CHAPTER 2
Principles of heterojunction photodiodes and their characteristics

2.1 Introduction

Most optical semiconductor devices contain at least one pn-junction.
Understanding the physics of the pn-junction is, therefore, an important step in the
analysis of semiconductor devices. This chapter will infroduce the basic concepts of
the pn-homojunction and semiconductor heterojunctions. The principles of PIN
photodiodes and their characteristics will also be outlined in this chapter. These
concepts will lead us in the way to understand their physical behavior and therefore,
the heterojunction photodiodes can biffsugned in the next chapter.

2.2 pn-Homojunctions and sqmico terownchons

Generally, the pn- uﬂCﬂUn-m seryconduﬂﬁﬁs classified into two types: one is
the homojunction and cnozﬁﬁ e heterojunciion. The homojunction is formed by
the same semiconduc ile the-he junction is formed with two
dissimilar semiconduct vhi¢h\,can bhe\emgr of the same doping type
(isotype) or the opposiie in & oﬁlsofype) Heterojunctions themselves are
ic and optoelectronics devices. Therefore,
“Qver the ’roplc of both homo;unchons

thermal equilibrium ls‘:ghown schemcn‘lcolly in Fig. 2.1
(When no external 0-,», —alalalil~Ta o ectrons in the
n=n,,. diffuse to the ‘

holes (majority ccmers)J\ this region, whil in fh@ type semiconductor ( p,,)
diffuse to the n-type semlconducfor ( pyo ) bECaUSE Of the concentration gradient. As

holes continue m g m torions ( N7) near the
junction are le ﬁ ’Z ﬂﬂe m;j ﬁ gif)m the semiconductor

lattice while the fbles are mobile. Similarly, some of the positive donor ions ( N}) near
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opposite types. The dividing line between the two regions, known as the metallurgical
junction, occurs when N,-N,=0. [16] The regions on both sides of the junction M

consequently becomes depleted of free carriers in comparison with the bulk p and n
regions. As a result, a negative space charge forms near the p-side of the junction
and a positive space charge forms near the n-side. This space charge region, also
known as the depletion region (W), creates an electric field that is direct from the
positive charge (on the n-side) toward the negative charge (on the p-side). This
electric field is called the built-in electric field. It has a maximum at the junction and
goes to zero at the edge of the depletion region on both sides. By virtue of this
electric field (g ), a potential gradient develops, according to, [2]




RN]
N
RN
S

(2]

[J »
e @ o 9 ® @ ° @ e = |Ee=Eseemesoeees E,
o@@O 9 @eo ® ‘9’ (39 » ®
oeoe oe p @.6@. Z:’*P ------------------- -
Uncom‘pe;snfed z ) 9 P v.
accep! e \é d.onof ';n E‘ Dr,ﬁ .\\
OPSEINMCK ’ X
09 7° v,
0609@ @%6‘@@-8 e Diison '.qu
@oe 00 L. 09 <@ @e IE;., .
N w - Metallurgical N
, o\ ’ ’# ™o Drifi e
/ (b)
g r}}log > : |l I Current
Pro i ~\‘f' : Hole diffusion e
; » \ﬁ\¥ !  Hole drift -—
fesiad e AN\ \\\\\\\ Electron diffusion b
P 1 L l;--‘ 3 “ l\\\\\\ Electron drift =
(d)
Charge density ectrostatic potential
A M v (I) A
qN, ® v
@ A n
% ®®1 > — Vbl.n
o » 277 "
O | 2 J
o b == - : Y o
N, O] WA % 0 X, *
m )

(e) m
o AUBINUNINY DT

AT\ Il Ini e

| SR
(9)

Fig. 2.1 Electrostatics of the pn-homojunction in thermal equilibrium
(a) Formation of pn-homojunction
(b) Junction band diagram :
(c) The hole and electron concentration profiles
(d) Flow directions of the four-particle
(e) Space charge distribution
(f) Potential profile
(g) Electric field profile




Vy=—[e dx (2.1)

The bands bend in the depletion region by energy gV,,, and this is called the contact

potential or built-in potential. Looking at Fig. 2.1 (C), we are initially assuming an
abrupt junction, in which a step change in impurity type occurs at the junction.
Referring to the Gauss law, it follows that,

gN,x, =qNpx, =€.€ ¢ (2.2)
where €_is the static dielectric ¢ e semiconductor and N,and N, are
the doping densities on the ectively. Also, full ionization of the
dopants is assumed for -«-. _(2.2) signifies that the total ionized

be equal to the total ionized
lis is known as the depletion

negative charge per uni
positive charge per uni

approximation. From PoissQis a tig Brupt unchon
x) N;(x)] (2.3)
Therefore,
(2.4)
and (2.5)
Upon integration, th é‘ ctric fietd pro :
(2.6)
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qe Dex (n—side)
.y (2.7)
=—M (p —side)
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Integrating equations (2.4) and (2.5) twice gives

V(x)———(x +x) (p—side)
2¢e,e
N ¢ (2.8)
=—2LGSZ—O(x—x,,)2 +V(x=0) (n-side)
where V(x = 0) is the potential at the metallurgical junction:
2€.€, '
and it follows that
] (2.10)

2.2.1.2 The built-in volta

applied bias), the net current flow
rent due to the electric field
the concentration gradient. In

At thermal equilibgu
across the junction is
must exactly cancel the dif

symbols:
dt uszon) =0
diffusion) =0 (2.11)
Let us consider/iiiese cument cor M of electric field and carrier

(2.12)
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t(X)’— and remembering the equation (2.1), then we get
PHy, dx
D, ¢l
Vy="2 [—dp (2.13)
H, ° P
At any point x,
o Dh P(-")
-V (x)= ﬂ_hlln ol (2.14)
Thus,
D
= hn Pro (2.15)
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According to the Einstein relation, the ratio of D, and u,is given by

— (2.16)
Hy q
Using the Einstein relation, the equation (2.15) becomes,
kT
v, =——ln(@) (217)
Similarly, starting with the eq
(2.18)
From which it follows,
(2.19)

The quantities in equati v qgjority and minority carrier
concentrations on b ) e n equilibrium the relation
n,p, =n’holds, and assdmi Il ionizafic  the dopant impurity levels on either

side (i.e., ppp =N, and n iliar form,

(2.20)

In this equation V;; is ”-, ---------------------- ’ : *Csurable parameters of the

2.2.1.3 Depletion layer widt ‘h

With res m&inﬁm ﬂ% re Poisson's equation
is valid, the sp equa ,on the n- and p-sides,

respectively. Outside the depletiongregion, in nevtral mcn‘encl.pn either side, the

e AR TN T RPAR e e

given by
€, &)y =qNpx, =gN x, (2.21)

materials forming the junc¢tic

The area enclosed by the electric field profile is the built-in voltage, V,;which can
therefore be expressed as

|—V,,,|_——(x +x,) (2.22)



It follows that

W=x,+x,

223
=\/2€seo( ] JI_Vb:‘I (2.23)
q N, N,

Hence, the depletion layer extends more into the side with the lower doping.

doping type: anisotype and i en be separated into four types:
n-P, N-p, n-N and p-P, wh @es the larger-bangap material.
To analysis these heterojuncii . | s ilt. the energy band diagram
according to Anderson's a'the assumption that the heterointerface is free of
interfacial defect statess®Thes€ / i diagrams, of isolated P-and n-type
materials are shown in Fig ) foget f vacuum level, work function; @,

electron affinity; y.

clear that the electron affinity . ide Qaf erial is less than that of the
narrow-bandgap mate /ther c ulate the difference of both
conduction band edge and om its difference as in equation
(2.24) to (2.26). The diff ween th ; tion band edge energies is
denoted by AE_, and similgr iifere en the two valence band edge

(2.24)

(2.25)
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After the two mat&fials brought into contact (see Fig. 2.2 (b)), the Fermi energy levels
are considered to be equalized and therefore tle band bendihg occurs at both

s b 4 W 37 i S e e

Ep —Ep, =(Z1 +E, —51)_(2'2 _52)
=qVy+qVy,

Therefore,

(2.27)

This energy difference corresponds to the total of the band bending. gV,;. As in the
case of the homojunction, the transition regions are assumed to be completely
depleted over the distances x; and x,, where, [11]

X N
% = %VD (2.28)
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To sohsfy e charge conservation, according to the Poisson’s equation, we have

N
Vy=—2b—V, (2.29)
€, Ny+¢ N,
Vp=— ey, (2.30)
€, Ny+¢ N,
Whence ﬁ = _&Ez_ (2.31)
Vo Nyg



(c) Ideal energy band diagram of an N-n heterojunction in thermal equilibrium

Fig. 2.3 Ideal energy band diagram of the N-p, P-p and N-n heterojunctions

10
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The corresponding depletion layer thickness in the p- and n-regions are given by

r b
= 2€6,6 Nyl 2
1
| 9N, (ez Ny+e NA)
- % (2.32)
2
X% = 2€6,6 NV
| 9Ny (Ez Np+¢€ NA)
The capacitance-voltage relationship s
%
( Farad.cm™ ) (2.33)
It is assumed here that t —dnd p-re \,{\‘ re u mpensofed and there is full

e regions. Note that these
1e dielectric constants (and

fical (i.e., €,=¢,). [2]

ionization of the do
relations reduce to thos

bandgaps) of the two se

Similarly, the energ diadrom: = Yo *\- pes of heterojunction such
as N-p, P-p and N-n are i F|g 2.3.

(a) Sfraddling

ALY NYRHHNT
ammnmﬁ‘nmaa

(b) Staggered

AE, GasSb
} AE,

InAs

(c) Broken gap

Fig. 2.4 Possibilities of band alignment in heterojunctions
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As a consequence of two dissimilar semiconductors used to form a
heterojunction, three types of band alignments can occur depending on their
electron affinities and bandgaps. In the type we have considered so far, and shown
in Fig. 2.4 (a), the valence band edge of the small bandgap is above the one of the
large bandgap and therefore, the total difference in the energy gaps of the two

semiconductors is shared by the discontinuities of E,(AE,)andE,(AE,), as
mentioned in equation (2.26). The other two possibilities of band alignments are
shown in Fig. 2.4 (b) and (c). In Fig. 2.4 (b), the valence band edge of the small
bandgap is below the valence band edge of the large bandgap material, while in
Fig. 2.4 (c) even the conduction band edge of the small bandgap semiconductor is
below the valence band edge o&g large bandgap semiconductor. These three

alignment types are called straddlin ). stag ﬁ]nd broken gap respectively.

2.3 Principles of PIN phofodiodes =
2.3.1 Basic concept of photodiodes —

Photodevices C ~ . electrical signal such as a voltage or
current. If the purpose fo-elecirical conversion is to detect or determine
information about the pho , /the'device is called a photodetector. While the

vice is ealled a solar cell. When the
r Y‘k% its bangap energy, the light

purpose is to produce

device is illuminated
irs (Electron Hole Pairs: EHPs)

epletion region or within a
cirical field without any electric

are generated. The p
diffusion length of it are t

bias and an electromotive L -“and n-side semiconductors is
generated. [4] As the cari€r iransverse #heydepletion region, a photocurrent is
induced to flow out to the extefnalcircuit. The process of converting optical energy

into electric energy is known os ihe photoveligie effect. However, The solar cells use
the photovoltaic effegt withouf any eléctrical vhile
photovoltaic effect ias. A b
and current-voltage ¢

%)
o,
b
=
oo
=
%*e
o
-
al)
3
:
s,

Voltage

Operation Mode

B solar cell mode
[ Photodiode mode
Avalanche mode

Increasing light intensity

Fig. 2.5 The operation behaviors of pn-junction photodiode
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The dash line indicates the current-voltage characteristics under no light illumination.
The cumrent under reverse bias without illumination light is termed the dark current.
When increasing the light intensity, the characteristic will change as shown due to
optical generation. As the result, the behaviors of photodiode can be classified into
solar cell, photodiode and avalanche mode and particularly the photodiode and
avalanche mode has generally three steps in the photodetection process [2]

1. Absorption of the optical energy and generation of carriers.

2. Transportation of the photogenerated carriers across the absorption and/or
transit region, with or without gain (avalanche photodiodes have internal gain
whereas p-i-n photodiodes hay, internal gain but can have very large
bandwidths).

3. Carrier collection cnd \Sn /ﬁ’rocurren'r which flows through

external circuitry.

2.3.2 PIN photodiodes and the ‘aci |si| \ -

A p-i-n (or PIN) iodeis fure in which an undoped
region is ordinarily sandwi ‘wly ed p- and n-region. The i-region
may consider to be : __ ion, w are respectively called
the V —layer and the 7 #layer, _' ha teristics of the p-i-n are strongly

thickness of i-layer is muc . It is ordinarily about 5-50 um
depending on the p e other hand, the carrier
concentration is much sm regions and is ordinarily between

1013 ond 1016 cmr 3. [4] The onfages over the p—n juncﬁon

influenced by the thicknes C ¢jig! , fm?\oi?of i-layer. [4] Typically, the

becc:t.;s:ﬁI the volume of absorbent ignificantly increased.

= |t increases 1he-'iéffrarfc§s %—eniermg photon being absorbed

f- ewer the capacitance, the
hmﬂconsfcnf)

. Increcsmg the width of the depletion layer favors current carriage by

mmm TS RETIT

Note thatithe thickness of i-layer should not be too wide, otherwise, it can
lead to bandwndth degradation duetto transit time,effect and amincrease in R of RC

Showr 1 HGA6. 96 Ml TS ted bich Trb I ThERc e s iGealy

no current| flow at all. However, there is practically a small current cause by the
random ionization of covalent bond within the depletion region. Heat causes the
random breaking of a bond creating both a hole and a free electron. The free
electron is attracted by the electric field towards the positive contact while hole is

attracted towards the negative contact. This current is called the dark current, I

which is independent of the applied bias but varies with temperature. Thereby, the
total current under illumination can be expressed as, [2]

I=1,+1, (2.34)
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Where 1 5 is the photocurrent produced by incident light. Under normal operating

conditions, the photocurrent is several orders of magnitude larger than the dark
current. The total current is therefore nearly equal to the photocurrent.

Because of the very low density of free carriers in the i-region and its high
resistivity, any applied bias drops almost entirely across the i-layer, which is fully
deplete. As the incoming photons are absorbed, the EHPs are then generated in the
depletion region (i-region) and swept rapidly by the electric field to the opposite
directions and give rise to the photocurrent. The photocurrent is composed of the drift

current: J,,,, originated from the photo-induced carriers within the depletion region

and the diffusion current: J ;. due to the jphoto-induced minority carriers generated

within their diffusion lengths from the e o e depletion region. [21] The dark
current is nearly equal to zero as mer r; therefore, we can simplify the

ion layer to, [2]

(2.35)

AU N TREMS
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Fig. 2.6 A schematic of the p-i-n photodiode operation
under reverse bias
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Suppose that the thermal generation throughout the depletion region and the
absorption in the top p* layer are negligible. The second condition implies that the
thickness of the top layer is much smaller than a™', where ais the absorption
coefficient of the incident photoexcitation. The origin of the distance coordinate is
assumed to coincide with the p*-i junction. The EHPs generation rate, assuming 77, =1,
is given by

G(x)=gae™
il mc (1 0 ) -ax

ae
hy (2.36)

Where ¢, is the incident ph cm?), 8, is the reflectivity of the

top surface, and 4 is the e ( 'Od@qucl to the junction area. In
practical diodes, the VOW made as smgall as possible by depositing an
antireflection coating on th 1e driff Cuirent can then be expressed as

(2.37)

US ossumphon we are therefore

oduced in the n'layer beyond the i-
region at steady state, including

Where W is the width of thes

concerned with the diffusion

layer. The continuity equati b
generation and recombination, |s Qive
.

(2.38)

This equation can be solmd with the boundary condmorm

ﬂuﬂiﬁﬁWWB’]ﬂi (2.39)
S°'”"Q‘W’Tﬁ@ﬁ m ﬁ“ﬁ"‘] NYNA

= Do — pNO +Ce™ " +Ce™™ (2.40)

where L, =Dz, (2.41)
2

and c-— %2k (2.42)

D,(1-2’L;)
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The diffusion current is then given by

op
Jdm' =—gD, (ENJFW -

o — 4Pno —

al, ,
1+eal, 1

=—q¢,

Adding equation (2.37) and (2.43), the total current density is given by

=% [// £i )_@No% (2.44)
N o Z

Under normal operafing conditions, qferm in equation (2.44) is small
as the value of p,,is nermall otal current is proportional to

\\

the incident flux ¢, . external quantum efficiency

7., Of the diode, then, g

(2.45)

T
‘e-*;_‘_.-'a" 7

s

For high QUon’rum effici Ciepey, a‘rl ion coefficientd, at the top surface

is desirable. Anothe 2red, which implies that « or
W should be large. 1, r-a reason of transit limited, therefore, the high

a should be desirable-i -* a cannot be changed too
much, because it depends on the bandgap energy semiconductor materials. If
the diffusion coefficient L |s very small, ond n <1 then the external quantum

efficiency shouan E]ﬂrj NN ‘j ?N E] 119

Mo = ? (1-6 (2.46)

R@t&% ﬂ w 3*% ’}@% Qﬂ&} its responsivity,
which is given he current produ by the optical power inci [21].

4 A
R___M_M AIW (2.47)

& hv 1.24

Therefore, for a given external quantum efficiency, the responsivity increases
linearly with wavelength as shown in Fig. 2.7.
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Responsivity(A/W)

1000 1200

‘and responsivity (A/W) at

In addition to th e responsivity, the dynamic
characteristic of a photg : | red. lts performance depends on
three limiting factors: (a) thg fi o diffuse Bf‘cariers created outside the depletion
region within the diffusion N, ‘*31"'“ = time cross the depletion region, and
(c) the time constant due to ihe j fon: i e originating from the depletion
region.

ST
Carriers generated oum’dé{’flﬁg"cﬁ, letion region within a diffusion length can
be diffused to the junétion, buf wnth a e
diffusion effect, the ge i:“' Somais

by the special desig ,
interest, the depletion regi : ‘fo absorb all of the incident

light. However, the depletion layer must no’f be too wide, otherwise the transit time
effects will limit the frequénegy response. On.the other hand, making the depletion

region too thin rﬁulu EJaf%a oﬂﬁ%?% mrﬂ ?lven by
YWIANT I ﬂ”m'mma t

where 84 is the device area
W is the device depletion width
€ is the dielectric constant of the employed material
The excessive diode capacitance, together with the load resistance, R, , will

result in a large time constant, R,C. As mentioned above, for the purpose of high-

speed response, very thin depletion layer is needed to reduce the transit time.
However, this sacrifices the quantum efficiency. Thus there is a trade-off between the
response speed and quantum efficiency.

(2.48)
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2.4 GaAs-Gai-xAlxAs material system

GaAs is currently being used for a number of applications due to the direct
bandgap itself and the high electron mobility. The cost is also the criteria to consider,
as it has been widely used, therefore it is quite cheap. Furthermore, the technology
has already been proven. The related compounds are GaAlAs, GalnAs, etc, but the
most popular is GaAlAs. This is due to the lattice matching of the GaAs-GaixAlxAs
heterostructure across nearly the entire Al composition range. The detail of the
properties of GaAs-GaixAlxAs will discuss up next.

2.4.1 Energy bandgap

Since the GaixAlxAs i inary compounds, GaAs and AlAs,
we will first consider the band strt nd AlAs shown in Fig. 2.8. There are
three conduction band minima: direct iy mlmpirectX and L minimum of each
compound. The conductio o of As, its. minimum at I"so it is considered to
be a direct bandgap i AAlA ir imum is much higher than the
indirect X minimum, so_4 A terial. In the GaixAlkAs alloy,
compared to the GaAs, g P n band minimum move up relative to

' Sifi A\l i The energy variations of the
three conduction band gainighaland the- d maximum in GaixAlkxAs as a

indirect energy gap gives prbjo}zngﬁ i in“the optical properties. Usually
Gai xA|xAS is grown with fh, x S : at the lowest conduction band
X ell established. The bandgap of

GaixAlxAs can be described as d;%f th > fraction x as, [2]

EY =1.9+0.125x+0.143x"
L
E; =1.708 +0.642x (2.49)

The s'roﬂ u an ou EJES org w E‘(—J‘ctron c?nn‘y ;( of the GaixAlxAs

can also be wn'rten as a function of Al conten

oL aﬂﬂ‘imz,m“bﬁ 98 8

=4.07-1.1x for x<0.45 (2.50)

The variation of these parameters with Al composition allows us to realize the
heterojunction, which is widely used in the design of optoelectronic devices.
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Fig. 2.9 Energy vafiations of the three con ducti d minima and the
valence! G Jh¢tion of the composition x

-

6.0 6.2
Lattice constant {A]

Fig. 2.10 Low temperature energy bandgaps of a number of semiconductors
versus their lattice constants
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2.4.2 Lattice constant

Lattice constant is also one of the parameters of the compound
semiconductors depending upon the alloy composition. In Fig. 2.10, the low
temperature energy bandgaps of a number of semiconductors are illustrated as g
function of their lattice constants. The shaded vertical regions are drawn to indicate
the groups of semiconductors with similar lattice constants or negligible mismatch.
Materials within the same shaded region but having different bandgaps can, in
principle at least, be combined to form heterojunctions with a particular band offset.
The choice of band offsets can be widened by growing binary (such as SiGe), ternary
(such as AlIGaAs) and quarternary (s‘ 7 as GalnAsP) alloys indicated by the solid

lines. #
‘ &OI«A&AS as a function of the Al
.’
; 533400075 (2.51)

For example, the latii onsta
content (x)is givenby e 2

2.4.3 Absorption coefficie
The absorption ¢ éél\gucfor vary with the photon
wavelength. For GaAs, pressed as
NN E,<E,)
a = ! -7 ‘ : X <E < Ea) (252)

—~— =
Lot A L N

-,

where Eis the pho?‘ energy is given by 7/ (&V) §
E,is the *f!ﬁ‘!‘l:!‘fi‘,‘.':”.:?_..—
E, = E, +0.005¢V" i
E,=E,—0.0526 eV

L LY
The absﬂnﬁ@;ﬂ ﬁnﬁ wmﬂ%:fure, as shown in Fig.
2.11 (q), is theoret Ic ith'e tion' (2:52).'It should be pointed out that
the values of the 'yosorpﬁon coefficient change significantly near band edge. This
sharp rise_of bsorpti ficie i ion edge. GaAs
R R VTR

Theqenergy bandgap of the alloy semiconductor is strongly dependent on the
alloy composition. Therefore, the absorption coefficient is also dependent on the
alloy composition. For example, in the case of GaAlAs alloy, the shape of the direct-
gap absorption edge in GaAlAs alloy is quite similar to that in GaAs, as shown in Fig.
2.11 (b) and (c) for GaosAlo.2As and Gao.sAlo.4As, respectively.

Since a is a strong function of the photon wavelength, for a given photodiode
material, the wavelength range in which appreciable photocurrent can be
generated is limited. Therefore, the absorption coefficient is one of the key factors
that determine the quantum efficiency of a photodiode.
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ABSORPTION COEFFICIENT(/cm)
S
~
O \

(a) Absorpfien edge of Ga oom temperature

\bsorption € = of GapsAlo2As oM temperature

ﬂugwsm Jeht
amaamtuu YN Y

1.2 1.4 1.6 1.8 2 2:2 2.4
PHOTON ENERGY(eV)

(c) Absorption edge of Gao.sAlo.sAs at room temperature

Fig. 2.11 Absorption edge of GaosAlo2As and Gao.sAlo.4As at room temperature
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2.5 GaAlAs/GaAs heterojunction and widow effect

Since, the heterojunction pair of GaixAlkAs/GaAs has a very small mismatch of
the lattice constants, which is only 0.1% over the entire range of Al composition. For
this result, there is only a few interface states existing at the junction between the two
materials. Therefore, such a heterostructure can be grown free of a mechanical strain
and significant imperfection.

When the GaixAlkAs (P*)/GaAs (n-) heterojunction is formed {see Fg. 2.12)
and light is incident on a heterojunction from the GaixAlkAs side. Conceptually,
GaixAlAs, which is a wide band-gap semiconductor would act as a window

admitting photons of energy less the . Those of energy between Egl and Eg2
would pass freely through th J1-xA lx/ en absorbed in the GaAs. Thereby,
the photogenerated carriers s known as the window effect.

f electron hole pairs in
ap material

o

) 3

Fig. 2.12 Window gif%st demonsfrof@ on the GaixAlxAs (P*)/GaAs (n)

ATYINYNINYING

The prinyple advantage ¢of window seffect is reducing the surface
recombinati ses, b iteall j eeper from the
Sufoco WA BOEACIR aaiU. 1 o TSI orodoce, he
quantum gfficiency does not critically depend on the distance of the junction from
the surface. In addition, the heterojunction can provide unique material
combinations so that the quantum efficiency and response speed can be optimized
for a given opfticalsignal wavelength. For example, a GaosAlosAs/GaAs
heterojunction photodiode has a spectral response from ~650 to ~850 nm, which is
wider than GaAs homojunction photodiode.

Anyway, we will account for the fact that as photons penetrate a material,
their intensity decrease through absorption. In the same manner, when light enters
the P*-top layer, the fraction of light is absorbed. Hence, the power entering the
depletion region is given by
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B =R (2.53)

where F, is the power incident on the P+ region (watt)
P,.is the power entering the depletion region (watt)
a is the absorption coefficient (cm-)

d is the width of the P* region (cm).

Thus, the amount of optical power absorbed in the depletion region is given by

(2.54)

where W is the width of the de;

Therefore, with a si iepletion region, the quantum

efficiency of a photodiode i
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