Double Heterojunction Bipolar Transistor
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3.3 GaAs  GaAlAs

Epitaxy
(Lattice Constant) Lattice Mismatch Lattice Mismatch
Epitaxy Vapor Phase Epitaxy (VPE), Liquid Prase Epitaxy (LPE),
Molecular Beam Epitaxy (MBE)
Liquid Phase Epitaxy (LPE) (Multilayer
Structure) LPE
LPE
(Thermal Equilibrium) (
01 )
37() Horizontal Liquid Phase Epitaxy
1 (Programmable Temperature Controller)
. 005°c
(0 9.99 °C/Min)
2 (Uniform
Heated Length) 200 mm,
3. 2400 mm. 74 mm,
4, Hydrogen Purifier
) (Hygrometer) 0.1 ppm.
6. Nitrogen Hood
. (Thermocouple)
8. (Graphite Boat) 9
1 37()
9. (Quartz Rod) (Slide)
GatAl+As

X Cl4676/15A
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Zinc Diffusion at 600 degree Celsius
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35 [6]

3.5.1
GaAs N+
35 *10Bcm'3 w1 2
) Etilene Trichloro Ultrasonic
) Acetone Ultrasonic 5 Etilene Trichloro
3) Di-Water N2
4) HS04+HD+H)
(411 [ )
H) Di-Water N2
6) HCL 5
) Di-Water N2
GaAs (Non-doped) 6*11 mm2
As
3.5.2
(Ga)
(As) (ANt P
(Ge) N () N+ (Te)
X
Xg+ Xab+ XAlt x,m = 1

Was =  (XAXG)MAM QWG
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3.15 AlAs
GaAlAs
1 Etching  GaAs |, cus 50-60
2 Buffer  GaAs (N ) lo'9cmi(Te)
3.10 0.022
Te
313 Te = 0.0002
xl =1XABXe = 0.9778
3.0 on = 140.05
W = 1123
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GaAlAs
GaAlAs
31
312
314

X@ =1-

30

3.10
Ge

30

Gal0BA [0As

GaAs

*As

313

G

X@

GaA

Ga07A|03As

X3
XAL
X
X@

GfS
A
1

(N) foTem3( )

0.05
0.0015
0.016
0.9325
109.113 mg
1369 mg
2713.812mg

) 5* 108 cm (Ge)

0.022

0.04
1-0.022-0.04
0.9380
142.316 mg
5162 mg

(N) fo'7cm3( )

30
0.05
0.0015
0.016

1-0.05-0.0015-0.016

0.9325

109.113 mg
1369 mg
213812 mg
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GaAlAs
GaAlAs
3.10
3.15
3.10
313
314

Buffer
X

X5
X *
X0a

W 0aAs

2 Ga0eAl0As p+10Bcm3(Zn)

Xm
XA
XU
X@

Woaha
Z
Wi

GaAs (N4 108cm'3(Te)

30
0.022
0.0002
1-0.022-0.0002
09778
140.05 mg
1123 mg

GaaAldAs — (N)

0.022

0.003
1-0.022-0.003
0.975
193.084 mg
3.6016 mg

(Zinc Diffusion)

0.022

0.0378

0.035
1-0.022-0.0378-0.035
0.9367

146.176mg

113.527 mg

43378 mg
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Layer
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Buffer
Collector
Base
Emitter
Contact Emitter

Mask

Layer
Zn Diffuse

Layer

Etching

Buffer
Collector

Base

Emitter
Contact Emitter
Mask

Zn Diffuse

Al-content  Ga(g) GaAs(mg) Te(mg)  Sn(mg)
o 3 5060
3 1005 113 M
0.2 3 100013 % 273812
o 3 w3
02 3 109413 T 273812
3 14005 1123
04 3 1930843 ¢ o
Al-content  Ga(g) GaAs(mg) Te(mg)  Sn(mg)
04 3 leirss M ~
Doping Concentration
3 Type  Al-content
. ¢ .
1¥i0'9 n+(Te) e
*10n () 02
5410'8 p+(Ge) —
11107 () 02
1*109 nt(Te)
e 04
1109 p+Zn) 04

32

Ge(mg)  Al(mg)
.** * %%
1.369
51.62
1.369
* k% * k%
36016
Ge(mg)  Al(mg)
MR 43378
GaAs/GaAlAs
GaAs
GaAs
GaAlAs
GaAs
GaAlAs
GaAs
GaAlAs
GaAlAs

Zn(mg)

*kk
*k%
*k%

*kk

*kk

* k%

Zn(mg)
113.5272
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e 3 50-60 e i e
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03 3 127986 " 7801746  *** 2.046
e 3 142316 Uk 51.62 e
03 3 1279856 " 7801746 " 2.046
e 3 14005 113 o e ¥t
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Al-content  Ga(m)  GaAs(mg)  Te(mg) (mg)  Ge(mg)  Al(mg)
04 3 461755 g " 43378

Doping Concentration
Type  Al-content GaAs/GaAlAs

(cm3
e : iy GaAs
1¥10'9 n+(Te) T GaAs
1107 () 03 GaAlAs
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1*107 () 0.3 GaAlAs
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3.3 2
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bt
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Zn(mg)
1135272
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Ts

800 4 4
Undersaturate etching
02
/ Buffer (
Buffer Buffer
) TsAt  At« 1

Supercooling

6]

d = K(ATt1j0Ct3)
At =1 , a
0.167 / Scanning  Electron
Microscope (SEM)
900
4 H2

\ Scanning  Electron

Microscope(SEM)
HC1+HD (1.1) Ultrasonic
2
Ga(16A 041A



2.1 Photolithography

211 90 5 Positive Photoresist spin coat
90 10
2.1.2 Ultraviolet Mask ( Mask 3.19(c)
)
213 Positive Developer + DI Water (1:1) 30 DI Water
N2
2.14 120 30
2.2 Ga0eA | (AS
221 wax NHOH+HD 2 D (3:1:15)
3 55 (
6 fj,m/min) 3.20(a)
, 05Jha
222  wax Positive Photoresist ~  Etilene Trichloro Acetone 0l
Water N2 3.20(0)
2.3 LPE (Zinc
Diffusion) 3.18 GaORAlo4As (p¥)
n 3.20(c)
Temperature
800 —
! Sl
"\\\02 C/min
| SATURATED ‘
Ga, Al ,As )
! ‘ Zn-Doped (p*) |
| |
| |
; 4 hours 20 mins Tim:>
3.18 GalAIdA

55



Ga0RAI0As 2 HF 50 °F
3.20(d)

31
311 AuGe 2500
312 Ni 500 3.20(e)

3.2 Photolithography
321 90 5 Positive Photoresist spin coat

90 10

322 Mask contact emitter (~ 3.19(b)) 40
32.3 Positive Developer + DI Water (1:1) 30 DI
Water N2 120 30

3.3 Contact emitter

331 wax Ni  HCl DI
Water N2
332 AuGe  KI+R DI Water N2
333  wax  Positive resist - Etilene Trichloro  Acetone DI Water
N2

3.3.4 Annealing  450-500 2 Forming gas 10% H2
+90% N2 3.20(f)

4

4.1 Photolithography
411 90 5 Positive Photoresist spin coat

90 10
412 Ultraviolet ~ Mask emitter (  3.19(a)) 40
413 Positive Developer + DI Water (1:1) 30 DI Water
N2



4 " AuZn 2500 3.20(0)

4.3 Photolithography 41 Mask
Contact Base

44  AuZn K| +12

45  Positive resist  Acetone

46  Annealing  450-500 2
3.20(h)

5 Mesa

51  Photolithography 41 Mask Mesa Base (
3.19(d))

5.2 HX04+ D2 HD (4:1:1) 50 2

3.20(0
Curve Tracer
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__— Photoresist

R

Ga oAl As 6 microns
(n)
Contact Emitter GaAs (n") I 1 micron
Emitter Ga, ,Al As (n) 1 micron
Base GaAs (p') : 0.5 micron
Collector Ga, Al As (n) 1 micron
| e
|
Substrate
\
3.2000)
[ 4 > £ —— N
| GayeAl, As 6 microns
(n°)
L el |
Contact Emitter GaAs (n*) r I 1 micron
Emitter Ga, Al As (n) . 1 micron
Base GaAs (p*) i 0.5 micron
Collector Ga, Al As (n) 1 micron
S 2SN

Substrate

3.20(h)



Ga 06AIl 04AS (P+)

6 microns

1 micron

1 micron
= St  Sowen 0.5 micron

CdIedchwN AG() 1 micron

Sirae
3.20(c)
) ! ’
Substrate
1 micron
? 1 micron
0.5 micron
Oﬂ&I(I@ A AS( ) 1 micron
Sidrde

3.20(d)



_ AuGe+Ni
OetigGR -~ \,'lj'\fﬂi{l 5 1 micron
Bt GIA A ()L 1 micron

i 0.5 micron
Collectr Gy \A A5 () 1 micron
Qe
\uGe+Ni
3.20(e)
AuGe+Ni
Outfie@y) g 1 micron
ySSE| Hite GUAKS() 1 micron
BeeGs@® ..1.7 0.5 micron
Collector G, YA yAs () 1 micron
Sherate
\uGe+Ni

3.20()



AuGeNi AuZn

1 micron
1 micron
| BaseGans(p) EEEEEERE 0.5 micron
& Collector Ga, Al As (n) 1 micron
Sidrde
\uGe+Ni
3.20(g)
AuGe+Ni AuZn
r Contact Emitter GaAs (n *) L 1 micron
‘ | Emiter Ga | A1, As () 1 micron
[ ' ' B;_;e Gaﬁé s (). 7__ 0.5 micron
Qollector G yAlyAS () 1 micron
Sidrde
\uGe+Ni

32000



1 micron

1 micron
Base GaAs (p') L 0.5 micron
Colecor Gy Al As() 1 micron
MJi e W) =
1 Substrate
|
|
AuGe+Ni
3.20(0

3.20(a)()

1a ) Iy Yo a
34N 3.21 Y'S"U“If’dlﬂl’)?/\vlﬂ“n"lﬂ'ﬁwaﬂ
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