influence of noise outside this measure-
ment bandwidth (refer to Figure 10). This techinique can
aliow the actual measured detection limit to approach the
detector’s theoretical NEP.

Figure 9: Relationship of NEP to Dark Current
(S1226-5BK)
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Figure 10: Synchronous Measurement Method
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REFERENCE PHOTODIODE

When compared with photodiodes not having an am-
plification mechanism, avalanche photodiodes exhibit
additional excessive noise components caused by vari-
ations in the avalanche amplification process. Using the
gain M and a light current IL and excessive noise factor
F when M = 1in equation (4) above, we have the following
expression.

in = /2qILM?FB

In this expression, for M = 10 to 100, F may be approxi-

mated as follows.

F =M
The exponent x is known as the excessive noise index
and is in the range of approximately 0.3 to 0.5. The ad-
vantage to using an avalanche photodiode is the ability
to use a small load resistance and a small input resistance
in the following stage in comparison with normal photo-
diodes. This enables not only an operating speed ad-
vantage, but a reduction in thermal noise generated by
the noise resistance as well, thus enabling detection of
extremely small signals. For details, refer to the separate
data sheet.

REVERSE BIAS

Since photodiodes generate a voltage by virtue of the
photovoltaic effect, they can operate without the need of
an external power supply. However, speed of response
and linearity can be improved by the use of such an ex-
ternal biasing source. It should be borne in mind that the
signal current flowing in a photodiode circuit is determined
by the number of photovoltaicaily generated electron-hole
pairs and that the application of a bias voltage does not
result in the loss of photoelectric conversion linearity.

Figure 11 shows an example of a reverse bias con-
nection. Figures 12 and 13 show the effects of bias voltage
on rise time and linearity limits, respectively. While ap-
plication of a reverse bias to a photodiode is very useful
in improving response speed and linearity, it has the ac-
companying disadvantage of increasing dark current and
noise levels along with the danger of damaging the device
by excessive applied reverse bias voltage. Thus, care is
required to maintain the bias within the maximum ratings
and to ensure that the cathode is maintained at a positive
potential with respect to the anode.

For use in applications such as optical communications
and remote control which require high response speed,
the PIN photodiode provides not only good response speed
but excelient dark current and voltage resistance char-
acteristics with bias applied. Figure 14 shows an example

of the actual connection shown in Figure 11 (b) with a load
resistance 50 Q. The ceramic capacitor C is used to enable
a reduction of the bias supply impedance, while resistor
R is used to protect the photodiode. This resistor is se-
lected such that the voltage drop caused by the average
photocurrent is sufficiently smaller than the bias voltage.
Note that the photodiode and capacitor leads, coaxial
cable and other wires carrying high-speed pulses should
be kept as short as possible.

Figure 11: Reverse Bias Connection Example
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Figure 12: Risetime vs. Bias Voltage
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Figure 14: Connection to Coaxial Cable

LIGHT

50Q COAXIAL CABLE

o ¢
cx

SO




.

e ARG s i

RESPONSE SPEED

The response speed of a photodiode is a measure of the
time required for the accumulated charge to become an
external current and is generally expressed as the rise
time tr or fall time t4. tr is the time required to rise from
10% to 90% of the normal output value and is determined
by the following factors.

1) Time constant T1 determined by the terminal ca-
pacitance of the photodiode Ct and the load resist-
ance Rt.

(Ct is the sum of the package capacitance and the
photodiode junction capacitance Cj)

2) Diffusion time T 2 of carriers generated outside the
depletion layer.

If the Ct x RL time constant 11 is the governing factor, tr
is given as follows.

tr = 2271 = 2.2Ct x RL

i

To shorten tr, the design must be such that either Ct or
RL is made small. Cj is proportional to the light sensitive
area A and inversely proportional to the second to third
root of the resistivity p of the substrate material and re-
verse bias VR.

Cjx A{(VR + 0.5)xp} ~%~~"

Therefore, to achieve a fast response time, a photodiode
with a small A and large p should be used with reverse
bias applied. The carriers generated outside the depletion
layer occur when incident light misses the P-N junction
and strikes the surrounding area of the photodiode chip
and when this light is absorbed by the substrate section
which is below the depletion area. The time T2 required
for these carriers to diffuse may be greater than several
rs. When the Ct x R time constant is small, it is the major
factor that determines the response speed. Figure 15
shows an example of the response waveform of a photo-
diode.

Figure 15 (a): Photodiode Response Waveform Example
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In the case of a PIN or avalanche photodiode, Ct is
particularly small. Also these types are designed for a low
level of carrier generation outside the depletion region,
thus suitable for high-speed light detection.

R

Figure 15 (b): $1722 Response Waveform
(VR = 100V, RL = 50 Q)
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Figure 16: Rise Time vs. Load Resistance with Photosen-
sitive Area as Parameter
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TEMPERATURE CHARACTERISTICS

Ambient temperature variations greatly effect photodiode
sensitivity and dark current. The cause of this is variation
in the light absorption coefficient which is temperature
related. For long wavelengths, sensitivity increases with
increasing temperature and this increase become prom-
inent at wavelengths longer than the peak wavelength.
For short wavelengths, it decreases. Since ultraviolet
enhanced photodiodes are designed to have low ab-
sorption in the short wavelength region, the temperature
coefficient is extremely small at wavelengths shorter than
the peak wavelength. Figure 17 shows examples of tem-
perature coefficients of photodiodes sensitivity (Ish) for a
variety of photodiodes types.

Figure 17: Temperature Coefficient vs. Wavelength
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The variation in dark current with respect to temper-
ature occurs as a result of increasing temperatures
causing electrons in the valence band to become excited,
pulling them into the conduction band. A constant increase
in dark current is shown with increasing temperature.
Figure 18 indicates a two-fold increase in dark current for
a temperature rise from 5°C to 10°C. This is equivalent to
a reduction of the shunt resistance Rsh and a subsequent
increase in thermal and shot noise. Figure 19 shows an
example of the temperature charcteristics of open-circuit
voltage Vop, indicating linearity with respect to temper-
ature change.

Figure 18: Dark Current Temperature Dependence
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Figure 19: Vop Temperature Dependence (S1190)
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USE OF OPERATIONAL AMPLIFIERS

1) Transimpedance Circuit

Figure 20 shows a basic circuit connection of an opera-
tional amplifier and a photodiode. The output voitage Vo
from DC through the low-frequency region is 180 degrees
out of phase from the input short circuit current. The
feedback resistance Rt is determined by Ish and the re-
quired output voltage Vo. If, however, Rt is made greater
than the photodiodes internal resistance Rsh, the opera-
tional amplifier’s input noise voltage and offset voltage
will be multiplied by (Rt/Rsh+ 1). This is superimposed
on the output voltage, and the operational amplifier’s bias
current error (described later) will also increase. If there
is an input capacitance, the feedback capacitance Ct
prevents high-frequency oscillations and also forms a
lowpass filter with a time constant Cf x Rt value. It should
be chosen with regard to the desired transimpedance and

bandwidth. If the input light is similar to a discharge spark,
and it is desired to integrate the amount of light, Rf can
be removed so that the operational amplifier and Ct act
as an integrating circuit.

Figure 20: Basic Photodiode Connection Example
Rf 1 OML

> © Vo
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) 4 %Ci * Spen
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PRODUCT: | MHz *

* Values commonly available.

~ However, a switch is required to discharge Ci before the

next integration.

2) Bias Current

Since the actual input impedance of an operational am-
plifier is not infinite, there is some bias current that flows
into or out of the input terminals. This may result in errors,
depending upon the magnitude of the detected current.
The bias current which flows in an FET input operational
amplifier is sometimes lower than 0.1pA. Bipolar opera-
tional ampilifiers, however, have bias currents in the order
of several nA or even several hundred nA. However, the
bias current of an FET operational amplifier generally
increases two-fold for every increase of 10°C in temper-
ature, whereas that of bipolar amplifiers decreases with
increasing temperature. Therefore, the design of such
circuits to operate at high temperatures should consider
the use of bipolar amplifiers.

As is the case for offset voltage, the error voltages at-
tributable to the bias current can be adjusted by means
of a potentiometer connected to the offset adjustment
terminals. Futhermore, leakage currents on the PC board
used to house the circuit may be greater than the opera-
tional amplifier's bias current. Consideration must be
given to the circuit pattern’s design and its parts re-
placement. Additionally, the use of Teflon terminals and
guarding may be required. However, the operational
amplifier chosen is of utmost importance. A list of re-
commended FET and bipolar types is given on page 41.

3) Gain Peaking

The frequency response of a photodiode operational
amplifier is determined by the time constant Rf x Ct.
However, for large values of junction capacitance (i.e.,
input capacitance) a phenomenon known as gain peaking
will occur. Figure 21 shows an example of such a frequency
response, from which it can be seen that the output voltage
increases sharply in the high frequency region, causing
significant ringing in the output voltage response to pulsed
light input. This gain operates in the same manner with
respect to operational amplifier input noise and may resuit
in abnormalily high noise levels (see Photograph (c)). This
occurs by virtue of the fact that the reactance of the input
capacitance and that of the feedback capacitance on the
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e Photodiode Spectral Response Characteristics
(Representative Example)

(Typ.at 25°C)
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Spectral Response Characteristics Listed
Type Features Type No.
: Range |Peak Wavelength |Mark L Page
Siticon Photodiodes Ultraviolet to visible light, for precision photometry | 190~ 1000 720 @) | S1226. $1227 Series 1415
Ultraviolet to infrared, for precision photometry 190~ 1100 920 @ | $1336. $1337 Series 1617
Visible light to infrared, for precision photometry 400~ 1100 900 ® | 52386. 52387 Series 1819
Visible light, for general-purpose photometry 320~730 560 ® | S1087. 51133, etc. 2021
Visible light to infrared, for general-purpose photometry| 300~ 1100 900 - | $1087-01 $1133-01. etc.
PIN Silicon High-speed response 400~ 1060 900 — | 81188. S2216. S1721. etc.
Fhotodiodes 400~ 1100 920 B | S1190. S1223.:atc. -
For optical disk players (multi-etement type) 400~ 1060 900 — | §2386. 32337 2925
Visibie light cutoff type 700~ 1100 950 ® | S2506
840~ 1100 980 ic)
Large sensitive area, high ultraviolet sensitivity 190~ 1060 920 -
3aAsF Protocicaes | For visible light 300~680 610 D
sion Tpel Extended red sensitivity 400~760 710 ]
CansP Fhotccisdes Ultraviolet to visible light 190~680 610 b ]
: Extended red sensitivity 190~760 710 <]
E Ultraviolet to green light 190~520 440 k]
Ultraviolet only 280~410 380 D
- o High-speed response and high gain 350~ 1050 830 -
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Spectral Response

The photocurrent produced by a given level of incident light
varies with wavelength. This wavelength/response re-
lationship is known as the spectral response characteristic
and is expressed numerically in terms of radiant sensi-
tivity, quantum efficiency, NEP, detectivity, etc.

Radiant Sensitivity

This measure of sensitivity is the ratio of radiant energy
expressed in watts incident on the device to the photo-
current output expressed in amperes. it may be expressed
as either an absolute sensitivity, i.e., the A/W ratio, or as
a relative sensitivity, normalized with respect to the sen-
sitivity at the wavelength of peak sensitivity, with the peak
value usually taken as 100. For the purposes of this catalog,
the spectral response range is taken to be the region within
which the radiant sensitivity is within 5% of the peak value.

Quantum Efficiency (Q.E.)

This is the ratio of number of incident photons to resulting
photoelectrons in the output current, without consideration
given to the individual photon energy levels, resulting in
a slightly different spectral response characteristic curve
from that of the radiant sensitivity.

NEP (Noise Equivalent Power)

This is the amount of light equivalent to the intrinsic noise
level of the device. Stated differently, it is the light level
required to obtain an S/N ratio of 1. The NEP is one means
of expressing the spectral response. In this brochure, the
NEP value at the wavelength of maximum response is
used. Since the noise level is proportional to the square
root of the bandwidth, the NEP is expressed in units of
W/HZz%.

Noise Current (A/Hz”)
Radiant Sensitivity at Peak (A/W)

NEP =

D* (D-Star)

Detectivity, D, is the inverse of the NEP and is used as a
measure of the detection sensitivity of a device. Since
noise is normally proportional to the square root of the
photosensitive area, the smaller the photosensitive area,
the better the apparent NEP and detectivity. To take into
consideration material properties, the detectivity D is
muitiplied by the square root of this area to obtain D*,
expressed in units of cmHz”*/W. As with NEP, the values
used herein are those at the wavelength of the peak
sensitivity.

[Effective Sensitive Area (cm?)]*
D* (D-star) = NEP

Short Circuit Current (Ish)

This value is measured using white light of 2856K dis-
tribution temperature from a standard tungsten lamp of
100 fux illuminance (100 lux for GaP photodiodes). The
short circuit current is that current which flows when the
load resistance is 0 and is proportional to the device
photosensitive area.

Dark Current (lg) and Shunt Resistance (Rsh)

The dark current is the small current which flows when
reverse voltage is applied to a photodiode under dark
conditions. It is a source of noise for applications in which
areverse bias is applied to photodiodes as is typically the
case with PIN photodiodes. To observe the dark current
there are two methods—observation of the V/I ratio
(termed shunt resistance) in the 0 V region (— 10 mV for
the data herein), or observation of the current at actual
applied reverse bias conditions.

. 10 (mV)
sh = Dark Current at VR = 10 mV (A)

Junction Capacitance (Cj)

An effective capacitor is formed at the P-N junction of a
photodiode. lts capacitance is termed the junction capa-
citance and is the major factor in determining the response
speed of the photodiode. This is measured at 1 MHz for
PIN types and 10 kHz for other types.

Rise Time ()

This is the measure of the photodiode response to a
stepped lightinput. It is the time required for transition from
10% to 90% of the stationary output level. Since the rise
time is a function of the wavelength of the incident light
and of the load resistance.

A light'source matching the photodiode’s spectral re-
sponse and a specified load resistance is used.

Cutoff Frequency (fc)

This is the measure of the photodiode response to sine-
wave incident light and frequently used for PIN photo-
diodes. It is defined as the frequency at which the output
current decreases by 3dB from the low frequency re-
sponse. The load resistance used is 500Q.

Maximum Reverse Voltage (VkR max)

Applying reverse voltages to photodides can cause
breakdown and severe deterioration of device perform-
ance. Therefore reverse voltage should be kept somewhat
lower than the maximum rated value, VR max, even for
instantaneously applied reverse bias voitages.
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PLANAR DIFFUSED SILICON PIN PHOTODIODES

DESCRIPTION

These devices represent the state of the art in planar diffused silicon
photodiode light sensors. They are all low leakage, low noise, high
impedance, wide spectral range devices of a quality suitable for in-
strument use.

The D™ series is comprised of the following: PIN-3D, PIN-56D,
PIN-6D, PIN-10D. This series is optimized for a voltage biased mode
of operation (photoconductive), which is required for fast response
(less than 750ns). These devices are particularly suited for AC light
signals.

The ““DP" series is comprised of the following: PIN-3DP, PIN-5DP,
PIN-6DP, and PIN-10DP. This series is optimized for an unbiased
mode of operation (photovoltaic). Because of their high zero bias
impedance, these devices are ideally suited for coupling to an op
amp in the current mode.t In this photodiode/op amp mode, dc
light level changes of up to ten decades can be linearly detected and
converted to an output voltage. These devices are particularly suited
for DC light signals.

The PIN-3D and PIN-3DP have .03 cm2 active areas and are her-
metically sealed in a TO-18 housing. The PIN-5D and PIN-5DP have
05 cm2 active areas and are hermetically sealed in a TO-5 housing.
The PIN-6D and PIN-6DP have .20 cm2 active areas and are her-
metically sealed in a TO-8 can. The PIN-10D and PIN-10DP have
1 cm? active areas and are sealed in a 1" O. D. metal housing with
BNC output connectors.

+ P. H. Wendland, "Solid State Combo Vies With Tubes', Elec-
tronics, P. 50, 5/24/71.
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and

PIN-3D
PIN-3DP
(.03 cm2 active area)

PIN-5D
PIN-5DP
(.05 cm2 active area)

PIN-6D
PIN-6DP
(.2 cm2 active area)

PIN-10D
PiIN-10DP
(1.0 cm2 active area)

- "D" Series

e Voltage Biased Qperation
{photoconductive).

Fast Response Time
Low Capacity
Low Noise

Low Dark Current

"DP" Series

Zero Voitage Bias Operation
(photovoltaic)

Optimized for op amp hook-up
Ultra High Impedance
Ultra Low 1/f noise

Ten Decade Output Linearity
with DC light inputs

UNITED DETECTOR TECHNOLOGY INC.

2644 30TH STREET, SANTA MONICA, CA 90405  TELEPHONE (213) 396-3175 « TELEX 65-2413



@
PLANAR DIFFUSED SILICON PIN PHOTODIODES (all models) ‘
SPECTRA'L,RESPONSEA LINEARITY IV CHARACTERISTICS

; T OTOCONDUCTIVE __,
: . REGION
3 v ] g
(23 T
5 / gor s00u W 3
& 4 < 4
. /| o5 500 W
@ 7 Saol -
=Y H 4004 W B
3 £
o S.a00 4
2 z 300 W
: H
S / £ 200 2004 4
z 8 ok 3
z / 51001 4
H z N . . .
b ——— - - 008 0 0 8 e 18
¢..200..39° 40 B0 60~ 70 80 190" %077 ni0. o8 98 108 10710 105 104 303 BIAS VOLTAGE (VOLTS) .
SPECTRAL RESPONSE FOR PIN PHOTODIODE! Lo ‘ WATTS
Havo! s . . INCIDENT RADIANT ENERGY, 33 1 LOAD LINE WITH ZERO APPLIED BIAS AND NEAR ZERO
(MICRONS) § LOAD RESISTOR
s ; 2 LOADLINE wWiTH ?V APPLIED 8IAS AND NEAR ZERO

LOAD RESISTOR
3  LOAD LINE WITH ZERO APPLIED BIAS AND LARGE
LOAD RESISTOR

8o=listin*iolRL 1o= dark current (dc)
ig= signal current= || R Cp= barrier capacitance
IL= input light (watts) Rp= barrier resistance
R= responsivity (amps/watt) Rg= series resistance
in= noise current= (ZeIoB)'/’ Ry_= load resistor (user supplied)
TYPICAL HOOKUPS
“D" Series “DP" Series
(PHOTOCONDUCTIVE) (PHOTOVOLTAIC)

photodiode y

Gl

* “R=photodiode responsivity {amps/watt) . ® Ry =ioad resistance

>

® I = input light (watts) : ® Ry¢=feedback resistance,

SPECIALS

UDT's unique capability in both planar diffused and Schottky junction technology offers the customer the flexibility of having a
custom detector optimized for the intended application. Multiple array geometries can be fabricated with elements as small as
001" x .005" or as large as %'’ x 10". Custom hybridization of photodiode/op amp combinations, either single element or array,
is available from UDT. Send us your requirement, we will send our recommendations and quote.

UNITED DETECTOR TECHNOLOGY INC.

2644 30TH STREET, SANTA MONICA, CA 90405
TELEPHONE (213) 396-3175 « TELEX 65-2413 8/74



OPTICAL/ELECTRICAL CHARACTERISTICS "D” SERIES

23C Ambient PIN-3D PIN-5D PIN-6D PIN-10D Units
Min Typ Max | Min Typ Max |Min Tvp Max | Min Typ Max
Responsivity
{10 Volt, 850nm) 3 4 5 3 4 51 3 4 5 3 4 5 | Aw
Capacity
(10 Volts) 9 10 12 ] 10 15 20 | 40 60 80 |300 | 350 |[400 |pf
(50 Volts) 4 6 8 5 7 10 | 20 30 40 |150 | 190 |250 | pf
Dark Current : .
(10 Voits) 02 | .05 R] .25 3 4 5 15 |Ha
N.E.P. T ‘
{AC, 1KHz, 854 ) 2x10-13 5x10-13 8x10-13 10-12 Watt
VHZ
Response Time (to 67%) - ; ~
(5082, 50v, 900nm) 15 25 15 25 15 25 25 50 | ns
Breakdown Volts (10pa ¥. . = 50 100 50 100 Volt
Active Area [ 032 .051 .203 1.00 em?2
Active Size N .050 .100 .200 444
i x.100 Dia Dia Dia in.
Maximum Light Power Density 50 50 50 50 gnw/cmz
Temp. Range {operate) -55 125 | -65 125 | 65 125 0 70 K
{storage) ) 55 . |180 | -85 150 {55 150 0 70f°C
\
'DP"” SERIES
o . .
23 C:Ambient PIN-30P PIN-SDP PIN-GDP PIN-10DP onits
Min Typ Max WMin Typ Max Min Typ Max Min Typ Max
Responsivity, 860nm
(PV op amp) 3 3 (45 | 3 .35 45 |.3 35 .45 | .3 .35 45 AW
Capacity
(PV, op amp) 250 300 |350 |a50 | so0 |575 [1700 |1800 2000 [2200 [2400 {2800 |pf
Source Resistance
(PV, op amp} L 100 300 40 50 20 40 5 2 megohm
N. E.P. ’
(DC, PV, 850nm) 2x10-13 bx10-13 18x10-13 10-12 | Watt
1 VHZ
Response Time (to 67%) E
{PV, op amp, 900nm) 1000 1000 1000 1000 ns
Breakdown Volits {10}la ) 5 5 5 5 Volt
- Active Area - .0 i 032 .051 .203 1.00 cm?
© Active Size ¢ .050 .100 .200 444 in.
Sl x.100 Dia Dia Dis in.
Maximum Light Power Density 10 10 10 10 | mw/em?
“Temp. Range (operate} ... 55 - 1125 | -85 125 |85 | - 125 0 70 | C
) 7 {storage) .- 65 150 | -55 ° : 0 70

Note 1: (PV, op amp) - refers to zero voltage bias with coupling to a current mode op amp.
Note 2: See Typical Hookups on data sheet back side for measurement setup.
Note 3: For a complete relative spectral response see back side of data sheet.

Note 4: Typical characteristics represent approximately 50% of the total yield. Detectors
can be source selected for a particular spec. at an increase in price.

UNITED DETECTOR TECHNOLOGY INC.



MECHANICAL CHARACTERISTICS "D” and "DP” SERIES

PIN-3DP it PIN-5DP PIN-6DP PIN-10DP S
&-3D _— &-6D &-10D e
325 . . )
.I;'S:‘ DIA, —_ ,g?: '4_ ‘4—0.98 — 0.1{5
195 -
020 .0175 I l 198 E f
DIA. DA, 0.39
2PL. 1.5 2PL. 1.50 ]
—L—— - 0.47
210 ——i— gnsA. 550 ‘
DIA. I OIA.

. 25 DIA. lt— 626
? —~>i .040 . f WINDOW 5 T —’{
Distance from Detector Active Surface to Front Window Surface (+.005 in): AR, : o ;
PIN-3D g0 in. cof77 PIN-BD 41Qin. PIN-6D  125in, -7 PIN-10D 085 in.

30p" , . S PIN-6DP PIN-10DP s
\ PIN-30P oo .o PIN-SDP ol J o -
A4 P L e Y

the pin nearest the Ved e it the photodiode anode is connected
tab is the anode {—bias) Syl to outer BNC shield (—bias)

CONSTRUCTION

ACTIVE AREA

A PIN photodiode is one in which a heawly doped p region and a heavily doped PLANAR 01— r“mm'—q
n region are separated by a lightly doped "j" region. This "i" region resistivity DIFFUSED

can range from 10 ohm cm to 100,000 ohm cm, the p and n region resistivities

being less than 1 ohm cm. The output from this two terminal sensor is a curr- o “"‘::;tc"::‘:u"“
ent whose value is proportional to the input light power. There are different SR N DIFFUSION OR ALLOY.
ways to optimize the performance of PIN photodiodes. The "D"' series is opti-
mized for voltage biased operation, featuring high breakdown voitage and low
capacitance. The "'DP" series is optimized for unbiased operation (photovoltaic) SCHOTTKY

ALURINUM METALLIZATION:

into a current mode op amp, featuring high detector resistance and, thereby, BARRIER oo ATTIVE AREA . P
linear light sensing over ten decades. me;“‘ : ’._ l : :
UDT also manufactures a complete line of SCHOTTKY Silicon photodiodes. , e—— e,
These devices are recommended when high blue response (less than 500nm), VIR va
fast response time {less than 25 ns) or large areas (greater than 1cm2) are re- R :
quired. They are not recommended for high temperature operation (greater than

160°F) or high light level operation (greater than 2 mw). ALLMINUM METALLIZATION

APPLICATIONS

-""DP" Series
. Colorimeters
“Photometers

GaAs Pulse Detector Densitometers i

Rédiometgrs,

Production Line Sorting

UNITED DETECTOR TECHNOLOGY INC.




