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INTRODUCTION

The temperature effects in high power amplifiers are an
important consideration when simulating in an elevated
temperature environment. An improperly modeled biasing
network can show a required gate voltage (VGS) for a desired
current probe (IDS) that may be completely inaccurate. As an
example, this application note illustrates the different results
obtained from a simulation using two models: Motorola’s
MRF19125 Root model and MET (Motorola Electro Thermal)
model. All examples contained within this application note are
based on simulation results from Agilent EEsof EDA
Advanced Design System (ADS).

ROOT MODEL

The Root model is a data–based model that is created from
the HP Root FET Model generator. The model generator
creates a device–specific, large–signal model from
small–signal S–parameter and measured DC data. The Root
model predicts device performance as a function of bias,

frequency and power level. This model enables circuits to be
simulated that contain devices for which measured data exists
but good physical or empirical models do not.

MET MODEL

The MET model is an electro thermal model that can
account for the dynamic self–heating effects inherent in high
power RF LDMOS transistors. The LDMOS MET model is an
empirical large–signal, nonlinear model. The MET model can
accurately represent the current–voltage characteristics and
their derivatives at any bias point and temperature.

Two simulations are illustrated in this application note.
Figure 1 shows the generic  components used for the
simulations. The first simulation compares the Root and MET
models and shows the potential errors associated with the
Root model vs. the MET model at higher quiescent currents.
The second simulation is a sweep of heatsink temperature
and shows the effect of temperature on the current probe (IDS)
at various gate voltages (VGS) at a constant drain voltage
(VDS).

NOTE: For better viewing on the Web, click on link for larger version of graphic.

Figure 1.  Basic Block Diagram of Generic Components Used to Set Up Simulation
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 2 MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

ROOT MODEL VS. MET MODEL SIMULATION
SETUP

In the Root vs. MET model simulation, a family of curves is
generated using a basic DC simulation (DC1) and a parameter
sweep (Sweep1) (Figure 2). The simulator outputs IV curves
for the Root and the MET models superimposed on each
other.

• Variables are defined as IDS, VGS, VDS and TFLANGE
(∆voltage, ∆V = ∆°C, from the dynamic heating
effect).

• The DUT is terminated with 50 Ω termination ports.

• DC blocking caps with values appropriate for the
band of operation are used.

• Parameter Sweep is set up with VDS defined as the
global sweep variable.

• DC1 calls on a separate simulation named Sweep1,
which then sweeps VGS.

NOTE: For better viewing on the Web, click on link for larger version of graphic.

Figure 2.  ADS Schematic Used for MRF19125 Root vs. MET Model Simulation
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 3MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

TEMPERATURE SWEEP SIMULATION SETUP

In the temperature sweep simulation, another family of
curves is generated using the same simulator blocks, DC1
and Sweep1 (Figure 3). The following changes are made to
sweep temperature:

• Variables are defined as Ids, VGS, VDS and TFLANGE
(voltage equivalent to die temperature, 1 V/1°C ).

• The DUT is terminated with 50 Ω termination ports.

• DC blocking caps with values appropriate for the
band of operation are used.

• Parameter Sweep is set up with VGS defined as the
global sweep variable.

• DC1 calls on a separate DC simulation named
Sweep1, which then sweeps TSNK.

NOTE: For better viewing on the Web, click on link for larger version of graphic.

Figure 3.  ADS Design Used for the Temperature Sweep Simulation of the MRF19125 MET Model
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 4 MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

NOTE: For better viewing on the Web, click on link for larger version of graphic.

Figure 4.  MET Model T(heat sink) Sweep Simulation at Constant VDS and Parametric Values of VGS

RESULTS

The results shown in Figure 4 illustrate the importance of
careful selection of a fixture’s operating temperature and VGS.
At lower quiescent currents (200 mA to 1000 mA), the
drain–source current has little dependence on temperature.
However, at higher levels of current (1000 mA to 3000 mA),
the greater slope of the curves indicates the increased
dependence on temperature. Figure 4 does not directly show
the effects of die temperature because T(heat sink) is the
temperature taken at the flange, not on the die. To plot IDS vs.
T(die), the following equation is needed to solve for T(die)
directly at each VGS:

T(die) = T(heat sink) + T(flange)

• T(heat sink): User–defined as a constant.

• T(flange): Calculated by ADS. The thermal port on the
part must be labeled using the WIRE/PIN LABEL
function with the identical variable as in the equation.
The WIRE/PIN LABEL function allows wires or pins to
be defined with labels that can be used during
simulation or in post–simulation calculations.

1. From the design file, click on Insert | Wire/Pin Label:
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 5MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

2. Enter the label for the thermal port.

3. Click on the port labeled “T” on the DUT.
4. The thermal port has been labeled.

5. ADS then calculates T(flange) using the following
equation:

T(flange) = θJC * PDISS

The thermal resistance, θJC, is predefined by ADS as RTH.
The data sheet value for this will be used if the user sets
RTH = –1.

CONCLUSION

Figure 4 shows the overall TFLANGE, IDS and VGS
characteristics. The data from this multivariate plot can be
used in an RF simulation in conjunction with other RF
characteristics, such as drain efficiency, to create a more
accurate expression for VGS. This would be equivalent to a
temperature compensation circuit.

Figure 5 shows the superimposed IV curves of the Root
model and the MET model at 25°C and illustrates the potential
for error between the two models. As shown, the models tend
to agree with each other at lower VDS and lower IDQ. However,
the models tend to deviate at more practical levels of
drain–source currents and voltages. A typical bias condition
for the MRF19125 is VDS = 26 V with a quiescent current of
1100 mA. The Root model shows that the required gate
voltage is approximately 3.79 V, whereas the MET model
more accurately shows the required gate voltage to be 3.71 V.
Although the difference of only 80 mV between the two models
may seem insignificant, it would account for a difference of
600 mA in IDQ at this drain voltage.

There are advantages and disadvantages for using each of
the model types in more advanced RF simulations in ADS.
These topics are beyond the scope of this application note and
will be discussed in subsequent ADS user application notes.

To access all Motorola RF LDMOS Model libraries, go to:

http://www.motorola.com/rf/models

NOTE: For better viewing on the Web of Step 4 graphic and Figure 5, click on link for larger versions of graphics.

Figure 5.  Root and MET Model IV Curves Superimposed
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NOTES

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



������

 7MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

NOTES

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



������

 8 MOTOROLA SEMICONDUCTOR APPLICATION INFORMATION

Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time.  All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts.  Motorola does not convey any license under its patent rights nor the rights of
others.  Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur.  Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
MOTOROLA and the       logo are registered in the US Patent & Trademark Office. All other product or service names are the property of their respective owners.

� Motorola, Inc. 2002.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; P.O. Box 5405, Denver, Colorado 80217. 1–303–675–2140 or 1–800–441–2447

JAPAN: Motorola Japan Ltd.; SPS, Technical Information Center, 3–20–1, Minami–Azabu. Minato–ku, Tokyo  106–8573 Japan.  81–3–3440–3569

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Centre, 2 Dai King Street, Tai Po Industrial Estate, Tai Po, N.T., Hong Kong. 852–26668334

Technical Information Center: 1–800–521–6274

HOME PAGE: http://www.motorola.com/semiconductors/
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