@NNET‘

Microwave Package

i\ L -1

metal

lid with cover

< =

<

M wire bond |

MW/Thermal

to chip

Co-Simulation

| — a_d_:‘_—_
1 § A\
\ i
) \\ Va2
— > 7
= = '\’L\\ (\ — =
X ~
X \ NG N
\ \ ~ N heat C /
\ A\ = spreader

ball bond

signal lines &
via in package

microstrip &
ground on test
board

temperature |
TG o —
Simulation Using CST Microwave Studio®
and EM Studio® at Sonnet Software, Inc.
Dr. James R Willhite

ELECTROMAGNETICS



‘SoNneT Benchmark
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A simplified package model was
built in Microwave Studio based on
the technology shown in M. van
Hei jningem and J.
Organic SMD Package for High-
Power Milli meter
Proceedings of 34t European
Microwave Conference,

Amsterdam, 2004, pp 357-360.

Their idea was to use circuit board
materials to fabricate packaging
for microwave power circuits. This
study will examine the EM and
thermal characteristics of such a
package.
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‘GONNET Test Board

The model was built with 3 components, a test board, the basic SMD

package, and a lid. This figure shows the test board in solid and wire frame

views. The test board has a pair of microstrip lines for IO and upper and

lower ground metallization. The grounds are connected through an array of
cylindrical vias. This test Dboard is
environment for the package: a real test board which will be used in
measurements or the actual circuit board for the package. We need to

include this in the model because transitions on/off the package, the

coupling to the package, and the heat transfer will effect the performance.

3 © 2009 Sonnet Software, Inc.  (315)453-3096
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sonner SMD Package for High Power
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The package is a RO4003 substrate metalized on both sides with dielectric
removed down to the metallization in a well. The well is then plated up with Cu
as a heat spreader for a high power GaAs MMIC. The package attaches to the
test board through ball bonds. At either end of the package there are ground

pads for attaching a lid. During an optimization, via fences were added to
reduce radiation from the package.

4 © 2009 Sonnet Software, Inc.  (315)453-3096
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These figures show the lid in a view from below. The lid is also build from RO4003
and has a recess for relief over the package interior. The top of the lid is metalized
and this is connected to pads on the under side by vias.

5 © 2009 Sonnet Software, Inc.  (315)453-3096
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sonver  RO4003 Package Transitions

There are many items in the
geometry which can effect
performance. This cut away
view of the set of transitions
from the test board up to
package lip shows most of
the important features: line
widths in several regions, via
size and locations, antipad
size, ball bond size and
locations, lid relief, etc. All of
signal lines & these can be modified by
ballbond | | yiain package changing parameters and all
microstrip & can be optimized.

ground on test For this package model the transitions shown here were first

board optimized to obtain 50 ohm input and output lines. This was needed
because the lid makes the output line a non-standard microstrip.
Then the CPW line on the package bottom and the signal and
ground vias in the package were optimized to minimize the return.
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‘SONNET Scattering Parameters for Input to Package

S-Parameter Magritude in dB
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Frequency / GHz

After some optimization of the transitions, the S-parameters for the package input
are as shown here. Lossy materials were used and at the frequency we will use
the package (20GHz) the input loss is 0.24dB.
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sonner  Pgckage with Mock Power Circuit

The optimized geometry from the
//J \ front transition was used at either

end of the package model.

To study the heat transfer
properties of the organic package

W technique, a prototype power circuit
" was inserted into the package.

This included Wilkinson combiners
on alumina and two GaAs blocks

_ representing power MIMICs.

The goal here is to use somewhat
realistic microwave geometries and
materials but to focus on the
thermal aspects. However first a
prototype Wilkinson was designed.

8 © 2009 Sonnet Software, Inc.  (315)453-3096
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Wilkinson on 5mil Alumina
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S-Parameter Magnitude in dB
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A Wilkinson divider/combiner was designed for a 120 micron thick alumina
substrate using a thin film load resister. The thickness of the substrate
matched that of the FETs to be used. This made the high impedance lines in
the combiner rather thin (lossy). Realistic lossy materials (Au and alumina) are
used in the simulation and this gives an excess 0.41dB loss in the lines; back-
to-back loss for the dividers of 0.82 dB.

9
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sonner  \\/Ilkinson and GaAs Die

e

internal ports
— for gain =
Wilkinson insertion -
combiner on LY o
alumina gate 2
= region
= = Plated Cu heat
S ~ | spreader/ground
=] o
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N

The GaAs die (mock FETs) were modeled based on internally matched power FETs
but the internal matching circuitry was ignored. 50 ohm lines terminated on ports on
either side of a gate region. After em simulation gain blocks will be inserted
between the internal ports. Heat will come from the microwave loss in the metals
and dielectrics and from the power loss (DC) in the gate region.

10 © 2009 Sonnet Software, Inc.  (315)453-3096
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‘SoNNET Material Properties
The model was simulated both
< at high frequency and with a

thermal solver. When the

\ materials for the bodies and
. 2 background are defined, both

the electromagnetic properties
(permittivity, permeability, etc.)
and the thermal properties
(thermal conductivity, heat
capacity, density) should be set.
Most of these will come from the
built in material library but some

Material Alumina (99.5%) (lossy)

Type Normal may need to be researched.
Epsilon 0.9 L .
Hue 1 Similarly both the electrical and

S ot (Gonst. FE thermal workspace boundaries
Rho 29708 [kg/m"2] p

Therm.cond. 18 [W/K/m] ShOUld be set.

Heat cap. 8.88 [kJ/KSkg]

11 © 2009 Sonnet Software, Inc.  (315)453-3096
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‘SONNET

Port Signals

-0.4

Time Signals
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o4,3 1 046162702
05,3 1 -0.0030955717

[0.14].15

Time / ns
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A full simulation of the package with mock FETs was first done using the time
domain, transient, solver. The port signals were recorded and the electric
fields and currents from excitation of all ports, including the internal ports on
either side of the FET gates.

12
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sonver - S_Parameters of Package

S-Parameter Magritude in dB
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A full 6-port S-matrix was obtained covering the range 0 to 24 GHz. This figure
shows the S-parameters associated with exciting the input port to the package,
Port 1. S31 and S41 are the outputs from the first Wilkinson. S21, S51, & S61
should be very low as they are not on a connected signal path until gain blocks
are inserted later. If they are high, the package may have gone into resonance.
This is to be strictly avoided in any amplifier.
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sonner | inear Model with Gain Blocks
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For every MWS model, not only is there a set of em results but these results
appear in a companion linear circuit simulator tool, a portion of the Design Studio
software. Additional blocks can be added to the em results and a more complex
circuit simulated. In this case simple 16dB gain blocks were added between the
input ports of the gates (3 & 4) and the output ports (5 & 6). S-parameters were
then obtained as if there were 16dB of gain and perfect isolation at the gates of
the mock FETs. If actual transistors were to be used, their models would go
there. Ports 1 & 2 are the input/output of the test board.
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‘sonneT S Parameters of Package with Gain Blocks

S-Parameters Magnitude in dB
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The gain block files covered 18 to 22 GHz and had 16dB of gain, S21.

S11=5S22=S12=0. |l nserting these nNnmodel
Wilkinsons, we obtain 13.7 dB of gain for circuit board, package, combiners, &
AFETso0o at 20GHz. There is materi al | o
Wilkinson.
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sonver  Combining Field Results
. ! We can create a set of field results by
[ —— combining results from the different
Ofiets @ Tmeshit € Phaseohit | G| port simulations with amplitude and
Phiase referenice frequenicy: [0 _ Hee | phase settings. A s
~ Moritor selection combining the fields from exciting the
I Farfitd o _sedl. | package input with those from exciting
Frecuency: [ECHNM ~| | _ Cev | the internal output ports on the FETSs.
I The amplitude for these fields was set
™ Automatic labeing from the 16dB gain assumed in the
t':' :1155 = | i gates and S31 and S41, the inputs to
L - the gates following the divider. The
Potmods | Ampliude | Phase shit <] phase shift between the fields again
— . . matched the phases of S31 and S41
3 i i and comes from the input Wilkinson.
: E ; 2.905 -D492.25
E(1] 3.905 -432.25
[
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sonver  Cyrrents with Gain

Clamp to range: {(Min: 8/ HMax: 25088)

Type Surface Current (peak})

Honitor h-field {f=28) [16er]

Component Abs

Hagimum-3d 12948.3 ASm at 3848 f -20.8B098 / 62.4762

+
Phase 8 degrees -2 A1

This figure shows the currents on a log 10 scale normalized to a 1W peak input
to the test board and 16dB of gain in the gates of the mock FETs. The current
density is high in the output Wilkinson.
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Changing to a Thermal Model
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The model can now be simulated for thermal properties using the thermal
solvers from EM Studio. The model previously simulated at high frequency
can be changed to a thermal model. A new tool set for the thermal solvers
will replace the high frequency solver tools but all the earlier results will be

carried over.
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“onner Getting Heat from MW Loss
M-EIPECOMN 1

The losses calculated during the high
frequency simulation can be used as
heat sources for the thermal. The
particular field set
20GHz, is selected and the power level
scaled to what is desired for the
thermal. The high frequency fields were
normalized to 1W peak input and by
setting the power scaling to 2, we obtain
thermal power input coming from 1W
RMS input to the test board. Using the
package gain shown earlier we will then
be modeling the package as if it
supplied 23.4W of output.
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