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Determination of Multiplication
Factor M for Optimum Behaviour of Avalanche

Photodiodes

Tariq Albaldawi,* R. Alabedra.** G. Lecoy™*

Summary : The purpose of this paper is the determination of multiplication factor M for optimum behavious of
avalanche photedetectors . We campare two types of avalanche photodetectors : a silicon structure R-A-P-D-
N'zpnp" and GaAl As heterostructures . In the calculation of the Noise equivalent power (NEP) of whole

system we use thelaw Si(f) = 2q1 =~ M X experimentally determined in the bothavalanche photodetectors .
e

The exposure x between 2 and 4 is preponderant in the NEP expression and the ideal NEP for avalanche photodet-
ector system is obtained when x equals 2 .
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Introduction : The development in Telecommunications aecessitates the realisation of transmission system wit :
very high channel capacity . Optical communication shows many advantages such as a high capacity system &
transmission of information . The desired frequency ( 10 to 100 Megabit | sec ) requires photodetectors which b
very high gain bandwidth product . The avalanche photodiode, in spite of its disadvantages of having inhe: =
noise due to photocarrier multiplication process, has good sensitivity and fast response time.

The purpose of this paper is to determine the optimum value of the multiplication factor M, taking into

eration the noise characteristics of the photodetector itself and the ﬁbise present at the load resistance connected

the input terminals of the preamplifier. The two photodectors which have been used here are the silicon Nz p=j

structure and a heterostructure type Ga 1 Al xAs .
-X

1. Noise in an Avalanche Photodetectors,

The multiplication process of carriers under the actionof an electric field in photodiodes is accompanied 8
noise called multiplication noise. Many relationships have been given in the literature to determine the noise
presence of multiplication . The most interesting expression is that which gives the spectral density Si (f) of s
fluctuation current as a function of multiplication factor M and the primary photocurrent I . This relation
be represented in the following form : o

Sid()) =21 .7, TP 1\
pho

Where x is a number lying between 2 and 4 depending on the wavelength of the incident light which deten
the type of generated carriers ( holes or electrons ) in the multiplication region . In general, the generated cas
are those with the higher ionisation rate , electrons in the case of silicon . It should be mentioned that the m«

cation factor M is defined as :
the ratio of the total current I which passes through the photodiode to the photocurrent in the abses
multiplication (ie. M = 1).

11. Noise Equivalent Power ) NEP ! :

The avalanche photodetector is always followed by a load resistance R;, . A pre-amplifier is connected &
terminls of R, which can be considered to be the first element of the electronic chain used for signal pros
as shownin Fig (1).

The performance of the photodetector in the presence of weak Iuminous signals is affected by the inhs
noise of the photodetector itself and also by the circuit connected to it .The Iuminous signal itself may be

ered as noise generator ( noise due to the generation of electron-hole pairs created by the absorption of pis
The noise equivalent power NEP may be related to the total noise of the device under illumination by :

NEP = IL (Si(H)H? e A2

Where :

P is the power of the luminous signal in watts .
I, is the r.m.s curren at the output in A, Si (f) is the total current spectral density of the photodiode

circuit which follows it in A*/ Hz. .
Equation (2) may be rewritten , taking into conideration the sensitivity ¢ ([ in A/W ) of the photodia

following form : —



NEP = _é-(suﬂvﬂ e )

The term Si (f) represents the sum of two components

) = A e DR Y
RL

Where :

Si (1) is the noise of the photodiode given by equation (1) .
Te is the noise equivalent temperature( noise at the input of the preamplifier |
Relation (3) may be rewritten as :

57 - 4KTe \'° %
NEP = —{ Sid(D + A Ik

1.
In the presence of multiplication . the sensitivity is given by :

5= M.3, .. (6)

where 4 is the sensitivity where M = 1.
Substituting the values of Sid (f) and J from equations (1) and (6) into equation (5). we have then

1 _ 4KTe \'® -
NEP = M—ao 2q lp!m M i T
f 4KTe \'°
= 21 1\/11_1 e ———— b
f)n ( q pho A M_ RL ) ()

When x = 2, the value of NEP decreases as M increases . Practically . the case x = 2 can never be obtained
as x is always greater than 2. From this we may conclude that { NEP } min for a given value of M which can be
obtained by :

d( NEP
__(ﬁf_l = 0 which gives
Wi 4 KTe )”‘" [9
op g q[p.i!raRL{x_?" I

Taking into consideration relations (8) and (9) . the following parameters must be determined experimentally
to calculate the noise equivalent power for optimum performance of the photodiode :
11) The sensitivity § of the photodiode .
(2) The value of x .
(3) The noise equivalent temperature Te at the input of the pre-amplifier .



I1I. Minimum Detectable Power :

In the case of sjnusoidal modulation , the photo-electric current has the form :

iy=MI_. (1 + mcosmt) PO 110)))

phe

m is the modulation depth .

The a.c. signal with a frequency of { = z_w_ may br represented as. :
T

LA =1 MU RC GRS P 8 S (11)

As the power is proportional to i 2 (t), hence

—"_1'- 2 3 % s e -
A2 = %&1 o — &;’”— 2. W2y '
: {

where p is the luminous power in watts.

The signal to noise ratio §/IN can then be expressed as ;

S =2 lz‘(t] o m? M2 602 pz ‘13]
N Sifhatr  “ — ¥R %, | eedE
2 ( qupﬁo M =+ R )M
i
and
2.4
2 = M e 00 peeaegh (14)
N 2 (NEP ) Af

The minimum detectable power is obtained when the S/N ratio i8 equal to 1, thereforefrom equation (14) we

R = NBPPAE 0 e (15)
Pmin = sz (EP) J&F - 00 e (16)

| Fro g equation (16) we can conclude that tlhe minimum detectabler power Pmin 1s direﬂ_ly pmpb 1€
NEP whic is at minimum when the multiplication factor M has the value of Mopt given by equation (9)

TV : Experimental Results ;



Two types of avalanche photodectors have been used here
{1) Silicon avalanche photodiode N™rprp* (1)
(2) Avalanche photodiode EROSGa, _ Al As(4)

IV . 1 Silicon Avalanche Photodiode N 7P n P~
These avalanche photodiodes have been manufactured by Marcoussis Laboratory of the C.G. E. ( Generul

companie D’ Electricite’) in Fance .

When using these photodiodes to detect radiation which has wavelenght s = 827 nm . the multiplication is
startedby electron injection

The experimental results obtained are plotted in Figure (2). which shows the | - V characteristics tor the case
where there is no radiation and for different radiation intensities We note that_the dark current has no influence
on the photocurrent for values of 1,, > 10° A As L becomes less than'10™°A. the dark current influence can

'

not be neglected .

The spectral density of the noise current Si (1) is plotted in Figure (3). The factor x obtained from this graph
is 2.4 and the sensitivity at this wavelength{ 827nm )i1s 0.2 A W,

Figure (4) shows the variation of the noise equivalent pewer NEP as afunction of the multiphication fuctor M
for two values of load resistance .

When R, = 50 ohms the value of Mopt 1s lound to be 100. and when R, = 10* ohms. M, =30 AsM>M_,
the variation of NEP for the wo different values of Ky will be the same . because the 1crm,3_q_lm MY 2 _will be
much greater than 4 K Te /R, . i.e the inherent noise of the photodector is dominant .

Fig (5) shows clearly the influence of the primary current on the value of M, and the minimum value of NEP.

The influence of the factor x on the value of Mopcand the minimum value of NEP is shown in Figure (6)
For the ideal case where x = 2. the multiplication factor M can be as large as possible _at least to the avalanche.
but x is always greater than 2. It reaches about 2.1 -2.2 by optimization of the parumeters of the photodiode .

IV.2. Avalanche Photodiode EROS Ga, _ Al A (4)
This strycture 1s manufactured by Thomsen CSF ( France ).
It has the advantages of being emitter or recetver of the avalanche photodiode tvpe. depending on the direction
of bias. Its essential characteristics are a sensitivity of 0.1 A W and a dark current of 50 picoA at 0.1 V reversed
blased
it should be not ed that with a radiation of » = 827 nm and for this type of’ photodiodes . the multiplicat on
s started by electrons, this multiplication in the GaAs and for the crystal direction <100 > is considered as an
safavorable case from the noise point of view because * < (2 _and f# are the ionisation coeflicients of eletrons
md holes respectively )

Fig(7 Jshowsthe variations of Sid (f )as a function of the muliplication factor M . The value of x  in this case
= found to be equal to 3. It will be very interesting to compare . in the same conditions of operation . the variat
was of NEP of these photodiodes . This is represented in Figure (). We conclude casily that the silicon structure
=hich acts only as a photodiode presents less noise than the Ga Al As stucture which acts as an emitter and detect
w _depend.ing upon the direction of the bias voltage applied to its terminals

Conclusion :

e optimum pertormance of un avalanche photodector depends essentially upon the caleulation of the optimum

=



mulnpl_lcanon factor M,,,. This performance is also affected by the quality of the photodetector , ifs dark current
The primary photocrrent L4, @nd the noise characteristics of the photodetector .

It is always interesting to start multiplication process by carriers with the higher ionization rate and to pr

a model which is near the ideal case where X = 2. The load resis tance has an infl i i i
ositiionhisy o influence through its noise equiv.

If alf these prameters are known , the optimum multiplication factor can be calculated as given in relation (9 );
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