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Outline

• requirements against RE extraction

• the gmx method and its refinement

• derivation of the novel RF method

• extraction plots comparing the two approaches

• temperature dependence

• scaling between two emitter lengths

• summary
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Preferences

An often used scheme meeting these requirements is the 

gmx method: extraction from the DC Gummel plot

• lack of additional measurement effort

• a transparent extraction theory

• justifiable neglections resulting in a reasonable extraction 
equation

• proven regression type extraction technique

• usage of unified RF test structures for saving modeling 
costs

3
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RE extraction from DC Gummel measurements
In forward active mode

The variation of the weighted charge logarithm is relatively 

small providing the linear regression [1]
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Comparison of the two evaluations
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RE extraction from RF measurements, I.

An alternative method will be deduced for gm making it 

possible to determine RE from (1)
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RE extraction from RF measurements, II.
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Block#1 parameters

cjcsgoy

cjcsgmy

cjcsy

cjccpisgpiy

e

e

e

⋅+=

⋅−=

⋅−=

+⋅+=

)1(
22

)1(
21

)1(
12

)1(
11 )(

goy

gmy

cjcsy

cpisgpiy

e

e

e

e

=

=

⋅−=

⋅+=

)1(
22

)1(
21

)1(
12

)1(
11

~

~

~

Block#2 parameters

)2()2(

)1(
21)2(

21

)2(

)1()1(
11)2(

11

~
~

~
~

εε

ε
gmy

y

rciy
y

e
e

e
e

==

∆+= Y

)(~ )1(
11 cdcjeij

V

I
y

T

bei
e +⋅+= ω

)2(

)1()1(
22)2(

22

)2(

)1()1(
21)2(

21

)2(

)1()1(
12)2(

12

)2(

)1()1(
11)2(

11

)(

)(

ε

ε

ε

ε

Y

Y

Y

Y

∆++=

∆⋅−=

∆⋅−=

∆++=

rbirey
y

rey
y

rey
y

rcirey
y

e
e

e
e

e
e

rbircircirerbirer

ryrciyrbiyre eb

⋅+⋅+⋅=∆
∆⋅∆+⋅+⋅+⋅+=∆⋅∆= )1()1(

22
)1(

11
)1(

11
)1()2()2( 1 YYZε

RE extraction from RF measurements, III.

8



st
ric
tly
 c
on
fid
en
tia
l �
©
20
07
 �
au
st
ria
m
ic
ro
sy
st
em
s 
A
G
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Le=5um, We=0.27um, Tamb=-40 … 27C0
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Le=5um, We=0.27um, Tamb=50 … 125C0
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Le=3um, We=0.27um, Tamb=-40 … 27C0
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Le=3um, We=0.27um, Tamb=50 … 125C0
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Temperature dependence and scaling

Le=5um, We=0.27um Le=3um, We=0.27um

re_rf_scaled =2.88*5=14.40 ΩΩΩΩ*um
re_gmx_scaled =2.40*5=12.00 ΩΩΩΩ*um

re_rf_scaled =5.04*3=15.12 ΩΩΩΩ*um
re_gmx_scaled =4.42*3=13.26 ΩΩΩΩ*um

The gmx method results in smaller RE and a larger 

temperature dependence. 
14
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Summary

• an improvement of the gmx method has been 
suggested

• the proposed novel RF method is practically free of 
neglections

• the same RF data is shared what is necessary anyway 
for the extraction the transit time parameters

• temperature measurements showed slightly positive 
temperature coefficients

• the gmx method provides consistently smaller RE 
values

15
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