Solutions to Exercise: Photon
Absorption

PF@SuS@UniHD 2016+

Constants and input values. Units for
length are ym!

wo- @ =1.6 x107173 (* in Coulombx)
€0 =8.854x1071%; (x F/um =)
€S1=11.9;
p = 1400 x 10%;
(+ for electroncs, um?/Vs x)
UT = 0.0259; (*» thermal
voltage at room temperatur, V =)
ni=1.45x10" /10'%;

- SASsumptions = A > 03

. LDEF = 6.3x10° /10%;
(» Absorption coefficient,

converted from cm! to pum1x)

- 0O = 1000 x 10* (» Bulk resistivity 1kQxcm,
in Ohmxum x);
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1. Light Loss

Write down expression for Absorption as a function of depth x

NP[x , A ] =AEXp[-AX];
(* Number of photons absorbed
from depth x to x+dx is NP[x] dx x)

In[58]:= -rNP[X, .A.] le ==
(0]

(» Check normalization =*)

ouss- |1 KU
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- Plot]
{NP[x, LDEF], Which[ x < ®.5, NP[x, LDEF]]},
{x, ®, 6}, PlotRange » {0, 0.7},
Frame » True, Filling -» Axis,
ImageSize -» Medium, PlotLabel -»
"Absorption probability vs. depth [um]"]

Absorption probability vs. depth [um]
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- Absorption[T1_, T2 , A_] =j NP[x, A]
T1

dx (* Absorption between Tl to T2 =)

- @—Tl A (e—TZ A

nie4= Absorption[0, oo, A] // Simplify

outjeal= 1
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«- DeadLoss = Absorption[0, 0.5, LDEF]

(» loss in dead layer )

oues- @ 0270211

2. Voltage to get a =90 % of remaining
photons (between T1 and TX)

niesl= Absorption[T1, TX, A] == a * (1 - Absorption[0, T1, A])

ST1a -TX2 -T12

Out[66]= € e = € (03

ne7= Solve[%, TX] // First

21i7C[1] +Log{— il;}

out[67)= {TX - ConditionalExpression , C[1] € Z]}

A

inesl:= % /+ C[1] » O

cor| |

-l+a

Oout[68]= {TX - —}
A

neo= ReqDepth =TX /. %
eTl)\
LOg |:_ -l+a }

A

out[69]=

- RequiredDepth =
ReqDepth /. {A » LDEF, a > 0.9, T1 > 0.5}
(*» calculate result for

values in exercise in um =)

Out[70]= 4 . 1549
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Calculate the required voltage to get depletion depth ‘RequiredDepth’

1
w- ND = (» calculate n-doping of
q obulk u

the bulk from the resistivity =)

4.46429 %107
obulk

out[71]=

- ND %102 /.
pbulk -» p® (* convert um3 to cm3 to

check that the value makes sense =x*)

oo 4.46429 x 1052

In[73]:= TDep - L-im-it[

2e0eSi NA+ND VDep
VBi .[1+ , NA > oo]

q NA ND VB

(*Limit of large NA x)

VBi + VDe ,
9.09543153\/ " VB obulk
1

n74= TDep = Assuming[VBi > 0, Simplify[%]] /. VBi + VDep -» Vtotal

our- ©.00543153 1/ Vtotal +[pbulk

n7si= Solve [RequiredDepth == TDep, Vtotal] // First
585162.

obulk }

out[75]= {Vtotal -

n7er= Vtotal /. % /. pbulk » p@®
out76l= 0.0585162

We see: The diode is already thick enough for no sup-
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ply voltage for this low doping.
At higher doping, we need some voltage, which can
be checked by changing p0 to 1000.



