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Conventions Used in Presenting Technical Data
Nomenclature for Semiconductor Devices According to Pro Electron

The type number of semiconductor devices consists of:

Two lettersfollowed by a serial number

For example:

B P

W20

Function

Material

Thefirst letter indicates the material used for the activev

part of the device.

A GERMANIUM
(Materials with a bandgap 0.6—1.0 €V)

B SILICON
(Materials with a bandgap 1.0-1.3 €V)

C GALLIUM-ARSENIDE
(Materials with a bandgap > 1.3 e¥)

R COMPOUND MATERIALS
(For instance Cadmium-Sulphide)

Thesecond letterindicates the circuit function:
A DIODE: detection, switching, mixer

B DIODE: variable capacitance

C TRANSISTOR: low power, audio frequency
D TRANSISTOR: power, audio frequency

E DIODE: tunnel

F TRANSISTOR: low power, high frequency
G DIODE: oscillator, miscellaneous

H DIODE: magnetic sensitive

K

HALL EFFECT DEVICE: in an open magnetic
circuit

L TRANSISTOR: power, high frequency

1) The materials mentioned are examples

Serial number

HALL EFFECT DEVICE: in a closed magnetic
circuit

PHOTO COUPLER

DIODE: radiation sensitive

DIODE: radiation generating

THYRISTOR: low power

TRANSISTOR: low power, switching
THYRISTOR: power

TRANSISTOR: power, switching

DIODE: multiplier, e.g. varactor, step recovery
DIODE: rectifying, booster

DIODE: voltage reference or voltage regulator.
transient suppressor diode

N < X C 4 wnw 100 T =2

Theserial number consists of:

® Three figures, running from 100 to 999, for devices
primarily intended for consumer equipment

® Oneletter (Z,, X, etc.) and two figures, running from
10 to 99, for devices primarily intended for profes-
sional equipment

A version letter can be used to indicate a deviation of a
single characteristic, either electrically or mechanically.
The letter never has a fixed meaning, the only exception
being the letter R, indicating reversed voltage, i.e. collec-
tor to case.

TELEFUNKEN Semiconductors
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TEMIC Type Designation Code

T E
o o o o o o o (]
TELEFUNKEN l
Semiconductors l
Series
P= Plastic Internal
F= Plastic Filter Classification
S= Side View
M=Miniature v
Y=Fiber Optic
Package
v v Varieties
Detector Technology
T = Phototransistor
S = Photo Schmitt-Trigger
P = PIN photodiode
D = Photodiode
T S
o (] [ J o (] o o o
TELEFUNKEN l Internal
Semiconductors ) Classification
Series .
U= Universal, 950 nm Package design Main
H= High eff., 875 nm U 2=1.8mnil Type
M= Micropack, SMD H 3=3mn
T = Metal | with stand offs
| = High int., 950 nm F4=3mnl
F = Fast, 830 nm without stand offs
S = Side view 5 =5 mnil
with stand offs
6,7 =5 mn
without stand offs
T 7=TO18 v
v v 8=TO 39 Selection
IR Emitter S = GaAs: Si Type
A= GaAlAs

P = GaAlAs/GaAs
F = GaAlAs/GaAs/GaAlAs

TELEFUNKEN Semiconductors
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Symbols and Terminology
Symbols alphabetically

A EA amb

Anode, anode terminal Ambient illumination at standard illuminant A
A Ee

Radiant sensitive area Irradiance (at a point of a surface)

That area which is radiant sensitive for a specified rang@uotient of the radiant power incident on an element of
the surface containing the point, by the area of that ele-

a ment

Distance between the emitter (source) and the detector E,= dde
dA
B
Base, base terminal B _
llluminance (at a point of a surface)
C Quotient of the luminous flux incident on an element of
Capacitance the surface containing the point, by the area of that ele-
ment
c _ _ ddy,
Cathode, cathode terminal Ev= aA
Collector, collector terminal Unit: Ix (Lux) = Im/m?
OC f
Celsius Frequency

Unit of the centigrade scale; can also be used (beside K)it: Hz (Hertz)
to express temperature changes

Symbols: TAT fc )
T(°C)=T(K)-273 Cut-off frequency — detector devices
The frequency at which the incident radiation generates
Cceo a photocurrent or a photovoltage 0.707 times the value of
Collector-emitter capacitance radiation at f = 1 kHz
Capacitance between the collector and the emitter wi{h
S
open base Switching frequency
cd la
Candgla _ _ . Light current
Sl unit of luminous intensity,| General: Current which flows through a device due to ir-
Co radiation/illumination
Diode capacitance Ig

Total capacitance effective between the diode terminakxse current
due to case, junction and parasitic capacitances

lBm
G Base peak current
Junction capacitance Il

Capacitance due to a pn junction of a diode,

. . Collector current
decreases with increasing reverse voltage

|ca

E . . . Collector light current
Emitter, emitter terminal (phototransistor) Collector current under irradiation (IEC747-5)
N Collector current which flows at a specified illumination/

lllumination at standard illuminant A irradiation

According to DIN 5033 and IEC 306-1, illuminationlcgo
emitted from a tungsten filament lamp with a color temCollector dark current, with open base
perature T = 2855.6 K which is equivalent to standardCollector-emitter dark current (IEC747-5)

illuminant A For radiant sensitive devices with open base and without
Unit: Ix (Lux) or kix illumination/radiation (E = O)
TELEFUNKEN Semiconductors 9
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lcm Ise

Repetitive peak collector current Quiescent current

le Isp ) )
Radiant intensity (of a source in a given direction) Supply current in dark ambient

Quotient of the radiant power leaving the source propgs

gated in an element of solid angle containing the giVGf,hpply current in bright ambient
direction, by the element of solid angle.

Radiant intensityd of emitters is typically measured with K .

an angle<0.01 sr on mechanical axis or off-axis in the<elvin

maximum of the irradiation pattern. The Sl unit of temperature T (also called the Kelvin tem-
4D perature); can also be used for temperature differences
le= dQe (formerly °K)
Unit: W/sr, mW/sr Im
Lumen
I
3 Ix

Continuous forward current
The current flowing through the diode in the direction o'l'ux

lower resistance N.A.
| Numerical Aperture
FAV N.A. = sina/2

Average (mean) forward current Term used for the characteristic of sensitivity or intensity

IEM angles of fiber optics and objectives
Peak forward current NEP

lEsm Noise Equivalent Power

Surge forward current Prot -

Ik Total power dissipation

Short-circuit current =¥

That value of the current which flows when a photovoltaipower dissipation, general
cell or a photodiode is short circuited (R R;) at its ter-

- RD
minals .
Dark resistance
|
ph =

Photocurrent (photoelectric current) .
That part of the electric current in a photoelectric detecto':re edback resistor
which is produced by the photoelectric effect R;

| Internal resistance
(0]

dc output current Ris .

| Isolation resistance
R

Reverse current, leakage current R dresi
Current which flows when reverse bias is applied to 50ad resistance
semiconductor junction Rs

| Serial resistance
ra

Reverse light current Rsh
Reverse current under irradiation (IEC747-5) The shunt resistance is defined and measured at a voltage
Reverse light current which flows due to a specified ief 10 mV forward or reverse, or peak-to-peak
radiation/illumination in a photoelectric device Rihia

lra=lro + lph Thermal resistance, junction to ambient
Iro Rihac
Reverse dark current Thermal resistance, junction to case

Dark current (IEC747-5)
Reverse current flowing through a photoelectric device in
the absence of irradiation

10 TELEFUNKEN Semiconductors
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S temperature of the surrounding air below the device, un-
Sensitivity, absolute der conditions of thermal equilibrium

Ratio of the output value Y of a radiant-sensitive devick self-heating is insignificant:

to the input value X of a physical quantity: air temperature in the surroundings of the device

S = Y Tamb
. X Ambient temperature range
Unit: Allx, A/W As an absolute maximum rating:
) the maximum permissible ambient temperature range
Absolute spectral sensitivity at a wavelenggth TK

The ratio of the output quantity to the radiant input quarfemperature coefficient
tity in the range of wavelengthgo (A + dA): The ratio of the relative change of an electrical qua
dy(h) to the change in temperatui&T) which causes it und
sQ) = dx(v) otherwise constant operating conditions

e.g., the radiation powape()) at a specified wavelength T.,se

M falls on the radiation-sensitive area of a detector ar@hase temperature

generates a photocurrep.Is@.) is the ratio between the The temperature measured at a specified point on the case
generated photocurrely and the radiation powepg(h)  of a semiconductor device

which falls on the detector.
_ Iph
s\ = —R
®= —3m
Unit: A/IW
SMWrel

Spectral sensitivity, relative

Ratio of the radiant sensitivity }9(at any considered
wavelength to the radiant sensitivityhs( at a certain

wavelength\, taken as a reference

SWrel = %0\)'\0))_

S(ho)

Spectral sensitivity at a reference wavelerigth
S(p)

Spectral sensitivity at a wavelength
sr

Steradian

Unit of solid angle

T

Period (duration)

T

Temperature

0K=-273.16C

Unit: K (Kelvin), °C (Centigrade/degree Celsius)

t
Time

Input pulse duration

Output pulse duration

Tamb
Ambient temperature

If self-heating is significant:

Unless otherwise stated, this temperature is given as the
temperature of the mounting base for devices with metal
can

td
Delay time

Ty

color temperature

Temperature of the thermal radiator which emits radi-
ation of the same chromaticity as the radiation considered
Unit: K (Kelvin)

tf

Fall time

Tj

Junction temperature

The spatial mean value of the temperature during opera-
tion. In the case of phototransistors, it is mainly the
temperature of the collector junction because its inherent
temperature is maximum.

Lot
Turn-off time

ton

Turn-on time

to

Pulse duration

tr

Rise time

ts

Storage time

Tsd

Soldering temperature

Maximum allowable temperature for soldering with a
specified distance from the case and its duration

TELEFUNKEN Semiconductors
12.96
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Tstg VEBO
Storage temperature range Emitter-base voltage, open collector
The temperature range at which the device may be stor\t;gco

or transported without any applied voltage Emitter-collector voltage, open base

VBEO VE
Base-emitter voltage, open collector
, Forward voltage
V(eRr) The voltage across the diode terminals which results from
Breakdown voltage the flow of current in the forward direction

Reverse voltage at which a small increase in voltage gy -

sults in a sharp rise of reverse current. It is given idpen circuit voltage

technical data sheets for a specified current. The voltage measured between the photovoltaic cell or
photodiode terminals at a specified radiation/illumina-

\% O NG
(BR)CEO tion if the circuit is open

Collector-emitter breakdown voltage, open base
VoH

V(BR)EBO i
Eﬁnitt)er-base breakdown voltage, open collector Output voltage high

VoL
V(BR)ECO Output voltage low
Emitter-collector breakdown voltage, open base v

h

Vceo Pﬁotovoltage
Collector-base voltage, open emitter The voltage generated between the photovoltaic cell or

Generally, reverse biasing is carried out by applying ghotodiode terminals due to radiation/illumination
voltage to any of two terminals of a transistor in such %
o]

way that one of the junctions operates in reverse directiont
utput voltage

whereas the third terminal (second junction) is specifie
separately. Vo
Signal-to-noise ratio

Vce
Collector-emitter voltage VR
Reverse voltage
Vceo _ The voltage drop which results from the flow of a reverse
Collector-emitter voltage, open basg € 0) current
VCEsat Vg
Collector-emitter saturation voltage Supply voltage

The saturation voltage is the dc voltage between collector
and emitter for specified (saturation) conditions, i.€., 1V(

and E (Ee or Ig), whereas the operating point is WithinStandard _Iuminous efficiency.f_unction for photopic vi-
the saturation region. sion (relative human eye sensitivity)

b =oal2

A Angle of half sensitivity, angle of half intensity

Ic Saturation region
' d1/2 o
Angle of half transmission distance

N . A
I or E\/:Ee
given /, given Wavelength, general
T

The wavelength of electromagnetic radiation

M5
Range of spectral bandwidth (50%)

The range of wavelengths where the spectral sensitivity
7 or spectral emission remains within 50% of the maximum
- value

A
Figure 1. Dominant wavelength

94 8620 VCESat Vee

12 TELEFUNKEN Semiconductors
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hp o, = 9
Wavelength of peak sensitivity or emission v dt
AVq Unit: Im (lumen)
Output voltage change (differential output voltage)

"
Ah Quantum Efficiency

Spectral half bandwidth
The wavelength interval within which the spectral sensp

tivity or spectral emission falls to half peak value Solid angle, see figure 2

iR The space enclosed by rays which emerge from a sj

Radiant flux, radiant power point and lead to all the points of a closed curve. If

Power emitted, transferred, or received in the form §SSumed that the apex of the cone formed in this w.

radiation the center of a sphere with radius r and that the cone -

dQe sects with the surface of the sphere, then the size of the
De = —at surface area (A) of the sphere subtending the cone is a
measure of the solid angle

Unit; W (Watt) A
O Q= 2
v r

Luminous flux There are 4 sr in a complete sphere. A cone with an angle

A quantity derived from the radiant flux by spectrallyof half sensitivitya/2 forms a solid angle of

V(\)-weighting of the radiation spectrum multiplied by

the photometric efficiency constangk= 683 Im/W: Q = 21 (1 — cosw/2) = 4t Sir? o/4
Dy = Kin[V(M)Pe(A)dh Unit: sr (Steradian)
TELEFUNKEN Semiconductors 13
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Examples for Using Symbols According to DIN 41 785 and IEC 148

a) Transistor Ic dc value, no signal

lcav Average total value

lecm;lc Maximum total value

lcEFF RMS total value

Ic;lcerr RMS varying component

lcmilc  Maximum varying
component value

ic Instantaneous total value

ic Instantaneous varying
component value

AC value

ICélV
Collector

current

It is valid:

lem = lcav + lem

= ST ¥ 12
. . o lcerr=+/1cav * I“ceff
937795  Without signal  with signal t —— =
_ ic=lcav *ic
Figure 3.
\%: Vg Forward voltage
v VR Reverse voltage
FSM Vesm  Surge forward voltage
VERM (non-repetitive)
VEwm VRsMm Surge reverse voltage

(non-repetitive)
VERM Repetitive peak
01\ == ==X forward voltage
VRRM Repetitive peak

t ——
reverse voltage
VRwWM Vewm  Crest working
VRRM forward voltage
VRsM Vrwm  Crest working
reverse voltage
VR

93 7796

Figure 4.

¢) Designation and symbols of optoelectronic devices are given so far as possible, according to DIN 44020 sheet 1
and IEC publication 50(45).

TELEFUNKEN Semiconductors 15
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Table 1. Terms of Radiometry and Photometry

Radiometric Units

Photometric Units

Unit Symbol | Unit Unit Symbol Unit Note

Radiant flux, De Watt, W | Luminous flux D, Lumen, Im | Power

Radiant power

Radiant exitance, Me W/m2 | Luminous My Im/m? Output power per unit area

Emittance emittance

(Radiant) intensity le W/sr | (Luminous) ly Candela, |Output power per unit solid
intensity cd, Im/sr |angle

Radiant sterance, Le W Luminance Ly cd/m? Output power per unit solid

Radiance srm? | (Brightness, angle and emitting area
sterance)

Radiant incidance, Eg W/m?2 | llluminance Ev Im/m? Input power per unit area

Irradiance Lux, Ix

Radiant energy Qe Ws | Luminous energy Qv Ims Power x time

Irradiation He Ws/m? | lllumination Hy Im s/ | Radiant energy or luminous

energy per unit area
16 TELEFUNKEN Semiconductors
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Data Sheet Structure

Data sheet information is generally presented in the fol‘he thermal resistance junction ambient, R quoted is
lowing sequence: that which would be measured without artificial cooling,

. . i.e., under worst case conditions.
® Device description

Temperature coefficients are listed together with the

® Absolute maximum ratings , o A
associated parameters under “Basic Characteristics” or

e Thermal data — Thermal resistances "Type Dedicated characteristics”.

e Optical and electrical characteristics Basic Characteristics

e Diagrams Type Dedicated Characteristics

¢ Dimensions (Mechanical data) Under these headings, optical, electrical and switc
Description, Features, Applications characteristics (minimum, typical and maximum values)

are listed as the most important operational characteris-
The following information is provided: Type number.tics. The associated test conditions, supplemented with
semiconductor materials used, sequence of zonesrves are also given. An AQL-value is quoted for partic-
technology used, device type and, if necessary, constrygarly important parameters.
tion.

. . . Diagrams
Also, short-form information on special features and typi- 9

cal applications is given. Besides the static (dc) and dynamic (ac) characteristics,
: . a family of curves is given for specified operating condi-

Absolute Maximum Ratings tions. These curves show the typical interdependence of

These define maximum permissible, operational, and eifdividual characteristics.

vironmental conditions. If any one of these conditions i

is.. . .
exceeded, it could result in the destruction of the deviC(-.f.)ImenSIOnS (MeChan'Cal Data)

Unless otherwise specified, an ambient temperature ¥ this section, important dimensions and connection se-

25+3°C is assumed for all absolute maximum ratings. quences are given, supplemented by a circuit diagram.
Case outline drawings carry DIN-, JEDEC or commercial

Most absolute ratings are static characteristics; if megasjgnations. Information on angle of sensitivity or inten-

sured by a pulse method, the associated measuremggf on4 weight completes the list of mechanical data.
conditions are stated. Maximum ratings are absolute (i. e.,

not interdependent). Please note:

Any equipment incorporating semiconductor devicel the dimensional information does not include any toler-
must be designed so that even under the most unfavoradies, the following applies:
operating conditions, the specified maximum ratings of

the devices used are never exceeded. These ratings cé@d length and mounting hole dimensions are minimum
be exceeded because of changes in values. Radiant sensitive area (or emitting area respec-

i tively) is a typical, all other dimensions are maximum
e supply voltage, the properties of other componentg)yes.

used in the equipment _ _
Any device accessories must be ordered separately and

e control settings the order number must be quoted.

® |oad conditions . .
. Additional Information

e drive level

. . ) Preliminary specifications
e environmental conditions and the properties of the de-

vices themselves (i.e. ageing). This heading indicates that some information on the de-

. vice concerned may be subject to slight changes.
Thermal Data — Thermal Resistances y ) g g

) . Not for new developments
Some thermal data (e.g., junction temperature, storage

temperature range, total power dissipation) are given umhis heading indicates that the device concerned should
der the heading “Absolute maximum ratings”, becauseot be used in equipment under development. It is, how-
they impose a limit on the application range of the devicever, available for present production.

TELEFUNKEN Semiconductors 17
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Physics and Technology

Emitters transparent windows and heterogeneous structures to be
fabricated. Transparent windows are another suitable
Materials means to increase efficiency, and heterogeneous struc-

tures can provide shorter switching times and higher
"Bficiency. Such structures are termed double heterostruc-

arange of different I”’.\( compounds. Unlike the eIem(':'nfures (DH) and consist normally of two layers that confine
tal semiconductor  silicon, the compound 1lI-V layer with a much smaller bandgap

semiconductors consists of two different elements gf

group three (e.g., Al, Ga, In) and five (e.g., P, As) of th€he best production method for all materials needed is

periodic table. The bandgap energies of these compoutidsiid phase epitaxy (LPE). This method uses Ga-solu-

vary between 0.18 eV and 3.4 eV. However, the IREQi®ons containing As, possibly Al, and the doping

considered here emit in the near infrared spectral rangebstance. The solution is saturated at high temperature,

between 800 nm and 1000 nm, and, therefore, the selegically 900C, and GaAs substrates are dipped into the

tion of materials is limited to GaAs and the mixed crystdiquid. The solubility of As and Al decreases with de-

Gar.xAlxAs, 0=X<0.8, made from the pure com-creasing temperature. In this way epitaxial layers can be

pounds GaAs and AlAs. grown by slow cooling of the solution. Several layers dif-

Infrared radiation is produced by radiative recombinatio];?‘\rmgJ in composition may be obtained using different
. solutions one after another, as needed e.g. for DHSs.

of electrons and holes from the conduction and valence

bands. The emitted photon energy, therefore, correspondsiquid phase epitaxial reactors, production quantities of

closely to the bandgap energy. Ehe emission wave- up to 50 wafers, depending on the type of structure re-

length can be calculated according to the formulguired, can be handled .

Mum) = 1.240 / (eV). The internal efficiency depends ) o

on the band structure, the doping material and the dopifFgED Chips and Characteristics

level. Direct bandgap materials offer high efficiencies

because no photons are needed for recombination of elé(t:_present, the most popular IRED chip is made only from

trons and holes. GaAs is a direct gap material andaAS' The structure of the chip is displayed in figure 5.
Ga-xAlxAs is direct up to X = 0.44. The doping species p - GaAs : Si

Si provides the best efficiencies and shifts the emission Al n-GaAs : Si
wavelength below the bandgap energy into the infrared ‘ ‘ ‘ \

spectral range by about 50 nm typically.
Charge carriers are injected into the material via pn junc-
tions. Junctions of high injection efficiency are readily

formed in GaAs and GaAlxAs. P-type conductivity
can be obtained with metals of valency two, such as Zn
and Mg, n-type conductivity with elements of valency
six, such as S, Se and Te. However, silicon of valency four
can occupy sites of Ill-valence and V-valence atoms, and,
therefore, acts as donor and as acceptor. The conductivity
type depends primarily on the material growth tempera-
ture. By employing exact temperature control, pn
junctions can be grown with the same doping species Si
on both sides of the junction. Ge, on the other hand, also
has a valency of four, but occupies group V sites at high
temperatures i.e., p-type.

00¢8 ¥6

Au: Ge n - GaAs Substrate

- ca. 4220um —————————————»|

Figure 5.
Only monocrystalline material is used for IRED produc-

tion. In the mixed crystal system GAIxXAs, On an n-type substrate, two Si-doped layers are grown by
0=X<0.8, the lattice constant varies only by abouiquid phase epitaxy from the same solution. Growth
1.5x 1073, Therefore, monocrystalline layered structurestarts as n-type at high temperature and becomes p-type
of different Ga.xAlxAs compositions can be producedbelow about 82TC. A structured Al-contact on the p-side
with extremely high structural quality. These structureand a large area Au:Ge contact on the back side provide
are useful because the bandgap can be shifted franvery low series resistance. The angular distribution of
1.40 eV (GaAs) to values beyond 2.1 eV which enabldle emitted radiation is displayed in figure 6.

18 TELEFUNKEN Semiconductors
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94 8197

Figure 6.

Originally, the GaAs substrate was adjacent to the n-side.
Growth of Gag 7Alg.3As started as n-type and became p-
type — as in the first case — through the specific properties
of the doping material Si. A characteristic feature of the
Ga-Al-As phase system causes the Al-content of the
growing epitaxial layer to decrease. This causes the Al-
concentration at the junction to drop to 8%
(Ga.9Alg.08AS), producing an emission wavelength of
880 nm. During further growth the Al-content approaches
zero. The gradient of the Al-content and the correl
gradient of the bandgap energy, produces an emi
band of a relatively large half width. The transparenc

the large bandgap material results in a very high ext
efficiency on this type of chip.

The chip is mounted n-side up, and the front side metal-
lization is Au:Ge/Au, whereas the reverse side

The package of the chip has to provide good collection &fetallization is Au:Zn.

ficiency of the radiation emitted sideways, and has to

diminish the refractive index step between the chiphe angular distribution of the emitted radiation is dis-
(n = 3.6) and the air (n = 1.0) with an epoxy of refractivelayed in figure 8.

index 1.55. In this way, the output power of the chip is in-
creased by a factor of 3.5 for the assembled device.

The chip described is the most cost-efficient chip. The
forward voltage atd = 1.5 A has the lowest possible
value. The total series resistance is typically only @60
The output power and the linearity (defined as the optical
output power increase, divided by the current increase be-
tween 0.1 and 1.5 A) are high. Relevant data on the chip
and a typical assembled device are given in table 2.

The technology used for another chip eliminates the ab-
sorbing substrate and uses only a thick epitaxial layer. The

chip is shown in figure 7.

Au:Ge/Au
n - GaAlAs : Si
R
ool
S
Au: Zn p - GaAlAs : Si
e ca. 37Qum—————— >

Figure 7.

94 8198

Figure 8.

The Ga_xAlxAs chip described has one of the highest
output powers of any chip available. Due to its shorter
wavelength, the chip offers specific advantages in com-
bination with a Si detector. Integrated Opto-ICs, like
amplifiers or Schmitt Triggers, have higher sensitivities
at shorter wavelengths. Similarly, phototransistors are
also more sensitive. Finally, the frequency bandwidth of
pin diodes is higher at shorter wavelengths. This chip also
has the advantage of having high linearity up to and be-
yond 1.5 A. The forward voltage, however, is higher than
the voltage of a GaAs chip. Table 2 provides more data on
the chip.

A technology combining some of the advantages of the
two technologies described above is summarized in fig-
ure 9.

TELEFUNKEN Semiconductors
12.96
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p - GaAlAs : Ge
p - GaAs : Si
‘ n-GaAs: Si

2028 6

Au : Ge n - GaAs Substrate

-~ ca 42um ——————————»

Figure 9.

This chip type combines a relatively low forward voltage
with a high electro-optical efficiency, offering optimized
combination between the advantageous characteristics of
the two other chips. Refer again to table 2 for more de-
tails.

As mentioned in the previous section, double heterostruc-
tures (DH) provide even higher efficiencies and faster
switching times. A schematical representation of such a
chip is shown in figure 11.

Anode p - GaAlAs
‘ p - GaAs ‘

I—

Starting with the n-type substrate, n- and p-type GaAs lay-
ers are grown in a similar way to the epitaxy of the
standard GaAs:Si diode. After this, a highly transparent
window layer of GaxAlxAs, doped p-type with Ge, is
grown. The upper contact to the p-side is made of Al and
the rear side contact is Au:Ge. The angular distribution of

18.2T

n - GaAlAs

the emitted radiation is shown in figure 10.

94 8199

Figure 10.

Cathode

-~ ca. 42aum————————]

Figure 11.

The active layer is depicted as the thin layer between the
p- and n-type GaxAlxAs confinement layers. The con-
tacts are dependent on the polarity of the chip. If p is up,
then the p-side contact is Al, the back side Au:Ge, and if
n is up, then this side has a Au:Ge contact and the back
side Au:Zn.

Two such chips that are also very suitable for IrDA ap-
plications are given in table 2.

20
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Table 2. Characteristic data of IRED chips

Technology Typical Chip Data Typical Typical Device Data
de/mW | Ap/nm | AMnm | Polarity| DPeVICe [ @e/mw | de/mW | VeIV | VeIV | de(1.5A)
at0.1 A at0.1A|at1.5A | at0.1| at1.5 | ®e(0.1A)
A A
GaAs 4.3 950 50 pup |TSUS540.] 15 140 1.3 2.1 9
on GaAs
Gay-xAlxAs 6.7 875 80 nup |TSHAS550. 27 350 15 3.4 13
GaAs + 5.8 925 50 pup |TSIP 520. 24 300 1.3 2.4 12
Ga_l__xA|xAS
on GaAs
Gay_xAlxAs tnt /ns
on 11 870 40 pup |TSHF 540. 32 1.3 30
Ga_|__xA|xAS
Ga_|__xA|xAS
on 16 870 40 nup |TSPF 5400 40 15 30
Gayr-xAlxAs
UV, Visible, and Near IR Silicon _ 105\ 1
Photodetectors t ol N =y
2 N | ®
) IS = \ Si ] E
(adapted from "Sensors, Vol 6, Optical Sensors, Chapt. 8, -3 103: 00 B
VCH - Verlag, Weinheim 1991) 5 g i S
S B \ E O
o . 5 12k \ 112 €
Silicon Photodiodes 2 F \ 1 2
o B E
. ._ _ 2 10| Ji 2
The physics of silicon detector diodes g \ ]
1oL 310
The absorption of radiation is caused by the interaction of 0.4 0.6 0.8 1.0 12
photons and the charge carriers inside a material. The dif- 94 8595 Wavelength im )
ferent energy levels allowed and the band structure . . .
F 12. Ab t d tration depth of
determine the likelihood of interaction and, therefore, the gure optiiglr Fr)algir;t?gn iﬁesr;l?croat]uon eph o

absorption characteristics of the semiconductors. The

long wavelength cutoff of the absorption is given by th®epending on the wavelength, the penetration depth va-
bandgap energy. The slope of the absorption curve des from tenths of a micron at 400 nm (blue) to more than
pends on the physics of the interaction and is mud®Oum at 1um (IR). For detectors to be effective, an in-
weaker for silicon than for most other semiconductinteraction length of at least twice the penetration depth
materials. This results in the strong wavelength-depeshould be realized (equivalent to 4#86% absorbed
dent penetration depth which is shown in figure 12. (Thmdiation). In the pn diode, the generated carriers are col-
penetration depth is defined as that depth where 1/e of theted by the electrical field of the pn junction. The effects
incident radiation is absorbed.) in the vicinity of a pn junction are shown in figure 13 for
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various types and operating modes of the pn diode. Tihibe recombination takes place inside the bulk material
incident radiation generates mobile minority carriers with technology- and process-dependent time constants
electrons in the p-side, holes in the n-side. In the short civhich are very small near the contacts and the surfaces of
cuit mode shown in figure 13 (top), the carriers drift undehe device. For short wavelengths with very small pe-
the field of the built-in potential of the pn junction. Othenetration depths, the carrier recombination is the
carriers diffuse inside the field-free semiconductor alongfficiency limiting process. To achieve high efficiencies,

a concentration gradient, which results in an electricak many carriers as possible should be separated by the
current through the applied load, or without load, in an erlectrical field inside the space charge region. This is a
ternal voltage, the open circuit voltagepy at the very fast process, much faster than the typical recombina-
contact terminals. The bending of the energy bands naamn times (for data, see chapter 'Operating modes and
the surface is caused by surface states. An equilibriumdiscuits’). The width, W, of the space charge is a function
established between the generation, the recombinationadfthe doping concentrationgNand the applied volt-

carriers, and the current flow through the load. age V:
Surface States 2X e X (Vi +V)
4 O « without external Bias W = \/ Sq x NbBI (1.1)

(for a one-sided abrupt junction), wherg ¥ the built-in
voltage, g the dielectric constant of Si, and g the elec-
tronic charge. The diode’s capacitance (which can be
speed limiting) is also a function of space charge width
and applied voltage. It is given by

Energy

€ X A
W

where A is the area of the diode. An externally applied
bias will increase the space charge width (see figure 13)
with the result that a larger number of carriers are gener-
ated inside this zone which can be flushed out very fast
with high efficiency under the applied field. From equa-
tion 1.1, it is evident that the space charge width is a
function of the doping concentrationgNDiodes with a
so-called pin structure show a wide space charge width
where i stands for intrinsic, very low doped. This zone is
also sometimes nominatechasr p rather than low doped

n, IM or p, pzone indicating the very low doping.

C:

(1.2)

Energy

In figure 14, the different behavior of low doped pin

diodes and pn diodes is shown. The space charge width of

the pin diode (bottom) with a doping level (ns\as low

as N3 =5x 101 cnr3 is about 8Qum wide for a 2.5 V

Figure 13. Generation-recombination effects in the vicinity of Rias in comparison with a pn diode with a doping (n) of
pn junction. Top: Short circuit mode, bottom: reverse biasedNg = 5x 105 cnt3 with only 0.8um.

0 948597
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Antireflection A
Coating
Isolation Layer
p+
Contact
Space Charge

De=0 v
N ~1..10Qcm SIS o1 J o

n+
94 8598
Contact (0N

94 8600 Isc

Figure 15. I-V-Characteristics of an Si photodiode under illu-
p* mination. Parameter: Incident radiant flux

. ! ! / 94 8601
'\ Space Charge %} <.:|.> A
\

~

i v:...10.0002cm

Rer=dV/dl

Forward Current ( nA)

94 8599 Reverse Woltage (mV)

-160 -120 -80 —4 Forw. Volt. ( mV

<
<

Figure 14. Comparison of pn diode (top) and ;
pin diode (bottom) o

3
Properties of Silicon Photodiodes «

I-V Characteristics of illuminated pn junction Figure 16. Measured I-V-characteristics of an Si photodiode in
the vicinity of the origin

The I-V-characteristics of a photodiode are shown in fi

ure 15. The characteristic of the non illuminated diode%g/plcaldd?rkhcurlrents 028' phot;)dlo?es a;]e dependent on

identical to the characteristic of a standard rectifier diodg2€ Nd l€chnoiogy andrange from I€ss than picoamps up

The relationship between current, I, and voltage, V, _tens of nanoamps at room temperature condltlon_s. As
T " " noise generators, the dark currggtand the shunt resis-

given by tance Ry, (defined and measured at a voltage of 10 mV
I = 1g X (expV/Vy — 1) (2.1) f_orward or reverse, or peak-to-peak) are limiting quanti-
ties when detecting very small signals.
with V1 =KkT/q The photodiode exposed to optical radiation generates a
k =1.38x 1023 JK-1 Boltzmann constant  Photocurrent | exactly proportional to the incident ra-
q=1.6x 10"19As, electronic charge. diant power®.. The quotient of both is the spectral
responsivity sx),
ls, the dark-reverse saturation current, is a material and
technology-dependent quantity. The value is influenced S0 = 1i/Pe [A/W] (2.2)

by the doping concentrations at the pn junction, by the, characteristic of the irradiated photodiode is then

carrier lifetime, and especially by the temperature. inen by

shows a strongly exponential temperature dependence

and doubles every’8. | =1lg X (expV/V: —1) -sQ) X ¢  (2.3)
TELEFUNKEN Semiconductors 23
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and in the case ¥0, zero or reverse bias we find, Figure 12 shows that semiconductors absorb radiation
similar to a cut-off filter. At wavelengths smaller than the
I'=—1sQ) X ¢ cut-off wavelength the incident radiation is absorbed. At

larger wavelengths the radiation passes through the mate-
rial without interaction. The cut-off wavelength
rresponds to the bandgap of the material. As long as the
ergy of the photon is larger than the bandgap, carriers
can be generated by absorption of photons, provided that
the material is thick enough to propagate photon-carrier
Chteraction. Bearing in mind that the energy of photons
decreases with increasing wavelength, it can be under-
Voc = Vi X IN( SQ) X ¢o/ls + 1) (2.4) stood, that .the curve of the spectrall responsiyity VS.
wavelength in the ideal case (100% efficiency) will have

Because of this logarithmic behavior, the open circuft friangular shape (see figure 17). For silicon photodetec-
voltage is sometimes used for optical lightmeters ifPrs: the cut-off wavelength is near 1100 nm.
photographic applications. The open circuit voltagén most applications, it is not necessary to detect radiation
shows a strong temperature dependence with a negaiiyieh wavelengths larger than 1000 nm. Therefore, de-
temperature coefficient. The reason for this is the expeigners use a typical chip thickness of p@dto 300um,
nential temperature coefficient of the dark reversghich results in reduced sensitivity at wavelengths larger
saturation currentgl For precise light measurement, ahan 950 nm . With a typical chip thickness of 258, an
temperature control of the photodiode is employed. Prefficiency of about 35% at 1060 nm is achieved. At
cise linear optical power measurements require smahorter wavelengths (blue-near UV, 500 nm to 300 nm)
voltages at the load typically smaller than about 5% of thie sensitivity is limited by recombination effects near the
corresponding open circuit voltage. For less precise measrface of the semiconductor. The reduction in the effi-
surements, an output voltage of half the open circuiiency starts near 500 nm and increases with decreasing
voltage can be allowed. The most important disadvantagewvelength. Standard detectors designed for visible and
of operating in the photovoltaic mode is the relative larggear IR radiation may have only poor UV/blue sensitivity
response time. For faster response, it is necessary to wd poor UV stability. Well designed sensors for wave-
plement an additional voltage source reverse biasing thgégths of 300 to 400 nm can operate with fairly high
photodiode. This mode of operation is termed the photefficiencies. At smaller wavelengths (< 300 nm), the effi-
conductive mode. In this mode, the lowest detectabigency decreases strongly.

power is limited by the shot noise of the dark currept, |

while in the photovoltaic mode, the thermal (Johnson) 1.0
noise of the shunt resistanceyRs the limiting quantity.

Dependent on load resistance, Bnd applied bias, dif-
ferent operating modes can be distinguished. T
unbiased diode operates in the photovoltaic mode. Un
short circuit conditions (load|R= 0Q), the short circuit
current, k¢ flows into the load. WhenRincreases to in-
finity, the output voltage of the diode rises to the op
circuit voltage, \bc, given by

- -
A
4 77\
7/ \
//

Spectral responsivity

Efficiency of Si photodiodes:

The spectral responsivity,,Ss given as the number of
generated charge carrierpN) per incident photons N

of energy hxv (n is the percent efficiency, h is Plancks
constant, and is the frequency of radiation). Each pho-
ton will generate one charge carrier at the most . The
photocurrentk is then given as

Spectral Responsitivity (A/W)

L\

0
le =M > Nxq 400 600 800 1000 1200
s, = |re/¢e 94 8602 Wavelength ( nm)
Figure 17. Spectral responsivity as a function of wavelength of
=nXxXNXxg/(hxvxN)=mnxg/(hxwv) a Si photodetector diode, ideal and typical values
= % [A /W} Temperature dependence of spectral responsivity

The efficiency of carrier generation by absorption and the
At fixed efficiency, a linear relationship between waveloss of carriers by recombination are the factors which in-
length and spectral responsivity is valid. fluence the spectral responsivity. The absorption
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coefficient increases with temperature. Radiation of longhe semiconductor surfaces are covered with quarter
wavelength is therefore more efficiently absorbed insideavelength anti-reflection coatings. The encapsulation is
the bulk, and results in increased response. For shonparformed with uncoated glass or sapphire windows.

W?“’?"engths. (< 600 nm), reduced eﬁ|<:|e_ncy IS observeﬂw bare silicon response can be altered by optical imag-
with increasing temperature because of increased reco

binati ¢ th ; Th foct A ing devices such as lenses. In this way, nearly every
ination rates near the surface. These effects are strong itrary angular response can be achieved.
dependent on technological parameters and therefore

cannot be generalized to the behavior at longer wav@ynamic Properties of Si Photodiodes

lengths. Si photodiodes are available in many different variations.
Uniformity of spectral responsivity The design of thg diodes can be t{iilored to meet sp j
) ) ) ) needs. Si photodiodes may be designed for maximu
Inside the technologically defined active area of photgiciency at given wavelengths, for very low leak
diodes, the spectral responsivity shows a variation of thgrents, or for high speed. The design of a photodio

area, especially at the lateral edges of the chips, the logadpecification.

spectral response is sensitive to the applied reverse volt- ) , )

age. Additionally, this effect depends on the wavelengtms'de the _abs_orbmg mat_enal of the diode, photons can be
Therefore, the relation between power (Watt) relate%ES_O_rb_ed in different regions. For example at the top of a
spectral responsivity; $A/W), and power density (Waty P'1™ “diode there is a highly doped layer of {$i. Radi-
cm?) related spectral responsivity, [&/(W/cm2)] is not ation of shorter wavelengths will be effectively absorbed,

a constant. This relation is a function of wavelength arfet for larger wavelengths only a small amount is ab-
reverse bias. sorbed. In the vicinity of the pn junction, there is the space

charge region, where most of the photons should generate
Stability of spectral responsivity carriers. An electric field accelerates the generated car-
Si detectors for wavelengths between 500 nifier i_n this part of the detector to a high drift \_/elocity. The
and 800 nm appear to be stable over very long periodsG¥i€rs vyh|ch are not. absorbed in these. regions penetrate
time. In the literature concerned here, remarks can B° the field-free region where the motion of the gener-
found on instabilities of detectors in the blue, UV, angt€d carriers fluctuates by the slow diffusion process.

near IR under certain conditions. Thermal cycling refhe dynamic response of the detector is composed of the
versed the degradation effects. Surface effects adifferent processes which transport the carriers to the con-
contamination are possible causes but are technologicalits. The dynamic response of photodiodes is influenced
well controlled. by three fundamental effects:

Angular dependence of responsivity « Drift of carriers in an electric field

The angular response of Si photodiodes is given by the op-  * Diffusion of carriers
tical laws of reflection. The angular response of a detector « Capacitancex load resistance

is shown in figure 18. ] o ) )
The carrier drift in the space charge region occurs rapidly

0° 30° with very small time constants. Typically, the transit
times in an electric field of 0.6 MM are in the order of
N4 // 16 psiim and 50 pgs/m for electrons and holes, respec-
0.8 /‘ / tively. At the (maximum) saturation velocity, transit time
is in the order of 10 pgm for electrons in p-material.
0.6 Il / 60 With a 10um drift region, travelling times of 100 ps can

/ be expected. The response time is a function of the dis-

1.0

I Acm2IW tribution of the generated carriers and is therefore
0.4 l T dependent on the wavelength.

I / The diffusion of carriers is a very slow process. The time
I

constants are in the order of sopse
/ The typical pulse response of detectors is dominated by
o [Lo48003 00 these two processes. Obviously, carriers should be ab-
9® -60° -30 0 02 04 06 08 sorbed in large space charge regions with high internal
electrical fields. This requires material with an adequate
low doping level. Furthermore, a reverse bias of rather
Figure 18. Responsivity of Si photodiodes as a function of tHarge voltage is useful. Radiation of shorter wavelength
angle of incidence is absorbed in smaller penetration depths. At wavelengths

0.2

Angle Relative Responsitivity
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shorter than 600 nm, decreasing wavelength leads to\asible to the near infrared. There are numerous applica-
absorption in the diffused top layer. The movement of cations in the measurement of light, such as dosimetry in the
riers in this region is also diffusion limited. Because ofJV, photometry, and radiometry. A well known applica-
small carrier lifetimes, the time constants are not as largjen is shutter control in cameras.

as in homogeneous substrate material. o .
Finally, the capacitive loading of the output in combina'—AnOther large application area for detector diodes and es

. . ) g pecially phototransistors, is that of position sensing.
:'g:povr\]’gg the load resistance limits the frequenc}éxamples are quadrant detectors, differential diodes, in-

terruptors, and reflex sensors.

Properties of Silicon Phototransistors Other types of silicon detectors are built-in as parts of op-

The phototransistor is equivalent to a photodiode in cotPcouplers, or optoisolators.

junction with a bipolar transistor amplifier (figure 19).one of the largest application areas is the remote control

Typically, current amplification, B, is between 100 andy 1y sets and other home entertainment appliances.
1000 depending on the type and application. The active

area of the phototransistor is usually about@5 mn?.  Different applications require specialized detectors and
Data of spectral responsivity are equivalent to those 8S0 special circuits to enable optimized functioning.
photodiodes, but must be multiplied by the factor of theqyivalent circuit

current amplification, B. i ) )
Photodetector diodes can be described by the electrical

Antireflection equivalent circuit shown in figure 20.
Coating
—
Metallization ; e
Isolation
Emitter | Base | Ish Rs lo
d
Collector Ioh
/ Vb Vo
S o L e Ul
n @® p ¥ =
n /j(
nt EA
94 8606
94 8605 Figure 20.
Backside
Contact
Figure 19. Phototransistor, cross section and equivalent circuit lo = lpi—lo—lsn

o . I Il (equ—VD—l)—I
The switching times of phototransistors are dependent on ° piTs kT sh

the current amplification and load resistance and are be- y |
tween 30us and 1us. The resulting cut-off frequencies Voe = Vi X In (M + 1)
are a few hundred kHz. ls

The transit times, and ¢, are given by As described in chapter 'I-V Characteristics of illumi-
nated pn junction’, the incident radiation generates a
t = ‘/(1/2ft2)2 + b(RG,V)? photocurrent loaded by a diode characteristic and the load
resistor, R. The other parts of the equivalent circuit (the
fi: Transit frequency parallel capacitance, C, combined from junctiop,a@d
R: Load resistance stray capacitances, the serial resistangeafd the shunt
Cg: Base-collector capacitance, b= 4...5 resistance, &, representing an additional leakage) can
V: Amplification be neglected in most of the standard applications, and are

i o not expressed in equations 2.3 and 2.4. However, in ap-
Phototransistors are most frequently applied in interruptjications with high frequencies or extreme irradiation
ers and opto-isolators. levels, these parts must be regarded as limiting elements.

Applications Searching for the right detector diode type

Silicon photodetectors are used in manifold application$he photodiode BPW 20 R is a pn diode based on rather
such as sensors for radiation from the near UV over théghly doped n-silicon, while the S153P is a pin diode
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based on very lightly doped n-silicon. Both diodes have2 represent the typical behavior of these diodes. The
the same active area and the spectral response as a fgoaranteed leakage (dark reverse current) is specified
tion of the wavelength is very similar. The diodes diffewith I, = 30 nA for the standard types. This value is far
in the junction capacitance and shunt resistance bothfodm the one which is typically measured. Tighter cus-
which can influence the performance in the application.tomer specifications are available on request. The curves
of figure 23 show the open circuit voltage as a function of

Detecting very small signals is the domain of the Plei . .
. 4 . e irradiance with the dark reverse curr § parame-
diodes with their very small dark currents and dark/shu?(_gr (in a first approximation increasingar%]fh hgve the

resistances. With a specialized detector technology, thessasleme effect). The parameter covers the possible spread of
parameters are very well controlled in all TEMIC photo- ‘ parame e P prea
dark current. In combination with figure 22 one can p
detectors. S

ect the extreme dependence of the open circuit voltal
The very small leakage currents of pn diodes are offset high temperatures (figure 24).
higher capacitances and smaller bandwidths in compari-

son to pin diodes.

107 — =
Photodiodes are often operated in the photovoltaic mode | Reverse Bias = ——
(especially in light meters) , as depicted in the circuit of - Voltage =20V 7~ S153P 1
figure 21, where a strong logarithmic dependence of the 10 — =
open circuit voltage on the input signal is used. < o s
= 7 yd
R1 E 108 — £ —
3 ’// — BPW20R
Vo 10t -
R2 " —
R 1012
-20 0 20 60 100 140
94 8607 94 8608 Temperature {C)
Vo = Vge X [1 + Rl/RZ] with Figure 22. Dark reverse current vs. temperature
Voc = Vi X In(s) X ¢pe/ls+ 1)
’!
Figure 21. Photodiode in the photovoltaic mode operating with __ 400 - d
a voltage amplifier % 10pA//’///’
It should be noted that the extremely high shunt/dark re- & 309 A | A | A
. . . I 7 7 e
sistance (more than 15 (3 combined with a = 100pA | LT | LT | LT LA
high-imped_ance operational amplifier input and_a junc- g ’) AT
tion capacitance of about 1 nF can result in slow g 200 - p> _ vaiirvd
switch-off time constants of some seconds. Some instru- 9 - 7 A AL A
ments therefore have a reset button for shortening the & A A A~ 5nA
diode before starting a measurement. The photovoltaic © // // //'
mode of operation for precise measurements should be gy g i
limited to the range of low ambient temperatures, or a 0= 30nA
temperature control of the diode (e.g., using a Peltier 001 0.1 1 10 100 1000
cooler) should be applied. At elevated temperatures, theg, geoo Irradiance (W)

dark current is increased (see figure 22) leading to a non-

logarithmic and temperature dependent outputigure 23. Open circuit voltage vs. irridiance, parameter: dark
characteristic (see figure 23). The curves shown in figure reverse current, BPW 20 R
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Vb
400 Y =2
g N
()
2 300 \\\
§ \\ —0 VO
3 200 \\\
[} 1 94 8612
g ™~
§ 100 Figure 26. Transimpedance a_1mp|ifier, curr_ent to voltage con-
verter, reverse biased photodiode
0 The circuit in figure 25 minimizes the effect of the reverse
0 20 40 60 80 100 dark current while the circuit in figure 26 improves the
speed of the detector diode due to a wider space charge
94 8610 Temperature {C) . . . . . . .
region with decreased junction capacitance and field in-
creased velocity of the charge carrier transport.
Figure 24. Open circuit voltage vs. temperature, BPW46 O Vyp
Operating modes and circuits \\ZS

The advantages and disadvantages of operating a photo-

diode in the open circuit mode have been discussed.
—O Vo
For operation in the short circuit (see figure 25) or photo-
conductive (see figure 26) mode, current-to-voltage
converters are typically used. In comparison with the pho-
tovoltaic mode, the temperature dependence of the output c R?E R, R
signal is much lower. Generally the temperature coeffi-
cient of the light reverse current is positive for irradiation I 04 8613

with wavelengths > 900 nm, rising with increasing wave- . . .
length. For wavelengths < 600 nm, a negative Figure 27. RC-loaded photodiode with voltage amplifier

temperature coefficient is found, likewise with increasingigure 27 shows photocurrent flowing into an RC load,
absolute value to shorter wavelengths. Between thegfiere C represents the junction and stray capacitance

wavelength boundaries the output is almost independegfile R; can be a real or complex load, such as a resonant
of temperature. By using this mode of operation, reversgcuit for the operating frequency.
biased or unbiased (short circuit conditions), the output

voltage, Vo, will be directly proportional to the incident P Vo
radiation,@ (see the equation in figure 25). \\
PN
R C2|
—O Vo
oV
& ’
R
94 8611 Gl Rg R2 '
I 94 8614
Vo =-R X &, X s()
Vo = ¢e X SQ) X Ry X [1 + Ry/R,)
Vg =-lge X R

Figure 28. AC-coupled amplifier circuit

Figure 25. Transimpedance amplifier, current to voltage conl he circuit in figure 28 is equivalent to figure 27 with a
verter, short circuit mode change to AC coupling. In this case, the influence of the
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background illumination can be separated from a modtermined by the carrier lifetime. Due to the absorption
lated signal. The relation between input signabroperties of silicon, especially in pn diodes, most of the
(irradiation, @z) and output voltage is given by the equaincident radiation at longer wavelengths is absorbed out-

tion in figure 28. side the space charge region. Therefore, a strong
Frequency response wavelength dependence of the switching times can be ob-
The limitations of the switching times in pn diodes is des_erved (figure 29).
30
94 8615
25
—_ =0V
? =ov
- 20 =
= t=—10V
£ —_ t=-10V
£ 15
o
=
8 10
a g
| -/
0
550 600 650 700 750 800 850 900 950
Wavelength (nm)
Figure 29. Switching times vs. wavelength for photodiode BPW 20 R
A drastic increase in rise and fall times is observed at 12— T ]
wavelengths > 850 nm. The differences between un- Ri= | 100k
biased and biased operation result from the widening of 10
the space charge region. > 10ke2
Tg’ 8
- N - 1ke
However, for the pin diodes (BPW34/ S153P family) sim- @ 6 I
ilar results with shifted time scales are found. This o /
behavior, in this case in the frequency domain, is pres- 4
ented in figure 30 for a wavelength of 820 nm and figure / / /
31. for 950 nm. ) JRRS" 500
/ /
0L« Z / o
10t 10° 106 107 108
94 8616 — 3 dB - Bandwidth (Hz)

Figure 30. BPW 41-family, bandwidth vs. reverse bias voltage,
parameter: load resistanéer 820 nm
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diode, pin diodes are also used. However, for this fre-

12 guency range, and especially when operating with low
10 bias voltages, thin epitaxially grown intrinsic (i) layers
. are incorporated into the pin diodes. As a result, these
> g| RL=IME 1kQ diodes (e.g., TEMICs BPW97) can operate with low bias
a i 100k] 10k voltages (3 to 4 V) with cut-off frequencies of 300 MHz
0 5 , / at a wavelength of 790 nm. With application-specific op-
& \ timized designs, pin diodes with cutoff frequencies up to
3 // 500Q 1 GHz at only a 3 V bias voltage with only an insignificant
o 4 / / loss of responsivity can be generated.
2 , / / For operating these fast diodes in combination with cur-
j / / rent voltage converters, transimpedance amplifiers,
0 . . .
. signal regenerators and LED drivers are available from
10° 10t 10° 1 10 TEMIC (Transimpedance amplifier: U6791, regenerator:
948617 — 3 dB - Bandwidth (Hz ) U6792, and LED driver: U6795).

Figure 31. BPW 41-family, bandwidth vs. reverse bias voltag

parameter: load resistande= 950 nm Fhe main applications for these photodiodes are found in

optical local area networks operating in the first optical
Below about 870 nm, only slight wavelength dependengéndow at wavelengths of 770 nm to 880 nm.

can be recognized, while a steep change of cut-off fre-

quency takes place from 870 nm to 950 nm (different time ) L

scales in figure 30 and figure 31 1). Additionally, the influVhich type for which application®?
ence of the load resistances and the reverse bias volt

e . . .
can be taken from these diagrams. A table 3, selected diode types are assigned to different

applications. For more precise selection according to chip
For cut-off frequencies greater 10-20 MHz, depending mizes and packages, refer to the tables in the introductory
the supply voltage available for biasing the detectgrages of this data book.

Table 3. Photo diode reference table

Detector application pin diode pn diode epi-pin diode
Photometry, lightmeter BPW 21 R
Radiometry S 153 P, BPW 34, ... BPW 20 R
Light barriers BPW 24
Remote control BPW 34, BPW 46, BPV 10

Low speed data transmis
sion < 10 MHz, clear
package

IR filter for BPV 20 F-BPV 23 F,

A > 900 nm included BPW 41 N, S 186 P, BPV 10 F,

S 288 P, TFM-Series (with inte-
grated amplifier and demodulator)

IR filter for BPV 23 NF, BPW 82, BPW 83

A > 820 nm included

Fiber optical receiver frequencies < 20 MHz high frequencies
BPW 88, BPW 24 R BPW 97

Densitometry BPW 34, BPV 10, BPW 43 BPW 20 R, BPW 21 R

Quadrant detector S239P
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Phototransistor Circuits

A phototransistor typically is operated in a circuit as 94 8618 Vs
shown in figure 32. The resistogRan be omitted in most

applications. In some phototransistors, the base is not RL
connected. B can be used to suppress background radi-

ation by setting a threshold level (see equation 5.1 and Q

5.2)

Vo = VeB X e X S() X R, (5.1)
Vo= Vs(B X ¢pe X s()-0.6/Rg) X R, (5.2)

For the dependence of the rise and fall times on the load
resistance and collector-base capacitance refer to chaptgjure 32. Phototransistor with load resistor and optional
'Properties of Silicon Phototransistors’. resistor.

Vo

Rs

Measurement Techniques

Dark and Light Measurements
Introduction Emitter Devices

o ) ) ) IR diodes (GaAs)
The characteristics of optoelectronics devices given in

the data sheets are verified either by 100% productigii'€ forward voltage, ¥ is measured either on a curve
tests followed by statistic evaluation or by sample tests §iRCer o statically using the circuit shown in figure 33. A

typical specimens. These tests can be divided into the fgRecified forward current (from a constant current source)
lowing categories: Is passed through the device and the voltage developed

across it is measured on a high-impedance voltmeter.

o Vg=5V

a) Dark measurements

b) Light measurements

c) Measurements of switching characteristics,
cut-off frequency and capacitance

d) Angular distribution measurements

e) Spectral distribution measurements

f) Thermal measurements.

The dark and light measurements are 100% measure-
ments. All other values are typical. The basic circuits used //
for these measurements are shown in the following sec-
tions. The circuits may be modified slightly to cater for
special measurement requirements.

R > 10k

94 8205

L . - Figure 33.
Most of the test circuits may be simplified by use of a g

Source Measure Unit (SMU), which allows either tofo measure the reverse voltage;, d 10uA or 100uA
source voltage and measure current or to source curreg¥erse current from a constant current source is im-
and measure voltage. pressed through the diode (figure 34) and the voltage

TELEFUNKEN Semiconductors 31
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developed across it is measured on a voltmeter of high tien, to minimize any fall-off in light output due to
put impedance® 10MQ). internal heating

o Vg=80V Vg=5V
(> VR max)

I = 10uA I = 100mA
constant constant

RL

R > 10MQ Ri=10kQ

RL = 1..100

94 8206 94 8207

Figure 34. Figure 36.

. . o To ensure that the relationship between irradiance and
For most devices, ¥is specified at 1QA reverse cur- onaiocyrrent is linear, the photodiode should operate near
rent. In this case either a high impedance voltmeter hasd,_circuit configuration. This can be achieved by using
be used, or the current consumption of the DVM has to ey, resistance load(10 Q) of such a value that the
calculated and addec_j to the _specified currer)t. A SeCOOdltage dropped across it is very much lower than the
measurement step will then give correct readings. open circuit voltage produced under identical illumina-

In the case of GaAs IR diodes, the total radiant outptien conditions (Reas<R;).The voltage across the load
power,d is usually measured. This is done with a calishould be measured with a sensitive DVM.

brated Iarge—area phot_ovoltaic cell fitted _in a Conic?}knowledge of the radiant intensity, produced by an IR
reflector with a bore which accepts the test item — see figmjtter enables customers to assess the range of IR light
ure 35. An alternative test set uses a silicon photodiogigriers. The measurement procedure for this is more or
attached to an integrating sphere. A constant dc or pulsglss the same as that used for measuring the radiant power.
ing forward current of specified magnitude is passefhe only difference is that in this case the photodiode is
through the IR diode. The advantage of pulse-curregkeq without a reflector and is mounted at a specified dis-
measurements at room temperature’ 5 that the re- {ance from, and on the optical axis of, the IR diode (figure
sults can be reproduced exactly. . 37) so that only radiant power of a narrow axial beam is

Photo Voltaic Cell , Calibrated considered. The radiant power within a solid angle of
Q = (.01 steradian (sr) is measured at a distance of
100 mm. The radiant intensity is then obtained by using
this measured value for calculating the radiant intensity
for a solid angle of2 = 1 sr.

g > Light emitting diodes

For forward and reverse voltage measuremengsaf\d
VR respectively) refer to section ’IR diodes (GaAs)'.

</
—>
A
The luminous intensity,, lof a light emitting diode can be
calculated by multiplying the radiant intensity, (fig-

ure 37) by the absolute eye sensitivity,m KV )
(DIN 5031). This assumes, however, that the wavelength

SST8 ¥6

Reflector of the radiation emitted by the test item is known exactly.
In production measurements, a calibrated silicon photo-
Figure 35. voltaic cell is used in conjunction with a special color

filter (e.g., Schott BG 38) which simulates the red-slope
If, for reasons of measurement economy, only dc meaf the eye sensitivity curve. BPW20R is used as a photo-
surements (figure 36) are to be made, then the energizivmjtaic cell because the short circuit output current
time should be kept short (below 1 s) and of uniform duraharacteristic of this cell is strictly linear even when the
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irradiation is very low. This is because the radiant output O Vs>VR
power of LEDs is low in comparison with that of IR
diodes, and the color filter has an attenuating effect caus-
ing the cell to produce, at the most, only a few
nanoamperes. The cell must operate into an operational
amplifier with a high-impedance FET input stage (figure
38). Alternatively a high sensitive electrometer may be
used. E=0

Ir = 100uA
constant

Photo Voltaic Cell with Filter
(Calibrated) , 1 crh

9518 76

94 8209
Figure 39.

Dark reverse current measurements, hust be carried

out in complete darkness — the reverse currents of silicon
photodiodes are of the order of nanoamperes only, and an
illumination of a few lux is quite sufficient to falsify the
test result. If a highly sensitive DVM is to be used, then
a current sampling resistor of such a value that the voltage
dropped across it is small in comparison with the supply
voltage must be connected in series with the test item (fig-

Position of the Emitting Area

Figure 37. ure 40). Under these conditions, any reverse voltage
variations of the test samples can be ignored. Shunt resis-
o Vs=5V 948208 tance (dark resistance) is determined by applying very
slight voltage to the photodiode and then measuring the
= 20mA dark current. In the case of 10 mV or less, forward and re-
@ P cgn”;tam BPW 20 R calibrated verse polarity will result in similar readings.
Re Vs=20V
E=0
s
— ‘ —
— ‘ —
\
Filter Ik
. Vph
Vph=IkXRg; Iv = Ix/s¢ 10kQ

Ri=1MQ
Figure 38.

94 8210

Detector Devices
. . Figure 40.

Photovoltaic cells, photodiodes o

b) Light measurements

The same circuit used in the dark measurement can be

The reverse voltage characteristig, 6 measured either used to carry out light reverse curreg, ineasurements

on a curve tracer or statically using the circuit shown ian photodiodes. The only difference is that the diode is

figure 39. A high-impedance voltmeter, which draws onlypow irradiated and a current sampling resistor of lower

an insignificant fraction of the device’s reverse currentalue must be used (figure 41), because of the higher cur-

must be used. rents involved.

a) Dark measurements

TELEFUNKEN Semiconductors 33
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Vs=20V of various construction varies widely. As a result, light
Ea = 1kix or current measurements carried out with different lamps
//Ee: 1mw/cn? (but the same lux and color temperature calibration) may

result in readings that differ up to 20%.

The simplest way to overcome this problem is to calibrate
(measure the light current) some items of a photodetector
type with a standard lamp (OSRAM WI 41 / G) and then
use these devices for adjustment of the lamp used for field
measurements.

Ira

10Q
An IR diode is used as a radiation source (instead of the
tungsten incandescent lamp), to measure detector devices
being used mainly in IR transmission systems together
94 8211 with IR emitters (e.g., IR remote control, IR headphone).
Operation is possible both with dc or pulsed current.

R = 10k

Figure 41. . . . .
The adjustment of irradianceg,BEs similar to the above

The open circuit voltage,gyand short circuit current,,] mentioned adjustment of illuminancey. Ho achieve a
of photovoltaic cells and photodiodes are measured byjgh stability similar to the filament lamps, consideration
means of the test circuit shown in figure 42. The value should be given to the following two points:
the load resistor used for thg heasurement should be
chosen so that the voltage dropped across it is low in com-
parison with the open circuit voltage produced under
conditions of identical irradiation. ® dc or pulse-current levels as well as pulse duration
. have great influence on the self-heating of IR diodes
and should be chosen carefully.

The IR emitter should be connected to a good heat
sink to provide sufficient temperature stability.

. h 4 1...10Q ® The radiant intensity,) of the device is permanently

controlled by a calibrated detector.
Ea = 1kIx or

Ee=1mW/cn? Ik Vo Phototransistors, photodarlington transistors
{ R =10MQ

The collector emitter voltage,¢o, is measured either
. on a transistor curve tracer or statically using the circuit
94 8212 shown in figure 43. Normal bench illumination does not
change the measured result.

Figure 42.
Vs=80V
(> Vceo)

The light source used for light measurements is a cali-
brated incandescent tungsten lamp with no filters. The
filament current is adjusted for a color temperature of
2856 K (standard illuminant A to DIN 5033 sheet 7), and
the specified illumination, \& (usually 100 or 1000 lux)

is produced by adjusting the distance, a, between the lamp
and the detector on an optical benchc&n be measured E < 100Ix
on a V{)-corrected luxmeter, or, if the luminous inten-
sity, Iy, of the lamp is known, Fcan be calculated using
the formula: § = Iy/&2.

It should be noted that this inverse square law is only
strictly accurate for point light sources, that is for sources
where the dimensions of the source (the filament) are
small (=10%) in comparison with the distance between
source and detector. Figure 43.

lc= 1mA
constant

R =1MQ

94 8213

Since lux is a measure for visible light only, near infrareth contrast, however, the collector dark curregid or
radiation (800 to 1100 nanometers) where silicon detek,, must be measured in complete darkness (figure 44).
tors have their peak sensitivity, is not taken into accouritven ordinary daylight illumination of the wire fed-
Unfortunately, near infrared emission of filament lampghrough glass seals would falsify the measurement result.
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Vs=20V To measure the collector emitter saturation voltage,
V cesat the device is illuminated and a constant collector
current passed through it. The magnitude of this current
is adjusted so that it is less than the minimum light cur-
rent, kamin, for the same illuminance (figure 46). The
saturation voltage of the phototransistor or Darlington
stage (approximately 100 mV or 600 mV, respectively) is
then measured on a high impedance voltmeter.

Vg=5V

Ri = 1MQ

Ic = constant
94 8214

Figure 44.

The same circuit is used for collector light currepy, |
measurements (figure 45), the device being positioned so
that its optical axis points towards an incandescent tung-
sten lamp with no filters, producing a standard-A
illuminance of 100 or 1000 Ix with a color temperature of
Ts = 2856 K. Alternatively an IR irradiance by a GaAs
diode is used (refer to the photovoltaic cells and photo-
diodes section). Note that a lower value sampling resistor
is used, in keeping with the higher current involved.

VCEsat

Ri=1MQ

94 8216

Figure 46.

Vg=5V

Ri=10kQ

94 8215

Figure 45.
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Switching Characteristics

Definition plitude distortion. A simplified circuit (figure 47) shows
&Qﬁm the input and output signals of optoelectronic de-

Each electronic device generates a certain delay betw . )
yices can be displayed on a dual-trace oscilloscope.

input and output signals as well as a certain amount of a

Vs Vs
IF
' O
Channel Il
GaAs-Diode — = I
Channel | Channel Il Channel Il
94 8219

Figure 47.

The switching characteristics can be determined MMotes Concerning the Test Set-up

comparing the timing of the output current waveform o _ - . "

with that of the input current waveform (figure 48). The circuits used for testing light emitting, light sensitive
and optically coupled isolator devices are basically the

same (figure 47), the only difference being the way in
which the test item is connected in the circuit.

94 8203
It is assumed that the rise and fall times associated with

the signal source (pulse generator) and the dual trace os-
cilloscope are insignificant, and that the switching
t characteristics of any light sensitive device used in the
p set-up are considerably shorter than those of the test item.
A The switching characteristics of light and IR emitters, for
Iy example (t= 10 to 1000 ns) are measured with the aid of
1.0 a pin photodiode as a detectortL ns).
0.9 Photo- and darlington transistors and photo- and solar
cells (+ = 0.5 to 50us) are, as a rule, measured by use of
fast IR diodes {t< 30 ns) as emitters.

GaAsP red light-emitting diodes are used as light sources
0.1 only for devices which cannot be measured with IR
diodes because of their spectral sensitivity (e.qg.
— .- BPW21R). This is because these diodes emit only 1/10 of
the radiant power of IR diodes and consequently generate
only very low signal levels.

o
|/

— - — gt

- E— Switching Characteristic Improvements
on Phototransistors and Darlington
Phototransistors

Figure 48. As in any ordjnary transistor, switching times are reduced
if the drive signal level, and hence the collector current,
is increased. Another time reduction (especially in fall

These time parameters also include the delay that exisitae t) can be achieved by use of a suitable base resistor,
in a luminescence diode between the forward current (lassuming there is an external base connection, although
and the radiant powédy). this can only be done at the expense of sensitivity.
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Component Construction

Infrared components are available in plastic or metal
packages.

Plastic devices, where the chip is mounted and bonded on
a lead frame are lower in cost and have enhanced output
power or sensitivity.

Devices in hermetically sealed packages have better per-
formance in optical and mechanical tolerances and an
extended operating temperature range.

IRED Chip AU-Bond Wire

Reflector.

Plastic Package Lead Frame

Anode Cathode

94 8314

Collimating Lens

Black Plastic Package

(IR Filter)

Anode

Glass Window

Metal Can Package

Cathode

PIN Diode Chip

PIN-Diode Chip

0]

94 8315

Anode

G918 ¥6
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Tape and Reel Standards

TEMIC offers T-1 (3 mm) and T34 (5 mm) IR emitters Number of Components
and detectors packaged on tape. The following specifica-

tion is based on IEC publication 286, taking into accouffuantity per reel:

the industrial requirements for automatic insertion.

Absolute maximum ratings, mechanical dimensions, ofian-fold box:
tical and electrical characteristics for taped devices are
identical to the basic catalog types and can be found in

specifications for untaped devices.

Note that the lead wires of taped components may be
shorted or bent in accordance with the IEC standard.

Packing

3 mm IRED: 2000 pcs
5 mm IRED: 1000 pcs
Quantity per
3 mm IRED: 2000 pcs
5 mm IRED: 1000 pcs

T'Ii]ﬁis results in the increments for the ordering quantities:

3 mm: Increments of 2000 pcs
5 mm: Increments of 1000 pcs

Missing Components

Up to 3 consecutive components may be missing if the

The tapes of components are available on reels or in fg@p is followed by at least 6 components. A maximum of
fold boxes. Each reel and each box is marked with labdlss% of the components per reel quantity may be missing.

which contain the following information:

- Tfk

- Type

— Group

— Tape code (see figure 49)
— Production code

— Quantity

Code for taped IREDs

Tape varieties
A B, C

Spacing of lead frame

S:. 2.54 mm
T:5.08 mm

[Als]i]2]z

Z: only for
fan—fold packing

12: Cathode leaves the reel fifdt Cathode
2: Anode

21: Anode leaves the reel firs

Figure 49. Taping code

At least 5 empty positions are present at the start and the
end of the tape to enable tape insertion.

Tensile strengthof the tape= 15N

Pulling force in the plane of the tape, at right angles to the
reel: = 5N

Note:

Shipment in fan-fold packages are standard for radial
taped devices.

Shipments in reel packing are only possible, if the cus-
tomer guarantees the removal of empty reels.

According to what is stated in a German packaging decree
(Verpackungsverordnung) we are not able to accept the
return of reels.

Order Designation

The type designation of the device is extended by the code
shown above.

TSIP 5200 AS12 (reel packing) or
TSIP 5200 AS12Z (fan-fold packing)
BPW 85 AS12 (reel packing)

Example:

38
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Tape Dimensions forld 3 mm Standard Packages
available package variations: 12,1 27,21

AS BT
+1°
+2°
4.5
35
0.5 ?
0.1
165 f il 1|2 1 2 L ]2
A
155 ?
o5 4.2 T
4, <7 I
8.5 B 12.3
11.7
(1 (1 (D 10.0
O N ) i
T i) T I.F q] >
451
94 8171
5.08 i 3.11
5.78 7.05 12.9 09max, | |o
4.38 2.54 5.65 12.5
— - |- - -
Figure 50. Tape dimensioas 3mm devices
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Tape Dimensions forl] 5 mm Standard Packages
available package variations: 12,1 27,21

AS BT CS
+1°
+2°
g
4.5
35
0.5 ?
0.1
; 1 2 1 2 1 2 22.5
16.5
Ios T ? 215
95 4.2
85 S 12.3
11.7
Y (M (M (D 10.0
< N\ U/ U/ / / 175
L T i }
i 4.51
04 8172 5.08 3.11
5.78 7.05 12.9 09maxy, | |o
4.38 2.54 5.65 125
— - -
Figure 51. Tape dimensiofs5 mm devices
40 TELEFUNKEN Semiconductors
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Reel Package, Dimensions in mm

355 52 max.

48
Identification Label : 45 94 8641
Tfk / Type / Group / Tape Code / Production Code / Quantity
Figure 52. Dimensions of the reel
TELEFUNKEN Semiconductors 41
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Diodes: Anode before Cathode
Phototransistors: Emitter before Collector
Code 21

Adhesive Tape

Identification Label

Diodes:

Cathode before Anode
Phototransistors:
Collector before Emitter
Code 12

94 8671

Figure 53. Wound devices
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Fan-Fold Packing

The tape is folded in a concertina arrangement and laidfiem the side of the box marked “~"If the components are

the cardboard box.
If the components are required with the cathode befobe taken from the side of the box marked “+”".

the anode (figure 54), the start of the tape should be taken

Identification Label:
Tfk
Type
Group

Tape Code
Production Code

Quantity

Table 4. Inner dimensions

required with the anode before cathode, the tape should

Tape Feed Direction
Diodes: cathode before anode
Phototransistors: collector before emitter

Tape Feed Direction
Diodes: anode before cathode
Phototransistors: emitter before collector

1998 ¥6

Figure 54. Tape direction

A B C Packages

340 46 125 05 mm

340 34 140 03 mm AS-Taping

340 41 140 03 mm other than
AS-Taping

TELEFUNKEN Semiconductors
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Taping of SMT-Devices

TEMICs IREDs and detectors in SMD packages argertion. The blister tape is a plastic strip with impressed
available in an antistatic 8 mm blister tape (in accordancemponent cavities, covered by a top tape.
with DIN IEC 40 (CO) 564) for automatic component in-

Adhesive Tape <

Blister Tape

=

o
3 Component Cavity
< y
\\\ . < /// S~
W 94 8669
Figure 55. Blister tape
44 TELEFUNKEN Semiconductors
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_ De-reeling direction

3.2 max

15° max

A

o

\“
o

1.6 [ I 2.05 ?
1.4 | 1.95
4.1
3.9
94 8157 4.1
3.9

1.5 max

—
( Wy,
2.7 max
3.3 max
8.3
77 N—
technical drawings
according to DIN
specifications
0.4 max

Figure 56. Tape dimensions in mm for SOT 23. The mounting side of the components
is oriented to the bottom side in the tape.

OlO|l© B

\. I \ I \ ) 36 3:3
| | | |
SERCHECRS!
ST N 1 T

Number of Components
Quantity per reel in

SOT 23 package:
PLCC2 (Tantal B) package:

2.05
1.95

Figure 57. Tape dimensions in mm for PLCC2

3000 pcs
1500 pcs (minimum quantities for order)

0.25

94 8668
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Missing Devices at the beginning and at the end of the reel. A maximum
gf three consecutive components may be missing, pro-

A maximum of 0.5% of the total number of component ded this aap is followed by six consecutive components
per reel may be missing, exclusively missing componen\fé ISgap! W Y SiX utiv P :

- De-reeling direction 94 8158

©0OO-- 00" 0O OO0

40 empty min. 75 empty

=
= 160 mm compartments compartments
Tape leader Carrier leader Carrier trailer

Figure 58. Beginning and end of reel

The tape leader is at least 160 mm and is followed byTde last component is followed by a carrier tape trailer
carrier tape leader with at least 40 empty compartementgth at least 75 empty compartements and sealed with
The tape leader may include the carrier tape as long as tioger tape.

cover tape is not connected to the carrier tape.

10.0
9.0

13.00
12.75

63.5
60.5

-

Identification
Label :
Tfk
Type
Group
Tape Code
Production Code
Quantity 180 94 8665

178 14.4 max.

Figure 59. Dimensions of the reel

Cover Tape Removal Force Ordering Designation

The removal force lies between 0.1 N and 1.0 N at a réhe type designation of the device in SOT 23 package is
moval speed of 5 mm/s. extended by the code GS08.

In order to prevent components from popping out of the

blisters, the cover tape must be pulled off at an angle Bkample: TEMD 2100 GS08

180 with regard to the feed direction.
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Assembly instructions

General connection wires are left as long as possible. The time
during which the specified maximum permissible device
Optoelectronic semiconductor devices can be mountediithction temperature is exceeded at the soldering process
any position. Connection wires may be bent provided th¢ould be as short as possible (one minute maximum). In
bend is not less than 1.5 mm from the bottom of the casge case of plastic encapsulated devices, the maximum
During bending, no forces must be transmitted from thgermissible soldering temperature is governed by the
pins to the case (e.g., by spreading the pins). maximum permissible heat that may be applied to the en-
If the device is to be mounted near heat generating cof@Psulant rather than by the maximum permiss]

ponents, the resultant increase in ambient temperatl#gction temperature.
should be taken into account.

Soldering instructions The maximum soldering iron (or solder bath) tempera-
tures are given in Tab. 5. During soldering, no forces must

Protection against overheating is essential when a devioetransmitted from the pins to the case (e.qg., by spreading
is being soldered. It is recommended, therefore, that ttiee pins).

Table 5. Maximum Soldering Temperatures

Iron soldering Wave soldering
Iron Distance of | Maximum Soldering Distance of | Maximum
temperature |the soldering |allowable sol- |temperature |the soldering |allowable sol-
position from | dering time position from |dering time
the lower edge see temperature- | the lower edgg
of the case time profiles of the case
Devices in =245°C =Z1.5mm 5s 245°C Z1.5mm 5s
metal case =245°C =5.0 mm 10 s
=350°C =5.0 mm 5s 300°C =5.0 mm 3s
Devices in =260°C =2.0 mm 5s 235°C 2.0 mm 8 s
plastic case |=300°C =5.0 mm 3s 260°C =2.0mm 5s
=3 mm
Devices in
plastic case | =300°C =5.0 mm 3s 260°C =2.0mm 3s
<3 mm
Soldering Methods (b)  Infrared soldering

There are several methods in use to solder devices or]wgh infrared (IR) reflow soldering the heating is contact-
; ; . Tree and the energy for heating the assembly is derived
the substrate. Some of them are listed in the following: from direct infrareg);adiation angd from convec)t/ion

The heating rate in an IR furnace depends on the absorp-
Soldering in saturated vapor is also known as condendi@n coefficients of the material surfaces and on the ratio
tion soldering. This soldering process is used as a ba@hthe component's mass to its irradiated surface.

system (dual vapor system) or as a continuous single Vele temperature of parts in an IR furnace, with a mixture
por system. Both systems may also include preheatingdaffradiation and convection, cannot be determined in ad-
the assemblies to prevent high temperature shock avehce. Temperature measurement may be performed by
other undesired effects. measuring the temperature of a certain component while
it is beeing transported through the furnace.

The temperatures of small components, soldered together
with larger ones, may rise up to 2&0

Influencing parameters on the internal temperature of the
component are as follows:

(@)  Soldering in the vapor phase

TELEFUNKEN Semiconductors 47
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- Time and power reliability is important. There is no SMD classification
- Mass of the component for this process.
- Size of the component

- Size of the printed circuit board () Lasersoldering

- Absorption coefficient of the surfaces This is an excess heating soldering method. The energy
- Packing density absorbed may heat the device to a much higher tempera-
- Wavelength spectrum of the radiation source  ture than desired. There is no SMD classification for this
- Ratio of radiated and convected energy process at the moment.

Temperature-time profiles of the entire process and th ~ Resistance soldering

influencing parameters are given in figure 60. This is a soldering method which uses temperature con-
] trolled tools (thermodes) for making solder joints. There
(c)  Wave soldering is no SMD classification for this process at the moment.

In wave soldering, one or more continuously replenishéd/arning

waves of molten solder are generated, while the substrates . . . .
to be soldered are moved in one direction across the " c€S N PLCC-pa_ckages are sensitive to moisture re-
; ease if they are subjected to infrared reflow or a similar

wave's crest. . ;
solder process (e.g. wave soldering). After opening the

Temperature-time profiles of the entire process are givéqd, they must be:

in figure 61. 1. stored at ambient of <20% relative humidity (RH)
2. used within 2 weeks at factory conditions
(d) Iron soldering (<30°C/60% RH)

In case of moisture absorption, the devices will recover
This process cannot be carried out in a controlled way.tti former condition by drying under recommended condi-
should not be considered for use in applications whetien: 60°C / 96 h.

Temperature-Time Profiles

300 94 8625
max. 240C 10s
ca. 230C
250
____________________ A -S\
200 —
— [l .
(©) K R \
= 4 y
[} N N
5 . .
2 150 ‘ T~
g max. 160C /.’ .
£ . g max. 40 s Seo
e ' "=
,
100 !
) 90-120s ) )
’ full line : typical
' dotted line : process limits
’
50 ;.
/ ¢+ 2-4Kl/s
A Lead Temperature
0 50 100 150 200 250
Time (s)
Figure 60. Infrared reflow soldering of opto devices (SMD package)
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300
94 8626
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HT Lead Temperature
250 | 535¢_260°C "
________ b oo A
"“ second wave full Iine' : typical o
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200 ! s
\ A
o v
& ca. 200 K/g
2 150
@
[oR
e T .
S _ -~ |forced cooli
100°..130°C |, -
100 -

.o
--ao o
-

f" L4
e S2Kls
50

0 50 100 150 200 250
Time (s)

Figure 61. Double wave soldering of opto devices

Heat Removal

To keep the thermal equilibrium, the heat generated in t _ Timax— Tamb Timax— Tamb
gemiconductorjunctilon(s) must be removed and the jun¢iotmax— RihJA Rihic+ Rihca
tion returned to ambient temperature.

In the case of low power devices, the natural heat condé€re:

tive path between the case and surrounding air is usua}ly
adequate for this purpose. The heat generated in the junt”
tion is conveyed to the case or header by conductiqn .. the highest ambient temperature likely to be
rather than convection. A measure of the effectiveness of  reached under the most unfavorable conditions
heat conduction is the inner thermal resistance or thermal

resistance junction casenft the value of which is gov- Rinjc the thermal resistance, junction case

erned by the construction of the device.

ax the maximum allowable junction temperature

) ~ Rina the thermal resistance, junction ambient, is
Any heat transfer from the case to the surrounding air in- specified for the components. The following

volves radiation convection and conduction, the diagram shows how the different installation
effectiveness of transfer being expressed in terms of an  ¢gnditions effect the thermal resistance

Rinca value, i.e., the external or case ambient thermal re-

sistance. The total thermal resistance, junction ambientRg,ca the thermal resistance, case ambiegicR
consequently: depends on cooling conditions. If a heat dissipator
or sink is used, fRca depends on the thermal

= + A
Rihaa = Rnac+ Rinca contact between case and heat sink, heat

The total maximum power dissipationg{fhax Of a semi- propagation conditions in the sink and the rate at
conductor device can be expressed as follows: which heat is transferred to the surrounding air.
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Figure 62. Thermal resistance junction/ambient vs. lead length T 94 8164
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Figure 63. In the case of wire contacts (curve b, figure 62)
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Tn__ —
94 8163

From
underneath
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Figure 65. In the case of assembly on PC board with heatsink
(curve a, figure 62)

Cleaning

Soldered assemblies are washable with the following sol-
vents:

1) A mixture of 1, 1.2-trichlorotrifluoroethane,
70=5% by weight and 2-propanol (isopropy! alcohol),
30=5% by weight.
Commercially available grades (industrial use) should
be used.

Warning: The component 1, 1.2-trichlorofluoroethane
is hazardous to the environment. Therefore this solvent
must not be used where the solvent specified in 2 or 3
is adequate.

2) 2-propanol (isopropyl alcohol).
Commercially available grades (industrial use) should
be used.

3) Demineralized or distilled water having a resistivity
of not less than 500 @ corresponding to a conductiv-
ity of 2 mS/m.

Caution: The use of tetrachlor, acetone, trichloroetylene
or similar iSNOT ALLOWED!

Warning

Exceeding any one of the ratings (soldering, cleaning or

Figure 64. In the case of assembly on PC board, no heatsirgort time exceeding the railings) could result in irrevers-

(curve c,

figure 62)

ible changes in the ratings.
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Quality Information

TEMIC’s Continuous Improvement Activities  TEMIC Tools for Continuous Improvement

e TEMIC qualifies materials, processes and process

® Quality training for ALL personnel including changes
production, development, marketing and sales
departments ® TEMIC uses Process FMEA (Failure Mode and
Effects Analysis) for all processes. Process and
e Zero defect mindset machine capability as well as Gage R&R (Repeat

ity & Reproducibility) are proven

® Permanent quality improvement process e TEMIC's internal qualifications correspond
IEC 68-2 and MIL STD 883

e TEMIC periodically requalifies device types
(Short Term Monitoring, Long Term Monitoring).

e Total Quality Management (TQM)

e TEMIC’s Quality Policy established by the o )
Management Board ® TEMIC uses SPC for significant production parame-

ters. SPC is performed by trained operators.

® Quality system certified per ISO 9001 on July 12¢ TEMIC's Burn-In of selected device types.
1993 (Commercial Quality System) ) i
e TEMIC'’s 100% testing of final products.

® Quality system formerly approved per AQAP-1 ® TEMIC’s lot release is carried out via sampling.
(Military Quality System) Sampling acceptance criterion is always ¢ = 0.

TEMIC's Quality Policy
Our goal is to achieve total customer satisfaction
through everything we do.
Therefore, the quality of our products and services

is our number one priority.
Quality comes first!

All of us at TEMIC are part of the process of

continuous improvement.
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General Quality Flow Chart Diagram
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Production Flow Chart Diagram
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Qualification and Release

New wafer processes, packages and device types @mtical packages are selected: two assembly lots are sub-
qualified according to the internal TEMIC jected to the qualification procedure representing that
Semiconductors specification QSA 3000. package group. A positive result will release all similar

. ) ' packages.
QSA 3000 consists of five parts (see figure 66).

) Device type releaseThe device type released is the
Wafer process releaseThe wafer process release is theelease of individual designs.

fundamental release/qualification for the various _ )
technologies used by TEMIC Semiconductors. Leadinonitoring: Monitoring serves both as the continuous
device types are defined fo various technologies. Thr&éPnitoring of the production and as a source of data for
wafer lots of these types are subjected to an extensivdculation of early failures (early failure rate: EFR).
qualification procedure and are used to represent thigoduct or process changeare released via ECIEAgi-
technology. A positive result will release the technologyneering ChangeNote). This includes proving process

Package releaseThe package release is the fundamentaclap"’IbIIIty and meeting the quality requirements.
release/ qualification for the different packages usedest procedures utilized are IEC 68-2—... and MIL—
Package groups are defined (see figure 66). STD-883 D respectively.

QSA 3000

/ " \\\A
Wafer process Package Device type Monitoring Qualification of
qualification qualification qualification process chang

Figure 66. Structure of QSA 3000

Statistical Methods for Prevention

To manufacture high-quality products, it is not sufficienBy using SPC, deviations from the process control goals

controlling the product at the end of the production praare quickly established. This allows control of the pro-

cess. cesses before the process parameters run out of specified
) L L . limits. To assure control of the processes, each process

Quality has to be ‘designed-in’ during process- and prodte, is observed and supervised by trained personnel. Re-

uct development. In addition to that, the ‘designing-ing ts are documented.

must also be ensured during production flow. Both will be

achieved by means of appropriate measurements dng@cess capabilities are measured and expressed by the
tools. process capability index (o).

e Statistical Process Control (SPC) Validation of the process capability is requwed_for new
processes before they are released for production.

® R&R-(Repeatability and Reproducibility) tests Before using new equipment and new gauges in produc-

e Up- Time Control (UTC) tion, machine capability (G = machine capability
index) or R&R (Repeatability & Reproducibility) is used

e Failure Mode and Effect Analysis (FMEA) to validate the equipment’s fitness for use.

e Design Of Experiments (DOE) Up-Time is recorded by an Up—Time Control (UTC) sys-

) . tem. This data determines the intervals for preventive
® Quality Function Deployment (QFD) maintenance, which is the basis for the maintenance plan.
TEMIC Semiconductors has been using SPC as a toolAnprocess—FMEA is performed for all processes (FMEA
production since 1990/91. = Failure Mode and Effect Analysis). In addition, a de-
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sign— or product— FMEA is used for critical products otherefore very important to the device user. The early life
to meet agreed customer requirements. failure rate is heavily influenced by complexity. Conse-

uently, ‘designing-in’ of better quality during the

Design of Experiments (DOE) is a tool for the statisticagevelopment and design phase, as well as optimized pro-
design of experiments and is used for optimization of prQ- !

cesses. Systems (processes, products and procedures ess control during manufacturing, significantly reduces
el P! P X proce K EFR value. Normally, the early failure rate should not
analyzed and optimized by using designed experiment

be significantly higher than the random failure rate. EFR
A significant advantage compared to conventional metfs given in ppm (parts per million).

ods is the efficient perfomance of experiments with _ :

minimum effort by determining the most important input: ong Term Failure Rate (LFR)

for optimizing the system. LFR shows the failure rate during the operational pe

. : the devices. This period is of particular interest to
As a part of the continuous improvement process, aﬂrr(anufacturer of the final product. Based on the !

TEMIC Semiconductors’ employees are trained in usin\g S . . .
" alue, estimations concerning long-term failure rate, reli-

new statistical methods and procedures. " T 4 .
ability and a device’s or module’s usage life may be
derived. The usage life time is normally the period of

constant failure rate. All failures occuring during this

Rellablllty period are random.
The requirements concerning quality and reliability ofVithin this period the failure rate is:
products are always increasing. It is not sufficient to only _ Sum of failures 1

deliver fault_—free parts. In addition,_ it must be ensured > (Quantity x Time to failure) hours

that the delivered goods serve their purpose safely and

failure free, i.e., reliably. From the delivery of the devicd he measure df is FIT (Failures In Time = number of
and up to its use in a final product, there are some ocdailures in 18 device hours).

sions where the device or the final product may fafxample

despite testing and outgoing inspection. A sample of 500 semiconductor devices is tested in a op-

In principle, this sequence is valid for all components drating life test (dynamic electric operation). The devices

a product. operate for a period of 10,000 hours.
For these reasons, the negative consequences of a failfi@ilures: 1 failure after 1000 h
which become more serious and expensive the later they 1 failure after 2000 h
occur, are obvious. The manufacturer is therefore inteThe failure rate may be calculated from this sample by
ested in supplying products with the lowest possible N 2 1
e AOQ (Average Outgoing Quality) value ~ 1 x 1000+ 1 x 2000+ 498 x 10000 h
i =2 1 _ 71
® EFR (Early Failure Rate) value A= 2983000 h 4.01x 10 h
® LFR (Long-term Failure Rate) value This is ak-value of 400 FIT, or this sample has a failure
rate of 0.04% / 1000 h on average.
Average Outgoing Quality (AOQ) A
Early Failures  Operating Period Wear Out
All outgoing products are sampled after 100% testing. EFR LFR Failures
This is known as “Average Outgoing Quality” (AOQ).
The results of this inspection are recorded in ppm (parts
per million) using the method defined in JEDEC 16. \ I
Il
Early Failure Rate (EFR) o 11401 e
EFR is an estimate (in ppm) of the number of early fail- Figure 67. Bath tub curve

ures related to the number of devices used. Early failur :

are normally those which occur within the first 300 toéc’nfldence Level

1000 hours. Essentially, this period of time covers thEhe failure raté\. calculated from the sample is an esti-
guarantee period of the finished unit. Low EFR values argate of the unknown failure rate of the lot.
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The interval of the failure rate (confidence interval) mayable 6.
be calculated, depending on the confidence level a

. Number of Confidence Level
sample size. Beilles

The following is valid: 50% 60% 90% 95%
® The larger the sample size, the narrower the confi- 0 0.60 0.93 2.31 2.96
dence interval. 1 1.68 2.00 3.89 4.67
' 2 2.67 3.08 5.30 6.21

® The lower the confidence level of the statement, the
narrower the confidence interval. 3 3.67 4.17 6.70 7.69
h fid ovel licable to the fail e of t 4 4.67 5.24 8.00 9.09

e confidence level applicable to the failure rate of the
whole lot when using the estimated value.a$ derived > 5.67 6.25 9.25 10.42
from thex2-distribution. In practice, only the upper limit 6 6.67 1.27 10.55 11.76
of the confidence interval (the maximum average failure 7 7.67 8.33 11.75 13.16
rate) is used. 8 8.67 | 9.35 | 13.00 | 14.30
Therefore: 9 9.67 10.42 | 14.20 | 15.63
10 10.67 11.42 15.40 16.95

_#2(P) 1

Mnax = n xt n h

Operating Life Tests
%2/2 (r; Pa) . :

LFR = <t X 1 x 10° in [FIT] Number of devices tested: n =50
Number of failures
(positive qualification): c =0

r: Number of failures Test time: t = 2000 hours
Confidence level: R =60%

Pr: Confidence level
i %2/2 (0; 60%) = 0.93
n: Sample size

Dy = =293 __ _ 9.3 10*"’%

t: Time in hours 50 x 2000

nxt. Device hours This means, that the failure rate of the lot does not exceed

0.93% / 1000 h (9300 FIT) with a probability of 60%.

This example demonstrates that it is only possible to

2
Thex</2 for}. are taken from table 6. verify LFR values of 9300 FIT with a confidence level of

For the above example from table 6: 60% in a normal qualification tests (50 devices, 2000 h).
#2/2 (r_:2; R=60%) = 3.08 To obtain LFR values which meet today’s requirements
n x t=4983000 h (<50 FIT), the following conditions have to be fulfilled:

® \fery long test periods
honey = 208 _ 618 x 107 & yongrestp .
4983000 h e Large quantities of devices

® Accelerated testing (e.g., higher temperature)
This means that the failure rate of the lot does not exceed

0.0618% / 1000 h (618 FIT) with a probability of 60%. _ _
If a confidence level of 90% is chosen from the table G:Mean Time to Failure (MTTF)

%212 (r=2; R=90%) = 5.3 For systems which can not be repaired and whose devices
must be changed, e.g., semiconductors, the following is
_ 53 _ 1 valid:
Max = 7gg3000 ~ 106X 10° ¢ L
MTTF = X

This means that the failure rate of the lot does not exceRldI TF is the average fault-free operating period per a
0.106% / 1000 h (1060 FIT) with a probability of 90%. monitored (time) unit.
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Accelerating Stress Tests T;=7CC + 300 K/Wx 100 mW

Innovation cycles in the field of semiconductors are T;=100C

becoming shorter and shorter. This means that produgigeration in the field at an ambient temperature 6650
must be brought to the market quicker. At the same timg,q 4t an average power dissipation of 80 mW is utilized.
expectations concerning the quality and reliability of thg s results in a junction temperature in operation of

products have become higher. T = 74C. The activation energy used for opto compo-

Manufacturers of semiconductors must therefore assuients is lx = 0.8 eV.
long operating periods with high reliability but in a shorty, resulting acceleration factor is:
time. Sample stress testing is the most commonly useQ

way of assuring this. M373K) [E_A - )] -
Ea (21 1 L . . .
_ \TT This signifies that, regarding this example, the failure rate
MT,) =NMT) X e 102 .
is lower by a factor of 6.5 compared to the stress test.

= MO o« \mark37Ek
The rule of Arrhenius describes this temperature-depen- M347K)

dent change of the failure rate.
AF = 6.5

Boltzmann'’s constant

Other accelerating stress tests may be:
k=8.63x 105eV/K g y

o Humidity (except displays type TDS.)

Activation energy Tp = 85C
Eainev RH = 85%
Junction temperature real operation

. . ® Temperature cycling
T1in Kelvin Temperature interval as specified

Junction temperature stress test The tests are carried out according to the requirements of

T2 Kelvin appropriate IEC—standards (see also chapter ‘Qualifica-
Failure rate real operation tion and Release’).

A (Ta)
Failure rate stress test Activation Energy

A (T2)

: . : There are some conditions which need to be fulfilled in
The acceleration factor is described by the exponentiglyar to use Arrhenius’ method:

function as being:
® The validity of Arrhenius’ rule has to be verified.

A 1 1
AF = MT) e[TX<T_1'T_2)] e ‘Failure-specific’ activation energies must be deter-
MTy) mined.
Example These conditions may be verified by a series of tests.

Today, this procedure is generally accepted and used as a

The following conditions apply to an operating life StresBasis for estimating operating life. The values of activa-

test: tion energies can be determined by experiments for
Environmental temperature during stress test different failure mechanisms.

Ta=10C Values often used for different device groups are:
Power dissipation of the device Opto components 0.8 eV

Py = 100 mW Bipolar ICs 0.7eV
Thermal resistance junction/environment MOS ICs 0.6eV

R — 300 K/W Tr.an5|stors 0.7 eV

thIA Diodes 0.7 eV

;I;gren-system temperature / junction temperature resul%/ using this method, it is possible to provide long—term

predictions for the actual operation of semiconductors
T3=Ta + Rnja X Py even with relatively short test periods.
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1000 Safety
0.8 eV
/ o7ey Reliability and Safety
o
E 100 . 4 06eV  All semiconductor devices have the potential of failing or
s / A% 0.5ev  degrading in ways that could impair the proper operation
8 7 /, ‘ / of safety systems. Well-known circuit techniques are
o) ’ '/,‘/ available to protect against and minimize the effects of
§ 10 //, e’ A such occurrences. Examples of these techniques include
s ’/ redundant design, self-checking systems and other fail-
v > safe techniques. Fault analysis of systems relating to
100 125 150 safety is recommended. Environmental factors should be
1 1 1 1 analyzed in all circuit designs, particularly in safety-re-
55 75 95 115 135 155 lated applications.
Junction Temperaturé@) 95 11369

éf the system analysis indicates the need for the highest
degree of reliability in the component used, it is recom-
mended that TEMIC be contacted for a customized

Degradation of IREDs reliability program.

The diagrams in figure 69 and figure 70 are based on eld@XicCity
trical life tests, calculated with,E 0.8 eV at T= 25°C.

Figure 68. Acceleration factor for different activation energie
normalized to J= 55°C

Although gallium arsenide and gallium aluminium arse-

10 | | nide are both arsenic compounds, under normal use
IF=50mA conditions they should be considered relatively benign.
8 Both materials are listed by the 1980 NIOH "Toxicology
=S of Materials” with LD5g values (Lethal Dosis, probability
g 6 50%) comparable to common table salt.
= /|
§ // Accidental electrical or mechanical damage to the de-
e 4 7 vices should not affect the toxic hazard, so the units can
e // be applied, handled, etc. as any other semiconductor de-
5 // vice. Although the chips are small, chemically stable and
B protected by the device package, conditions that could
break these crystalline compounds down into elements or
0 .
108 100 106 other compounds should be avoided.
948169 Time (h) Safety Aspects of IR Radiation
Figure 69. Average degradation of TSUS 5. Light and IR emitting diodes are included into the scope
20 ‘ ‘ ‘ of the laser safety standards IEC 825 or EN 60825.
IF=50mA In the safety standard IEC 825-1 obviously the effects of
~ 15 d extended sources are not or not correctly considered. The
s // German standardization committee has proposed an
5 // amendment for the correction of the evident misinter-
% 10 /’// pretations in June 1994,
g’ ///’ The user of IR-transmission should be aware of the pos-
5 — | sible risks of retinal damage. Because of the errors inside
the standard (editions of the year 1993) users should con-
tact their national standardization committees to get the
0 newest edition of the standard or, if itis not yet available,
103 104 106 a statement for rating the potential of risk. The typical re-
04 8170 Time (h) mote control and IrDA applications will not to be
classified as a harmful application following the above
Figure 70. Average degradation of TSHA 5. mentioned German proposal.
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