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Test Summary for Fall JHU MMIC Designs 200

The student projects for the Fall of 2009 were to design the RF blocks
for a 2.4 GHz communications system. Below is a block diagram of the generic
system with students designing Voltage Controlled Oscillators (VCO), amplifiers
for low noise, power, and small signal drivers (LNA, PA, DRV), mixers, and a
transmit/receive (TR) Switch. While the designs done over six weeks or so are
individual die, the students were asked to think about the interaction of their
circuit and successive circuits in the block diagram. An LNA, TR Switch, and PA
were combined into a class die to test the affects of cascading some of the

circuits in the system. Receive Chain
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Test Summary for Fall JHU MMIC Designs 2009 (cont

The student designs generally DC biased and measured very close to
what was expected from the simulations. Various test PHEMTs and circuits were
included on the tiled where space was available. Four PHEMT test devices-
Emode and Dmode; 4x15 um and 6x50 um--were measured and compared very
well with typical TOM3 and TOM4 model simulations. One of the power
amplifiers was conditionally stable at a lower than nominal DC bias for s-
parameter measurements, but was tested successfully at nominal DC bias for
power out versus power in performance that compared favorably with simulations.
Another power amplifier design, a Doherty amp, could only be partially measured
at lower DC bias conditions because it was oscillating during test. Overall, it was
a very successful JHU Fall 2009 MMIC class for the design, fabrication, and test
of t he MMMIC designs. dsanks again to TriQuint Semiconductor for
fabrication, Gary Wray of AWR for lots of support, and AWR and Agilent for
| oaning software for the st ud-+¢eachep dr. use
Michel Reece.

JEPenn



JHUOQO9LN1: Michael Dauberman

RFOut

D300

Summary:2.4 GHz LNA biased

as expected and performed
very close to simulations.

Approximately 1 dB NF with !

dB gain.

Test:

Power up LNA

MeasureRFIno RFOut

LNA: VG0.5V VD 3V at 3MA
VGl VG2 VDD Name
-0.5V-0.5V 3V 26nA  LN1V3
-0.5V-0.5V 3.6V 30nA LN1V36
Good Gain, Good NF!

TEST PHEMImMode300 um
VG VDD Name
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JHUO9LN1

S-Parameters Measurement (Solid) vs. Simulation (Dotted)
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JHUO9LN1

Gain Measurement (Solid) vs. Simulation (Dotted)
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JHUO9LN1

Return Loss S11 (Solid) vs. Simulation (Dotted)
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JHUO9LN1

Return Loss S22 (Solid) vs. Simulation (Dotted)
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JHUO9LN1

Measured NF

Freq(GHz) Gaincorr . NFECorr2
1.20 6.64 2.75
1.30 9.91 2.47
140  12.42 2.04 LN1 3V
150  14.22 2.18
160  15.93 1.83 | —— NFCorraVv
170 17.95 1.74 S GainCorr3Vv
1.80  18.77 1.66 - RN
1.90  19.94 1.49 16 7 AN
2.00  20.11 1.25 14 // \\\
210  20.23 122 | g 12 7 TS
220  19.75 117 | © 10 7 L%
230 19.40 1.10 V4 D
240 1861 1.16 / b
250  17.87 1.13 ?ﬂ" .l L |‘MA’1
260  16.87 1.12 , | N )
270 16.02 1.09 5 A
280  14.74 1.08
290  13.81 1.22
3.00  12.49 1.21
310  12.02 1.65
3.20  10.89 1.37




JHUO9PA1 Rowland Foster

Summary:2.4 GHz PA worke

VDD

well but had some marginal
stability during sparameter
measurements. Achieved
better results during Pout vs.
Pin measurements.

Test:
Power up PA F
MeasureRFIno RFOut

PA: VGO0.25V VD 3V at 300A
VGl VG2 VDD Name
-0.7V 3V 3ImA PA1331
-0.7V 3V 33nA Die #2 PA1333|
Low Gain, Low DC Bias due to
potential instabilities. Able to Bis
w/ proper DC and good gain for
Pout vs. Pin Measurements. Hig
DC power consumption for

HEDOEEEN

Ouf

individual die testing of such a
small die!




JHUO9PA1

PA1 Two Die with Low DC Bias to avoid stability problems (31 mA vs. 300 mA)
FO9AMPS M. PAT LOW BIAS 2 .45 S52F

5 T T T T I T T
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JHUQO9PA1

PAL Pout at 3 DC bias p85((a), 128 (b)181mA(c) vs 300mAsim.)
PA1 Meas 10
RFoster 2.4 GHz 3V
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JHUQO9PA1

PA1 Pout at 3 DC bias (85 (a), 128 (b), 18mA(c) vs. 300nAsim.)

2.4 GHz Die#l PAD24V GHz Dmode Fall09 TQPED 3.0V ;35 mA vgs=-0.6 or -0.68V
Pin(SG) Pout(SA) Pin(corr) Pout(corr) Gain 11(3.0vV) PDC(mw) Pout(mw) Drn Eff PAE
-10.0 1.33 -10.90 2.23 13.13 35 105.0 1.67 1.6 1.5
-8.0 3.00 -8.90 3.90 12.80 36 108.0 2.45 2.3 2.2
-6.0 4.67 -6.90 5.57 12.47 38 114.0 3.61 3.2 3.0
-4.0 6.00 -4.90 6.90 11.80 42 126.0 4.90 3.9 3.6
-2.0 7.50 -2.90 8.40 11.30 47 141.0 6.92 4.9 4.5
0.0 9.00 -0.90 9.90 10.80 54 162.0 9.77 6.0 5.5
2.0 10.67 1.10 11.57 10.47 65 195.0 14.35 7.4 6.7
4.0 12.50 3.10 13.40 10.30 80 240.0 21.88 9.1 8.3
6.0 14.50 5.10 15.40 10.30 97 291.0 34.67 11.9 10.8
8.0 16.17 7.10 17.07 9.97 116 348.0 50.93 14.6 13.2
10.0 17.17 9.10 18.07 8.97 134 402.0 64.12 16.0 13.9
2.4 GHz Die#l PAD24 GHz Dmode Fall09 TQPED 3.0V; 128 mA vgs=-0.3V
Pin(SG) Pout(SA) Pin(corr) Pout(corr) Gain 11(3.0V) PDC(mw) Pout(mw) Drn Eff PAE
-10.0 6.50 -10.90 7.40 18.30 127 381.0 5.50 1.4 1.4
-8.0 8.33 -8.90 9.23 18.13 128 384.0 8.38 2.2 2.1
-6.0 10.33 -6.90 11.23 18.13 128 384.0 13.27 3.5 3.4
-4.0 12.17 -4.90 13.07 17.97 129 387.0 20.28 5.2 5.2
-2.0 14.00 -2.90 14.90 17.80 131 393.0 30.90 7.9 7.7
0.0 15.67 -0.90 16.57 17.47 136 408.0 45.39 11.1 10.9
2.0 17.00 1.10 17.90 16.80 144 432.0 61.66 14.3 14.0
4.0 18.17 3.10 19.07 15.97 155 465.0 80.72 17.4 16.9
6.0 19.00 5.10 19.90 14.80 170 510.0 97.72 19.2 18.5
8.0 19.67 7.10 20.57 13.47 186 558.0 114.02 20.4 19.5
10.0 20.00 9.10 20.90 11.80 200 600.0 123.03 20.5 19.1

12.0 20.33 11.10 21.23 10.13 211 633.0 132.74 21.0 18.9



JHUQO9PA1

PA1 Pout at 3 DC bias (85 (a), 128 (b), 18mA(c) vs. 300nAsim.)
~20% PAE at 3 dB compression (3V)

2.4 GHz Die#l PAD24 GHz Dmode Fall09 TQPED 3.0V; 181 mA vgs=-0.1V
Pin(SG) Pout(SA) Pin(corr) Pout(corr) Gain 11(3.0V) PDC(mw) Pout(mw) Drn Eff PAE
-10.0 7.00 -10.90 7.90 18.80 181 543.0 6.17 1.1 1.1
-8.0 9.00 -8.90 9.90 18.80 181 543.0 9.77 1.8 1.8
-6.0 11.00 -6.90 11.90 18.80 181 543.0 15.49 2.9 2.8
-4.0 13.00 -4.90 13.90 18.80 181 543.0 24.55 4.5 4.5
-2.0 15.00 -2.90 15.90 18.80 181 543.0 38.90 7.2 7.1
0.0 16.83 -0.90 17.73 18.63 181 543.0 59.29 10.9 10.8
2.0 18.33 1.10 19.23 18.13 185 555.0 83.75 15.1 14.9
4.0 19.50 3.10 20.40 17.30 193 579.0 109.65 18.9 18.6
6.0 20.00 5.10 20.90 15.80 204 612.0 123.03 20.1 19.6
8.0 21.00 7.10 21.90 14.80 229 687.0 154.88 22.5 21.8
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JHUQO9TRS Chue Lee

2.4 GHz TR Switch

Summary
worked very well w
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Measure P1 to P3

Set T1/T2 to 0,1V
T1/T2 VDD(L) VDD(P) Name

TRS1ON

TRS10FF

loss!

low insertion

Worked Well,

Measure P2 to P3

Set T1/T2to0 0,1V
T1/T2 VDD(L) VDD(P) Name

TRS20N

TRS20FF
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JHUQO9TRS
TRS Switch On/Off 24 dflation,0.7 dB Insertion Loss
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JHUO9TRS

TRS Switch On/Off 25 dB Isolation P1 to P2 @k 23)



