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 Eight MMICs were designed by students for the Fall 2008 JHU MMIC Design.  The 

intent was to design low DC power consumption components (i.e. Battery powered) for 

use with the S-band or C-band wireless communications service (WCS) or industrial, 

scientific, and medical (ISM) frequencies.  All designs were tested in the late Spring of 

2009 after fabrication by TriQuint Semiconductor.  The MMIC measurements compare 

favorably to simulations; overall, the designs were very successful.  A couple of 

connection errors cropped up in a few of last yearôs designs.  Two designs from 2007 were 

corrected and were re-fabricated along with the 2008 designs.  All designs used TriQuintôs 

TQPED process with 0.5 um PHEMTs.    

Overall, the designs worked well and are documented following.  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 spectrum analyzer the 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 its s-parameters were only measured at a lower DC bias and 

gain point.  Generally small signal parameters were close to simulations for all designs.  

Output powers tended to be a couple dB below predictions for the amplifier designs.  

 

Thanks again to TriQuint, and Applied Wave Research for their 

wonderful support of the JHU EE787 MMIC Design Course. 



Fall 2008 JHU EE787 MMIC Design Student Projects 

Supported by TriQuint, and Applied Wave Research 

Professors John Penn and Dr. Michel Reece 
Medium Power AmplifierðMatt Crowne   Low Noise Amplifier ï Minhaj Raza 

Phase Shifter C-band ï Mitesh Patel    Small Signal Amplifier  ï Tom Pierce 

Mixer S-Band ï Brendan McElrone    Power Amplifier C-band ï D. Durachka 

Power Amplifier C-band ï Ben Brawley   Volt. Cont. Osc. C-band ï Kang Yuan 



 

Shawn Seman ï Vector Modulator  

 A  C-Band Vector Modulator was designed for the 5150 to 5350 MHz WLAN and 5725 to 5875 

MHz ISM bands.  During testing, a mistake in the layout was discovered.  The PHEMT in the ñIò 

attenuator closest to the large capacitor in the upper right of the plot, does not have a ground connection.  

The original layout had a metal0 line from the PHEMT to the substrate via next to it, but it appears that in 

massaging the layout, the trace must have been deleted inadvertently.  It even passed the LVS checks 

because of the way substrate vias are handled.  After re-running LVS with a labeled substrate via, the 

LVS software notes that the via labeled ñP6ò does not have any connections.  A corrected design was re-

fabbed with the JHU 2008 MMIC Design class fabrication.  The 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 appears that 

possibly only one of the two I/Q inputs was working.  Testing should be revisited to see if it was a poor 

connection on one of the inputs or something with the design. 

 
BPSK Pattern Measured at 5.6 GHz 

 
Input Match of Vector Modulator  (s11) 



 
Output Match of Vector Modulator  (s22) 

 

 
Plot of JHU07VMD (Note missing connection at upper right between substrate via and PHEMT): 



Distributed Amplifier  2007ïJeremy Stampfly 

 A broadband distributed amplifier was designed in the fall 2007 class to use relatively little 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 line was 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 PHEMT device did 

not have a via2 layer to connect it to metal1.  There was a via1 layer connecting down to metal0, rather 

than up to metal2.  Re-simulations with ADS after removing the one connection compared favorably to 

last yearôs measured data.  The corrected design was re-fabbed with the 2008 MMIC Design class and 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 voltage.  S-parameters plotted for two die shown below are nearly identical. 

 

Plot of DA Layout:   



Ben Brawley ï Power Amp 
 A  C-Band Power Amplifier was designed for the 5150 to 5350 MHz WLAN and 5725 to 5875 

MHz ISM bands.  The design was 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 data 

which corresponds well with the original simulations. 

2 3 4 5 6 7 8 9 10
-25

-20

-15

-10

-5

0

5

10

15

20

 

 X: 5.793

Y: 16.71

gEE-CAD                        Frequency in GHz                 05/19/09  8:18 AM

AMPS2.M:  POWER AMP 2 BEN BRAWLEY FALL08

X: 5.694

Y: -19.97

X: 5.298

Y: -13.81

 dB S11 PA2V33I11B

 dB S11 PA2V36I15B

 dB S11 PA2V39I14

 dB S22 PA2V33I11B

 dB S22 PA2V36I15B

 dB S22 PA2V39I14

 dB S21 PA2V33I11B

 dB S21 PA2V36I15B

 dB S21 PA2V39I14

S22

S21

S11

 
Measured Power Amp 2 at 3.3V 11 mA, 3.6V 15 mA, and another die at 3.9V 14 mA. 

 
Plot of Power Amp 2 



Minhaj Raza ï Low Noise Amp 

 A  Broad Band Low Noise Amplifier was designed for approximately 1 to 3 GHz.  The design 

used two stages for high gain and feedback to get good bandwidth.  Gain 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 broke into full oscillations (s21>12 

dB).  The plot shows an S11/S22 that is nearly positive with a 3.0V 9-10 mA 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 for some PHEMTs from this fabrication, possibly a resimulation with measured data 

may show a stability problem that was not show in the original ñnominalò model simulations. 
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Measured Low Noise Amp showing stability issues mid-band (~1.76GHz) 

 
Plot of Low Noise Amp 


