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Rth extraction using DC methods
Intro 

! Rth extraction methods may be classified by different aspects:

1. Used measurement principle: DC / pulsed

2. Used Rth approach: Rth = const. , Rth = f (TA, PD)

3. Used temperature sensitive parameter (TSP): VBE, IB, BN

Marsh 2000Williams 2002Intersection 2007
Waldrop 1992Zweidinger 1996 Pfost 2003
Dawson 1992Reisch 1992Rieh 2001
TSP: BNTSP: IBTSP: VBE

! We propose here a DC extraction method, using forward Gummel 
measurements,  which we call the Intersection method

! Results are compared with methods proposed by Rieh and Reisch
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Rth extraction using the Intersection method 
Principle (1)

! Gummel Plot Ic = f(Vbe), Vc = Par. at TA = 25
! Gummel Plot Ic = f(Vbe), Vc = 1 V  at TA = 50

! For SiGe and SiGeC transistors we observe an typical Ic increase at high 
currents, created by self heating

! Using two Gummel Plots, measured at two different ambient temperatures, 
we get intersection points

! The intersection points are useful for Rth extraction
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Rth extraction using the Intersection method
Principle

! At the intersection point we have IC1= IC2 and VBE1= VBE2

! Taking into account, that q2(TJ) ~ IS(TJ), and assuming VAF ≠ f(TJ) we may assume that 
the temperature dependence of IS(TJ) and qB(TJ) is nearly cancelled

! The collector current is then a function of VBE and TJ only

! We may conclude under these conditions, that the junction temperature TJ is identical for 
both measurements at the intersection point 
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Rth extraction using the Intersection method 
Rth equation

! Using the condition TJ1 = TJ2, we may calculate Rth

! Making measurements for different ambient temperatures TA1 and using a 
small temperature difference (TA2 = TA1 + 10K), we may extract the 
temperature dependence of the thermal resistance 
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Rth extraction using the Intersection method 
Measurement example (1)

! Device: npn, Ae = 1.35 µm2

! Temperature condition: TA1 = 10 to 80 C, TA2 = TA1 + 10K
! Measurement condition: VC1 = 3 V, VC2 = 1V

! For a small device Rth = 3700 K/W is extracted at TA = 273 K

! The Rth ambient temperature dependence was found by alpha = 0.76

454945400.76273353

449144420.76273343

434443430.76273333

422642440.76273323

413941430.76273313

402840420.76273303

392239410.76273293

381938380.76273283

373437340.76273273

Rth_measRth_calcalphaTrefTA 1
Rth vs. Tamb, a=0.76
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Rth extraction using the Intersection method 
Measurement example (2)

237423460.81283353

228622920.81283343

220622380.81283333

222721830.81283323

209321280.81283313

202020720.81283303

208620160.81283293

195019600.81283283

Rth_measRth_calcalphaTrefTA 1

! Device: npn, Ae = 3.0 µm2

! Temperature condition: TA1 = 10 to 80 C, TA2 = TA1 + 10K
! Measurement condition: VC1 = 3 V, VC2 = 1V

Rth vs. Tamb, a=0.81
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! For a medium device Rth =1950 K/W is extracted at TA = 273 K

! The Rth ambient temperature dependence was found by alpha=0.81



7

J.Berkner
J.Fester

HICUM Workshop
18./19.6.2007 
TU Dresden

Version
070616v7
070618v1
070620

Rth extraction using the Intersection method 
Measurement example (3)

Rth vs. Tamb, a=0.81
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! Device: npn, Ae = 5.2 µm2

! Temperature condition: TA1 = 10 to 70 C, TA2 = TA1 + 10K
! Measurement condition: VC1 = 3 V, VC2 = 1V

! For a long device Rth =1250 K/W is extracted at TA = 273 K

! The Rth ambient temperature dependence was found by alpha=0.81

146914690.81283343

155714340.81283333

139013990.81283323

129713640.81283313
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129412930.81283293

125712570.81283283

Rth_measRth_calcalphaT0_KTA1



8

J.Berkner
J.Fester

HICUM Workshop
18./19.6.2007 
TU Dresden

Version
070616v7
070618v1
070620

Rth extraction according to Rieh (2001) 
Principle: TSP = VBE

! Rieh [7] proposed a two step approach, using VBE as thermometer
! Step1: Calibration measurement

VBE is measured vs. temperature at VBC = 0 for different IE =const. , 
DT is calculated for each curve

! Step 2: Power dissipation measurement
VBE measured at T = 298 K and at the same IE = const., as in step 1. 
VBC is swept from � 0.2 to 3V, in this way the dissipated power is varied

! Rth is calculated from the slope of the characteristic TJ vs. PD
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Rth extraction according to Rieh (2001)
Measurement example (1)

! TJ vs. PD is shown here for different IE , Rth increases with IE
! Reason:  PD increases the junction temperature TJ and thus Rth
! Physical reason for the effect is the temperature dependence of the 

thermal conductivity

! Device: npn, Ae = 2 x 40 µm2

! Measurement condition: VC = - 0.2 � 3 V, Je = 0.1, 0.2, 0.5, 1 mA / µm2
! Temperature condition: TA = 20 C

3801

2950.5

2480.2

2420.1

Rth

K/W

Je

mA/µm2

Measurements for this method made by J. Fester [1]
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Rth extraction according to Rieh (2001)
Measurement example (2)

! Extracted Rth values shown here vs. IE with TA as parameter

! Rth increases with IE, as shown before. Additional, Rth increases with TA

! Reason for the effect is again the temperature dependence of the thermal 
conductivity

Rth = f(Ie, Tamb) (Rieh)
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! Device: npn, Ae = 2 x 40 µm2

! TA = 20, 30, 40, 50 C

TA

Measurements for this method made by J. Fester [1]
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Rth extraction according to Rieh (2001)
Measurement example (3)
! Rth increases with TA

! Using an exponential approach, we may extract an coefficient alpha for 
each curve

Rth vs. Tamb (Rieh)
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! Device: npn, Ae = 2 x 40 µm2

! TA = 20, 30 ,40, 50 C
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Rth extraction according to Rieh (2001)
Measurement example (4)

! Extracted alpha values are shown here for each operating point

! Neglecting the outliers we have a mean of alpha = 1.1

! Literature: alpha = 4/3 (Paasschens, BCTM 2004)

alpha vs. Ie 
(Rieh)
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! Device: npn, Ae =2 x 40 µm2

! TA = 20, 30 ,40, 50 C
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Rth extraction according Reisch (1992) 
Principle: TSP = IB

! Reisch [6] proposed 1992 to use ΔIB /  IB vs. ΔPD for Rth extraction

! For high VBE self heating is present, resulting in an increasing ΔIB / IB
! The slope of ΔIB /  IB vs. ΔPD may be used for Rth extraction
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Rth extraction according Reisch (1992) 
Measurement example (1)

! ∆IB /  IB vs. PD is shown

! Extracted Rth value depends on the extraction range and selected curve

! Because of the approximation TJ = TA, the method is restricted to low 
current densities, that is small junction temperature increase

! Device: npn, Ae = 2 x 40 µm2

! VC = sweep, start= 0, stop = 5 V
! VBE = 0.77, 0.78, .79, 0.80, 0.81 V 
! TA = 25 C

Measurements for this method made by J. Fester [1]
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Rth extraction according Reisch (1992) 
Measurement example (2)

! Rth = 270 K/W was extracted using the VBE=0.81 V curve  

! The Rth dependence on ambient temperature was not investigated using 
this method

Rth vs. Ve 
(Reisch: TSP=Ib)
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! Device: npn, Ae = 2 x 40 µm2

! Vc = sweep, start = 0, stop = 5 V
! Vbe = 0.77, 0.78, .79, 0.80, 0.81 V (Parameter)  
! TA = 25 C

2700.00610.81

2770.00440.80

2750.00320.79

2710.00220.78

2930.00150.77

RthIe(Vbc=0)Ve
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Rth extraction using Gummel Plot measurements
Summary and comparison

fwd output 
meas. @ RT: 1

Cal. meas: 12 

PD meas.: 1

fg @ RT: 1

fg @ RT+∆T: 1

Measurement

effort for Rth @ RT

only in low 
current range

wide IE rangeonly in high 
current range

Applicable

highlowhighContact resistance 
sensitivity

very fasttime consumingfastSpeed

n.a.alpha = 1.1alpha = 0.8Rth (TA)

270 
at IE=6mA; 
TA=25 C

264 
at IE=5mA; TA=20 C
290 
IE=5mA; TA = 50 C

315 
at IC=80mA;
TA1=25, 
TA2=75

Rth (K/W) 

for npn Ae=2x40

IBVBEVBETSP

ReischRiehIntersection
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Rth extraction using DC measurements
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