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n Motivation

n Basic measurement idea

n Layout of appropriate test
structures for DC base resistance
measurements

n Correction  for current spreading
and calculation of normalized
terminal currents

– Correction for current spreading
in the device heads

– Calculation of length specific device
currents iE, iB1, iB2, iC and iB12.

– Extraction of base link resistance
rlink and base pinch resistance rpinch

n Measurement conditions.

n Bias dependence of base pinch
and base link resistance in B7HF.

n Influence of current spreading
correction on the
extracted rpinch and rlink
progression.

n Ring transistor layout PCELL
and test structure layout.

n Summary: Advantages and limits
of the DC base resistance
extraction method.
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MotivationMotivation

n Total base resistance is one of the key parameters for modern
High Frequency NPN’s.

– important to achieve good
input impedance matching.

– limits Noise figure NFmin.

– limits Fmax.

Base resistance calculation for
arbitrary emitter geometry:

⇒ Accurate measurement and modeling of base
resistance is particular important!
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Basic measurement ideaBasic measurement idea

n Principal Measurement idea:

     Measuring the lateral IB12/VB12-characteristic between two base nodes of
ring transistors with double base contacts over base-emitter and base-
collector bias.
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Layout of appropriate test structures for DC base
resistance measurements

Layout of appropriate test structures for DC base
resistance measurements

n Enclosed structure to ensure current flow under emitter:

Emitter window drawing
in P+ Basepoly

P+ Basepoly

Base contacts

Collector contacts

Emitter contacts

Collector area
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Vertical cross section
must be identical to
NPN structure:

Principal layout structure of
typical ring transistors. Layout
parameters are we and lbcon.
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n Layout PCELL with variable emitter
width we and variable base contact
length lbcon.

n Structures must be places very close to
each other to achieve good matching.

n Metal feed lines must have low series
resistance.

n Applied design rules must be identical
to the NPN design rules.

Layout of appropriate test structures for DC base
resistance measurements

Layout of appropriate test structures for DC base
resistance measurements
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Correction  for current spreading and calculation of
normalized terminal currents

Correction  for current spreading and calculation of
normalized terminal currents

n Correction for current spreading
in the device heads

Subtracting terminal current of short structure from

terminal currents of long structure enables correct

current spreading correction. The total terminal

currents are calculated by:
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given by:
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Correction  for current spreading and calculation of
normalized terminal currents

Correction  for current spreading and calculation of
normalized terminal currents

n Calculation of length specific device currents iE, iB1, iB2, iC and iB12.

      By using two structures with different length lbcon, the corner and head current rates can be
canceled and length specific terminal currents can be calculated.
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Extraction of base link resistance rlink and
base pinch resistance rpinch

Extraction of base link resistance rlink and
base pinch resistance rpinch

n Calculation of base link resistance rlink and base pinch resistance rpinch
from emitter geometry:
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The currents iB1, iB2, iE, iC, are dependent on:
•  base emitter voltage VBE (first sweep),
•  base collector voltage VBC (second sweep),
•  Emitter width weeff.

n Calculation of total lateral base resistance rB12 from measured data:

pinchefflinkeffB12 rwerwer ⋅+⋅= 2)(



19.10.2000   Page 10

Pietro Brenner
WS TI S CDB

Phone
+49 89 234 25321

MEDEA confidential

Bipolar
Arbeitskreis

2000

n Using linear regression on length specific transfer resistance rB12(weeff, VBE,
VBC ) data enables easy extraction of base link resistance rlink and base
pinch resistance rpinch .
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rB12  is a linear equation on emitter width weeff.

⇒  Using structures with different emitter width
rpinch and rlink can be extracted by fitting linear
regression lines to the calculated data rB12(weeff).
Ø  rpinch  : slope of linear regression
Ø  2⋅rlink  : intercept point of linear regression
                 with y-axis

Extraction of base link resistance rlink and
base pinch resistance rpinch

Extraction of base link resistance rlink and
base pinch resistance rpinch

effwe
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Plotting rpinch and rlink over VBE (first sweep) and VBC (second sweep) shows
the full biase dependence of the base pinch and the base link resistance!
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Figure 1:. Bias dependence of the base pinch resistance (in
Ω/square, red curves) for RF-NPN’s in B7HF. These base
resistance parameters are extracted over base emitter bias
VBE= +1.0V to -1.0V for five different base collector voltages
VBC = -0.5V, 0.0V, +0.5V, 1.0V 1.5V. Wafer temperature
during measurement was T= 25°C.

Measurement conditionsMeasurement conditions
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Inputs:
n VE    = +1.0 ... -0.9V (1st sweep)

n VB1  = -10mV

n VB2  = +10mV

n VC    = -0.5V, 0.0V,+0.5V ..
... +Vcmax (2nd sweep)

n VS    =  VC

Outputs:
n IE
n IB1

n IB2

n IC
n IS

Applied to six different devices:
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Bias dependence of base pinch and base link
resistance in B7HF

Bias dependence of base pinch and base link
resistance in B7HF

Figure 2: Left side: Bias dependence of the base pinch resistance (in Ω/square, red curves) in B7HF. Right side: Bias
dependence of the base link resistance (in Ωm, blue curves) in B7HF.  Base emitter voltage was ramped up from VBE= +1.0V to -
1.0V in steps of 20mV. The second sweep parameter was base collector voltages VBC = -0.5V, 0.0V, +0.5V, 1.0V 1.5V. Wafer
temperature during measurement was T= 25°C.
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Influence of current spreading correction on the
 extracted rpinch and rlink progression

Influence of current spreading correction on the
 extracted rpinch and rlink progression

Figure 3: Comparison between corrected (red curves/blue curves) and uncorrected (green curves/magneta curves) base pinch and
base link resistance measurements. For calculating the uncorrected resistance data only the terminal currents Il of the long
devices (lebcon=12 µm) were used, whereas for the head corrected resistance data the difference current Il-Is between long and
short device was used. The presented base resistance parameters are extracted over base emitter bias VBE= 0.75V to -1.0V for
five different base collector voltages VBC = -0.5V, 0.0V, +0.5V, 1.0V 1.5V. Wafer temperature during measurement was T=
25°C.
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Influence of current spreading correction on the
 extracted rpinch and rlink progression

Influence of current spreading correction on the
 extracted rpinch and rlink progression

Figure 4: Base transfer current iB12 (green curves) and internal
base current ib (blue curves) over base emitter voltage VBE. For
VBE. > 0.7V an exponential increasing amount of the node currents
ib1 + ib2 is needed to drive the internal base current ib. In this
operation region the assumption Vbi=VB1-VB2 is not valid any
longer.

Figure 5: The green and the magenta curve are the head
corrected sheet and pinch resistance. Using an appropriate
correction function fcorr the uncorrected resistance data
(red and blue data) extracted only from the long device
flute can easily be transformed to the corrected
data. The correction coefficient fcorr are sheet
resistance and device geometry dependent.
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Ring transistor layout PCELL and test structure layoutRing transistor layout PCELL and test structure layout

Figure 4:. On the left side the realized parameterized layout cell is shown. The parameter for this ring transistor layout cell are
we and lbcon. Specifying these parameters the correct layout is automatically generated. On the right side a typical testchip
layout for DC base resistance parameter extraction is shown. Three different emitter width we are realized. Fore every emitter
width exists a long and a short device.The devices are very close to each other to realize good matching between the all
devices.
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Summary: Advantages and limits of the DC base
resistance extraction method

Summary: Advantages and limits of the DC base
resistance extraction method

n Method is very accurate and reproducible up to medium injection region.
⇒ Suitable for process monitoring.

n A clear separation of base link and base pinch contribution to the total base
resistance is possible.

n The bias dependence of rlink and rpinch can be analyzed very accurately.

n Temperature dependency of rlink and rpinch can be measured.

n Method is only applicable for lateral currents iB12 ≤ iC. For iC >> iB12  correction
for internals base current ib doesn’t work any longer.

Ø Conductivity modulation of the internal base pinch resistance from high current
injection can not be extracted.

Ø High current behavior and emitter current crowding can not be measured.

n High frequency emitter current crowding and the effective AC small signal
resistance can not be measured. These parameters must be extracted
from s-Parameter measurements.


