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* Continuous Class F (CCF) design equations are defined at the
current-source reference plane (CRP).

 These equations do not consider the effect of the non-linear

output capacitance (C,,,)- Ycen V Y ke
| ps | |
_ﬁ YCoutn ILFzD I—ﬁ
1
iD@ 7Z(:_it(VDs)
- lcontY |
= CRP LRP

* If conventional equations are used to design PA, the harmonic
tuning conditions are altered at the load reference plane (LRP).
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S0IMS Introduction

* Based on the voltage waveform, the load at CRP sees is either
active or passive at second harmonic.

* This work
— Includes the non-linear C,,,; in the design equations of CCF

CRPn YLRPn

— Analyze its impact on the loads. |

| Vps

— Analyze its impact on the performance of PA. — Yooun| Ire >
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G2IMS  Theory of Continuous Class F PA
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* Voltage equation at CRP is y
S 3 % )’\
2 . g yzlj Xz J y= -

vps(B@) = (1 —acos8)*(1+ LcosB)(1 —ysinb) S, '}( V4
] Vas: _ [-(3e%B-8a+4p)] . 1 2 o [/ I\

Vas1 = Viso 202—4qf+4 ]y[ +2a2—4aﬁ+4] c—gl VQJZE/ / }%%% "
= Vi =22 = [ - 1] —JY [(QZIB_%HM) 00 02 04 06

as2 =y, az-2af+2 202 —4aB+4 Time (ns)

. Vd53 CXZ,B o L 2

Vass = Viso [2a2—4aﬁ+4] JY [2 2a2—4aﬁ+4]
u @ — —7 azﬁ

Vd54  Vgso JY 4(a?2-2af+2)

* In CCF, Z-rp, IS at the edge of the Smith chart.
e Re{Zopp,} = 2eWVdszh _ o, g = /2 (or B = a/B,, where B, = 2)

Igso
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O0IMS  Theory of Continuous Class F PA

« Maximum DE — Maximize Re{V .} with «
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) _Vas1 _ —(3a?B—-8a+4pB) .1 2
[ 20?2 -4af+4 ] ]y[2+2a2—4a,8+4]

e FOr g, = 2 — a ~ 226171

o
%)
=y

I

I

3
© B=a/py xS
* Variables are y and 34

e —1<y<1

* |y| > 1 — zero-crossing (negative) voltage waveforms
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O0IMS  Theory of Continuous Class F PA

* For f; = 2, Conventional CCF
— Zcppo 1S at the edge of the Smith chart.
— DE=90.7%
e For f; < 2,Extended CCF
— Zcppo IS passive i.e., inside the Smith chart.

— P, .| and DEJ. § 421

) 292
FOr ﬁl > 2) :5 I'”"..ﬂ..lwz
— Zcrpo IS active i.e., outside the Smith chart. E':J90- p1=1.9
— P, and DET. 5
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L0IMS Approach for Analysis

Yogen Yiren

* Conventional theory is defined at CRP. L YCout:DSiu?} L

e Qur approach for analysis: 1 |
— CRP to LRP .@ ;zc_j(vDs)

* Enforce design conditions at CRP and observe its icou *
impact at LRP using Non-linear embedding L __ T
model.

* General approach for design:
— LRP to CRP.

e Loads are enforced at LRP with OMN which presents a
particular load at CRP.
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O2IMS Theory of CCF PA with Nonlinear C

* When the gate is short-circuited at harmonics C,y,+ = Cgs Il Cyq

out

* Non-linear output C,,,; can be modelled as, ij\
Cout [Vps(0)] = Co +2£[1 — tanh (K. (V, — vps(8)) )| \ s
S olynomia
2 : ‘51'2 \appr())/ximation
vps(@) = (1 —acosB)“(1+ BcosB)(1—ysinh) Br1 .
1.0 N
£, Y 151 g 1o ]
= [ ] 1.4- t\it\ \ / ; “0 20 40 60 80
G 5 =1/ y=rl 1.3 A 1t Vps (V)
E | ' }]K i <12 SR
% ()O 11 _ =|-
‘_Slﬁr\“ VAW / 1.0] )’—ﬁ\é 2 j/ {y 1
g O-m & seees 0.9
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B2IMS Theory of CCF PA with Nonlinear C_, .5
* Current flowing through non-linear C, ¢

) d )
lCout(H) = Cout [vDS(Q)] vzz( )

— %[Z —O(Coutnl In.0 + Coutn1 ) 'n16)]
X E[ngo(jnzgvdsnzemz _jnZHV&ksnze_jnze)]

* Fundamental and second harmonic components of current

. JwoCout v J2woCht1V ds2
Icout1 = jwoCoutoVas1 —— mZL =l Ozutl = ..

JwoCout1Vds1 . JwoCout3Vgs1
Icoutz = 2 +J2woCoutoVasz — 5
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O2IMS Theory of CCF PA with Nonlinear C
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YCRPn YLRPn
* Yirp2 = Yerp2 = Yeour2 — s,
_Icoutz _ JwoCout1 Vds1, - 1 Yooum| [LRP |
* YCoutZ - ~ - +]2(UOCout0 | l R
VdSZ ~— 2 _ VdSZ ) | - |
k} T Ips | jé 1
2 _ Wcout(VDS)
* Re{Yeoura} = Retk,} - Relky} — Imikq} - Imik,} | o |
= CRP LRP
* ki < Coyrr 1'5\
B A, 1.4 \
* Coutlvps(8)] = Cy + > 1 — tanh KC(VC — UDS(H)) 131
2 3 "51 5 Polynomial
~ Do + P1VUps + P2Vpg + P3Vpg = appr}ximation
S11 <
o ~ 2
Coutr = [Pl + 2p2Vaso + 303 VdSO] X Vs L0 <«
O'90 20 40 60 80
Vps (V)
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B2IMS Theory of CCF PA with Nonlinear C_, .5

JwoCout1 Vdsl
* YCoutZ ~ 2

jszCOlLtO * kl X Coutl X Vdsl

—_ e Vdsz
1 k2 * Re{Ycout2}
* Im{Vys } depends ony  positive for—1 <y <0
* sign of Im{Cy,;,} varies with y * negativefor0 <y <1
* sign of Re{k,} varies with y. © Yeouro
o Im{V,.,} and Im{V,.,} depends on y » passive for—1 <y <0
 sign of Im{k,} varies with y. « activefor0 <y <1.
7 1 * 9, oL
g o S 20
— ~ X 1.840
-1y OQ’_, — 1.71
x—1 . i ) § 161 i
-1.0 —0.5 o).,o 05 1.0 -1.0 -0.5 oyo 0.5
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27 IMShctive and passive nature of LRP loads..s&

CRP YLRPn
— | Vbs |
* Yerp2 = Yirpr2 + Yeoourz S Yeom A =
*For-1<y <0 . ;5
. . i ] Cout(VDS) i
— Yeouto 1S passive o o] 3
CI‘?P LF‘QP

— Y, ppo IS active
ForO<y <1

— Yrouto 1S active

— Y ppy IS Passive
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o2 IMS Performance at LRP
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 The performance of PA at LRP will be different from CRP due to
non—linear Cg,q;.

Pout,LRP — O-SRe{Vdsl X _(Idsl + ICoutl)*}

e DE. .. — Poutirp _ 0.5Re(Vasix=(Uasi+lcour)’}
LRP — P — Vo]
DC DD1!ds0

*For—-1<y <0
* Power conversion from 2/, to f,
 P,,:1 and DE? at LRP compared to CRP.

ForO<y <1

 Power conversion from f, to 2/, 8901 e 10 0ol
gglre—=——LRP ' 1T
* P,,+]1 and DE| at LRP compared to CRP. -0 -5 00 05 1o

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



onIMS Design Methodology
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* For-1<y <0
P,,:1 and DET at LRP
— Y, ppo IS active
— can’t achieve with passive OMN
— [ = 2 is not optimum
* ForO0<y <1
— Y. rpo IS passive i.e., inside the Smith chart

— can be pushed to edge of Smith chart to increase DE at LRP
— other values of £, should be explored

* ¥ and [; should be carefully mapped to achieve optimum Y; pp, for
best DE at LRP.
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onIMS Design Methodology
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2.08

* ¥y and [; are simultaneously varied
* Best DE; pp With passive matching

2.04-

_ _ B,2.00=========~)_
— | rpo| = 1i.e., Y, pp, at edge of Smith chart.

cFor-1<y<0-—>
— |3 rp2| = 1 corresponds to £, < 2
— DE; pp > 90.7%
cFor0<y <1
— |I;rp2| = 1 corresponds to £, > 2
— DE;pp < 90.7%

“210 —05 00 05 1.0
Contour of DE; pp
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o0 IMS Designh Methodology
y=-1

* yis mappedto f; € [[1zp2| =1
cFor—-1<y<0
— |Irp2l =1 € B <2

— Zcrpo IS passive i.e., DE-rp < 90.7%

— DE;pp > 90.7% due to non-linear C,;-

ForO<y <1
—ILrp2l = 1€ By > 2

— Zcrpp IS active i.e., DE-pp > 90.7%

— DE; pp has improved from [3; = 2 case.
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* Loadsforf; >2and05<y<1—-1.6t02.3GHz
* Active Z.-pp, With passive matching network.
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Gain (dB) and P, (dBm)

Freq. (GHz) Power (dBm) Efficiency (%) Gain (dB) Gain Compression (dB)
41.6-42.7
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* Non-linear C,,,; impacts the performance of CCF PA.

 Based on the CCF voltage, power conversion takes place from
2fo 1o fo , and vice-versa.

* Efficiency higher than conventional CCF can be achieved by
wisely mapping y and ;.

* An active 2f, load can be achieved at CRP with passive OMN.
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