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Chip Set for the 5725875 MHz ISM Bands

Design Goals:

Battery Power (What Voltage?)
Low Power (i.e Power Efficient)
Output Power 10 or 100 mW?
Data Rate? Filters?




PROJECTS F10 (Checklist)

C-band Power Amplifier i Paul Van Opens jhulOpvo
C-band Power Amplifier i Mitch Flowers jhulOmf
C-band Low Noise Amplifier 1 Wade Freeman jhulOwf
C-band Power Amplifier i James Pociluyko jhulOjnp
C-band Voltage Controlled Osci Chris Hinton jhulOcrh
C-band Voltage Controlled Osci Ben Woodworth jhulObw
C-band Transmit/Receive Switchi Nick Garneski jhulOng
C-band Mixeri James McKnight jhulOjwm
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1) Paul Van Opens
JHU10PVO
Power Amp

Power Amplifier for 5.8 GHz
band with about 20 dB SS gain
targeted for 200mW Pout.

DC Bias measured was about as
predicted: V8.6V at70-75mA
Sparameters are shown
following with good agreement
between simulations and
measurements and a slight shift
in frequency of the input match.
Measured output power was
about 2 dB below the 2GBm
goal , which was pretty typical
for the designs from the fall
2010 JHU MMIC Class.
Fabrication was provided by

¢ NA v dsing the@ TFQPED
GaAgrocess.



PVO 5.8 GHz Power Amp (Meas/Sim)
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PVO 5.8 GHz Power Amp (Meas/Sim)
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PVO 5.8 GHz Power Amp (Sim)
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PVO 5.8 GHz Power Amp (Sim)
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PVO 5.8 GHz Power Amp (Meas)

Paul Van Opens Power Amp--5.8 GHz 3.6 V
Loss 3.5 dB for thru

5.8 GHz Die#2 PVO 5.8 GHz E/Dmode Fall10 TQPED 3.6V ; 70 mA
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(3.6V) PDC(mw) Pout(mw) Drn Eff PAE
-20.0 -5.67 -21.75 -3.92 17.83 70 252.0 0.41 0.2 0.2
-10.0 4.83 -11.75 6.58 18.33 71 255.6 4.55 1.8 1.8
-8.0 6.50 -9.75 8.25 18.00 71 255.6 6.68 2.6 2.6
-6.0 8.33 -7.75 10.08 17.83 72 259.2 10.19 3.9 3.9
-4.0 10.50 -5.75 12.25 18.00 73 262.8 16.79 6.4 6.3
-2.0 12.50 -3.75 14.25 18.00 74 266.4 26.61 10.0 9.8
0.0 14.17 -1.75 15.92 17.67 73 262.8 39.08 14.9 14.6
1.0 15.00 -0.75 16.75 17.50 72 259.2 47.32 18.3 17.9
2.0 15.67 0.25 17.42 17.17 71 255.6 55.21 21.6 21.2
3.0 15.83 1.25 17.58 16.33 70 252.0 57.28 22.7 22.2

4.0 16.00 2.25 17.75 15.50 71 255.6 59.57 23.3 22.6
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2) Chris Hinton
JHU10CRH VCO

Voltage Controlled Oscillator
(VCO) for 5.8 GHz band.

DC Bias was as predicted: 3V
at 10-11 mA

Did not appear to oscillate,
however the spectrum analyzer
showed periodic bursts around
7GHz which seemed to be the
oscillation attempting to build
up but did not have sufficient
margin. Hope to re-simulate
EM of layout to look for
unsimulated parasitic coupling
and to try an output load (other
than 50 ohms) to see if it will
oscillate. Tried manual Load
Pull Tuner to try and get it to
oscillate.

Test PHEMT 10x96E
3V 27, 76 mA Bias

E960327 Vg=+0.53V
E960376 Vg=+0.64V
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3) Mitch Flowers
JHU10MF PA

Power Amplifier for 5.8 GHz band.
Often it is hard to eliminate low
frequency oscillation problems with
the probe station at the JHU Dorsey
campus, and this design presented
some of those issues when the DC
bias was increased to about 10 dB
gain. Measurements were made of
just the first stage (-0.5V VGS, 6-7
MA at 3.6V) to see if the input
match looked reasonable. Then the
2nd stage was biased at its class B
(near pinchoff) bias and the input
power level increased. During
power measurements, the input
signal was increased until it
saturated and eliminated the low
frequency oscillations. Output
power was then close to its 20 dbm
goal. Wire bonding 100 pf caps next
to the MMIC and retesting should
provide better results.



Mitch Flowers Power Amp--5.8 GHz Low Freq. Stability Test Problems

MF 5.8 GHz Power Amp
Low Frequency Stablility Test Problems

Loss 3.5 dB for thru Stgl 3.6V at 16 mA

5.8 GHz Die#1l MF 5.8 GHz Dmode Fall10 TQPED 3.6V ; 70 mA
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain IStg2(V) PDC(mw) Pout(mw) Drn Eff PAE
9.0 16.50 7.25 18.25 11.00 (3.0/46) 195.6 66.83 34.2 31.5
10.0 16.67 8.25 18.42 10.17 (3.0/48) 201.6 69.50 34.5 31.2
10.0 17.00 8.25 18.75 10.50 (3.2/50) 217.6 74.99 34.5 31.4
11.0 17.50 9.25 19.25 10.00 (3.4/52) 234.4 84.14 35.9 32.3
12.0 17.83 10.25 19.58 9.33 (3.5/54) 246.6 90.78 36.8 32.5
13.0 18.17 11.25 19.92 8.67 (3.6/54) 252.0 98.17 39.0 33.7

Note: Adjusted 2"d stage bias and input drive level until low frequency (~20
MHz) oscillations disappeared. Note, output power of about 20 dBm which

meets the design goal. Gain above 10 dB seemed to be the edge of the

oscillation/stability region. Might be able to retest with decoupling caps closer to
the MMIC die. Performance shown with 15t stage at 3.6V 16 mA bias.



MF 5.8 GHz Power Amp($tage Onhsolid, bothrdash)
Low Frequency Stablility Test Problems
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Transmit/Receive Switch
(TRS) for 5.8 GHz band.
This design includes a
circuit to create the
complementary switch
control inputs from a
nominal 3V supply and an
control input of 0, or 3V.
The design worked well
including the driver. Plots
of simulation versus
measurements follow.
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S-Parameter Files (on, off)
Left=L, Right + R
NGLON V+ 3V, Vc 0V

NGLOFF V+ 3V, Vc 3V

NGRON V+ 3V, Vc 3V
NGROFF V+ 3V, Vc 0V



NG 5.8 GHz TR Switch (Meas vs:datted)
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Note: 39 RF port is terminated in 50 ohms and is not calibrated (noisy meas.).



NG 5.8 GHz TR Switch (Meas ON/OFF)
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5) James McKnight
JHU10JWM MXR

Diode Mixer for 5.8 GHz band.
This design includes a lumped
element hybrid and a DC offset to
provide good conversion loss with
low Local Oscillator (LO) drive
levels. Following are the results
which were very good when
+0.7V at 1-2 mA of DC bias is
provided. This mixer was
combined with Ben
VCO design and worked very well
(see JHU10PR1).

Test PHEMT 6x44D
D264313 Vg = -0.51V 3V 13 mA
D264327 Vg = -0.35V 3V 27 mA
Test PHEMT 6x86D

D516326 Vg = -0.51V 3V 26 mA
D516353 Vg = -0.35V 3V 53 mA
Test PHEMT 6x55D

D330317 Vg = -0.51V 3V 17 mA
D330334 Vg = -0.35V 3V 34 mA



JM 5.8 GHz Mixer

Measured Mixer Freq (GHz
James McKnight Mixer 5.8 GHz LO 5.80
RF 5.81/5.825 GHz and IF 10/25 MHz -10 dBm setting
LO =5.8 GHz
1) RF 5.81/5.825 GHz
Down Conversion IF=10 MH: No Bias IF=25 MHz
LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain) LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain)
6 4.25 -57.2 -11.8 -45.5 6 4.25 -56.0 -11.8 -44.3
8 6.25 -33.2 -11.8 -21.4 8 6.25 -34.2 -11.8 -22.4
10 8.25 -27.2 -11.8 -15.5 10 8.25 -31.2 -11.8 -19.4
12 10.25 -26.0 -11.8 -14.3 11 9.25 -32.3 -11.8 -20.6
14 12.25 -25.3 -11.8 -13.6 12 10.25 -36.5 -11.8 -24.8
Down Conversion IF=10 MH:"+0.7V Bias w/ 2K Resistor" IF=25 MHz
LO5.8G LO (corr) IF (meas) RF (corr) Loss (gain) LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain)
0 -1.75 -47.8 -11.8 -36.1 0 -1.75 -46.7 -11.8 -34.9
2 0.25 -47.0 -11.8 -35.3 2 0.25 -46.0 -11.8 -34.3
4 2.25 -46.3 -11.8 -34.6 4 2.25 -45.7 -11.8 -33.9
6 4.25 -44.0 -11.8 -32.3 6 4.25 -43.3 -11.8 -31.6
8 6.25 -31.2 -11.8 -19.4 8 6.25 -32.7 -11.8 -20.9
10 8.25 -26.7 -11.8 -14.9 10 8.25 -30.2 -11.8 -18.4
12 10.25 -26.0 -11.8 -14.3 12 10.25 -35.3 -11.8 -23.6
14 12.25 -25.5 -11.8 -13.8
Down Conversion IF=10 MH:"+0.7V Bias w/o Resistor 2mA" IF=25 MHz
LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain) LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain)
0 -1.75 -27.8 -11.8 -16.1 0 -1.75 -28.0 -11.8 -16.3
2 0.25 -26.8 -11.8 -15.1 2 0.25 -27.0 -11.8 -15.3
4 2.25 -25.8 -11.8 -14.1 4 2.25 -26.3 -11.8 -14.6
6 4.25 -24.7 -11.8 -12.9 6 4.25 -25.5 -11.8 -13.8
8 6.25 -22.7 -11.8 -10.9 8 6.25 -24.3 -11.8 -12.6
10 8.25 -21.8 -11.8 -10.1 10 8.25 -23.7 -11.8 -11.9
12 10.25 -21.3 -11.8 -9.6 12 10.25 -23.5 -11.8 -11.8
14 12.25 -21.5 -11.8 -9.8 14 12.25 -24.8 -11.8 -13.1

Note: Mixer works better with forward biased diodes.



JM 5.8 GHz Mixer

Up Conwersion RF=5.79 N"+0.7V Bias w/o Resistor 2mA" RF=5.775 MHz
LO5.8G__LO (corr) RF (meas RF (corr) Loss(gain) LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain
2 0.25 -46.3 -44.6 -34.6 2 0.25 -43.5 -41.8 -31.8
4 2.25 -40.5 -38.8 -28.8 4 2.25 -37.8 -36.1 -26.1
6 4.25 -34.5 -32.8 -22.8 6 4.25 -32.5 -30.8 -20.8
8 6.25 -31.0 -29.3 -19.3 8 6.25 -29.7 -27.9 -17.9
10 8.25 -29.2 -27.4 -17.4 10 8.25 -28.2 -26.4 -16.4
12 10.25 -27.8 -26.1 -16.1 12 10.25 -27.2 -25.4 -15.4
14 12.25 -27.3 -25.6 -15.6 14 12.25 -26.7 -24.9 -14.9
Up Conwersion RF=5.79 N No Bias RF=5.775 MHz
LO 5.8G__ LO (corr) RF (meas RF (corr) Loss(gain) LO 5.8G LO (corr) IF (meas) RF (corr) Loss (gain
2 0.25 -48.0 -46.3 -36.3 2 0.25 -45.3 -43.6 -33.6
4 2.25 -43.7 -42.0 -32.0 4 2.25 -40.3 -38.6 -28.6
6 4.25 -37.7 -36.0 -26.0 6 4.25 -34.7 -33.0 -23.0
8 6.25 -35.3 -33.6 -23.6 8 6.25 -32.7 -31.0 -21.0
10 8.25 -35.0 -33.3 -23.3 10 8.25 -33.0 -31.3 -21.3
12 10.25 -35.2 -33.5 -23.5 12 10.25 -33.7 -32.0 -22.0
14 12.25 -35.3 -33.6 -23.6 14 12.25 -34.3 -32.6 -22.6

Note: Hybrid LE Design should work best as a down converting mixer, but was
tested in the up configuration for completeness.
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JM 5.8 GHz Mixer

JM Meas 10
Mixer Up Conversion (Hybrid)
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Note: Hybrid LE Design should work best as a down converting mixer, but was
tested in the up configuration for completeness.



6) Ben Woodworth

JHU10BW VCO

Voltage Controlled Oscillator

(VCO) for 5.8 GHz band.

DC Bias was as predicted: 2V at
22-23 mA.

Oscillated at the desired
frequency band with about 2.5
mW of output power. Two die
were measured for a tuning
voltage of O to 0.8V with similar
results. This VCO was combined
with James McKni
design and worked very well (see
JHU10PR1).
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Test PHEMT 6x40D at 3V
D240312 VG=-0.51V
D240324 VG=-0.35V
D240344 VG=-0.12V

Test PHEMT 4x50E at 3V

E200306 VG=+0.53V

E200316 VG=-+0.64V
E200326 VG=+0.73V



BW 5.8 GHz VCO (Meas)

Measured MWO VCO
Ben Woodworth

Good tuning range, Dead on in Frequency
Pout measured 3.4 to 4.4, or ~ 4 dbm

MWO VCC2V at 22-23mA Die #1 MWO VCC2V at 22-23mA Die #2

VBias (V) Freq (GHzPout(ms) Pout(corr) VBias (V) Freq (GHzPout(ms) Pout(corr)
0.0 5.715 2.7 4.4 0.0 5.599 2.7 4.4
0.1 5.720 2.7 4.4 0.1 5.603 2.7 4.4
0.2 5.770 2.7 4.4 0.2 5.613 2.7 4.4
0.3 5.776 2.5 4.3 0.3 5.699 2.5 4.3
0.4 5.785 2.3 4.1 0.4 5.723 2.3 4.1
0.5 5.805 1.7 3.4 0.5 5.789 1.7 3.4
0.6 5.832 1.7 3.4 0.6 5.818 1.7 3.4
0.7 5.920 2.7 4.4 0.7 5.911 2.7 4.4

0.8 6.030 2.2 3.9 0.8 6.028 2.2 3.9



BW 5.8 GHz VCO (Meas)
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7) Wade Freeman
JHU10WF LNA?

Low Noise Amplifier for 5.8 GHz band. Since
this is a low DC powered LNA, the 8510 NWA
tends to lose lock if you lower the input power
level below about -10 dBm, however this level
is too high and compresses the gain of the
LNA. The gain measurement with the Noise
Figure meter is higher and matches the
simulations. Noise figure was just above 1 dB.
S-parameters were taken for biases of 3V at 8
mA, 4V at 12 mA, and 5V at 14 mA.

Test PHEMT 4x15D 3V
D60306 VG=-0.35V
D60311 VG=-0.12V

Test PHEMT 4x15E 3V
E60305 VG=-+0.64V
E60308 VG=+0.73V

Test PHEMT 6x80E 3V
E480320 VG=-+0.53V
E480347 VG=+ 0.64V



