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JHU MMIC Design EE787
Prof. John Penn and Dr. Michel Reece

Designs Fabricated by TriQuint Semiconductor
MWO Support by Gary Wray and Scott Maynard

TriQuint TQPED Library, and MWO
software used for student designs

Eight MMICs were designed by students for the Fall208U MMIC Design The
intent was to desiglow DC power consumptiocomponentgi.e. Battery poweredjor
use with theS-bandor C-bandwireless communications service (WG8)ndustrial,
scientific, andnedical (ISM) frequencie®All designs were tested in thate Springof
2009 after fabrication by TriQuint Semiconductor. The MMIC measurements compare
favorably to simulationsoverall, thedesigns were very successfél.couple of
conrectionerrorc r opped up | n desighseTwo dedignstom 28007weree a r 0
correctecandwerere-fabricatedalong with the 2008 design#\ | | designs wuse
TQPED process with 0.5 um PHEMTSs.

Overall,the designs worked well and are documenteavatig. With the high gain
of the PHEMT devices, stability can be difficult especially at low frequency. The Power
Amplifier by David Durachka was a little low in gain during the NWA measurements but
when measured with a signal generator and spectruryzanahe gain matched
simulations after adding some additional capacitance on the gate supply to quell a low
frequency problem. Another low noise amplifier showed some stability issues at a higher
frequency (~1.76 GHz), so itsgmrameters were only meaed at a lower DC bias and
gain point. Generallgmall signal parameters were close to simulationall designs
Output powers tended to becoupledB below predictions for the amplifier designs.

Thanks again to TriQuint, and Applied Wave ResearcHor their
wonderful support of the JHU EE787 MMIC Design Course.
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Shawn Senmani Vector Modulator

A C-Band Vector Modulator was designed for &#0to 5350MHz WLAN and5725 to 5875
MHz ISMbands.Dur i ng testing, a mistake in the | ayout
attenuator closest to the large capacitor in theupght of the plot, does not have a ground connection.
The original layout had a metalO line from the PHEMT to the substrate via next to it, but it appears that in
massaging the layout, the trace must have been deteigvertently It even passed theVS checks
because of the way substrate vias are handi@r re-running LVS with a labeled substrate \tiag
LVSsoftwaren ot es t hat the via | abel e dAcdrrBcteddesigwasee- n ot
fabbed withthe JHU 2008 MM IC Design class fabricationThe RF match seemed reasonable at the two
ports. An attempt was made to measure a QPSK pattern at the nominal frequency by applying high and
low voltages to the I/Q inputs. The plots shows an approximate 180 degree shift but it tygpears
possibly only one of the two I/Q inputs was working. Testing should be revisited to see if it was a poor
connectioron one of the inputsr somethingvith the design
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BPSK Pattern Measuredat 5.6 GHz
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Input Match of Vector Modulator (s11)
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Output Match of Vector Modulator (s22)
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Plot of JHUO7VMD (Note missing connection at upper right between substrate via and PHEMT):




Distributed Amplifier 20074 Jeremy Stampfly

A broadband distributed amplifier was designethe fall 2007 clas® use relativelyittle DC
power. The design was measured to have decent broadband match but the gain was very low. During
design checks, the layout did not pass LVS checks, but the error message implied a problem in the gate
transmission line. The actual layout gate lwas simulated with Sonnet to verify that there were no
errors. Given the actual performance, another look discovered the missing connection and it was on the
other side of the chip at the drain transmission line. A metal2 connection to the last Ridfzberdid
not have a via2 layer to connect it to metall. There was a vial layer connecting down to metalO, rather
than up to metal2. Ra&mulations with ADS after removing the one connection contifar®rably to
| ast measwead dagalhecorreced desigrwasre-fabbed withthe 200BMMIC Design classand it
worked as simulated! Data was measured at 3.3V (~18 mA) and 3.6V (~25 mA) with the current closer to
simulations at the higher bias voltagep&ameters plotted for two die shown below ararly identical
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Plot of DA Layout:




Ben Brawleyi Power Amp

A C-Band Power Amplifier was designed for the 51686350MHz WLAN and 5725 to 5875
MHz ISM bands. The desigmas intended for lower battery power consumption with good efficiency.
Two die were measured at 3.3V, 3.6V, and 3.9V for the first die. Gain was a little better with the second
die and bias current was a little higher and closer to the expected value. Shown are plots of measured da;
which corresponds well with the original sitations.
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Measured Power Amp 2 at 3.3V 11 mA, 3.6V 15 mA, and another die at 3.9V 14 mA.
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Plot of Power Amp 2




Minhaj Raza i Low Noise Amp

A Broad Band LowNoiseAmplifier was designed for approximately 1 to 3 GHz. The design
used two stages for higjain and feedback to get good bandwidBain was expected to be around 30
dB which is somewhat aggressive for a two stage and may have resulted in some stability issues around
1.76 GHz. Data was measured at a lower DC bias before the design brdké ogaillations(s21>12
dB). The plot shows an S11/S22 that is nearly positive with a 3.0¥BA bias (VGS=+0.50V), but at
another bias (1.5V 9mA, VGS=+0.55V), S11/S22 are very positive and there is a large gain spike. There
is measured data feaomePHEMTs from this fabrication, possibly a resimulation with measured data
may show a stability problem thatsnot show in the origindi n o mi nal 0
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MeasuredLow Noise Amp showing stability issues mieband (~1.76 GHZz)

Plot of Low NoiseAmp
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