" 1.9 ({15points) -

T= 125.11 C | iy

- kT =173 meV
n=p=4*10¥cm®

El

T ol ﬁ
a sl e
o . {

- ‘As given in the appendix 2, eXpr ﬁSSiOH (A2.7), the cartier density for a quantum well
- material is given by N e b A e .
o - - Ep-E

Sl o S '_ s
L)

- Based on the given data, we can solve for

- Zlﬂ(‘ 8 ;’;Tf“] _mhd 7w (6.59x107%eFs) (B0X10 ™ em)(4x10% em™)
= b ) A g """ _ e e _ 106 |

L e ke 0.034(0.067). 211107V .

- Now, we need to solve for Ef, and the quantum well energies E,;, such that the left side of -

the equation-is equal to the Tright sidée. This will be an iterative process; in which we

=338

~-choose -a value for Vj, then find the energies of 4ll possible quantum statés, and use the -

relation between Vg and Ef, V, = SkT +Ef. - oz

 Solve for the quantum well energy levels, E; based on problem 1.3(b). Note that this

calculation is independent on the value of Vi, that is, Vo will only determine the number

of energy states in'the well. After performing several iterations, we conclude that there -
will be only two states in the well,'and for Vo= 323.6meV, we get - R e e Ul
| . E =87.68meV - n, = 192 Mo =075, n_, = 145
o 51#'49.32 = s i | | |
- By=1506 peY
.. 'Plugging in these values, we get. SR
T R _ Bl gy
S Z-ln 1+e ** =2 h. —ff'n'=3.38

Assume that 2/3 of the béndgap‘ discontinuitY'opcﬁré in the conduction band,
,vd = -AEC;‘jﬁEg = AES = 4854 meV .

Wé will assume that the bandgaps 'éhan'ge by the same ambunt when heated from 300K to .-

- 400K. Then we éan use the bandgap values for 300K. Use linéar extrapolation between ,‘ P inl

GaAs and Aly,GaggAs :  -

AE, = 0.4856V = —(1.673¢V 1424 V) - x= 039 or30% Al
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- kod \ﬁ‘u nirr

. 2 ozmn V3. 522 — 3212 S T I T *_:_(A3._1'2)'1_,'-5

_'-V=

'n

_ l Jum
= 1.40

Smce V<, the gmde is smglc-mode (see Flgure A3 2)

b) First ﬁnd 7%
_Metho’d j E

Again using normalized parameters, we have for a symmetric guide:

- Using Fig. A3.2, we determine. Vi

”Using'b, we.c‘a.n. find 7. = . , S | =

—3 212) + 3. 212 = 3.307

ﬁ- — 2’?" k. a.nd ]‘: can thcn be fonnd by Eq A3.7.
Method 2 (more accurate, but more time consummg)
= n can also be found by nolvmg the charactermtxc equation. -

| (A3.9)f* o

g2 — 1(-—-—-—-—-——1 g;m) 3. 212 '

I o R L N - B g Solutiiénéibyﬁ;kébl_Sihk



Solutions by R. Kehl Sink

(?hapter_ 1: Ingredients

Solve iteratively to find

5 s B kt:584,um-1
' 1~333pm

-------

The electric field of the mode IS then gwen by

Uy = = Acos(k,z) -

b= 15.98;:1’11"_'1 :

- _.’Solﬁfi;;ﬁs Manual: Célﬂréii]&_: Corzitié 1-1 4.2

(1—+"fz' ::"3.3:06} |

Urgir =B c""“’*:

Un(-“: = 0. 1) = qu(a: = 0 1)

A‘m((5 34)(0 1)) = 3 e—{s 83)(0.1)

"B = 1.22A
‘So

- Urr = Acos((5.84im™1)z)

Urnr = 1.224 ¢~ (3-83um™)|zf

o o
K-y oa

ot
>

Electric Field (A.U.)
o
o

02 04

Figure 1.14b. ' Waveguide electric field profile

E?(z = 0) (A cos(O)) = A’

Bz =0. ﬁ;xm) = (1. zerM)(“)) =0.015 &
Ez(x-—- 0.64m
Fa )....15%

N ote that energy densxty is really $ E‘2 We igno’red the variation in index (n = '

=> ratio = 0,015 Ecore
1 gcladding

w/E) across the waveguide.
= 1.8% | *
EET AN
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* '1.16:

U(z,y) = Usin(k,z) sin(k,y)
Since the mode is strongly confined, we can approximate the boundary conditions by letting the electric field

be zero at the edge of the pillar.

U(z,y) =0 =z >5umor y> 5um

ke =5 wherem=1,23,...
ky =% wheren=1,2,3,...
k;, = B = constant

ki = k2 + K2 +
For the fundamental mode, m = n = 1.

(211'(3*30))2_( w 2+ i
1.0pgm /.  \5um

Solve for % to find .
- f% = 429.13um™?

Now, the mode spectrum can be written analytically as
o 27(3.30)

mn — = ———— ————
_ - 2 2
\/429.13;1111“2 + n? (gfl-;) + m? (——5;m)

The first six modes are

A11 = 1.00pm
A21 = A12 = 0.9986m
/\22 — 0.9972pm
)\13 = /\31 = 0.9963;:111
other modes have shorter wavelengths:

A2z = Asz = 0.99504m
/\33 = 0.9927ﬂm

A3 Ao Axqp Mgy
A
0.995 ym 1.000 pym

Figure 1.16. Mode spectrum including first six lateral modes.

20
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(A3.17)

Solutions by R. Kehl Sink

L] a 5 . 2 e a .
TR T P R I R, (PO R PR L | thaa o B g . i Nt

o R T
i i s it = T I G O e A v odpem wa s r. = e LR L T P DY |-|l'|-r-_:'|||.'-.|l:||-jl-""_|il_'h""l "'l'|..'|-_"|-.'"l':':.:‘:.'_hl.."f.'-'l--..»," ‘.F!.I.,L: ST Ty e LR S ‘h-'-\_'!l"':._‘. I"‘: !frl-
':F"_rﬂ_"'r-ﬁr "‘"-. ":':'HI'T'E..-H;;J?.‘-F-':.."'-' :"'..r: '-”l-l, "i, T , . i _- ..I am ; LrE 3 u L] . . 2 ug a, Fi - - LI -1. . H -, ._-:_Ir el Lol - ot 1 ST .l:' . * i ey R UL R L Ty i A
L ™ &

e A HR e B

] \ it ST RO 1 UL SR Il I v
L i i R plophnh § S £ b ARl o P b o Pl B it B il 8 Tl Pl 4, e
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%“1.18:

Use the infinite barrier approximation for the lateral direction:

From Table 1.1 for GaAs, m?* = 0.067m,.

1 1004
AEP =10 meV = 3.76—— | o2
: i O 5067 ( d

Solve for d:

] _
) meV

| / 3.76 .

24

Chapter 1: Ingredients

(A1.14)

Solutions by R. Kehl Sink

Tl A e e e | TR Py

P, Pl il L. P 1 et ETPTLEI R i P 0 PR ¢ 0 e ot ] e A e Bl ey e i




