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_ Pupose

» decoupling of temperature error at VER extraction
» decoupling of temperature error at /S extraction

* determination of the measurement temperature

a leap ahead
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_ outline .

* equivalent circuit

» extraction equations at low currents
* analysis of the ,temperature” error
» extraction method

* results

e summary

a leap ahead
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Former Observations 1 THE

Extraction of Hicum parameters Qp0 and C10 have been
investigated in [1] from the normalized collector current

I Bxp(——ei] »Pitfall: a small AT results in large AQp0*

Extraction of Hicum parameter hjei has been analyzed in [2]

from the normalized collector current;
»1he parameters strongly depend on temperature...”

In this paper the efforts of [3] will be extended for a more?E
robust decoupling of the temperature error at the
extraction of the reverse Early related parameters

a leap ahead
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Low bias DC formulations in various models |

SGP VBIC HICUM/L2 MEXTRAM
I, =tes oo Eéxp[ Vi ]
dE T
N NF NF 1 1
IS IS IS cl0  (IS) IS
qE (1— Voei _ Vpei )_1 1+ qdbe + qdbe on +hjEi @jEi +hjCi [Dc;i 1+ Vie + Vic
VAR VAF VER VEF 1 VER VEF

With the normalized Hicum parameters suggested in

[4]:  7ER= O e =2 VEF =— 200 gape = 20
' hjei LC ;0 Cleio hcilC ;. C icio

ge is identical in VBIC, HICUM/L2 and MEXTRAM
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Equivalent .

. Model equivalence at low bias
* - allows using Hicum notations only

ibp (incl. in ibc) .
p KCL on node ci
ic+ibc+ijsc—iT =0 (1)

with
ibc = ibcxs [ﬁexp( VTVSZ;C)J — 1} (2)
ijsc =iscs [ﬁexp(_ V;;iiscj - 1} (3) ;

a leap ahead
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IS and VER extraction at forward bias| ||| | =
At veb=0 and vbe>10V=258mV ibc and jjsc vanish in (1):

ic = £ @Xp( vbez)
qE

This provides the well known extraction formula

vbei
exp| ——
L, 1 [gdbe(vbei) = a +b [ydbe(vbei) = ( i J
IS ISVER ic

Linear regression gives IS and VER

IS=1/a; VER=alb

a leap ahead
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Temperature induced extraction error | [|| |

nominal temp.: T, erroneous measurement reading: 1= T +AT
exp(kj = exp( Vbei E Ly ]: exp{ Vber [El— ATH = exp( Vber J [El—@ ﬂ]
Vr Ve, T,+AT Ve, T, Vr Ve, T,

n

Substituting, with IS, denoting value at nominal temperature:

o exp£ Vb J o eXp( j
1 + Q]el(Vbel) — VTn [El _Ed bei ] — [ 1 + q]ez(vbel)] [El +£ @] = .VTn

IS, IS, VER ic T, Vy, IS, IS, VER T, Vp, ic

Finally:

Vbei z
CXP(J AT V, V. .
S [Gjei(Vyer) = .VT" o="rG==L; Ve o =Viei +VERG—2L—=V,,, +VER
IS, IS, WER ic T Vr qiei(Vye;) 2

IS, is not affected by temperature error in the first ordeé
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Temperature effect on VER mwm |

4 ) Extracted VER:
VER :@
4 T 1+0
R Vecrile Example:
 with AT=1C° VER=4
!  3=0531, VER =261

84 045 05 05 06 06
\Voe [V]

VER, is heavily affected by temperature error

a leap ahead
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IS and VER extraction at reverse bias| [|| |

For vbe>0 (1) and (4) can be combined to give

(vbci ] (vcezj
exp| —— |Wl—exp| —
gjei(vbei) N 1 I+ qjci(vbci)j _ Vr Vr

ISWWER IS VEF

ic +ijsc +ibc

The temp. effect of the [ ] term can be neglected at vcei<-7V;

(vbci j [ﬁ [vcei ﬂ
exp l—exp
{qjei(vbei) L] (1 N qjci(vbci)ﬂ [ﬁl LAT 1y, J _ Vrn Vin

IS, VER IS, VEF T,V ic +ijsc +ibc

n

Linear regression w.r.t. vbei by fixing e.g. vbci=0.6V:

gjci(vbci) -1 _ 7o-1 gjci(vbei) : _AT d bci
ER =VER1 +Z&V72C0) IS, =1S, [I1+ 1+0); o=
VER =V [E "t VER ] [E VEF {4+9) T, Vg,

VER is unaffected by temperature error in the first ordeé

a leap ahead
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Extraction of the jisc parameters m ||

ibc becomes zero at veb=0 hence for vbe<-10V,=-258mV.

107 ic = —£ —iscS @Xp( — vbei j
P00, 9k VT Linsc
10" *%0q,,
. eae N the vbe range above the
Yl NB“'%OOCQ first term can be neglected
< TAVB= 27. . .
10’ providing the regression:
10—107
12 % In(—ic) = In(iscs) + e B 1
10 0 Vr msc.
O Vbc=0 :
04 08 06 04 02 0

Voe V]
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Extraction of the ibc parameters m ||

jjsc (3) and i+ (4) become zero at vce=0 Ve
10°
10" v
10° Y v

<, 8 . N - 980 :

o'0 S ey In(~ic) = In(ibexs) + 226 o
i o TAVB= 27.00C° V. mbex

7" Substrate current
10'%/ parameters can be
" | | 7 Vo000V | extracted from ib
0.5 0.6 0.7 0.8 0.9 1
Vo |V (not needed here)
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Simplified VER extraction 1

10

Filled: negative currents

Usually there is a flat
section where jjsc is

6 / Retty much less than ic for a
107 increasing ijsc s|mpI|f|ed VER

107 regression with RHS:
L 0 Veb=060v

Q4 02 0 02 04 06 08

Voe [V]

ic +ijsc +ibc ic+ibc
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Fwd.: IS invariant Rev.: VER invariant
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Extract IS from fwd. VER from rev. regression!

a leap ahead
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Determination of measurement temperafure |
Given IS and VER in a temperature independent manner,

the low-bias normalized Early charge g can also be
computed in a temperature independent way.

The current equation in the fwd. VER extraction range
ic :ﬁﬁxp[ vbei]
dE Vi

provides the measurement temperature
=4 vbei

:; ln(ic DQEJ
IS

Exact T and IS allows a highly accurate extraction of
temperature coefficients e.g. for bandgap designs

a leap ahead
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sutwzmary .

* a two-step IS & VER extraction method has been proposed
» temperature effects are eliminated from both parameters

» applicable to all present HBT/BJT models

* the procedure returns the measurement temperature

» allows for a more accurate /S tempco extraction

* parameter extraction suggested for jjsc and ibc

a leap ahead
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