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AK Bipolarmodellierung overview

- why QUCS ?

- thermal impedance
- dc

- S-parameter

- noise

- discussion
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AK Bipolarmodellierung datasheet

Infineon BFP740F

NPN Silicon Germanium RF Transistor

« High gain ultra low noise RF transistor

* Provides outstanding performance for

a wide range of wireless applications

up to 10 GHz and more

e |deal for COMA and WLAN applications
¢ Outstanding noise figure F =0.5 dB at 1.8 GHz
Outstanding noise figure F = 0.75 dB at 6 GHz
¢ High maximum stable gain
Gps =27.5dB at 1.8 GHz
» Gold metallization for extra high reliability Direction of Unresling

¢ 150 GHz fr-Silicon Germanium technology
¢ Pb-free (RoHS compliant) package 1)
« Qualified according AEC Q101

ESD (Electrostatic discharge) sensitive device, observe handling precaution!

Type Marking Pin Configuration Package

BFP740F R7s  [1=B |2=E |3=c 4= |- |- |7sFP4
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AK Bipolarmodellierung — thermal network from pulsed measurements 7011

two-pole thermal RC-network

4 nJ/K 240 K/W chip

1 mJ/K 90 K/IW  package

.

Data sheet value

Thermal Resistance

Parameter Symbol Value Unit

Junction - soldering point2) Ripis < 370 KW

Electrical Characteristics at Ty = 25°C, unless otherwise specified

I.=4 mA, V=19V, time 100 ns ... 100 s, T=24 °C
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AK Bipolarmodellierung

output characteristic Ic

2011

(Infineon

measured and simulated forced Ib and forced Vb data

BFP740F .
Maximum Ratings
Parameter Symbol Value Unit Ib=101 lJA
Collector-emitter voltage Veeo \
o . = Ib=81pA
Ta<0°C 3.5 LIJ
Collector-emitter voltage VeEs 13 [ Ib=61 UA
Collector-base voltage Veso 13 =|
Emitter-base voltage Vego 1.2 o) Ib=41 UA
Collector current Ic 30 mA = |
Base current Ig 3 }_{Q Ib=21 HA
Total power dissipation™) Piot 160 mWw
Tg <90°C -
Junction temperature T 150 °C —
fon temp ‘ ‘ Ib=1pA

Ambient temperature Ta -65 ... 150 O

—
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AK Bipolarmodellierung

output chracteristics convergency problems

2011

[E-3]

IcQucs

Vc from -0.4V t0 6.0 Vin 0.1 V steps
Ib from 1 pAto 121 pA in 40 pA steps
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[F+0]

VbQuecs

Housholder QR is the best
converging solver

a mixture of avalanche
and thermal effects causes
convergency problems

the same problems occur
in the latest QUCS 0.0.16
where four LO models
(1.12,1.2,1.29,1.3) are
implemented
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-

Gummel-Poon Model (ADS) supplied by
Infineon

AK Bipolarmodellierung

Ib from 10 pA to 110pA in 25 LA steps

with ESD diodes
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AK Bipolarmodellierung small signal HICUM

S-parameter from 50 MHz to 14.05 GHz measured on FR4 Substrate with TRL/TRM calibration.
Operating Points: Vc=2.0 V, Ic, =3.8 mA, Ic,=17.9 mA, lc; =28.3 mA, Ib, =10 pA, Ib, =60 pA, Ib;=110 pA
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AK Bipolarmodellierung

small signal SGP Infineon

S-parameter supplied by Infineon from 100 MHz to 20 GHz measured substrate and calibration unknown.

Operating Point: Vc=2.0 V, Ic, =4.0 mA, valid up to 3 GHz for S12 and S22; Package model from Dec. 2008

249 247 B SW= 3.BBE+QdAS SM(4)=M: 5.76E-BB1 FP:—-1.32E+BB8 M

Zr: B.41E-BB1 Zi:-1.87E+BBB SWR: 3J.72E+dQ0

Ffreqg
............... simulated

measured
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CECpck

CHCpar

CEEpck
B IlFu

L:Lbx 2 20 L=432.1p
LiLex 1 10 L=679p
L:Lex 0 30 L=105.2p
C:Cbepck 20 10 C=27.6f
C:Ccepck 10 30 C=0.293f
C:Cbepck 20 30 C=97.62f
L:Lb 20 22 L=628.7p
L:Lc 10 11 L=0.137p
L:Le 30 33 L=83p
C:Cbepar 22 33 C=266.6f
C:Cbepar 22 11 C=60f
C:Ccepar 11 33 C=123.4f
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polarmode

crung  small signal SGP InfineonESD

S-parameter supplied by Infineon from 10 MHz to 10 GHz measured substrate and calibration unknown.

Operating Point: Vc=2.0 V, Ic, =4.0 mA, valid up to 10 GHz with improved package model (June 2010)

LiLbx 2 20 L=432.1p D3:M D34 15
LiLex 1 10 L=679p D4:M D423 33
LiLex 0 30 L=1052p D5:M D523 15

C:Cbepck 20 10 C=27.6f
C:Ccepck 10 30 C=0.293f
C:Cbepck 20 30 C=97.62f
L:ILb 20 22 L=628.7p
L:Lc 10 11 L=0.137p

R:RLDNBL 15 11 R=14.8

simulated LLe 30 33 L=83p BJTM2:X1 1122 33 44
C:Cbepar 22 33 C=266.6f
C:Cbcpar 22 11 C=60f model D1 Diode Is=2.5E-017 N=1
al
measured C:Ccepar 11 33 C=1234f Rs=6.1 Cjo=1E-014
R:R _Tr 44 4 R=307.5 model D2 Diode Is=2E-018 N=1
Rs=4170 Cjo=2.5E-014
DI:M D1 3325 model D3 Diode Is=3.5E-015
D2:M_D2 4 25 N=1.02 Rs=1380 Cjo=3E-014
model D4 Diode Is=3.5E-015 N=1
R:RBLfdb 22 25 R=3.2 Rs=0.2 Cjo=3E-014
R:RPS 33 4 R=0.115215 model D5 Diode Is=3.5E-015
R:RSUB 30 4 R=0.06119 N=1.02 Rs=4.7 Cjo=3E-014
Treg
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lation to 10 GHz

noise-simu

erung

.

polarmodel
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AK B

Rn/Q

Ffreqg
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Infineon GP

Operating Point

Vc

Infineon ESD GP
FHWS HICUM LO

=10 mA

=2V, lc
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AK Bipolarmodellierung noise-measurement to 6/10 GHz - Sopt 201

Infineon 6GHz Infineon ESD 10 GHz FHWS 10 GHz

Sopt Infineon GP  Sopt Infineon measured

5 6 @ SW= 5.PPE+@@8 SM(B)=M: S5.60E-BPBP1 F:-2.2BE+@@@ C =] S/ B SW= 1.@2E+P1@ SM(B)=M: 7.24E-@P1 P:-1.42E+@88 C

— g
a

Sopt InfineonESD GP Sopt InfineonESD measured

Sopt FHAS HICUIMLD Sopt FHWNS measured

2

o e, R
= =0 Freqg
simulated operating point
measured Vc=2V, Ic=10 mA

measured with
deembedded LNA
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noise-measurement to 6/10 GHz - Rn

AK Bipolarmodellierung

FHWS 10 GHz

Infineon ESD 10 GHz

Infineon 6GHz
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Freqg
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AK Bipolarmodellierung conclusions and discussions 2011

- two-pole thermal network is necessary for accurate simulation in SMD-transistors

- HICUMLDO in Qucs can simulate DC and S-parameters with some convergency problems especially at
operating points with avalanche and thermal interaction

- even Gummel-Ponn model is sufficient to simulate S-parameters with Noise if the package model is good

- for Noise data the question occurs what is more accurate: measurement or simulation ?

- will HICUM LO be used in future by manufacturers for custumer models?

are there also convergency problems in the ic-design kit models with HICUMLO?
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