Collector-up Mode) V (8t

"Spike"
TR(x.Y) TR
Transistors X
41 - (IGV@®,(EVE
(ICV@®
(Inverted Mode) (Collector-up Mode) (IEV®E
Curve Tracer  Tektronic Probe Station KARL Suss
5 41, 42 43 44 45 46,47 48
8 Ic
|E VE 49, 410, 411,
412 413, 414, 415 4.16 VEHR

41



IE=0.1 mA/div

Vee=0.5 Vidiv
IB01 Alstep

41 - Inverted Mode ~ TR(0.2,0.2)

4.2 - Normal Mode TR(0.3,0.3)
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43 - Inverted Mode  TR(0.3,0.3)

lc=0.5 mA/div
Vee=0.5 V/div
Ib=50 flA/step

4.4 - Normal Mode TR(0.35,0.35)

66



lc=0.1 mA/div
VED.L Vidiv
I=0.2 mA/step

45 - Normal Mode ~ TR(0.2,0.35)

Ic=0.1 mA/div
VE0.2 Vidiv

I6=50 ||A/step

4.6 - Inverted Mode TR(0.2,0.35)
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47

4.8

Ic=0.2 mA/div
VE0.1 Vidiv

l"01  Alstep

Normal Mode  TR(0.35,0.2)

IE=0.1 mA/div
Vee=0.5 V/div
IB0.1 mA/step

Inverted Mode TR(0.35,0.2)
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0.88
£ 086
&)
B 084 .
= —@— DC Current Gain at
T 082 V_CE=2V
;6 &
5 08 -
0.78 T T
0 0.1 0.2 0.3 04
Emitter Current (mA)
49 Inverted Mode ~ TR(0.2,0.2)
04
£
6 0.3 - |
% !
‘ = 02 —*— DC Current Gain at |
j E V_CE=04V
i S ol - —
{ 0 T T
0 0.2 04 0.6 0.8
: Collector Current (mA)
|
{ . . el S N =S S S S W W SN W
4.10 Normal Mode ~ TR(0.3,0.3)
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10
8 -
6 - =
—®— DC Current Gain at
4 7 V_CE=1.4V
2 —
0 T T T
0 1 2 3 4
Emitter Current (mA)
411 Inverted Mode ~ TR(0.3,0.3)
10.6
10.5 -
£
S 104
2 103 - )
s — —— DC Current Gain ali
- V_CE=4V 4
& 101 [P s G = =]
z
10
99 i T T T T T
0 0.5 1 1.5 2 2.5 3
Collector Current (mA)
4.12 Normal Mode  TR(0.35,0.35)
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= 1]
g 08 - ’\‘_—"—/
= 06 - —&— DC Current Gain at
‘_é e V_CE=0.7V
= 02 -
0 T T T T T
0 02 04 06 08 12
Collector Current (mA)
- , Normal Mode  TR(0.2,0.35)
4
_é 2 i—’—DCCuneanainat;
2 V_CE=IV |
E ol S N
0 ‘ :
0 02 04 06 08
Emitter Current (mA)
4.14 : Inverted Mode ~ TR(0.2,0.35)
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1.5
£
s |
S 1
E —&— DC Current Gain ati
= = I
E 05 V_CE=1V [
=]
4
0 T 1 T
0 02 04 06 08
Collector Current (mA)
4.15 Normal Mode ~ TR(0.35,0.2)
12

= 1 4 /_*.—’—’_—‘

S 08 A

_é 0.6 - ' DC Current Gain at
E V_CE=2.5V

= 04 4

=

= 02 -

0 < | 1 i T T
0.1 0.2 0.3 0.4 0.5 0.6
Emitter Current (mA)

4.16 Inverted Mode ~ TR(0.35,0.2)



Normal Mode Inverted Mode

Gain IcmA) VEV) VceaM VebM Gain  1BmM VENV) VEESM Vod M
kk

TR(0.2,02) «1 k088 035 2 05 6
TR(0.3,0.3) «1 01 kk 9 36 14 0f
TR(0.35,0.35) 11 1 4 05 65 «l kkk kkk

TR02035) 1 1 07 01 "™ 38 075 1 02 3
TR03502) 14 068 1 007 10 1 04 25 01 6

41 VE]
VE

42 - - GaAs (pVGaAllAs ()
Curve Tracer Probe Station

4.17,4.18,4.19 4.20,4.21,4.22, 4.23 424, 4.25 4.26
v cliin 4.2
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1=0.1 mA/div
V=1 V/div

4.17 : : TR(0.2,02)

1c=0.1 mA/div
V=1 V/div

418 : : TR(0.2,0.2)



4.19

4.20

1:=0.5 mA/div
Vee=1 V/div

TR(03,03)

1c=0.5 mA/div
Vee=1V/div

TR(03,03)



1:=0.5 mA/div
Vge=1 V/div

421 - : TR(0.35,0.35)

1:=0.5 mA/div
V=1 V/div

4.22 : : TR(0.35,0.35)



4.23 - : TR(0.2,0.35)

424 - : TR(0.2,0.35)



4.25

4.26

[E=0.1 mA/div
VEB=0.5 V/div

TR(0.35,0.2)

[c=0.1 mA/div
Va=0.5 V/div

TR(0.35,0.2)

/8



Va, (V) VEBO(V) VQu,(V) VCBO(V)
TR(0.2,0.2) 0.9 3 19 12
TR(0.3,0.3) 0.6 3 0.7 9
TR(0.35,0.35) 1.2 1 35 10
TR(0.2,0.35) 0.85 3 1.15 9
TR(0.35,0.2) 13 4 1.2 9
4.2 V/ Qutin
43
41
VES
431 Normal Mode
Normal Mode Inverted Mode
Normal Mode
TR(0.2,0.2) TR(0.35,0.2) Normal Mode
14 TR(0.2,0.35) TR(0.35,0.35)
Normal Mode 1 il 41
(AE9

Normal Mode

79



Spike

TR(0.2,0.2)
TR(0.2,0.35) Normal Mode 1 1
TR(0.35,0.2) TR(0.35,0.35) Normal
Mode 14 1 2
Spike
4.3 TR(0.35,0.2) 45 LgE50 A LgG100 A
TR(0.35,0.35) 8
LE=LgG100 A 40 LgE100 A L200 A
Ga,./d/is(n)/GaAs(p4)
4.17 TR(0.2,0.2) 4.23 TR(0.2,0.35) 4.25 TR(0.35,0.2)
421 TR(0.35,0.35)
433
4.3.2 Inverted Mode
Normal Mode
Inverted Mode
TR(0.2,0.35) TR(0.35,0.35)
Inverted Mode 38 1 Spike
Spike
TR(0.2,0.2)

TR(0.35,0.2) Spike
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Inverted Mode
(AEQ

TR(0.35,0.2)
Inverted Mode 1

()/GaAs(p)
TR(0.35,0.35) 4.22

Ga,.yAlyAs(n)/GaAs(pH

TR02035) 424

TR(0.2,0.2) TR(0.2,0.35)
088 38
TR(0.35,0.35)
1
Ga, JAlyAs

TR(0.35,0.2) 4,26

TR(02,0.2) 418

TR(0.35,0.2) 4.25 4.26
Turn on (VER
, 01 47 48
6 10
« 1077em'3 "Spike"
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TR0202)
TR0.303)
TR(0.35,0.35)
TR(0.2,0.35)
TR0.35,0)

TR0202)
TR0.303)
TR(0.35,0.35)
TR(0.2,0.35)
TR0.3502)

43

Normal Mode

Lg=50A | =50A LOF100A Lg=100A L=200A |r=500A
Lg=50A |¢-100A WG=100A L=200A Ld>=200A | ¢-100A

«1 04 15
«1 0.6 25
105 8 40
1 01 0.25
13 «l 45
Inverted Mode

Lg=50A Lg=100A  Lg=100A  Lg=200A

Loc=5°A  LoG=100A  LgG-200A LoG-200A
0.88 04 3

9 6 30
«l 0.8 8
38 «1 10
1 «1 02

LE Lo NCENDE: o' 7emi3VEL= 5 Volt

82



433 DHBT

[10,11]
427

AuGe+Ni

Contact Emitter GaAs 1$+- type) Imicrometer

Auzn Auzn Imicrometer

Emitter Ga065 Al 035 As ( - type)
Base GaAs (p - type) 0.5micrometer

Collector Gaj 6 Al 04As ( - type) Imicrometer

Substrate GaAs (rt- type)

AuGe+Ni

4.27
0.35 0.4

1¥107
1¥100  1*10Bcm3 4.28 4.29

TR(0.35,0.35) 44
il 1
(10195*101

5*1OBC m'3 20*4
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4.28

4.29

Mode

Mode

lc=0.2 mA/div
IB="50 (HA'step
VIE= 1Vidv

Normal
TR(0.35,0.4)

[E=20 (4A/dlv
B=10 |LIA/step
VE=1Vidiv

Inverted
TR(0.35,0.4)
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Contact Base Contact Emitter

1 Base Current i Emitter Current
e )
----- ) Contact Emitter
----- b, { B Jimitt_er
In— -
(Doped) Base
' ' Collector
Collector Current
4.30(a)
Contact Base Contact Emitter
i Base Current Emitter Current
Contact Emitter
Emitter
£n-
(Doped) d 5 Base
r Collector
Collector Current
4.30(h)

Emitter-top

——————{ DT

Collector-top
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“5{08 106

5408  10Tcm'3 , 2
B3 Y
i . 4.30
, \1 AT Lo~ J 44 1
Early
Effect
100cm'3(GaAs-ph)

10bcm'3 Base Width Modulation
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