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STEP 2 - PREPARE AND RUN MICROWAVE OFFICE
SYMMIIC SCRIPT

In this section, the SYMMIC data is created in Microwave Office and

prepared for exporting to SYMMIIC.

1. First, run the script from the Script pull-down menu. Depending
on how the script was installed in the AVWR Design Environment,
this script will appear in different places: global scripts or project
scripts. (See the AWR Design Environment User Manual if you
cannot find the script or the proper procedure for its installation.)
The script begins by prompting you for the layout that will be used
for the physical data and the schematic that will be used for the
electrical information (figure 3).

2. The schematic containing the entire MMIC layout should be
selected from the first column (here, HPA_MMIC). The schematic
containing the placed MMIC which has the TOT_PVWRA annaotation
should be selected from the second column

(here, -NL_WholeAmp). Figure 3. SYMMIC thermal analysis script - dialog 1:

Selection of MIMIC layout and MIMIIC electrical
3. Click Begin Layout. Two windows open. SYMMIClayout is a datafile information.

window, which will be populated xml information describing the
FETs and their location. SYMMICPwr is a table-formatted graph
which will display the annotated power information from the
TOT_PWRA annotations for the devices you select. Note: If you
do not select the Create Power Table From checkbox in the dialog

(figure 3), then the graph will not be created. The graph does not
need to be created as the information can be read directly from
the related schematic and entered manually in SYMMIC.

In the next few steps, the layout hierarchy is traversed to find the devices
which will be used as sources and analysis points within the thermal
simulation.

4. Click the Browse button and select a template to use for the chosen
devices. The templates are *.xml files exported from SYMMIC and
are technology-based. Since the HPA_MMIC has been previously
analyzed by SYMMIC, templates are already available for the FETs.

These device templates contain all of the material and layout

information regarding the device. The electrical information is stored Figure 4. SYMMIC thermal analysis script - dialog 2:
From the top-level hierarchy the layout is

separately. This allows for fast transfer of data from Microwave ) ; )
traversed to find the source/analysis devices.

Office to SYMMIC as it reduces the datafile size where FETs of
common size are re-used in the design. This also allows SYMMIC
to separate material and layout information from electrical power
dissipation information which speeds up iteration time as bias
schemes vs. temperature are explored.
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If this were a new MMIC design using a different FET periphery, the

design would need to be imported into SYMMIC and the xml template

Use SYMMIC Device Template file:

updatEd frDm Wlthln SYM'\/”C COnSUIt the SYM'V”C dDCUmentatiOn fUr ucumenls and Settingsiheimlich\My Documents\&WwHR Pruiecls\MMIC_F‘A\oulpulFET.me1 [ Browse _]
more information. Mirror template in X Angle of device relative to template: | 30° CounterClockwise v |

Analyze selected devices:

H H . . P | SUBCKT.S1FET_1
Once the xml template is available for a given device layout, it is re-  2Uck s

useable for all devices with that layout even if they have different power
dissipations.

5. From the Analyze Selected Devices box, select the device you wish

to include in the thermal analysis. A device template in SYMMIC

often models half of a symmetrical device. If you wish to analyze — — 7
I Enter Subcircuit ] [ Exit subcircuit ] [ Complete ] [ Add to Layout ]

the entire device in the simulation using mirror symmetry, click
the checkbox Mirror Template in X. The Angle Of Device Relative Figure 5. SYMMIC thermal analysis script - dialog 3:
Select devices corresponding to layout cells

To Template dropdown item can be used to indicate the difference which are to be analyzed using the template

in orientation of the device in the MWO library in your layout as outputFET xml. Clicking “Add to Layout” will
compared to how it was stored in relative to that of the template in force these to appear in the SYMMIClayout
SYMMIC. data file.

6. For the device selected in step 5 above, find the hierarchical

element corresponding to the layout cell for that device. In the case

of the OutputFET selected in figure 4, we must go down 1 level of

hierarchy. To do this, click the Enter Hierarchy Subcircuit button

and select all of the elements associated comprising the artwork
described by the template. In figure 5, the eight elements selected

all use this single template.

7. Click Add To Layout to add these devices to the layout to be
analyzed. The SYMMIIClayout datafile window is updated with the
identifying information and locations for these devices.

8. Repeat steps 5 through 7 for all the devices you wish to include in

the analysis. Figure 6. SYMMIClayout data file created by the

] ] o ) SYMMIC script in Microwave Office.
9. Once all the devices have been selected for inclusion in the analysis,

click the Complete button to finalize the SYMMIClayout and exit the

script.

10. From the Data Files node of the project palette, find the

SYMMIClayout file, right mouse-click and select Export Data File. You

must include the .xml extension to the file name before exporting the

design. You are free to name the file whatever you want, but it must

include the .xml extension.

11. Simulate your circuit to get the TOT_PVWRA annatation values or to

calculate the values in the power table, if generated.

Figure 7. Exporting the xml file from the Data Files
node of the Project palette.
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STEP 3 - IMPORTING LAYOUT INTO AND ANALYZING WITH SYMMIC

SYMMIC is a stand-alone application run separately from AWR software. SYMMIC can be run anytime after
the SYMMIClayout datafile is exported as an xml file from Microwave Office. Additionally, for each device in
the desired thermal analysis, it will be necessary to have the total dissipated power, from the TOT_PWRA
annotation, as additional input data for the SYMMIC simulation.

For a detailed guide to the use of SYMMIC, see the SYMMIC user documentation. As an example, step-by-
step instructions are given here using the HPA with the added LNA.

1. Start the SYMMIC application.

2. Import the layout by going to the File pull-down menu and opening the xml file exported
from Microwave Office.

3. Input the device dissipated power for each device by going to the Device pull-down menu, and using the
Device selection command to select a device. Then, open up the heat generation dialog (from the same
pull-down menu), and update the power based on the TOT_PWRA annotation from Microwave Office
(figure 8) by selecting the first row Total ON Power and right-mouse clicking Edit. Change the selected
device and repeat/validate that all your devices have the proper power.

Additional parameters for the device can be edited from this dialog. See the SYMMIC documentation
for more details.

4. Run the thermal analysis from the Solve pull-down menu.

5. Results can be viewed from the results pull-down menu.
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Figure 8. SYMMIC with imported xml file and dialog for updating/verifying dissipated power for each FET.
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RESULTS FOR HPA+LNA

Two different simulations were run with HPA+LNA MMIC. In the first
simulation (figure 9), the HPA is off and the LNA is running at its

nominal value of 50 mW. The channel temperature for the LNA FETs

is approximately 8 deg above baseplate.

In the second simulation, the HPA and the LNA are both operational.

The HPA is running at approximately 450 m\\V dissipated power per

FET in the output stage and in the driver stage—clearly this is an
exceptionally “hot” test condition. In this configuration (figure 10), the
output stage FETs vary over about 20 deg C, with the hottest FET
running almost S0 deg C above baseplate. The LNA FETs though are

now about 13 deg C above the baseplate—perhaps a bit warmer than . ) ] .
h h h W th | b h Id Figure 8. SYMMIC simulation for HPA + LNA MMIC with
when they are the only thermal source, but not as hot as one wou HPA off and LNA at nominal.

expect with the HPA in an extreme condition.

CONCLUSION

Thermal simulation is now a reality for the MMIC designer not as an

esoteric piece of mechanical engineering software, but as an integrated
part of an RF/microwave design flow. SYMMIC's template-based approach ¥
and sheer simulation speed combined with its scripted integration to
Microwave Office means that more accurate device simulation is possible
for electrical circuit design. Reliability can be concurrently considered with

electrical performance in simulations that take no longer than a detailed,
3D planar EM simulation.

Figure 10. HPA and LNA running simultaneously.
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