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Outline

 Introduction

* References/History

* High Gain Amp — Mason’s Unilateral Gain 1954
* LNA (F,, with S, = 0) — Vendelin 1975
 HPA (P,4g. With S,," = 0) — Dual of LNA

 Circuit Topologies which allow low frequency
Stability

 Examples
 Future Research
 Conclusions
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Three types of Lossless FB-Amps — (1)
High Gain Amplifiers (HGA)

 Unilateral Gain

— Using lossless feedback network to make y,, and z,,
approach zero to achieve high gain.
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High Gain Amplifiers (HGA)

« Mason’s Unilateral Gain(U=1atF_,,)

U= ‘(Szl/Slz) _1‘2/2[k‘S2l/S12‘ _Re(Szl/Slz)]

« How to unilateralize an active device?
« 1955, C. C. Cheng showed 5 ways :

= Series-Series feedback

= Parallel-Parallel feedback

= Series-Parallel feedback

= Parallel-Series feedback

= Series-oppositely Parallel feedback
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High Gain Amplifiers (HGA)

* General Design Procedure :

— Build the bias circuits for the active device.
Find S, Y, and Z-parameters of the device.

— Choose proper feedback networks to
unilateralize the active device.
T.1m(Y,5) = - Im(Y 5:p)

2.1m(Z,,) = - Im(Z,5r5) O Lossless

. Feedback
3. Optimize for U

Active

O Device
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High Gain Amplifiers (HGA)

— Determine the values of feedback elements for

812 = 0. B 0

W

0
e 0

— Match the input and output i_mpedance to the
system characteristic impedance (Z,). Make sure
that the matching networks include shunt

iInductors to stabilize the amplifier.

— Use stability circle method to verity the stability. If
the circuit is still unstable, series a resister to the
shunt inductor of the input or output.
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Stability Considerations

Matching Topologies :
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Resistor will help at low frequency.
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Example for HGA

« Unilateral Amplifier

U=15dB
Gma =10 dB
20 18 GHz
7R 15.616 dB
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Example for HGA

Stability Circles: Graph 10
Blue lines are input Stability Circles. —=— SCIR1
Pink lines are output Stability Circles. U_3_f
The concepts of the method are . SCIR2
| Sq4I<1 and |I" Sy,’|<1 . U3 f

1
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Three types of Lossless FB-Amps — (2)
Low Noise Amplifiers (LNA)

* Using lossless feedback network (For example
Ls) and M1 to achieve low noise with S11'=0.

* Ls resonates Cgs.

Oi

M1 M2
oO— Ls | ——O
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Low Noise Amplifiers (LNA)

 LNA
- G, :‘521‘2(1_‘FG‘2)/“1_Szer‘z(l_‘Su"z)J
—- 541 =0
- F = |:min
Uses common lead inductor to resonate
iInput capacitor

0 S.,06,

STl /G080
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Three types of Lossless FB-Amps — (3)
High Power Amplifiers (HPA)

 Maximum Power

— Make Z

load

load impedance for maximum power output.

— Class A Operation for best Linearity.

me m 1 m 3
VDS =1.500 VDS=%.500 VDS=13.500
VES=0.500000|VCS=-0.300000||VGS=—-1.600000
IDS i=6 824 |IDS.i=3 . 555 IDS 1i=0.038
Fp—— :
10W design ; V,,=1.5V
<
: | =6.8A:V_.=V,_ =7.5V
o
I:{Ioad=2(Vbias'vm2)/|max
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High Power Amplifiers (HPA)

- HPA
= Gl [l Y l-sari-1s.f)
— Sy =0
» Use losses FB to give P, = P,45. When S,, = 0.

S p— |: 0 S12 D H4:| 1_‘opt - (RLoad_ZO) / (RLoad—I_ZO) S,,

Jeode, 0 . |
O Lossless O O
Feedback Match
For
Active Power
O Device O —O
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Example for HPA (10W PA)

* 150um x 8 x 14 = 16.8 mm. PHEMT at 5.8GHz.
* 10 W output = 40 dBm for P, 5. ; TOlI= P,4g. + 10dBm.
« PAE=45% ; R,,4= 1.2 Ohms.

VAR
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PA 16.8MM v2 P_1dBc p1=25.5 “
12/6/02 fspacing=0.01 AT L 17 L StabCicle
RF freq=5.8 SRIC d V_DC [T S_StabCircle 1 stabeir]
Zload=50 SRLC1 SRCI - s_stabeirl our_| stabcir=1 stab_circle(S,51)
1 R=30 Ohm 1 Vde=7.5V our_s_stabci=s_stab_circle(S,51)
L=2 nH 4
L L ¥ : ac
Atk I HARMONIC BALANCE L a0 pr L WA ST ARAMETERS Stabrac
re d C
P_1Tone B2 1=100 nH v gL=100 nH S Param our_k=stab_fact(S)
PORTI Freq[1]=RFfreq GHz R= R= SP1 T S tabMoas
Num=1 _ Start=1 GHz N ’
7250 Oh Order[1]=7 bl
= m _ Stop=7 GHz
UseKrylov=no P -
P=dbmtow(pl) Ky Step=0.1 GHz our_b=stab_meas(S)
Freq=RFfreq GHz
req teq G " 12 1¢
AV ’ o
¢ N v_g I8 L LA V_ou
L L c ¢ 5 C
L 6 4 o 2 L=Loutl nH C3 Loyt
L7 L=Cinl nH L2 nH oy ok C=1000 pF R= C=Coutl pF L
L=Linl nH R= R= M&PY PHEMT 16 8 MM L=Lout2 nH
- X1 ) R=
VAR] = VAR3
Cin1=4.986845¢-01 opt{ 0 to 50 } Cout1=2.860045¢+00 opt{ 0 to 100 } -
= Cin2=9.155149¢+00 opt{ 0 to 50 } I Probe Lout1=1.308518¢+01 opt{ 0 to 50 }
Lin1=4.107430e+01 opt{ 0 to 50 } Id Lout2=2.734615¢-01 opt{ 0 to 50 }
Lin2=1.072644e-01 opt{ 0 to 50 } -
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Example for HPA (10W PA)

* Design Procedure :

1. Get the Ids Vs Vds curves using the curve
tracer. Choose the bias point.

Choose the load line for high power and
high linearity.

Design the output match for the load line.
Get the P 1dBec.

Check the dynamic load line.

Check S,,’. Design the input match for S,".

N

o0 kW
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Example for HPA (10W PA)

7. Get TOI.
8. Check for stability.
9. Put a feedback on.

10. Adjust as required to meet the specifications.
Use no resistors. For TOI, a resistor may be
necessary.
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Example for HPA (10W PA)
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Example for HPA (10W PA)

K>1&B > 0. The circuits is unconditional stable.
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Example for HPA (10W PA)
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Example for HPA (10W PA)

TOlI

RFfregq our _1pa
5. 700 o0 . 7406
5 .800 52 . 125
5.900 53 .855

our _ipo
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Future Research

* Future Research on HPA.
— LNA has been published for F .. & S,; = 0.
— HPA has not been analytically solved for P, 45,
& S,y =0.
» Explain cause of Re(Y,,) <0 for FET.
—For BJT, Re(Y,,)>0 .
—For FET, Re(Y,,) <0 .1976, Vendelin.
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Future Research

I I 'Y12
5o 2,
Y Parameter llﬂ llzz 1,
Equivalent Circuits. v Y, +Y,, @
v
Y22+Y12 (Y21'Y12)V1
O

O <«

Vs

iy = (YY) Vy
oy = (Yor-Y42) Vi

=Y Vi + YV,

A =Y Vit YoV,
a1 Santa Clara University

I, = (-Y12)(V4-V,) .
I, = (Yoot Yyo) V, .

Iy = L+l = (Yqq+Y o) Vi + (FY0)(V4-V))

I, = (Yoq-Y0) Vi + (Yot Yi0) Vy - (Y 45)(V4-V))

O



Future Research
Y ,, Resistor
BJT Rf>0.

—o— AN % o

1 €
A

FET Rf<0.(Low Freq.)
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Conclusions

* Lossless feedback improves performance
of HGA, LNA, & HPA.

« Stabllity is a biggest issue.

 Read IEEE Microwave Wireless
Components Letters, March 2003 for
detalls

« Read 2"? Edition of Wiley Book due Sep.
2003
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