Bipolar
Arbeitskreis
2000

Pietro Brenner

WS Tl S CDB

e
Infineon

Fast Extraction of Area Specific Base-Pinch
and Length Specific Base-Link Resistance
parameters using Bipolar

Ring Transistor RF

Structures
/J

WS TI S CDB




Infineon

Bipolar
Arbeitskreis
2000

Pietro Brenner
WS Tl S CDB

Phone
+49 89 234 25321

19.10.2000 Page 2

Motivation
Basic measurement idea

Layout of appropriate test
structures for DC base resistance
measurements

Correction for current spreading
and calculation of normalized
terminal currents

— Correction for current spreading
in the device heads

— Calculation of length specific device
currents i, igy, ig,, i and igy,.

— Extraction of base link resistance

fink @nd base pinch resistance r,;. .,

Measurement conditions.

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

Influence of current spreading
correction on the

extracted r ;. and ry;,
progression.

Ring transistor layout PCELL
and test structure layout.

Summary: Advantages and limits
of the DC base resistance
extraction method.
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B Total base resistance is one of the key parameters for modern
High Frequency NPN'’s.

_ important to achieve good Base resistance calculation for
input impedance matching. arbitrary emitter geometry:
— limits Noise figure NF . . > Ry, =Ry + R, PO(V),)
— limits F__ R, X (weyley V. V)
A&?” v T be:rlinkz >{ ! ] )
easurement n we e
\\< le Ib, E 7 &
N I ﬁModel R = gixwe,,
bi pinch
J ‘ ng Xe,;
1Y 1 @l 1 gwe,
! gl=—-C - :
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B Principal Measurement idea:

Measuring the lateral I5,,/Vg,,-characteristic between two base nodes of
ring transistors with double base contacts over base-emitter and base-

collector bias.

I,,= Vi~ Vs Vi,
2 >§Rlink +R

pinch
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B Enclosed structure to ensure current flow under emitter:

- Collector contacts
Collector area
A - P+ Basepoly
1l Base contacts
i Sl lorbe s e
g E .
RS Emitter contacts
Zw
v Vertical cross section
z : must be identical to
Tk . , B NPN structure:
2~ l i
le_em_head con ' )
> le —> ? E
Bipolar Principal layout structure of E
Arbzi;::;reis typical ring transistors. Layout
parameters are we and lb_ ..
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B [ayout PCELL with variable emitter
width we and variable base contact
length Ib,..

E cle || ™ Structures must be places very close to
5 o’ fo” o fo  each other to achieve good matching.
5 B Metal feed lines must have low series
A resistance.
z ' B Applied design rules must be identical
P b, > to the NPN design rules.
3 4
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B 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: :
131 7 1’; o ’ﬂ?con i I,
I,=1),+2xb %,
I.=1'+2xb %
Total internal base current is —»B1U
givenby: [,=1,+1I,,

= ]l};I +1h +2 %bcon >(iBI +iBZ) deVlce

. body
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B Calculation of length specific device currents ig, ig,, ig, ic and ig,,.

By using two structures with different length Ib_,, the corner and head current rates can be
canceled and length specific terminal currents can be calculated.

/ s
i o=de- g short structure long structure
LA
i ]Zl?] ]2]
B Al
l' 122 ]Z’Z
2 A
/ s
i = 1 C 1 C
A
Bipolar U R P Lateral base current from node
Arbeitskreis lB lBI lBZ lE lC
2000 where : B1 to node B2 per um length :
Pietro Brenner . _ . . c H
WS TI S CDB Alb,, —2>(l b, -1b ) igr; = 0.5 >( Ipy = lp; - lB) i, Bl:
+49 89 2%2925321 — b b * * &
_0'5>(ZB2_ZB]+ZE+ZC) S
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B Calculation of base link resistance r,;,, and base pinch resistance r

pinch
from emitter geometry:
g "y r,.. -Lengthspecific base link

Length specific lateral base resistance resistance [Wxmm].

— r... -Basepinch sheet
rpp(Weyy ) = 200, twe, 0r,,., pinch P

resistance [WWsquare].

Total lateral base resistance we,,, :Effective emitter width of

2 T Wy X i LR the ring transistor device.

2 ﬁbcon ' Rh

Ry, (Weeﬁ’ )=
: Total device head resistance [W].

B Calculation of total lateral base resistance rg,, from measured data:

_ Vo, -V, The currenlts g4, 150, I, Iy are dependent on:
277 5>(i i+ o+ ) * base emitter voltage Vg (first sweep),
' B2 BL " TE TC * base collector voltage Vg (second sweep),
* Emitter width we .

Fg
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B Using linear regression on length specific transfer resistance rg,,(we g, Vg,
Vg ) data enables easy extraction of base link resistance r,,, and base
pinch resistance r

pinch *
— A
rB]Z = rpinch >Weeff +2 >rlink rB]Z VBE? VBC
VBZ - VBI

i O-5>(i32 - iBI +iE +ic)

g1, IS @ linear equation on emitter width we .

b Using structures with different emitter width
lincn @Nd Ty €aN be extracted by fitting linear
regression lines to the calculated data rg,,(We.).
» r. . slope of linear regression

pinch
> 2%, - intercept point of linear regression
with y-axis >
. , weeﬂ
Plotting r; ., and r;,,, over Vg (first sweep) and V. (second sweep) shows
the full biase dependence of the base pinch and the base link resistance! RF
/Cs
Vel
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Flot npn_de bPhf-resistors rbb_ Gl418 Jul@8-rkbb _esxtract_spec-rhhepec _ve WBE ¢ Flot npn_de bPhf-resistors_rhbh_Gl418 Ju18B-rbb_s=tract_spec-rbkspec_ve YEBE (Off)
Biasz—dependent kbase sheet and base |ink resistance for HFE RNPM EBias—dependent kase sheet and kbasze link resistance for HF NFN"=.
3=2iIIIHIIHI\HHHI\HII\IIIHIIHII T 1'®@J\HIHIIHIH\IIHIHH\I\I\IH\IH\I\I
2.1 F B.98
3.0 & B.96 £
o 2.3 — B.94 - Ny
; 2.8 - z.ga 1\\ N
= - = - g
—_ 2.7 E N B.5@ E \
— — \
= - = — [ -0
ot 2.6 E = B.97
E ol C [ P
= F = e
[3) 2.3 - -l J.83 =
= E = C
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2.3 E / B.81 -
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2.1 F B.77
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-1.8-8.8-B.E-B.4-8.2 B.8 B.2 8.4 ¥B.6 B.8 1.8 -1.0-0.8-0.6-0.4-P.2 8.0 B0.2 ©B.4 B.6 ©.8 1.8
VBE LE+2] VEBE LE+E]
Second sweep parameter i1=z: VBC=—E.3 -~ 8.8 ~ 2.5 -~ 1.8 -~ 1. Second sweep parameter is: VBC=—B.5 ~ 2.8 ~» 8.3 ~ 1.8 ~ 1.3 V

Figure 2: Left side: Bias dependence of the base pinch resistance (in Wsquare, red curves) in B7HF. Right side: Bias
dependence of the base link resistance (in Win, blue curves) in B7HF. Base emitter voltage was ramped up from V= +1.0V to -
1.0V in steps of 20mV. The second sweep parameter was base collector voltages V- = -0.5V, 0.0V, +0.5V, 1.0V 1.5V. Wafer
temperature during measurement was T= 25°C.
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Eiaszs—dependent basze sheet and kbasze 1ink resistance for HFE MNPN"=s. Bias—dependent
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1.@
VBE [E+3] vBE  LE~D]

Second swesep parametar is: VBC=—B.5 - 3.8 - @.5 - 1.8 ~ 1.5 V Second sweep parameter iz: VBC=-B.5 -~ 2.8 -~ B.3 - 1.8 ~ 1.3 V

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 I' of the long
devices (le,.,,=12 mm) were used, whereas for the head corrected resistance data the difference current I-I° between long and
short device was used. The presented base resistance parameters are extracted over base emitter bias V= 0.75V to -1.0V for
five different base collector voltages Vi = -0.5V, 0.0V, +0.5V, 1.0V 1.5V. Wafer temperature during measurement was T=

25°C. ﬂF
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Flot npn_do_bPhf-resistors_rbb_S1418 _Jul@@8-rbkh_1d3-IBl2 (OfF pr_do_kPhf resistors_rbb_G1418_JulBE/rbb_sxtract_spec/rbb_corrsction (OFF)
-
(-P Biaz—dependent khaze resiztance for ring tranmn=iztors E dependent kase sheet and base link resistance for HFE NPN's.
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Second sweep paramster i=z: VBC=—BEB.5 ~ @.8 ~ &#.5 ~ 1.8 ~ 1.5 W T Second sweep parameter is: VBC=-B.5 - 2.8 - B.5 - 1.8 ~ 1.5V
Bipolar Figure 4: Base transfer current iy, (green curves) and internal ~ Figure S: The green and the magenta curve are the head
Arbeitskreis base current i, (blue curves) over base emitter voltage Vg For corrected sheet and pinch resistance. Using an appropriate
2000 VBE. > 0.7V an exponential increasing amount of the node currents correction function fcorr the uncorrected resistance data
. i, + i, is needed to drive the internal base current i,. In this (red and blue data) extracted only from the long device
Pietro Brenner bl = b2 . . . b -
WS TI S CDB operation region the assumption V,;=Vy,-Vg, is not valid any flute can easily be transformed to the corrected
longer. data. The correction coefficient fcorr are sheet
Phone g
+49 89 234 25321 resistance and device geometry dependent. 2
~
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Figure 4:. On the left side the realized parameterized layout cell is shown. The parameter for this ring transistor layout cell are
we and lb_ . 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.

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

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

The bias dependence of r;,, and r;, ., can be analyzed very accurately.
Temperature dependency of r,, and r; .. can be measured.

Method is only applicable for lateral currents ig,, £ i.. For i >> ig,, correction
for internals base current i, doesn’t work any longer.

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

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

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. KF

ICs



