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X-band Power Amplifier (PA)-Wayne Miller jhullwm
Voltage Controlled Oscillator (VCO)—Mike Pavlick jhullmp




MMIC Class Fall 2011
Measured Results (Summer 2012)

A guick summary of the projects:

Noise Diode--Applying a large reverse bias voltage to the diode resulted in a significant noise increase. Very
interesting because the models did not simulate in this region of bias!

Distributed Amp--This student project worked very well! Lots of bandwidth.

Broad Band Low Noise Amp--This design worked but had lower gain than expected. Possibly the interstage
return loss was poor as part of the design tradeoff and was thus more sensitive to process/modeling
variation. Still, it worked reasonably well.

C-Band Power Amp--It was difficult to test the two stage amp which was supposed to be biased below Class C for
one stage. But, we got high gain and some measurements in spite of the low freq. problems. More than 100 mW
of RF power and very good efficiency in the 2nd stage amp.

Ka-Band Vector Mod--This worked as a vector mod, though ideally it would be good to take lots of
measurements over a range of DC biases for the 4 DC inputs and then create a lookup table to optimize the
amplitude/phase control. Very, very compact design for Ka-Band operation! 34-40 GHz or so.

C-Band Mixer--Diode mixer worked very well at C-band. Interesting that the 0.13 um PHEMTs as diodes work
best with some forward bias (~0.8V) but not so well with no bias (0V) as compared to previous year's diode mixers
using the different 0.5 um TQPED PHEMT process.

X-Band Power Amp--Again low frequency oscillation problems, particularly in the NWA measurements, but the
amplifier did output >100 mW of RF power at 9.5 GHz. Gain was a little lower than expected but this is another
one that could benefit from 100 pF caps on the DC bias supplies close to the MMIC.

VCO--Very nice C-Band voltage controlled oscillator. Just to get the VCO to work is quite a challenge, but to
actually be so close to the design frequency with good tuning range was pretty amazing.
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1) Jared Lucey

Noise Diode

Worked Well!
Reverse bias beyond

breakdown did create
additional noise,
particularly in one of
the two diodes. This
was not something
that could be
modeled with the
current design kit.
Resistors limited the
current when 25V
was applied to ~7mA.



1) Jared Lucey
Noise Diode
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JL_Hybrid

10.49 GHz
-1.799 dB

10.47 GHz
-15.29 dB
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JL_NDiode 1) Jared Lucey; Noise Dijode
17.0
o M
—A—NFCorrQV

13.0 GainCorrQV

11.0 —~NFCorr1P25

9.0 —8-GainCorr1P25

D70 ~NFCorr2P25

5.0 =0-GainCorr2P25

3.0

NN == NG NS
-1.0

-3.0 r I I |

9.5 10.0 10.5 11.0 11.5
Freq

0V, is reference for Die #1 with Diodes UnBiased

1P25 is Reverse Bias of Diode 1; 25V, 7mA (Some Noise Increase)

2P25 is Reverse Bias of Diode 2; 25V, 7mA (Note Large Noise Increase!)

Gain Should be approx 1.7 dB loss of hybrid, note it is slightly higher when Diode2 is ON



1) Jared Lucey; Noise Diode

JL_NDiode
17-0 | I | |
15.0 1~ |
130 ﬁ*\\%__*‘—*——+-%b—ﬂ@—ﬁb—ﬁ@—q&sﬁ@—ﬁ%—ﬁ@—q@—q@—ﬁ@—é?’ab_QPGQ\
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11.0 GainCorroVv
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- (.0 —~8-GainCorr2P25B
NFCorr12P25B
5.0 GainCorr12P 258
1.0
-1.0
-3.0
9.5 10.0 10.5 11.0 11.5

Freq

0V, is reference for Die #1 with Diodes UnBiased, but following is Die #2 Measurements
1P25B is Reverse Bias of Diode 1; 25V, 7mA (Some Noise Increase)

2P25B is Reverse Bias of Diode 2; 25V, 7mA (Note Large Noise Increase!)

12P25B is Reverse Bias of Diode 1 & 2; 25V, 13mA (Note Larger Noise Increase!)
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- 5(2,2)
D80VO_ms

= 5(2,2)
D80V7_ms

—~—5(2,2)
D80V8_ms

Diode80
Swp Max
50GHz
5.342 GHz
Mag 1.01
Ang -8.417 Deg
5.819 GHz
Mag 0.703
Ang -13.62 Deg
5.794 GHz
Mag 0.2096

Ang -45.14 Deg

2) Vicki Chuang

Diode Mixer
Test Diode 4x40 (0, 0.7, 0.8V):
Match Best at 0.8V forward bias.
Poor w/o Bias (0V)
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Vicki Chuang Diode Mixer Best Conversion at 1.5-1.6V, Better Down Conv, but Up Conv OK

VC Meas 11
Mixer Down Conversion
-15
-16.6
+
— - ——_
F \
{19.6 -19.6
-20
+ ‘
.—' ) yd -22.1

-25 /

/ DConv100MHz_0_9V

-30
( === DConv100MHz_1 5V
=== pConvl100MHz_1V
“=y==UpConvl100MHz_1_6V

-35

Pin



Vicki Chuang Diode Mixer Best Conversion at 1.5-1.6V, Better Down Conv, but Up Conv OK

Down Conwersion IF=100 MFVb=1.0V I[F=100 MHz Vb=1.5V IF=100 Mk Vb=1.6V .
LO5.8G_LO (corr) IF (meas) RF (corr) Loss(gain) IF (meas) Loss (gain IF (meas) Loss (gain
0 -4 -39.2 -11.6 -27.1 -30.6 -18.5 -30.0 -17.9
2 -2 -37.7 -11.6 -25.6 -29.8 -17.7 -29.3 -17.2
4 0 -35.6 -11.6 -23.5 -29.2 -17.1 -28.8 -16.7
6 2 -33.1 -11.6 -21.0 -28.8 -16.7 -28.5 -16.4
8 4 -31.2 -11.6 -19.1 -28.6 -16.5 -28.3 -16.2
10 6 -30.6 -11.6 -18.5 -28.9 -16.8 -28.7 -16.6
12 8 -31.4 -11.6 -19.3 -30.0 -17.9 -29.7 -17.6
14 10 -33.6 -11.6 -21.5 -32.3 -20.2 -32.0 -19.9
Up Conwersion RF=5.9 Gt Vb=1.0V RF=5.9 GHz Vb=1.6V
LO 5.8G__ LO (corr) RF (meas RF (corr) Loss (gain) RF (meas) Loss(gain
0 -4 -52.0 -10.5 -39.9 -34.3 -22.2
2 -2 -47.5 -10.5 -35.4 -33.6 -21.5
4 0 -43.0 -10.5 -30.9 -33.0 -20.9
6 2 -39.3 -10.5 -27.2 -32.5 -20.4
8 4 -36.4 -10.5 -24.3 -32.2 -20.1
10 6 -34.8 -10.5 -22.7 -31.7 -19.6
12 8 -34.5 -10.5 -22.4 -32.1 -20.0
14 10 -34.2 -10.5 -22.1 -33.4 -21.3
RF 5.9 GHz and IF 100 MHz -10 dBm setting Notes:
~4dB loss to LO meas--measured

~0.5 dB loss to IF corr—corrected
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3) AviSharma Broad Band LNA
Measured at 5V ~“34mA. Gain Low but broadband. Input return loss is poor. Output
return loss is very good and broadband.

N BDE(I5(1.1))
.15 o AS—LBA ASEVI4_ms
489 GHz B0 0s2.10)
9875 dB ASEVI4 ms=
DB (152, 2)1)
'10 i ASEVI4_ms
5
499 GH=z
-1.553 dB
0 B .
-5
-10
4 935 GHz
-16.49 dB
-15 —
o
-20
0 0 10 15
Frequency (GHz)




3) AviSharma Broad Band LNA

Measured at 6V ~“36mA. Comparable Gain with good Noise Figure.

dB
O B N W M U1 O N O ©

Freq

AS LNA 6V 36mA e NECorT
10 |
v GainCorr
AkA
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 11.0




3) AviSharma

Broad Band LNA
Measured at 6V ~34mA, Die #2. Comparable Gain with good Noise Figure.

dB

AS LNA 6V 34mA
—A—NFCorr

9 .
8 - i GainCorr 1
7 T
6
- A
LA
L
2
1
0
o0 10 20 30 40 50 60 70 80 90 100 110

Freq
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Muhammed Usman

C Band PA

ad difficulty with low
frequency oscillations
during testing, and also
with getting the
desired bias. One stage
was intended to be
strongly Class C bias.
Definitely had gain as
shown in the following
measurements.
taching 100pF caps to
the DC bias inputs and
retesting would
probably quell the ~30-
40MHz oscillations.
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4) Muhammed Usman
Low freq. oscillations? Approx. Bias vg1=-0.5V, vd1=4V; vg2=0v, vd2=2.0V; Plots with -2dBm and -10dBm Power (8510)

Measured C Band PA

25
20
15
10

PA_ MU

oD B{|S{1.1)])
MU_ms

P

5821 GHz N
18.82 dB .

5.834 GHz
-5.495 dB

-

B0 sisi1.2)

MU _ms

8D B{|S(2.2)])

MU _ms

D B(|S(2.1)])

MU _ms
=D B{| 5{2,1)])

MU_N10_ms3
=+ oE(siz2n

MU_N10_ms3

of DB{|5{1.10)
MU_N10_m4

Frequency (GHz)

10 11 12




4) Muhammed Usman

Approx. Bias vg1=-0.5V, vd1=4V; vg2=0v, vd2=2.5V first stage is Class A DC bias, second stage is Class B...

Measured 7/31/12

Performance Measurements C Band PA 5.6/5.8 GHz

Low freq. oscillations died out at higher input levels; Bold is “clean” looking spectrum on analyzer.

Loss 3.6-3.7 dB for thrt Low Frequency Oscillations; Vg~0Vv

5.8 GHz Die#l 5.8 GHz Fall1l1 TQP13 Vg2=-0.5V 4V ; 9mA 1ststage: 2.5V ;~42n
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(4V) PDC2(mw) Pout(mw) Drn Eff2?
-10.0 1.00 -11.85 2.85 14.70 9 36.0 1.93 5.4
-8.0 3.92 -9.85 5.77 15.62 11 44.0 3.78 8.6
-6.0 7.27 -7.85 9.12 16.97 13 52.0 8.17 15.7
-4.0 10.06 -5.85 11.91 17.76 17 68.0 15.52 22.8
-2.0 12.02 -3.85 13.87 17.72 20 80.0 24.38 30.5
0.0 13.90 -1.85 15.75 17.60 24 96.0 37.58 39.1
2.0 15.25 0.15 17.10 16.95 28 112.0 51.29 45.8
3.0 15.59 1.15 17.44 16.29 30 120.0 55.46 46.2
4.0 15.80 2.15 17.65 15.50 31 124.0 58.21 46.9
No Oscillations at Higher Drive--Bold!
5.6 GHz Die#1 5.8 GHz Fall1l TQP13 Vg2=-0.5V 4V ; 9 mA 1st stage: 2.5V ; ~42
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(4V) PDC2(mw Pout(mw) Drn Eff2?
-10.0 3.03 -11.80 4.83 16.63 10 40.0 3.04 7.6
-8.0 6.45 -9.80 8.25 18.05 13 52.0 6.68 12.9
-6.0 10.12 -7.80 11.92 19.72 18 72.0 15.56 21.6
-4.0 12.67 -5.80 14.47 20.27 22 88.0 27.99 31.8
-2.0 14.84 -3.80 16.64 20.44 27 108.0 46.13 42.7
0.0 15.72 -1.80 17.52 19.32 31 124.0 56.49 45.6
2.0 16.37 0.20 18.17 17.97 34 136.0 65.61 48.2
3.0 16.51 1.20 18.31 17.11 35 140.0 67.76 48.4
No Oscillations at Higher Drive--Bold! Notes:

corr—corrected
SG—Signal Generator
SA—Spectrum Analyzer
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4) Muhammed Usman
Pout, Gain, Pdrn (Drain Efficiency of Stage 2 only) vs. Pin

Performance Measurements C Band PA 5.6 GHz

WU5.6GHz Meas 11
4V 10-35mA 2nd stage + 2.5V ~42mA 1st stage

Pin

;_--K/#—ﬂ 84
/ -
i ’
= Pout
e=ll=s Gain
@=/v= PDrn
—
-I"’j 19.72 | — 1831
/
ﬁ/,‘/
-10 -9 -8 -6 -5 -4 3 0 1




50

45

40

35

30

25

20

15 1

10

4) Muhammed Usman

Gain, Pdrn (Drain Efficiency of Stage 2 only) vs. Pin

WU5.8GHz Meas 11
4V 10-35mA 2nd stage + 2.5V ~42mA 1st stage

Performance Measurements C Band PA 5.8 GHz Pout,

Pin

46.9
/\’— -
rd
/ i
"4
= Pout
e=ll== Gain
> @=/v==DDrn
/ 19.63
6.97 - > ’
= E— ‘/; . :'.\.-
| 15.50
N
>
-10 9 -8 6 5 4 3 2 1 0 1 2
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5) Drew King 4V 61 mA
1-30 GHz Dist Amp

e DB(|S(1.1]]
DK_DAHIP DK4E1_ms
15 6.725 GHz BHreisiz.1
9. 966 dB 19 86 GHz DK481_ms
8615 dB £-0B(|3(2.2)|
.1D . D481 _ms
FE0B(S(2.1)
DK3248_ms
5 . ==DB{|5{2.1]]
% DK2358_ms
A DB{|5{2.2)|
0 10.27 GHz - + DK2386_ms
5237 dB w»f DB{|S{1.1)|
. I DK238_ms
-5 S
& 4
-10 ] =Y
-15
-20 F
.
-25 -
0.05 10 20 30 40 50
Frequency (GHz)




5) Drew King 4V 51 mA
1-30 GHz Dist Amp Re-Measured 8/1/12

DK DAmp 80112 Rl
.15 mi — p_ EE-::IE-"E I
10.48 dB 19.85 GHz DKAIET m
v 8.365 dB DB(I5(Z.2)l
.10 i DE4151 m
DB(IS(Z.1)I
DKI42 m
5 DB(I5(Z.2)l
DKI42 m
0 7
-9 Lﬁ;r‘: -‘-..,”;! |
10 TP ) Ry
15 , q
4 e (4 i
20 g~ l
25 =
0.05 10 20 30 40 50

Frequency (GHz)




5) Drew King 4V 61 mA
1-30 GHz Dist Amp NF Measured 7/12/12; Noisy Cal (esp. ~7 GHz)

dB

DK DAmp 4V 61 mA
——NFCorr

14 | 5
13 —Xp GainCorr |
12 5
11 ;
10 <

®] — - SK— ~

8 +—~—1——— 1~ QL Kl 22\«

-

6 N\

5

4 i I

3

2

1

0

0.0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 27.0

Freq




6) Mark Berheimer
Vector Modulator
Vector Modulator tested
at various DC inputs.

Not sure what the
ideal levels should be
but automated
measurements and a

BERKHEIHER
U
U

lookup table could
be used to control
the amplitude and
phase over a range
of frequencies

around 34-40 GHz.




6) Mark Berheimer Vector Modulator
(Plot Showing Return Loss at Various DC Biases)

-10

-15

-20

-25

MB_VecMod

INTY o A< o/
V N u f/ 7N« /‘:‘ ' :
M,, % Wﬂm’/\, y

\ A

30

35

40
Frequency (GHz)

45

/v/v[ l\f

A\ AN A
/A\]A’\/" d Y

4 DB(|S(1,1)))
MBOV4_ms

£ DB(Is(2,2)))
MBOV4_ms

DB(|S(1,1)))
MBO0000_ms

2% DB(IS(2,2)))
MBO0000_ms

— DB(|S(1,1)])
MB1111_ms

-+ DB(|S(2,2)])
MB1111_ms

2

50




6) Mark Berheimer Vector Modulator
(Plot Showing Range of Insertion Loss S21 at Various DC Biases)

MB_ VecMod 2 1

-5 37.21 GHz
-10.11 dB

37.04 GHz
-34.15dB

£ DB(IS(2,1)))
MB_0000_ms

EoB(s(2,1))
MB_POPO_ms

DB(|S(2,1)])
MB_OPOP_ms

2% DB(S(2,1)))
MB_NNNN_ms

— DB(|S(2,1)|)
MB_PPPP_ms

=+ DB(IS(2,1)])
MB_ONON_ms

= DB(|S(2,1))
MB_NONO_ms

=+ DB(IS(2,1)])
MB_NNPP_ms

- DB(|S(2,1)|)
MB_PPNN_ms

M A

30 35 40

Frequency (GHz)

45

50




6) Mark Berheimer Vector Modulator
(Plot Showing ~QPSK and min. Points 34-40 GHz)

MB_VecMod 2B

Mag Max 36.08 GHz
0.3 Mag 0.2174

36.08 GHz Ang 58.41 Deg

|

Mag 0.2331 A—v\_\

Ang 146.2 Deg

36.28 GHz
Mag 0.01603
Ang 142.6 Deg

+

36.07 GHz
Mag 0.2364
Ang -132.9 Deg

0.15
Per Div

A S(2,1)
MB_0000_ms

2% S(2,1)
MB_NNNN_ms

S(2,1)
MB_NONO_ms

+s@.1)
MB_NNPP_ms

- 5(2,1)
MB_PPNN_ms

36.04 GHz
Mag 0.2243
Ang -10.11 Deg

Swp Min
34 GHz

JHU11MB Re-Measured 7/31/12

Tried for “max" swing using +0.5V(P), -0.5V(N), & 0V
Max. swing seemed to be when "Both" diodes were
full ON! So NNNN, PPPP, NNPP, PPNN are DC1,2,3,4
NNNN all -0.5V

PPPP all +0.5V

NNPP

PPNN

0000 all oV

ONON alternating 0, -0.5V

NONO alternating -0.5V, OV

OPOP alternating 0, +0.5V

POPO alternating +0.5V, OV
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7) Wayne Miller

X Band PA S-parameters (Low Gain due to LF Oscillations?)

PA WM
9.507 GHz 9.497 GHz
o | -5.467 dB -4.19 dB
A
5 —
A
-10 9.498 GHz|
-16.33 dB
: A DB(|S(L,1)|
WM_4V_m
-15 < ‘ Blos(s@,2)
WM_4V_m
€@ DB(S(2,2)|
20 WM_4V_m
3E DB(1S(2,1)]
WM_4V_m
-25
0 5 10 15 20
Frequency (GHz)




Wayne Miller PA at 9.5 GHz
Measured at 9.5 GHz 7/26/12

7)

Wayne Miller

X Band PA

Difficulty with Low Freq. Oscillations in Test

Gain seems Low for 2 stage, output match looked
OK, input match? Need to record current on 2@
stage for PAE measurement. >100 mW ouput!

Loss 4.85 dB for thru

9.5GHz Die#l 28 GHz Fall11 TQP13 4V ; 60 mA 1st stage: 3.3V ; ~35 mA?
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(4V) PDC2(mw) Pout(mw) Drn Eff2? PAE2?
0.0 2.80 -2.43 5.23 7.66 60 240.0 3.33 1.4 1.2
2.0 4.60 -0.43 7.03 7.46 64 256.0 5.05 2.0 1.6
4.0 6.50 1.57 8.93 7.36 67 268.0 7.82 2.9 2.4
6.0 8.60 3.57 11.03 7.46 71 284.0 12.68 4.5 3.7
8.0 10.92 5.57 13.35 7.78 76 304.0 21.63 7.1 5.9
10.0 12.83 7.57 15.26 7.69 81 324.0 33.57 10.4 8.6
12.0 14.90 9.57 17.33 7.76 90 360.0 54.08 15.0 12.5
13.0 15.96 10.57 18.39 7.82 97 388.0 69.02 17.8 14.9
14.0 17.20 11.57 19.63 8.06 104 416.0 91.83 22.1 18.6
15.0 17.80 12.57 20.23 7.66 112 448.0 105.44 23.5 19.5
16.0 18.20 13.57 20.63 7.06 115 460.0 115.61 25.1 20.2

Notes:

corr—corrected
SG—Signal Generator
SA—Spectrum Analyzer
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7) Wayne Miller
X Band PA

* Difficulty with Low Freq. Oscillations in Test

WM 9.5Hz Meas 11
4V ~60mA 2nd stage + 3.3V ~35mA 1st stage

22.1

’;’ix__ 25.1

20.63

\
\

V

-Pout
=== Gain

s PDrn

——
//

8.06

7.06

WaL

\
\

Pin

11 12 13

14



8) Mike Pavlick
VCO

VCO worked great!
Very close to
expected frequency
with a decent
tuning range.

NN
Jﬂ//////‘
./ :

2
Illll,/”ll

2:
25
2l

HICHREL PRULICK
5. 8eHZ UCO

UTUNE




Freq

5.75
5.70
5.65
5.60

5.50
5.45
5.40
5.35

MP VCO Freq vs. Tune Voltage

_—~

//

~

8) Mike Pavlick

)

4

/

—-\/CO_MP

/

0.4 06 08 1.0 1.2 14 16 1.8 2.0 22 24 26

Vtune

ms—measured
corr—corrected

Measured MWO VCO 5.8 GHz Fall 11

Michael Pavlick
7/17/2012

VCO
VCO 3.3V at 10mA Die #2
VBias (V) Freq (GHzPout(ms) Pout(corr)
0.2 5.361 -18.7 -16.9
0.4 5.361 1.9 3.8
0.6 5.467 1.3 3.1
0.8 5.520 17 3.6
1.0 5.573 3.3 5.2
1.4 5.626 2.2 4.0
2.5 5.742 12 3.0
3.5 5.746 2.2 4.0
Notes:

Oscillated at Higher Biases, but not low Bias woltages
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Measured Results (DC-30G)

=

dB

DAZ 4V —A—NFCorr
0 -
9 GainCorr | _
Eg .......
7 VAR (N 2 Q055D
6
5
4
3
2
1
0
0.0 3.0 6.0 90 120 150 180 210 240

r
4V Measured Noise Figure; Gain

27.0

38/20/2012

John E Penn

35




Measured Results (Both)

£ DB(|S(2.1)])
SParam_DC _1G_Damp_ ms DATVIZ_ms
—_ — — — M DB(IS(1,1)))
15 DA1V12_ms
10.06 GHz WoBgeEal,
9.26dB 21.06 GHz OB,
10 6.893 dB FEoB(S22))
DA2V4I41_m)
RGN
5 -.:-‘j
0
-5
-10 e
:l:'o‘:: M T \’ .’00 - "V:‘.‘-“' I
A5 [N TN Ay
: N Y
_20 .

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)

1.2V 1G; 4V DC; Similar Designs Except Bias
8/20/2012 John E Penn
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Measured Results (1G-30G)

DA1 10GHz Meas 11
45V ~43mA

10{17

\ I

/'/;

m.\.\. 708

// b Dt

7

/( v D AE

e=@==Gain

L
Vo uu
-4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
No Oscillations at 4.5\/PiE)C; 1G-30GHz Dist. Amp at 10 GHz
8/20/2012 John E Penn 37



Measured Results (1G-30G)

Higher DC bias, no oscillations!

10 GHz  Die#l DAl 4.5V 10 GHz Fall11 TQP13 4.5V ; 61 mA
Pin(corr) Pout(corr)Gain 11(4.5V) PDC(mw) Pout(mw) Drn Eff PAE
-3.83 6.10 9.93 62 279.0 4.07 1.5 1.3
-1.94 8.29 10.23 61 274.5 6.75 2.5 2.2
0.07 10.24 10.17 62 279.0 10.57 3.8 3.4
2.07 12.20 10.13 64 288.0 16.60 5.8 5.2
4.05 14.17 10.12 65 292.5 26.12 8.9 8.1
6.03 16.29 10.26 64 288.0 42.56 14.8 13.4
8.03 17.68 9.65 69 310.5 58.61 18.9 16.8
9.06 18.23 9.17 71 319.5 66.53 20.8 18.3
10.05 18.68 8.63 72 324.0 73.79 22.8 19.7
11.05 19.03 7.98 73 328.5 79.98 24.3 20.5

Notes:
corr—corrected

No Oscillations at 4.5V DC; 1G-30GHz Dist. Amp at 10 GHz
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Measured Results (DC-30G)

DA2 10GHz Meas 11

4V ~38mA

/ ® 1368

y —\ 11.7

//
=
7

b Dt
=== Gain

8/20/2012

2

3 4

5

6

No Oscillations at 4.0\/PiE)C; DC-30GHz Dist. Amp at 10 GHz

John E Penn
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Measured Results (DC-30G)

DA1 DC-30GHz 3V Bot
DA2 1-30GHz 4V Top

Re-Measured 8/10/12

ARL

Loss 3.1 dB for thru

10 GHz Die#l DA2 4V 10 GHz Fall11 TQP13 4V ; 43 mA

Pin(corr) Pout(corr) Gain 11(4V) PDC(mw) Pout(mw) Drn Eff PAE
-3.83 4.28 8.11 38 152.0 2.68 1.8 1.5
-1.94 6.66 8.60 38 152.0 4.63 3.0 2.6
0.07 9.43 9.36 38 152.0 8.77 5.8 5.1
2.07 11.94 9.87 38 152.0 15.63 10.3 9.2
4.05 13.06 9.01 40 160.0 20.23 12.6 11.1
5.08 13.42 8.34 40 160.0 21.98 13.7 11.7
6.10 13.68 7.58 41 164.0 23.33 14.2 11.7

Notes:

corr—corrected

No Oscillations at 4.0V DC; DC-30GHz Dist. Amp at 10 GHz
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10) JHU11PAB -- JEP
BB 2-6, 5-11 GHz PA
X2 8 GHz
4V 35-55 mA (1 DC, 2RF
4V 35-55 mA (1 DC, 2RF
4V 35-55 mA (1 DC, 2RF
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Broadband PA 2-6GHz—Measured vs. Sonnet, AWR

PA S2P 4G BB son_ms ABEE'E&QE'Q_SF_A
20 Elos(s(1.1)
N ] PA_4G_BB_S2P.A
A s ©D8(s(22))
15 y . PA_4G_BB S2P.A
+(12.016 GHz 3 g~ A -pDB(S(1,1))
10 3 117.19dB 3.988 GHz - % E;:?E?;{SOMF
a3 15.77 dB 6.015 GHz e, NP PA_4G_BE_son AR
B 13.2 dB ey | Y—DB(S(22))
5 k¥ X., PA_4G_ BB _sonAH
b "*49£DB(|S(2,1)))
g PAB1V4_ms
0 & : SeDB(|S(1,1))
L AR 4.019 GHz PABTV4_ms
""" R N 2.251 GHz -16.47 dB M
5 i -9.935 dB PABTV4_ms |
-.: “‘. 1.‘ o - A
-10 ] R N S
:. ': .:, ‘o \. ,-"*.‘
1 5 5. -: .a “o‘ \‘\ I i -" -
i ; 4! xx tg:nf‘:All.l.E?
::l -l '.' tc‘l.
-20 -
0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)
Solid-Meas, Dotgeg-Sonnet, Dot/Dash-AWR
John E Penn

8/20/2012
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Broadband PA 5-11GHz—Measured vs. Sonnet, AWR

15

10

-10

-15

-20

-25

PA_SZP_S G_BB S On_mS &qum D

7.995 GHz

BpB(se, )

@osise 2)
PA

+foBasa mp

xlgausczm
A_8G_BB_son AP

X : .
! Y =DB(S2,2))
.t 10.35dB o, PA_8G_BB_son AR
] B(S2, 1)
e oz )
: ’ B(S(1,1
. 3 *BASQ\(M_ETPS

BPDB(1S(2,2)))

7.977 GHz | [7.971 GHz e
-19.07 dB || |-20.05 dB prery W :
t® ] *f -’
-t . *

PA_8C_BB_S2P Af
A_8G_BB_S2P AH
8G_BB_S2P Al

PA_8G_BB_son AP

PAB2V4_ms

2 4 6 8 10 12 14

Frequency (GHz)

16

8/20/2012

Solid-Meas, Dqggggﬁérgnnnet, Dot/Dash-AWR
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Frequency Doubler 8 to 16 GHz
Measured 7.5, 8, 8.5 Ghz Input

7/11/2012 4.6 dB loss thru
Doubler 8G 4V at 47mA, vg=0v Die #1
SG Pin(corr) Pout8G(m Poutl6G(ms) Pout(corr)Pout2X(corr) Cnvloss
6.0 3.7 7.2 -14.0 9.5 -10.5 14.2
8.0 5.7 9.0 -10.1 11.3 -6.6 12.3
10.0 7.7 10.6 -6.2 12.9 2.7 10.4
12.0 9.7 11.9 -3.3 14.2 0.3 9.5
14.0 11.7 12.9 -1.0 15.2 2.5 9.2
16.0 13.7 13.6 1.2 15.9 4.7 9.0
Doubler 8G 4V at 40mA, vg=-3v  Die #1
SG Pin(corr) Pout8G(m Poutl6G(msPout(corr)Pout2X(cc Cnvloss
6.0 3.7 6.5 12,7 8.8 0.2 12.9 Notes:
8.0 5.7 8.3 8.4 10.6 4.9 10.6 ms--measured
10.0 7.7 10.0 4.4 12.3 0.9 8.6 corr—corrected
12.0 9.7 11.5 -1.8 13.8 1.7 8.0 Pout—Fundamental
14.0 11.7 12.7 0.0 15.0 3.5 8.2 Pout2X—2"d Harmonic
16.0 13.7 13.5 1.7 15.8 5.2 8.5 Cnvloss—2"d Harm Conversion Loss
8.5 GHz 7.5 GHz
Doubler 8G 4V at 40mA, vg=-3v Die #1 Doubler 8G 4V at 40mA, vg=-3v Die #1
SG Pin(corr) Pout8G(m Poutl6G(r Pout(corr) Pout2X(cc Cnvloss SG Pin(corr) Pout8G(m Poutl6G(r Pout(corr)Pout2X(cc Cnvloss
6.0 3.7 7.5 -11.8 9.8 -8.3 12.0 6.0 3.7 4.9 -21.5 -18.0 21.7
8.0 5.7 9.2 -7.6 11.5 4.1 9.8 8.0 5.7 6.9 -17.1 -13.6 19.3
10.0 7.7 10.8 -4.2 13.1 -0.7 8.4 10.0 7.7 9.0 -12.9 11.3 -9.4 17.1
12.0 9.7 12.4 -1.4 14.7 2.1 7.6 12.0 9.7 10.9 -8.8 13.2 -5.3 15.0
14.0 11.7 13.7 0.1 16.0 3.6 8.1 14.0 11.7 12.4 -6.4 14.7 -2.9 14.6
16.0 13.7 14.7 1.1 17.0 4.6 9.2 16.0 13.7 13.4 -4.0 15.7 -0.5 14.2



Frequency Doubler 8 to 16 GHz

Pout

10.0

5.0

-10.0

-15.0

Measured 7.5, 8, & 8.5 Ghz Input
X2 8 GHz P2X vs. P1In Meas/Sim 7/11/12

B i

“’}!7

=—X2 8G_ms
= X2 8 5G_ms

o -+-X2 7 5G_sim
/ -x= X2 _8G_sim
/ -#- X2 8 5G_sim
4.0 6.0 8.0 10.0 12.0

Pin

14.0




Frequency Doubler 8 to 16 GHz

Measured S-Parameters (solid) vs. Sim (dotted)

10 X2 S2P _8G_ms Ansise,)
Exz(lsc(a g
5 ODB éz 2|g|
xDB s 2.1)|
| Iay AF
0 '5239%1 Eo
¥ DB(|S(2.2)))
xz_se lay. AR
5 *DB(s\p 1msAl3
'DB( 4 msAP
-10 +Dg_sv4 ms. AP
-15 e
4
-20 |
-25
4 8 12 16 24
Frequency (GHz)
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11) JHU11PL8 - JEP
8 GHz PA, LNA
X2 10, 16 GHz
4V 35 mA (1 DC, 2RF)
3V 27 mA (1 DC, 2RF)

4V 35-55 mA (1 DC, 2RF)
4V 35-55 mA (1 DC, 2RF)




LNA 8 GHz—Measured vs. Sonnet, AWR

15

10

LNAS8 S2P son_ms

A DB(S2,1)])
LNA8_son AP
DB(|S(1.1)])
LNAB_son.AP

"*+€PDB(IS(2,2))

LNAB_son.AP

X:DB(S(2.1))
PHEMT_6x50_lay

—DB(|$(2.2))
PHEMT_6x50_lay
DB(IS(1,1)])
PHEMT_6x50_lay

F4DB(IS(2,1)))
LN8V3_ms AP

DB(IS(1,1))
LN8V3_ms AP

DB(IS(2.2)])
vLNSVS_ms.AP

7.9508 GHz
7.549 dB

7.9745 GHz
8.655 dB

7.9897 GHz
-18.94 dB

3) 6 7
Frequency (GHz)

8/20/2012

Solid-Meas, Dq’gﬁeg@%onnet, Dot/Dash-AWR

n nn
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LNA 8 GHz—Measured 2V,

3V, and two Die

15

10

-10

-15

LNA 8G ms

79659 GHz
7.284 dB
WWDE(S(2,2)) —<DB(SE.1))
LMEV3I_ms LMEV3IE_ms
Eceosg.nn  =<0B(S(1.1)
LMEWV3I_ms LMEVIE_ms 8 [}494 GHE
B[S 2, 130 ? DB {I5{Z.Z)) .
LMEVI m= LMEVIE ms -13.96 dB
—+DB{IS2.1)) - DB{IS(2.1))
LMEV2Z_ms LMEVZE_ms
SrDB{IS(1,1)l) 308 {IS(1,1})) 8.011 GHz
LNB‘-‘IE_ITE- LNS‘-‘IZE_ITE _1 5 'BE dB
S DBOSE2.2))  +DB(SE.2)) -
LMEW2Z_ms LMEVZE_ms

Frequency (GHz)

10

8/20/2012

Blue-S21, Green-522, Magenta-S11; Re-scaled
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8/20/]

LNA 8GHz—Measured Performance

dB

o
O rr N

O P N W b~ 01 O N 00 ©

LNA8G 3V
——NFSim
i —4— NFCorr
GainCorr
--Gain_Sim
2.0 3.0 4.0 50 6.0 7.0 8.0 90 100 110 120

51



PA 8GHz—Measured 3V, 4V, and two Die

20

15

10

PA 8G_ms

[ dhoszzag 208 [EE A
PASVE_ms PAEVAE_mS
Es{rs-n WP DB [SE1 AID
AL PAEVAE s

— A o
PASVL_ e PAEVAE s
“omzizap Syoezap
FAEVE_ s FAEVEE_mS
DB SO S A
FAEVE_ s FAEVEE_mS
HDEEZD) o sz ap
FAEVE_ s FASVIE_mS

e L

7.9629 GHz
9.447 dB

79911 GHz
-12.9dB

8.001 GHz
-10.13 dB

2 3 4 5 6 7
Frequency (GHz)

10

8/20/2012

Blue-S21, Green-S22, Magenta-S11
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PA 8GHz—Measured vs. Sonnet, AWR

20

15

10

LSS0
PAS_SOR.A

B{IS01.110

PAS S2P son_ms

PASVE_ms
b | i =
3 TR -
DY s
') L IR
n .q "H 1
\; N T T 7.9426 GHz | [7.996 GHz
"' et aﬁ_ Lm-'ﬂn.,___ 1374 dB -12.28 dB ]
e T . L. Sty e NPy ‘_ ™
o.h:-. !-.‘._‘:‘:‘*Q.:_--.--- _i_.:" ‘F"'l'i
hyg‘_ -4-‘ _.‘:: - —~ .

PAS_SOM.A

§oB(s2.2))
PAS_son A
Hosise.
PAS_BYy.AP

8.023 GHz
10.02 dB

DB |F (2200
PAZ_By.AP
-|-::-5:|s:1 110
PAZ_BYy AP
DB .1)[
FAGVA_ms (U

; 7.988 GHz [*2s(s2 10
: 8.745dB  |eposisaa

N5 7 [8.2488 GHz
- 16.78 dB

2 3 4 5 6 7 8 9 10
Frequency (GHz)

8/20/2012

Solid-Meas, Dq’g;](%g-[)%rgnnnet, Dot/Dash-AWR
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PA 8GHz—Measured Performance vs. Sim

8 GHz Die#1 8 GHz Fall11 TQP13 4V ; 50 mA
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(4V) PDC(mw) Pout(mw) Drn Eff PAE
0.0 5.15 -2.30 7.45 9.75 50 200.0 5.56 2.8 2.5
2.0 7.14 -0.30 9.44 9.74 50 200.0 8.79 4.4 3.9
4.0 9.16 1.70 11.46 9.76 50 200.0 14.00 7.0 6.3
6.0 11.20 3.70 13.50 9.80 51 204.0 22.39 11.0 9.8
8.0 13.25 5.70 15.55 9.85 52 208.0 35.89 17.3 15.5
10.0 15.15 7.70 17.45 9.75 53 212.0 55.59 26.2 23.4
12.0 16.74 9.70 19.04 9.34 53 212.0 80.17 37.8 33.4
13.0 17.25 10.70 19.55 8.85 53 212.0 90.16 42.5 37.0
14.0 17.63 11.70 19.93 8.23 53 212.0 98.40 46.4 39.4
15.0 17.85 12.70 20.15 7.45 52 208.0 103.51 49.8 40.8
16.0 17.97 13.70 20.27 6.57 50 200.0 106.41 53.2 41.5
MWO Simulation (Layout) 4V 31mA
Pin (dBm) Pout(dBm) PAE Pgain
0 9.34 6.00 9.34
1 10.33 7.48 9.33
2 11.32 9.29 9.32
3 12.30 11.49 9.30
4 13.28 14.13 9.28
5 14.25 17.24 9.25 N )
6 15.21 20.79 9.21 Notes:
7 16.16 24.64 9.16 corr—corrected
3 17.08 78.58 9.08 SG—Signal Generator
9 17.99 32.55 8.99 SA—Spectrum Analyzer
10 18.90 36.68 8.90
11 19.80 41.02 8.80
12 20.59 44.90 8.59
13 21.21 47.50 8.21
14 21.73 49.06 7.73



PA 8GHz—Measured Performance vs. Sim

PA 8GHz Meas vs Sim 11
4V ~50mA

50 | 5y 49.06

45

39.4 ey \

=t= Pout_Sim %

35
= e Gain_Sim
PAE_Sim
30
25
¥ 21.73
20.27
¥ 7.73
6.57
0 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Pin
8/20/2012 John'E Penn 55



Frequency Doubler 10 to 20 GHz
Measured 9, 10, & 11 Ghz Input

7/11/2012 4.6 dB loss thru
Doubler 10G 4V at 39mA, vg=0v Die #1
SG Pin(corr) Poutl0G(r Pout120G(m:Pout(corr) Pout2X(corr) Cnvloss
6.0 3.7 1.9 -19.2 4.2 -15.7 19.4
8.0 5.7 3.9 -15.5 6.2 -12.0 17.7
10.0 7.7 5.4 -10.9 7.7 -7.4 15.1
12.0 9.7 7.0 -5.6 9.3 2.1 11.8
14.0 11.7 7.8 -1.0 10.1 2.5 9.2
16.0 13.7 8.3 1.9 10.6 54 8.4
Doubler 10G 4V at 13mA, vg=-3v Die #1
SG Pin(corr) Poutl0G(r Pout120G Pout(corr) Pout2X(cc Cnvloss Notes:
6.0 3.7 -2.8 -10.1 -0.5 -6.6 10.3 ms--measured
8.0 5.7 0.4 -7.7 2.7 -4.2 9.9 corr—corrected
10.0 7.7 2.1 -5.2 4.4 -1.7 9.4 Pout—Fundamental
12.0 9.7 4.5 -2.8 6.8 0.7 9.0 IX—2nd H .
140 117 6.6 0.5 8.9 3.1 g7 routaX—a¥ Harmonic
16.0 13.7 78 17 101 52 8.6 Cnvloss—2"® Harm Conversion Loss
11 GHz 9 GHz
Doubler 10G 4V at 13mA, vg=-3v Die #1 Doubler 10G 4V at 13mA, vg=-3v Die #1
SG Pin(corr) Poutl0G(r Pout120G Pout(corr)Pout2X(ccCnvloss = SG Pin(corr) Poutl0G(r Pout120GiPout(corr) Pout2X(cc Cnvloss
6.0 3.7 0.2 -13.7 2.5 -10.2 13.9 6.0 3.7 -5.0 -9.0 -2.7 -5.5 9.2
8.0 5.7 2.4 -11.1 4.7 -7.6 13.3 8.0 5.7 -2.5 -6.4 -0.2 -2.9 8.6
10.0 7.7 4.7 -8.7 7.0 -5.2 12.9 10.0 7.7 0.0 -3.9 2.3 -0.4 8.1
12.0 9.7 6.9 -6.2 9.2 2.7 12.4 12.0 9.7 2.6 -1.5 4.9 2.0 7.7
14.0 11.7 8.6 -4.7 10.9 -1.2 12.9 14.0 11.7 4.5 1.3 6.8 4.8 6.9

16.0 13.7 9.5 -4.1 11.8 -0.6 14.3 16.0 13.7 54 3.6 7.7 7.1 6.6



Frequency Doubler 10 to 20 GHz

Pout

Measured 9, 10, & 11 Ghz Input
X2 10 GHz P2X vs. P1In Meas/Sim 7/11/12

10.0
50 | ’_,_’_;—“—y
| —:‘“(‘
0.0 N 'g'““— = ——L___— A —\
S Sl -
Sy
8" X2 9G
-5.0 - SPY Jan —7>_MS
T / —=-X2 10G_ms
/ ——X2_11G_ms
-10.0 -+-X2_9G_sim
-#= X2 10G_sim
-15.0 -#- X2 11G_sim
4.0 6.0 8.0 10.0 12.0 14.0

Pin




Frequency Doubler 10 to 20 GHz

Measured S-Parameters (solid) vs. Sim (dotted)

X2 S2P 10G_ms

-10

-15 — [OVS_S.

e DB(/S(2.2)))
X2_10V3_ms.AP
DB(IS(1, 1))
X2_10V3_ms.AP

-20
6 8 10 12 14 16
Frequency (GHz)

18 20 22 24




Frequency Doublers 16 to 32 GHz

Measured 15, 16, & 17 Ghz Input

8/10/2012 16.0 GHz
Doubler 16G 4V at ~39mA, vg=-3v Die #1
SG Pin(corr) Pin(1) PoutX1(m PoutX2(ms) Pout(corr) Pout2X(ccCnvloss dBc
9.3 5.5 5.5 -1.12 -23.5 4.0 -14.0 19.5 18.0
10.3 6.5 6.5 -0.18 -21.2 4.9 -11.7 18.2 16.6
11.3 7.5 7.5 0.75 -18.58 5.9 9.1 16.6 14.9
12.3 8.5 8.5 1.64 -15.65 6.7 -6.2 14.6 12.9
13.3 9.5 9.4 2.55 -13.73 7.7 -4.2 13.7 11.9
14.3 10.5 10.4 3.43 -11.62 8.5 2.1 12.5 10.7
15.3 11.5 11.4 4.29 -9.53 9.4 0.0 11.4 9.4
16.3 12.5 12.3 5.13 -7.85 10.2 1.7 10.7 8.6
17.3 135 13.2 5.85 -6.42 11.0 3.1 10.2 7.9
18.2 14.4 14.2 6.59 -5.23 11.7 4.3 9.9 7.4
8/10/2012 17 GHz
Doubler 16G 4V at ~39mA, vg=-3v Die #1
SG Pin(corr) Pin(1) PoutX1(m PoutX2(m Pout(corr) Pout2X(cc Cnvloss dBc
9.1 5.3 4.9 -2.23 -25.4 2.9 -15.9 20.8 18.8
10.1 6.3 5.9 -1.27 -23.1 3.8 -13.6 19.5 17.4
11.0 7.2 6.9 -0.33 -20.79 4.8 -11.3 18.2 16.1
12.0 8.2 7.9 0.59 -18.22 5.7 -8.7 16.6 14.4
13.0 9.2 8.9 1.49 -15.65 6.6 -6.2 15.0 12.7
14.0 10.2 9.8 2.37 -13.39 7.5 -3.9 13.7 11.4
15.0 11.2 10.8 3.24 -11.32 8.3 -1.8 12.6 10.2
16.0 12.2 11.7 4.09 -9.57 9.2 -0.1 11.8 9.3
16.9 13.1 12.6 4.9 -8.02 10.0 1.5 11.2 8.5
17.9 14.1 13.5 5.68 -6.7 10.8 2.8 10.7 8.0
8/10/2012 15 GHz
Doubler 16G 4V at ~39mA, vg=-3v Die #1
SG Pin(corr) Pin(1) PoutX1(m PoutX2(m Pout(corr) Pout2X(cc Cnvloss dBc
11.0 7.2 5.5 1.75 -18.6 6.9 9.1 14.6 15.9
12.0 8.2 6.5 2.66 -16.4 7.8 -6.9 13.4 14.7
13.0 9.2 7.5 3.56 -13.91 8.7 -4.4 11.9 13.1
14.0 10.2 8.5 4.46 -11.56 9.6 2.1 10.5 11.6
15.0 11.2 9.4 5.32 -9.57 10.4 -0.1 9.5 10.5
16.1 12.3 10.4 6.18 -71.77 11.3 1.7 8.7 9.6
17.0 13.2 11.4 7.00 -5.91 12.1 3.6 7.8 8.5
18.0 14.2 12.3 7.78 -4.72 12.9 4.8 7.6 8.1

Notes:

ms--measured

corr—corrected
Pout—Fundamental

Pout2X—2"4 Harmonic
Cnvloss—2"d Harm Conversion Loss



Frequency Doubler 16 to 32 GHz

Pout

5.0
3.0
1.0
-1.0
-3.0
-5.0
-7.0
-9.0
-11.0
-13.0
-15.0

Measured 15, 16, & 17 Ghz Input
X2 16 GHz P2X Vs. P1in 8/10/12

X /I
// -=-X2 16G_VB
v ¢ X2 17G VB

e n B
/{ P —<X2 15G_VB
50 60 70 80 9.0 100 11.0 120 13.0 14.0

Pin

15.0




Frequency Doubler 16 to 32 GHz

Measured S-Parameters (solid) vs. Sim (dotted)

X2_S2P 16G_ms x2_io

X2_16G_lay. AP

DB(S(1,1)])
lv‘><2_1 6V4 ms.AR

.
L“' ’

»

o
.

8

10

12

14

16

18 20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)




=

12) JHU11VCO -- JEP

10, 20 GHz VCOs
3V 27 mA (2 DC, 1RF)
3V 27 mA (2 DC, 1RF)
3V 27 mA (2 DC, 1RF)
3V 27 mA (2 DC, 1RF)




Voltage Controlled Oscillator (VCO)—Meas 10 G

BW VCO Freq vs. Tune Voltage *LP VCO Had Lower RF
10.600 ‘ ‘ Output Power but much
10,400 ,_L —+-VCOI0HP better 2"4 harmonic
\.\ﬂ -*-VCO10LP attenuation.
10.200

\ ——— LPF_Sim

g 10.000 VBias (V) Freq (GHzPout Pout2X
L '\-\ 0.4 9942 127 -31.9
9.800 — 00 9737 12.6 -29.6

\'\ 0.4 9.662 12.5 -28.9

| T HPF_Sim
9.400 \f VBias (V) Freq (GHzPout Pout2X
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 -0.4 10.136 12.2 1.4
0.0 9921 12.2 1.2
Vtune 0.4 9812 12.2 0.7

Simulation is Similar

HPF VCO 3V at 35mA Die #1 LPF VCO 3V at 34mA Die #1

VBias (V) Freq (GHzPout(ms) Pout2X(ms) Pout(corr) Pout2X(corr)dBc VBias (V) Freq (GHz Pout(ms) Pout2X(m Pout(corr) Pout2X(ccdBc
'g-g ig-ﬁg 22 2? g-; 8-2 ;; 0.4 9.946 51 -390 74 350 42.4
:0'2 10.306 7'2 :2'9 9.6 1'1 8.4 0.0 9.764 3.8 -37.7 6.2 -33.7 39.8
01 10258 6.9 27 92 13 79 0.4 9.448 3.8 -37.0 6.2 -33.0 39.1
0.0 10.232 6.9 -2.2 9.3 1.8 7.4 Notes:
0.1 10.086 7.7 4.4 10.1 -0.4 10.4 ms--measured
0.2 10.076 7.3 -3.6 9.6 0.5 9.1 corr—corrected
0.3  10.066 6.9 -3.4 9.3 0.7 8.6

Pout—Fundamental
8/20/2012 John E Penn Pout2X—2"d Harmonic 63



Voltage Controlled Oscillator—Re-Meas 10 G

VCO Freq vs. Tune Voltage *Re-Meas LP VCO Had
10.600 | Similar RF Output Power
—+-VCO10HP LPF: Much better 2nd
-=-\/CO10LP . .
10.400 \1\?5\ VCO10HP Redo harmonic attenuation.
10.200 ‘ —-<\V/CO10LP_Redo
| \ 4 LPF_Sim
g 10.000 VBias (V) Freq (GHzPout Pout2X
£ \ 0.4 9.942 127 -319
9.800 00  9.737 126 -29.6
04  9.662 125  -28.9
9.600 \\ HPF Si
-~ Sim
9.400 \f VBias (V) Freq (GHz Pout Pout2X
04 -03 02 -0.1 0.0 0.1 0.2 0.3 0.4 04 10136 12.2 14
00  9.921 12.2 1.2
Vtune 04  9.812 12.2 0.7
Re-Measured 8/1/12
LPF VCO 3V at 32mA Die #2
HPE VCO 3V at 34mA Die #2 VBias (V) Freq (GHzPout(ms) Pout2X(m Pout(corr)Pout2X(ccdBc

VBias (V) Freq (GHzPout(ms) Pout2X(m Pout(corr)Pout2X(ccdBc -0.4 9.970 8.4 -34.5 10.7 -30.5 41.2
0.4 10.394 5.8 A4 8.1 0.4 8.5 0.0 9.758 8.2 -34.0 10.6 -30.0 40.5
0.0 10.076 74 49 0.8 0.1 9.9 0.4 9.493 7.9 -33.0 10.2 -29.0 39.2
0.4 9.970 7.2 -3.7 9.5 0.3 9.2 Notes:
ms--measured
corr—corrected
Pout—Fundamental
8/20/2012 John E Penn Pout2X—2" Harmonic 64



Voltage Controlled Oscillator—Re-Meas 20 G

VCO Freq vs. Tune Voltage *Re-Meas LP VCO Had
21,500 —— Similar Tuning Range to
previous 1.8V meas.
-8-VCO20LP_1 8V Non-Linear Sim had
20.500 .
VCO20LP_3V problems with convergence.
—=VCO20HP_Redo i
$20.000 1 - LPF_Sim
i VCO20LP_Redo VBias (V) Freq (GHzPout Pout2X
0.0 20.042 6.9 -52.8
19.500 i=—~—— - 0.15  19.690 6.9 -51.7
x\ 0.3  19.386 6.2 -53.6
\
19.000 I—
: HPF_Sim
VBias (V) Freq (GHzPout Pout2X
18.500 0.0 19.947 6.7 -10.9
05 -04 -03 02 -01 00 01 02 03 04 0.15  19.554 6.5 -10.8
0.3  19.190 6.3 -11.2
Vtune
Re-Measured 8/1/12
HPF VCO 3V at 24mA Die #2 LPF VCO 3V at 33mA Die #2
VBias (V) Freq (GHzPout(ms) Pout(corr) VBias (V) Freq (GHzPout(ms) Pout(corr)
-0.5  19.560 6.7 10.7 0.4 21.247 2.3 1.7
0.3 19.371 7.2 11.2 0.0 20.966 0.4 4.4 Notes:
0.0 19.348 6.2 10.2 0.2  20.847 0.1 3.9 ms--measured
0.4  19.083 6.5 10.5 0.3  20.767 -0.7 3.3 corr—corrected

Pout—Fundamental
8/20/2012 John E Penn Pout2X—2"¢ Harmonic 65



Voltage Controlled Oscillator (VCO)—Meas 20 G

Freq

21.900

21.400

20.900

20.400

19.900

19.400

18.900

VCO Freqg vs. Tune Voltage Sim

=4 +\/CO20HP_NLSIm
——VCO20HP_Meas

= -VCO20LP_NLsim
—2—\VCO20LP_Meas
Pr— == VCO20HP_NLTom3
— "'"‘1!--—._ﬁﬁ
S - ——=
N
\\ ‘s - Sw -
— u~t~-f:£:!-._____e

-04 -03 -02 -01 0.0

Vtune

0.1

8/20/2012

*Non-Linear Simulation vs. Measured
Better Convergence with TOM3 Model!

John E Penn
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PA 28 GHz—Measured vs. Sonnet, AW

'.{

10

-10

-15

PA28 S2P son_ms

EDB(\S(QA)D

PA_28G_52P

Ekmﬁmnu
A_28G_S2P

25.01 GHz|| |25.98 GHz

}a 6.038 dB 5.621 dB
25 GHz
-12.11dB
."
.I

VDB(\SUJ)D

- E*mwum
a28_v4i48
©os(se 1)

©os(s22))

PA_28G_52P

Nosese.n)

PA_28G_son_2

E=DB(|S(2,2)))
PA_28G_son_2

<} oBgs, 1)
PA_28G_son_2

F£DB(S(2,1))
PA28V4_ms AP

3DB(S(2,2))
PA28V4_ms AP

PA28V4_ms AP

pa28 v4i43
Hos(se2)

pa28 v4i43

24 26 28
Frequency (GHz)

30 34

8/20/2012

Solid-Meas, Dq’g;](%g-})%rgnnnet, Dot/Dash-AWR

68



20

18

16

14

12

10

PA 28GHz—Measured Performance

PA 28GHz Meas 11
25.3 GHz 4V ~44mA

15.05 X;‘_ 15.95

—
e E A e AN Y

_— P —on

/ =@==Gain
” e=rv=p\E

Tl 3
/ >0 4
_/X
0 1 2 3 4 5 6 7 8 9 10 11 12
Pin
8/20/2012 Low Gain & Measured at 25.3 GHz (equipment limitation!) o



PA 28GHz—Measured Performance

JEP 28 GHz 4V
Measured at 25.35 GHz

Loss 8.9 dB for thru

25.35 GHz Die#l 28 GHz Fall11 TQP13 4V ; 50 mA
Pin(SG) Pout(SA) Pin(corr) Pout(corr)Gain 11(4V) PDC(mw) Pout(mw) Drn Eff PAE
0.0 -2.40 -4.45 2.05 6.50 44 176.0 1.60 0.9 0.7
2.0 -0.40 -2.45 4.05 6.50 44 176.0 2.54 1.4 1.1
4.0 1.60 -0.45 6.05 6.50 45 180.0 4.03 2.2 1.7
6.0 3.65 1.55 8.10 6.55 45 180.0 6.46 3.6 2.8
8.0 5.65 3.55 10.10 6.55 46 184.0 10.23 5.6 4.3
10.0 7.60 5.55 12.05 6.50 46 184.0 16.03 8.7 6.8
12.0 9.35 7.55 13.80 6.25 46 184.0 23.99 13.0 9.9
13.0 10.03 8.55 14.48 5.93 45 180.0 28.05 15.6 11.6
14.0 10.60 9.55 15.05 5.50 44 176.0 31.99 18.2 13.1
15.0 11.10 10.55 15.55 5.00 43 172.0 35.89 20.9 14.3
16.0 11.50 11.55 15.95 4.40 44 176.0 39.36 22.4 14.2

Notes:

corr—corrected
SG—Signal Generator
SA—Spectrum Analyzer

Low Gain & Measured at 25.3 GHz (equipment limitation!)



LNA 28 GHz—Measured vs. Sonnet, AWR

£ DB(|S(1,1)])
LNA_28G_lay AP

LNA 28G_son_ms

10 Elos(s@2. 1)

LNA_28G_lay AP

© DB(|S(2,2))
LNA_28G_lay AP

FEDB(S(2,1)))
Ina28_v3i40.AP

—DB(|S(2,2)|)
0 Ina28_v3i40.AP

-{=DB(S(1,1)))
Ina28_v3i40.AP

+DB(|S(2,1)|)

_5 | LNA_28G_son 2A >,
“DB(I8(1,1)]) s

LNA_28G_son_2.AP,

7 DB(18(2,2)])
_1 0 LNA_28G_son_2 AP

-15 [

28.03 GHz
5.7dB

26 GHz
6.362 dB

10

20 30 40
Frequency (GHz)

8/20/2012

Solid-Meas, Dqggggﬁérgnnnet, Dot/Dash-AWR

71



LNA 28GHz—Measured NF (to 26 GHz

NF Low ~1dB at higher end, matches well below 23 GHz

dB

8/20/2012

ES@Q Penn

LNA28G 3V

8
7
6 e NFSim
S —A&—NFCorr
;1 X/‘ GainCorr
2
1
0

190 200 210 220 230 240 250 26.0

27.0

72




Devices 4x20 PHEMT

£5(1,1)
20413_m

Hsen

&0413_m

“r5(2,2)
20413_m

S(1,2)
&0413_m

= E1,1)
80310_m

35(2,2)
B0310_m

S5(12)
20310_m

—+s(2.n

20310_m

4x20 =80
80310 3V 10 mA
804134V 13 mA

80F11

Swp Min
0.05GHz




Devices 6x25 PHEMT

6x25 =150

= 150113 1V 13 mA
150217 2V 17 mA
150322 3V 22 mA
150427 4V 27 mA

£:5(1,1)
150427 _m

Hsiz2,1)

150427_m
“r5(2,2)
150427_m
5(1,2)
150427_m
S(1,1)
150217_m
—+5(2,2) 150F11
150217_mdg
-=502,1)
150217_mdg

==5(1,2)
150217_md

31,1}
150322_mq

=5(2,2)

150322_mq

5(1,2)
150322_mq

—+502,1)
150322_mq

—+5i1,1)
150113_mq

==5(22)

1E-D113_mi

—-5(2.1)
150322 _ms

—+5(1.1)

150113_ms

—=5{2.2)
150113_ms

Swp Min
0.05GHz




Devices 6x50 PHEMT (Meas. vs. PHEMT model)

6x50 = 300

e 5(1,1) 300137 1V 37 mA
300448 ms e
Sjazn = 300231 2V 31 mA
300448
P 300340 3V 40 mA
L.Lll
300449 4V 49 mA
5{1,2)
353:4B_m5
S{1,1)
200221_ms 300F11
—+5(2.2)
200231_ms
—<5(2.1)
200231_ms
== 5{1.2)
200231_ms
= 5{1,1]
200240_ms
95[2'2:' 200231_ms
200240_ms -
= 5(1.2)
== S(1,2) 200221_ms
300340_me RS
—+5(2.1) 7|Esiz2
300340_ms - 3200340_ms
-}-s01.1 %géh'ﬂn_ms
PHEMT_mdl +sz.1)
#5023 200240_ms
FHEMT_mdil -I--gLLEiN:-‘T_m
S(2.1) #5(2.2)
FHEMT_mdl PHEMT_mdl
. ] rEI ]
g;-lE1I\.I1T_m:I
wp Min
0.05GHz




Devices 6x100 PHEMT

2 5(1,1)
600495 m

Hsiz.1)

600495 m

£+5(2,2)

600495 m
5(1,2)

6x100 = 600

600154 1V 54 mA
600261 2V 61 mA
600378 3V 78 mA
600495 4V 95 mA

600495 _mg
S(11})
600261_mg

+5(22)
00281 _m4

+5(2,1)
600261_m9

2e501,2)
600261_m9

B0,
£00378_m4

£5(2.2)
600378_m9g

H-5(1,2)
£00372_m4

—+siz.1)

auusm_mi

600F11

B

£r5(1.1)

p Max

e00495_ms [POGHZ

Hsen

600495_ms

©+5(2.2)

200435_ms

5{(1.2)

200435_ms

5{1.1)

800261_ms

—+se

800261_ms

< 5(2.1)

800261_ms

2512

800281_ms

501

E00278_ms

5(2.2)

£00278_ms

81,2

E00278_ms

+s@2mn

E00278_ms

Swp Min
0.05GHz




Devices 10x100 PHEMT

10x100F11 10x100 = 1K (JHU11PL8)

asan 1| 1K166 1V 66 mA
_ o
Efﬁ'ﬁ}g 1K1589 1.5V 89 mA
_m
£-5(2,2) 1K2113 2V 113 mA
1K2113_m
F5(1,2)
1K2113_m
5011}
1K185_ms
—+522)
1K185_ms £5(1,1) Swp Max
- 1K2113_mH 50GHz
+-5(2,1) Hsen
1K188 ms= 1K2113_m4
- £+5(2,2)
== 5(1,2) 1K2113_m4
1K166_ms Z05(1,2)
1K2113_m4
501,10 501,13
1K1585_m 1K186_me
£352,2) TG e
1KA1585_m =5(2,1)
502 e
1K1588_m Teree ms
521} Fs01.1) |
1K1589_m 1K1589-my
65(2,2}
1K1589_m4
>c5(1,2)
1K1589_m9 /
+‘15;I‘((21I;-é9_m5 K
wp Min
0.05GHz




Diode 4x20 (0, 0.7, 0.8V)

4x20 = 80 Diode (S22 only)

d80v0 0OV (poor match, looks like cap!)
d80v7 0.7V (good match)

d80v8 0.8V (better match!)

4 $(2,2) Diode80
D8OVO_ms st
= 5(2,2) 5.342 GHz
D80V7_ms hwag 101
Ang -8 417 Deg
—+-5(2,2) 5.819 GHz
Mag 0.703
D80V8_ms Aﬁé’ 113.62 Deg

5.794 GHz
Mag 0.2096
Ang -45.14 Deg

Swp Min
0.05GHz

Diode 4x40 (0, 0.7, 0.8V)

Diodes 0, 0.7V, 0.8V
D160 OV

D1607 0.7V 1mA
D1608 0.8V 2mA

Diodel60

Max
GHz

—=-5(2,2)
D160_ms

=+ 5(2,2)
D1607_ms

—-—5(2,2)
D1608 _ms

5.669 GHz
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Diode 6x50 (0, 0.7, 0.8V) Shunt Switch 6x50, 10x100 (0V)

D300 OV Shunt Switch (S22, 0V)
D3007 0.7V 1mA sh300 (6x50)
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14) JHU11WLT
WLT LNA
Patch Antenna 40 GHz
4V 35 mA (1 DC, 2RF)
(1RF)
Broadband LNA design for constant
flat noise figure. Worked well.
Patch Antenna at ~40 GHz—
measured as one port only.

]




14) JHU11WLT

WLT LNA

Patch Antenna 40 GHz
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14) JHU11WLT

WLT LNA
LNA WLT 4V
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Patch40 14) JHU11WLT
Swp Max WLT LNA
Patch Antenna 40 GHz

39.02 GHz
Mag 0.5497 39.04 GHz
Ang -112.1 Deg Mag 0.5248
Ang -104.7 Deg

Patch40 1
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Smith Plot

Impedance
Z0 =50.0
Pat40c &
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14) JHU11WLT
WLT LNA
Patch Antenna 40 GHz
vs. Sonnet

Cartesian Plot
| {70 =50.0

Mag=0.582501 Phase=-165.507 //

Sonnet Software Inc.
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15) JHU11CW — Caroline Waiyaki
26 GHz Amp, combined
D6x50, D4x50

5V 45 mA (2 DC, 2RF)

5V 45 mA (1 DC, 2RF)

Single Stage Amplifier and parallel
combined stages compared
favorably to simulations for small
signal parameters and DC bias.

B20.88
BIHTNMOE




15) JHU11CW - Caroline Waiyaki

26 GHz Amp, combined

PAICW
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