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Outline (1)

� Status of Mextram 504

� Short overview of changes for Mextram 504

� Main results with Mextram 504

Philips
Research � PHILIPS



Changes in Mextram 504 (2)

Smoother epilayer modeling (1 new parameter)

See CMC Dec '99

Decoupling of DC/AC/scaling modeling (4)

Charge parameters decoupled from DC

Scaling parameters decoupled from DC

Introduction of more transit time parameters

SiGe features (2)

Self-heating (2)

Thorough review of the model (8 removed, 9 new)

Unnecessary details removed

Avalanche model rewritten and decoupled

Temperature model rewritten
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Process A (3)

Single Poly BiCMOS process

Emitter size: 0:6� 5:4�m2

Double base contact: � = 10 k


Maximum cut o� frequency fT

fT : 10 GHz @ VCE = 5V

fT : 6 GHz @ VCE = 0:5V

Problem for modeling:

Thick and low-doped epilayer
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(4) NPN A fgummel Vbc=0 Temp=25, 50, 75, 100, 125 Mextram 504.0
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(5) NPN A fgummel Vbc=0 Temp=25, 75, 125 Mextram 504.0
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(6) NPN A foutput_ib Temp=25 Ib= 100, 200, 300, 400 uA Mextram 504.0
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(7) NPN A foutput_ib Temp=125 Ib= 100, 200, 300, 400 uA Mextram 504.0
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(8) NPN A Temp=25 Freq=1Ghz Vce=0.2, 0.5, 0.8, 2, 5 Volt Mextram 504.0
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(9) NPN A Temp=25 Freq=1Ghz Vce=0.2, 0.8, 5 V Mextram 504.0
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Process B (10)

SiGe BiCMOS process

Emitter size: 0:25� 5:75�m2

Single base contact: � = 6:5 k


Maximum cut o� frequency fT

fT : 97 GHz @ VCE = 2V

fT : 85 GHz @ VCE = 0:75V

Problem for modeling:

Graded Ge concentration

! DiÆcult to model reverse Early e�ect

both in forward and in reverse
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(11)Mextram 504.0:  NPN B1 fgummel Vbc=0 Temp=−50, 25, 62.5, 137.5, 200
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(12)Mextram 504.0:  NPN B1 routput Vbc=0.65 Temp=−25, 25, 125
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Graded Ge-pro�le modeling (13)

! High forward Early voltage

! Low reverse Early voltage

For reverse output characteristics this leads to punchtrough.

Extra model feature, based on `ideal' pro�les in base

Depletion layers

Emitter

Base

Collector
Epilayer

Ge-profile
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Graded Ge-pro�le modeling (14)

Main current:

IC ' IS eVBE=VT =qB

For Si and for charges:

qB ' 1 +

VBE

VER
+

VBC

VEF

For SiGe:
qB '

exp
2

664
0

BB@1 +

VBE

VER
1
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dV

VT
3

775� exp
2
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VT

3
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Parameter: dV : band-gap narrowing over neutral base
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(15)Mextram 504.0:  NPN B1 fgummel Vbc=0.36 Temp=−50, 25, 62.5, 137.5, 200
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(16)Mextram 504.0:  NPN B1 fgummel Vbc=0 Temp=−25, 25, 125

dIc/dVbe

Vbe[V]
0.4 0.6 0.8 1.0 1.2

0.00

0.02

0.04

0.06

0.08

0.10

dI
c/

dV
be

d^2Ic/dVbe^2

Vbe[V]
0.4 0.6 0.8 1.0 1.2

−0.6

−0.4

−0.2

0.0

0.2

0.4

0.6

d^
2I

c/
dV

be
^

2

d^3Ic/dVbe^3

Vbe[V]
0.4 0.6 0.8 1.0 1.2

−10
−8
−6
−4
−2

0
2
4
6
8

10

d^
3I

c/
dV

be
^

3

dIb/dVbe

Vbe[V]
0.4 0.6 0.8 1.0 1.2

0.000
0.002
0.004
0.006
0.008
0.010
0.012
0.014
0.016
0.018
0.020

dI
b/

dV
be

d^2Ib/dVbe^2

Vbe[V]
0.4 0.6 0.8 1.0 1.2

0.00

0.02

0.04

0.06

0.08

0.10

d^
2I

b/
dV

be
^

2

d^3Ib/dVbe^3

Vbe[V]
0.4 0.6 0.8 1.0 1.2

−1.0

−0.5

0.0

0.5

1.0

d^
3I

b/
dV

be
^

3



(17)Mextram 504.0:  NPN B1 foutput Temp=25 ib=4.3u, 11u, 17u, 28u, 43u
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(18)Mextram 504.0:  NPN B1 foutput Temp=125 ib=4.3u, 11u, 17u, 28u, 43u
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(19) NPN B1 temp=22 freq=8Ghz Vce=0.25, 0.75, 1.0, 1.5, 2.0
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(20) NPN B1 temp=22 freq=8GHz Vce=0.25, 0.75, 1.0, 1.5, 2.0
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Process C (21)

NPN on SOI

Emitter size: 1:0� 5:0�m2

Base: � = 12 k


Maximum cut o� frequency fT

fT : 10 GHz @ VCE = 6V

Problem for modeling: self-heating (Rth = 2500ÆC=W)
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(22) NPN C fgummel Vbc=0 Temp=27, 75, 125 Mextram 504.0
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(23) NPN C foutput_ib Temp=27 Ib= 10, 30, 50, 70, 90 uA Mextram 504.0
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(24) NPN C foutput_ib Temp=125 Ib= 10, 30, 50, 70, 90 uA Mextram 504.0
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(25) NPN C Freq=228 MHz Temp=27 Vce= 0.5, 1.0, 2.0, 6.0 Volt Mextram 504.0
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(26) NPN C Freq=228 MHz Vce= 0.5, 1, 2, 6V Temp=27  Mextram 504.0
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Process D (27)

Double Poly BiCMOS process

Emitter size: 0:55� 3:45�m2

Single base contact: � = 9k


Maximum cut o� frequency fT

fT : 25 GHz @ VCE = 1V

Philips
Research � PHILIPS



(28) NPN D fgummel Vbc=0 Temp=−50, 25, 62.5, 137.5, 200 Mextram 504.0
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(29) NPN D fgummel Vbc=0.36 Temp=−50, 25, 62.5, 137.5, 200 Mextram 504.0
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(30) NPN D fgummel Vbc=0 Temp=−25, 25, 125 Mextram 504.0
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(31) NPN D foutput Temp=25 ib=4.3u, 11u, 17u, 28u, 43u  Mextram 504.0
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(32) NPN D foutput Temp=125 ib=4.3u, 11u, 17u, 28u, 43u  Mextram 504.0
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(33) NPN D temp=25 freq=1.8Ghz Vce=0.2, 0.4, 0.9, 1.5, 3.0
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(34) NPN D temp=25 freq=1.8GHz Vce=0.2, 0.4, 0.9, 1.5, 3.0
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Process E (35)

Si BiCMOS process

Emitter size: 0:6� 4:8�m2

Base: � = 10 k


Maximum cut o� frequency fT

fT : 25 GHz @ VCB = 4V

Philips
Research � PHILIPS



(36) NPN E fgummel Temp=24.23 Vbc=0, −1, −2 Mextram 504.0
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(37) NPN E foutput_ib Temp=24.23 Ib= 4, 8, 12, 16, 20uA Mextram 504.0
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(38) NPN E Freq=1GHz, Vbc=0.,  −1, −2, −4V Temp=21.4 Mextram 504.0
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(39) NPN E Vcb=0.0, Vbe=0.7, 0.8, 0.9, 1.0V Temp=21.4  Mextram 504.0
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Process F (40)

SiGe process

Maximum cut o� frequency fT

fT : 50 GHz @ VCB = 1:5V

Philips
Research � PHILIPS



(41) NPN F fgummel Temp=24.23 Vbc=0, −0.5, −1.0, −1.5 Mextram 504.0

Ic

Vbe[V]
0.2 0.4 0.6 0.8 1.0 1.2 1.4

10−9

10−8

10−7

10−6

10−5

10−4

10−3

10−2

10−1

Ic
 [

A
]

Ib

Vbe[V]
0.2 0.4 0.6 0.8 1.0 1.2 1.4

10−10

10−9

10−8

10−7

10−6

10−5

10−4

10−3

Ib
 [

A
]

Ie/Ib

Ic[A]
10−1010−9 10−8 10−7 10−6 10−5 10−4 10−3 10−2 10−1

0

25

50

75

100

125

150

Ic
/I

b[
−]

(dIc/dVbe)/Ic

Vbe[V]
0.2 0.4 0.6 0.8 1.0 1.2 1.4

0

10

20

30

40

50

(d
Ic

/d
V

be
)/

Ic
 [

1/
V

]



(42) NPN F foutput_ib Temp=24.23 Ib= 0.1 4.1 8.1, 12.1 16.1uA Mextram 504.0
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(43) NPN F Freq=1GHz, Vbc=−0.5, 0, 0.5, 1, 1.5 Temp=21.4 Mextram 504.0
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