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AK Bipolarmodellierung Overview

» device description to identify high electrical field regions
(Emax=4*10"V/m in GaAs until avalanche breakdown occurs)

* pulsed versus dc measurements

» electrical field and avalanche current calculations

« prediction of maximum output power (class A)

« thermal induced breakdown in multifinger devices

« summary of problems with breakdown voltage measurement
and simulation
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AK Bipolarmodellierung Device description 2007

some equations for 1D-Model

N_ =~ 1-10'%/cm3 ; W_~ 1 pm

breakdown region for j_ > j . emitter breakdown region for j. < jeei ] cerit Nc. 9 Veat =1.6-10* A/em?
c cerit (GaInP) )
J.rL/A,
base (GaAs) w2
collector . . ..
V, =V, 0)+—5—-j. f < Jocri
(GaAs) ' o eokb (Je )= Veois (0) 26y Je 10T Jo < Joerit
ey NC(X) x=W A Vcbkbmax: Vcbkb(jccrit)-vcbk(o) =64V
C
subcollector
N, : collector doping density
i{;gﬁg@s W, : collector thickness

j. : collector current density

electron current flow lines I, : collector current

A, : emitter area

Voo - COMmon base breakdown voltage
Vv, - Saturation velocity of electrons in GaAs

¢ : dielectric constant of GaAs
q: electron charge
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AK Bipolarmodellierung

Determination of breakdown
: : 200/
voltages with constant bias current

300 - A,=25 pm?
25.0
20.0

15.0 4

10.0

collector current (nA)

common emitter
common base

O-O T T T T T 1
0 5 10 15 20 25 30

()]
el
I

collector-base voltage (V)

measurement of collector IV data
common emitter Voe(0) =158 V
common base Veo(0) =28.4 V

extraction with Millers empirical formula:
I.(x=W,) 1

I.(x=0) 1—[\/"1’T

Vebk

theoretical correspondence between breakdown
voltages: 1

Vibke :kab'(l_a)n

C C
n=_§

M: collector multiplication factor

o : common base current gain
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Pulsed versus dc IV data

AK Bipolarmodellierung single finger HBT (A,=25 um2)

0.047 — pulsed (50 ns) pulsed stop criterion:
~
< e — dc AL - 0.01 with AV,, =100 mV
Y= 0.03 - Lo
g poneen — destroyed
Sl Ised .
=) pu dc stop criterion
S 002 |
= g feert * DA 161042 AL~ 0.01+slope- AV, with AV, =100 mV
ig % cerit 25 ,UII12 : om? . > V. slope W1 b = m
B 0.01 N s \
S —_—
O I I / | |
0 5 10 15 20 common emitter
configuration with
collector-base voltage (V) constant base current to

avoid thermal runaway
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Contourplot
AK Bipolarmodellierung single finger HBT (A,=25 pm?) 2007/
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Simulation - electrical field calculation

AK Bipolarmodellierung single finger HBT (A,=25 pm?2) 200/
Iaval = IC(X = 0) J. Pn(X)dX
x(E=0)
3.50
—A (1V/30mA) Chynoweth’s empirical law for the
3.00 - ——B (4.5V/30mA) ionisation coefficient:
. C(45V/56mA) )
250 1 ——D@&5V/02mA) P (x)~a, -exp( by j
E(x)
2.00

Kloosterman BCTM 2000 p.172

1.50 1 ¢ wd?/ E(x)=E (1-"% En

100 | T~ ‘ - 1+ X
‘\ A
. A M-l=—ael

0.00 ‘ ‘ ‘ ‘ | I(x=0)
000 020 040 060 080  1.00 _ c];cn E b {exp( —E b, j ) exp( —E b,
X( um) n m m

base | collector | subcollector

electrical field / 107 (V/m)

A
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Simulation - determination of

AK Bipolarmodellierun L . 2007/
P J ionization coefficient
1.0E+07 -
E
= 1.0E+05 -
C
Q0
O
g 1.0E+03 - NE
O I 5.75-10" —
.§ — Bulman: P =1.899-10" —-exp| | ——— ™
S 1.0E+01 - m E
c
i)
C
£ 1.0E01 - 1.782-100 7
% — Chynoweth  p —403.10° L.exp| -— 1
approximation: m E
1.0E-03 ‘ ‘ ‘
0 20 40 60
electrical field (10% V/m)
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AK Bipolarmodellierung Scaling 2007
pulsed (200 ns) common emitter breakdown characteristic of 3 single finger HBTs
1 _
a
A X A,=6um?
Ng 0.8 - m%ﬁ O Ae =25 ul’l’lz
2 - 2
< 06 - g A A=200pm
s >A
Z 04 - 4 A
E X A
0 I I I |
0 5 10 15 20
Vebke (V)
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AK Bipolarmodellierung

Maximum class A output power

pulsed class A power density=
0.5-7.5V-4*10* A/cm?=
1.5 mW/um?

(DC class A power density=
0.5:6.6 V-3*10* A/cm?=
1 mW/pm? only for A, =25 pm?)

1 O
4 X A, ,=6um?
Ng 08 N m%ﬁ D Ae=25 Mmz
= A_=200 pm?
i:/ 06 n O A A e pm
mi optimum load-line PAN
= 04 - o A
E T X A
£ 02- 2
class A operating point %ﬁ
0 ‘ | g |

0 5 10 15
Vebke (V)

20
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AK Bipolarmodellierung

Thermal induced avalanche
breakdown in multifinger transistors
with constant base bias current 200/

4 finger HBT
A, =100 pm2 0107

0.04 -

collector current (A)
) )
) ]
N o0
| |

0.02

current collapse without destruction

—DC
e nulsed (200 ns)

current collapse with

destruction

0.00

5 10
collector-emitter voltage (V)
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AK Bipolarmodellierung

Blockwise Current Collapse

with and without avalanche breakdown 200/

reversible Collapse without destruction

irreversible Collapse with destruction

(E<Emax) (E > Emax)
Current Collapse
N8x2x12V5
0.07 \ Layout of 8 Finger Transistor
£ 0.06 1 \\ Block1 Block2
OS] o
2 | — lc(Ib=295u
3 0.04 T — Ie(Ib=250pA)
— H
5 003 — Ic(Ib=205pA)
2 0.02 - ] — Ic(Ib=160pA)
3 0.01 + — Ic(lb=115pA)
— Ic(Ib=70pA)
O I I I I
0 2 4 6 8 10
Collector Emitter Voltage / V
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Determination and simulation of M

AK Bipolarmodellierung M(V,,)=

IL(x=W,)  L(Vy)
I(x=0) I(V,=0V)

C

problems

solutions

measurement of M

Early effect

temperature effects
(current concentration and collapse)

I
correction : Al = VC AV, V,: Early voltage
A

pulsed measurements or correction

simulation of M

high current effect (jc > jecrit)

calculation of the injection width is necessary

two-dimensional effects

current spreading factor

analytical formulas

fitting of ionization coefficients

low current effects

(expected increase of Vi is hot observed)

keep Vcu constant for je < jeerit
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AK Bipolarmodellierung Conclusions 2007

- identification of different breakdown regions

- development of non destructive breakdown voltage
characterization methods in common emitter and common base
configuration

- simulation of the electrical field in the collector and the avalanche
multiplication factor as a function of collector current density

- determination of the maximum linear power density under pulsed
and DC operating conditions

- explanation of "early" device destruction in multifinger HBT
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