2—-8.1 Solutions Manual: Coldren & Corzine Chapter 2: Phenomen. Approach to Diode Lasers

| %2.8:

HiEGE /avgrﬂf(_{— Ien) _  [avgDii(J — Jen) (2.56)
gV gt

From the previous problem:

vy = %c; = 6.67 x 10° cm/s

=1
Jth = 1 kli/CH'l.2
Nep = 2.5 x 1018 cm™3

t=0.1%x10"%cm

Assume that the gain can be approximated using the differential gain, a:

g ~ a(N — Ni.) (2.17)
Below threshold: I ?
Ui i 9
— = —— o BN
gV qt

(1) (0.5 x 103 A /cm?)
(1.6 x 10~19 C) (0.1 x 10-4 cm) (10-19 cm3/s)

= 1.77 x 1018 ¢cm—3

i QEJtr Ak
igokin v gtB
: < a; > {am 10cm™ !4+ 38 cm—!

= — — — = 32 ~1
Jth T 015 320 cm

Ag 320 cm™1
AN (2.5 x 108 cm~3) — (1.77 x 1018 cm—3)

' _ [{4.3 x 10-16 cm?)(6.67 x 10° c-r-ll_/s)(0.15)(1)(103 A-_/cmz) o 10
R kT ORI 1T L0 %10 radfe

fr = Su 2.6 GHz
2

= 4.38 x 1_0""16 cm?
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Chapter 2: Phenomen. Approach to Diode Lasers Solutions Manual: Coldren & Corzine 2-9.1

*’—‘2.9:

R ~ 0.32 (p.39)
L4 = 200um ‘ L = 400um
Jeny, = 3 kA/ cm? Jthy = 2 kA/ cm?
n4a = 60% ' niB = 50%
O h = 1—1;- In -1% =57.0cm™1! O = I.;E n jlt;- = 28.5 cm™1

a) Assume that #; is the same for both lasers.

xm

Nd

Assume that < a;4 >=< a;g > and ;4 = ;5. Then

L b T |
——l1ljopa=|——-1}a
(WA ) i (WB ) il

Nd = )

Solve for < a; >

Solve for n;:

1dA |

O = (9016? — 1) (62.6 cm™') = 14.25 cm™1

b) Using the formulae derived in part (a), calculate ; and < a; > for each of the four cases that are
found by varying n44 and n4p by +1%:

- _%mA — OmB
o= CmA _ OmB
NdA N4B

o = (-’L ™ 1) Am A
NdA

casel case 2| case 3| case 4

1dA 60.
4B . 00. : 49, 90.5
m |0.7579 0.7812] 0.7211 0.7495
<a;>| 1429 16.48 12.1¢

=
-p]
=2
-)r
o
<

| 7812 — 7500
i Af = ——re—— = 4.2%
_ 16.48—14.25 % ik
1 ' _ Aa; = Ao = 16% (=2.2cm™)
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2-13.1 Solutions Manual: Coldren & Corzine Chapter 2: Phenomen. Approach to Diode Lasers
%2.13:

a) Thermal impedance:

1 ; |
. ZT = '2—g2 for disk (266)

Set the areas of the disk and the square pillars equal to define an equivalent diameter for use in the
thermal impedance equation:

2
d=—=
7 iy VT _ 10%m °C
T4 A@5X10SWimoO) () . & W _

Power: . ~
Pin = I*R, + IVp + IV, | (2.61)
I =21 =2JthA = 2(1 kA/cm?) 5% = (2 x 1075 A/pm?) s?
R, = .20 k(ig’m’
Vpb=1.5 ’V (typical value)

Ve=1Y
P, = (58x107% 52 W
hv
Py =1q = (I = Its)
FOTI:2I¢}”

k . .
Py =4 .Ef’. Ien = (0.5)(1.424 J/C)(10° A/em?)(10~8 cm?/pm?) 52 = (7.12 x 10~° W) (pfn?)

Pp=Pyu —Py=51x10"552 W

-5 .2 10* ks o
AT =PpZr = (51x 107° 5 W)(— —2) = 0.51 5 °C .

8 W

Temperature Rise (°C)

Figure 2.13a. Rise in active region temperature at 27 th vs. VCSEL pillar width
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_—
b)

2
Py =(7.12x 107¢ W) ( - )
prm?

: 2
I..—:2I¢,,=(2><10"5A)( )

L
— :
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Figure 2.13b, Output power at 2/, vs. VCSEL pillar width

Solutions by R. Kehl Sink 41
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* — 2.14;

passive

Figure 2.14. Laser Dimensions
A =1.55pum for the InGaAsP/InP in-plane laser shown in the figure above.
i = 0.70
I'r =0.20 and T'y = 0.80

o, = 80 cm™!

ap = 20 cm™1
a.=5cm!
g = a(N — N¢), where @ =5 x 10716 cm? and N,, = 2 x 108 cm=3.

Ald;p = 100 nm

dN N

oince the recombination rate due to spontaneous emission is equal to the recombination rate due Auger
recombination at transparency, |

BNE = CN2.
B = CNg,

Use a typical value for B as given on p. 31: B = 10-1¢ cm~3/s. Then

- 10 em=3 /4

= I 1B s = O X 107 em’/e

Determine Losses:

1 1 1 1 1 1

= — In— = - — |n — = In — =16.3 =k
o i R Ls+ 1L, a R 700um . 0.32 ot S0
< @i >= Qqctive guide T Qpassive guide + Qcladding
I |
<o >=7——— (Prlrae) + —2— (TrTrap) + (1—I7T)a

{ A b L

< 0y > ,—?—(0.16)(80 cm™!) + ;(0.16)(20 cm™') + (0.84)(5 cm™!) = 11.5 cm ™!
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a) P-I Characteristics Below Threshold:

Uy hv
il < ag; > 4+-am q ﬂp ( )

%Ii e l‘f?*s?}m”—m' = 0.805%
L Ty 2
8 (d w L) n?2 7 Al,p
ety N (3/7)(0.2)(0.8)(1.55;1111)4 (A4.10)
~ 87(0.2¢m) (34:m)(3004m)(3.55)2 (4)(100 x 10-3) |
=173n 10

ﬁsp ==

16.3 |

See note at the end of this problem about I, vs. T.
Thus, the power out of both facets below threshold is

P=(5.70x 107° J/C) 5,1

Find Threshold Current:

Iep = ,_?_K -Iy-t—’:- (2.30)
/A 3
The condition for threshold is
| Lath =< a; > +ay, | (2.24)
I'=r,I'.T, = (3/7)(0.8)(0.2) = 0.069
g¢h = a(New — Niy) _ (2217)_

Combine these two equations and solve for Nip:

o 5y a o _
New = Nep + ————" =2 x 108 cm—3 4 sl mn B LS an =28x10"% cm™3

(0.069)(5 x 10=16 cm?)

" = BN, + CNG, = (10719)(2.8 x 109)2 4 (5 x 10-2%)(2.8 x 1018)° = 1.9 x 107 epg=9 ¢~
V'=1(0.2x107* cm)(3 x 104 cm)(300 x 10~4 cm) = 1.8 x 10~19 ¢ -3

4V Nen _ (1.6 x 102° C)(1.8 x 10~10 cn—3)
Iop = "— —2 = -
T (0.7)

Ith = 79 mA

1.9x 102" cm™=3 g-1

Find Output Power at Threshold: From the previous two sections, we know the output power at thresh-
old if we determine the radiative efficiency, 1,

%

e —— 2.
R;p + Rﬂ,r ( 6)
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2—14.3 Solutions Manual: Coldren & Corzine Chapter 2: Phenomen. Approach to Diode Lasers:

Rsp = BNjj, = 1071% cm™2 57! (2.8 x 10!8 cn—3)2 = 7.84 x 1026 cm~3 -1

Since Auger recombination is much larger than non-radiatjve recombination at transparency, it will be

much larger at threshold as well. (Note: This is a good approximation for long wavelength lasers where the
Auger coefficient is large due to the small bandgap.)

Fnr = Rpuger = CNg, = BN;'N3 = 1.10 x 1027 cm=3 g1

- (I = Iy) = 0.42

Now solve for power at threshold:

Po(I = Itx) = (5.70 x 107 J/C) (0.42) (78 mA) = 0.19 uW

Find Qutput Power Above Threshold: Above threshold,

_ h '
P = P(I = Iy) + 1, -E'f- (F~ Lix) (2.36)
. -1
it TR 0.41  (2.35)

< ai > +an (11.5 cm~—1) 4 (16.3 cm™1)

P =0.19 pW + (0.41)(0.80 J/C)(I — 79 mA) = 0.19 uW + (0.326 J/C)(I — 79 mA)
Note that this is the total power emitted by the laser (i.e. from both facets).

40

Differential efficiency = 0.41 = 0.33 W/A

N

Output Power (mW)

0 50 100 150 200

Figure 2.14a. Light vs. Current characteristics (L-I Curve)

b)
Pac(w) i Oy a v; Npg (hv/q) '
7 ST N, : (2.53)
(w) — .+ (F +auv, Npo) — w
g = 4 from p. 40 for InGaAsP/InP DH structures | *
Vg = % = ﬁlﬁlzj:m_u = 7.9 X 10° cm/s
i i(I—~1I, i 0.7)(80x 1034 e &
Npo = ET::,_(u, d :ULE — (1.6x10-1°C)(405 cm—1 (7.5:»:1:::1f cm/ 8)(0.2)(3)(300)(10-17 cm3) — 0.40 x 10'* cm3
(2.32)
Ol 1 ___ -1

Tp h’mﬂ';)'f'm = 4.80 % 10 2 S (2.24)

44 “ Solutions by R. Kehl Sink




Chapter 2: Phenomen. Approach to Diode Lasers Solutions Manual: Coldren & Corzine 2-14.4

= :f, =5 x 107%° cm®/s

p 1 — e e S e L e e e -9
= BNen+CN}Y — (10-10 cm3/5)(2.81x 1018 cm™2)+(5X10-2? cm®/5)(2.81x 1018 cm=—3)2 1.47x 107" s

_Pm(__w)_ 2 1.64 x 10*° W/(C s) ol
I() ~ 5.0x10% s~ w2} jo (3.08 x 109 5=1)

2.69 x 1040
2.5 x 1041 — 1.0 x 10212 4 4

Pa.(0)
1(0)

Pac(w)
I(w)

2

2
= 0.108

Let I be constant (i.e. I(w) = I(0)).

Pac(W) -__ J BB X 1041
FPac(0)| V2.5 x 1041 — 1.0 x 102102 + /4

Plot response in dB:

S
— L

4

P

E _
— | 10® 10° 10'° 10! 102
| - Angular frequency (rad/s)

Figure 2.14b. Small-signal frequency response of laser at | = 21
e
Note from part (a)

i In the calculation of 3,,, we assumed that I'c T, where I is the confinement factor for the fundamental
mode and T is the cavity confinement factor of Appendix 4. This a reasonable approximation because only
those modes that are guided by the epitaxial layer structure (i.e. have approximately the same modal size
as the fundamental mode) will have any significant overlap with the active region. Modes that do not have

such an overlap will not receive any of the spontaneous emission output and therefore should not be included

in the calculation of the spontaneous emission factor, B;,,.
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