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The effects of the conditions of the collector formation on electrical characteristics of the packaged SiGe

hetero-junction bipolar transistors (HBT) were investigated. While the DC characteristics of SiGe HBTs such as IV

characteristic, forward current gain, Early voltage, and breakdown voltage were hardly changed after packaging, tae
AC characteristics such as fr and f..« were degraded severely. With the rise of the collector concentration, the break-
down voltage decreased but the fr increased. Additionally, 8 and fr values were kept high in the range of elevated col-

lector current due to the increase of the critical current density for the onset of the Kirk effect. The devices As im-

planted before the collector deposition showed lower breakdown voltage and higher f+ than the others, which seems to

be originated from the As up-diffusion resulting in the thinner collector.
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Table 1. Collector implantation conditions
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Fig. 1. Schematic cross-sectional view of a SiGe HRT

Condition As implantation dose | First P implantation dose | Second P implantation | Total P implantation dose
(/cm?) (/em?) dose (SIC) (/cm?) (/cm?)
1 None 1.2x10" None 12x10"
2 None 4.4x10" None 4.4x10"
3 None 5.0x 10" 4.4x 10" 49x 10
4 8.0x 10" 5.0x10" 4.4x10" 49x10"
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Fig. 2. Ic as a function of Ve (a) The device fabricated on condi-
tion 1 (1.2 % 10"%/cm? 15 step: 1 #A) (b) The device fabricated on
condition 2 (4.4 x 10'%/cm?, [5 step: 5¢A)
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Fig. 3. Leakage current as a function of Ve
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Fig. 4. Simulated dopant profiles after LOCOS process (a) The
device fabricated on condition 2 (4.4 x 10'?/cm?) (b) The device
fabricated on condition 4 (4.9 10'*/cm?®+ As imp.)

IV &4, Barly A%, 354 o2l 2% DC 54
2 2E AFoI5 (P o] Akl 2] ute]oiz 27X B
WA 2B E M3 A W FHE AR Yol
g ko] FAFHelok gch. Fig. 5& 424 0=
Azrd 2ate] EHH AR B2 f54olo. Fig. 5(b)
2} Fig. 5(c) olM 274 22 A" 27k9] fFA0] T3t
A & olfE vlola TEE AR o2 7] HEe]
th. olule Wao] WAL AA A FE7F X As ©]
25418 & 7ol Fig. 59 SR E 2419 75} 7o)
87} FASA Zashe I AR Fo2 olFst g
AF Wl AA g2 fghel fAHAH. | AL A A
2t 273l we} Kirk &322 43ste QA ARV =
7] W&ol vehd faolct. npolEet B2 A 29
B AF Dt QA gt el S Ql7kElE Akl e}
Woj27 FAYAA Hy § R fr 7F Aadhed olAE

3R ANAD AT-Azehy ) FHY vholEe} 473

800
wf () ,
E, = 1X9X14 um
600 ¢
500 ¢
400
(.=
300 }
20t 2
E, = 1X6X2 pm
wo | A MM\ E, = 1xox7 pm®
25-5 1 ;-7 1E6 TE‘-S 1-E‘-4 1.;3 l‘;.‘D' ‘;‘1 Mt
- IC (A)
wf (b
(b) Condition 2 (4.4X10"/cm”)
600 b
w0l
400 |
(<=}
300 b
- Condition 1 (1.2X10"%/cm®)
100 |-
o “ PR N PR
1E8 1E-7 1E-6 1ES 1E-4 1E-3 001 01 1
IC (A)
500
(c)
400 - 12, 2
Condition 2 (4.4X10“fcm™)
300 b
@« 12 2,
200 - Condition 3 {(4.9X10“/cm’)
100+ Condition 4 (4.9X10"/cm*+As Imp.)
?E—a 1;—7 1;5 1‘;-5 1:-4 ;ELJA 0;1 071 :
IC (A)

Fig. 5. Variations of 8 curves with (a) the area of the emitter
(b) the implantation dose of the collector {c) the implantation
dose of the collector and the As implantation
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Fig. 6. fr and f..x changes after the de-embedding or the pack-
aging (VCE:ZV)
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