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CAVITY/VACUUM TUBE/SOLID-STAGE AMPLIFIER/

The storage ring (STR) in Synchrotron Light Research Institute (SLRI) used to
store electron requires a high energy of around 1.2 GeV. Also in each lap of electron
travelling, the energy loss is about 65.94 GeV. Then, the system in storage ring is
design to compensate such a high energy by a cavity tuner. The cavity acquires a high
power from vacuum tube amplifier at the operating frequency of 118 MHz. The
vacuum tube amplifier has a lot of disadvantages including a limited lifetime, a large
size and expensive. Therefore, this thesis proposes the use of solid-state amplifier
instead of vacuum tube because it is easy for maintenances or modification and the
price is not that expensive., In this thesis, the development of a solid-state amplifier is
aimed to a high efficiency and durability for a high power. By integrating many

modules of proposed solid-state amplifier, the requirement of STR can be achieved.
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A = amplitude

K = stability factor

S-parameter = scattering parameter

S, = input reflection coefficient

S, = reverse transmission coefficient

S, = forward transmission coefficient

S, = output reflection coefficient

r = reflection coefficient

I, = input reflection coefficient

| = output reflection coefficient

A = delta factor

Z, = input impedance

Z. = output impedance

Z = source impedance

Z = load impedance

€, = relative permittivity

€, = permittivity of free space

U, = permeability of free space

f = frequency

0] = angular frequency

A = wavelength

A = wavelength of electromagnetic wave in free space
w = width of the microstrip line

IEEE = the Institute of Electrical and Electronics Engineers
MMIC = monolithic microwave integrated circuit

PCB = printed circuit board
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n

I:)Ioad = Vload IIoad (23)

msveiadliihnszuaasaldnuisesverednana ldanuvasaie Il
% [~ 1 1 g a
nizuanss (power supply) Feezuvuiu 2 dau dsznonlddredruvediladunaves
a S A Aa ' 1 ) A Ay o
niugamesnionGoniiminelllude (Vo) tazdndiufodiuveandsaiuyed
&£ 1 1 U J a J £ o o
295U819% 99z 0g ludruvesdueinavonsuganes (Vpp) Feiiasveslinszudasa

& {1 v A
T]QW?Jﬂﬁi]']ﬂﬂlﬁ3@%5%818@“%13ﬂﬂWllﬁﬂWﬂﬁlﬂﬂﬂliﬂ 2.4

I:)Ioad = (Vbias Ibias) + (\/DD I DD) (24)

3 4 Y Y a A
ﬂ15’OEJﬂLL“lJ‘]J’Ni]iSUEﬂEJﬁﬂJUiUﬂﬂ!ﬁE]ﬂ1iE]E]ﬂLLUULﬁ@@@QﬂWiqﬂﬂigﬁ"ﬂ‘ﬁﬂﬂ/‘l
- - aa 4 =) = ' o v w J 1
(Efficiency) afiga Tag laninmsSeumenszninhaedyanae1anaed199s1aza1ved
o w o T & 1 a a [
ﬂ1ﬁﬂ!61ﬁﬂ¢]ﬂlﬂ\‘lll1’iﬁ\ﬁ]181‘1‘1/\|‘1?11ﬂ§$uﬁ§]5\‘]‘§\1ﬁ11ﬂiﬂ‘VﬂﬂT]JSgﬁ'ﬂ‘ﬁﬂWWﬂlﬁN’J\ﬁ]ﬁJﬂWﬂﬁi}‘Jﬂlﬂm

Wumlugiveslesidud Idnnaunisn 2.5

effiency = P x100% (2.5)

de

2.2.4  1@0Y3NNUBIINDI VN YEY 10U
= [ o A o w Ay a
EDeTN NV VId Yy udsdngndsansanlunisesntuy
o a a J @ %
v svnedyau laeamisannsun ldanmsidinesminszianizate (S-parameter) &4
MIATNADVADITNINUDINITVNITYIMITNIIINA1 K (stability factor) deannis

2.6 Tagauadesmuues99svens (A) Imasaumsin 2.7

_ (1+|A|2'|511|2'|822 |2)
(2X|821|X|812)

(2.6)



18
A= S11822 '521512 (2-7)

Tumsasnaeuadesnmivasvnsdyaravziasanal K 91naunisn 2.6
5 1 I~/ 4 [ [ 1 o
Fat1a1 K >1 agiluldawtou lvlumsesnuuuisesvenodyas uadian K<1 agiln
1 g A o 9 A =~ A
TidluldanSoulvvesnsesnuuuisasvers Tasazirlireesiesnuuuiinisoodsaan
o 4 2L g Yyax Yy o . A
f109U FadeelFIBuAdIemMIeenuYIIMITeundunuvay (Negative feedback) tite

[ a A sladdl [
foadunms eseafaaanseliizou o lumsilesdu

da J v
2.3 MIBUATONNHAUGUDIIIDI VRN T YRy 18

1 9

Tagn lesdutiadygun2wd (Generator)  3zogdIUnIU092905981Y

[ 1 [ a a o [ a 4

doyarunioogludiudunavesszuulaelnaudrrggnosnuuuind msussuuduinauds
4 wAa ) a = A 9 A " A A o

wuy 50 Tewu ﬂﬂ!ﬁﬂﬂ@]ﬂl@\ﬂ\iﬂiﬂﬂuﬂﬂ’ﬂuﬂfﬂﬂL‘]_IﬁfJ“L!L!,‘]_IﬁQulﬂ!iJﬂﬂW@uV!ﬁﬁiﬂL@Wlﬂﬂ

9
v W 1

~ =W [ o c?/l da IR 3 A o w 9 =\
MW!L@U“KHﬂTﬁTQ@@ﬂ"hJ ﬂQ‘Hi‘!ﬂ'lﬁllll@]“ﬁ@llwLlﬂu‘ﬁfﬂﬁlﬂuaﬁﬁ']ﬂfg ANUHUIZABDIUAN

)}

D]

a A P ] d'd'gj (] Aa A 4 [ 3 9
duNLANFMHNIZaN T UYI9AVANADINIT IFUDUNUAUFINVTVOIOT U IUTINIATY
y

a 4 Y d Y o a A 4 d‘ YA [ ] o w
DU mlagLEJWW!Glﬁ]%ﬂENLL?JG]%L"’IHﬂ’]J@ﬁJWLLWL!“H"IJENig‘]J‘ULW’EJ{l“HlIf‘lﬁﬁQWﬂlﬂWaNTuq\iﬁ;ﬂ

[ A o w [ a a d' Y Y
NITVYWWAYUIUISUNTIANIY DATIVYY LLﬁ%ﬂﬁ%ﬁWﬁﬂ?Wﬂq\illﬂ @]’f)x‘]‘].]i%ﬂ@‘ﬂulﬂ

v
[

F?])Dfﬁjﬁ]fﬁlﬂ?ia”IEJ’E)EiNf;;QIﬂiﬂﬁ%}NﬁU@QN‘ﬂilmzm'i’t’]?JﬂLL‘U‘]J”Ni]ﬁ‘ﬁﬁlﬁﬁﬂ’iﬂi‘l/‘léﬂﬁﬁﬂlﬂ“llﬂﬁﬂﬁ
PONUDUINVTVOIOTYYIVADNITHUATOUNUAU TN AU UNALAZIDIANAVDIIID3
9asvIeFyY IV (WYse Nodlani, 2549) ﬁgqﬁyﬁzﬁadqrhuﬁﬁwmslmqi]i“lﬁ’llé’nmﬁqﬂ
Tasdnpazgluunveslasseuuadssoufitansuaasdsqlii 2.9 Usznoudromanund

~ 4 4

a = A J L J P4 J
DUNHAUFNINATUDUNA GINﬁ]ZlIﬂLLiJG]%’ﬁE] Zsuag [ HAZNTUNATOUNUAUGTNINATUIDIANA

D

=

s 4 a 4 [
cmmg]gmmsﬁa Z uaz I Tae s uaz It 219 ldmslmesnsnszianszae (S-parameter)
a s A Y1 Ao & v Y o o Jsa A o
Gumuamwﬂummmswmmzaammmwagmmuﬂumﬂ%mmummmmanwgmuqy
~ 1 [ dyl = I Y1 o [ sa A 4 9
Tagausasenaunalian Nus wae D a9 lasdmsumsuuagdufiuaudn1aaiu
a 4 o 1 a d v
auwmmmm@wmamqﬂii@ﬂmmm“l%’ﬁmmﬂumimu3mmmw1immaimaumi 2.8
A 1 A s Ja  ~ s S
1ag 2.9 MeNS1IWMNISINADST I yvs 148 DNyl TUMTUNASDUNLAUFUDII9T 108 Dys 11)1A1
¢ 1 1 =) {
GumamJizmnﬁmiazﬁ'aummmmﬁnfmNﬁ'mauwmlam’e‘)memmmm”lﬁmﬂanmiﬁ
3 v o a Y o 9 4
2.8 uag FMLL‘]Juﬂ16116Qfmﬂﬁzﬁ‘nﬁﬂﬁﬁs:‘nmsi]1mmaqmsmNmummwmmmmv\lw

1115011 19N AUMTN 2.9



19

Zs

Matching

|V

Matching N

I'us

jTL

GEN Z

\\}7

{ ] Ja a 4
311 2.9 Tasaneuna sy unLAUY

~ B, +./BZ-4|C, [
Ty = (2.8)

2C,

Taon Bi=1+|S11]% = |S,2]|> — |A]? waz C1=S,; — AS},

_ B,%BZ-4|C,[
Ty = (2.9)

2C,

A
Tao By=1+|S,,]% — |8i4)%> — |A|? 1az Co= S,p > ASS,
Ja a o ] Yy a a 4 Y Y 7 o
MILUATFIDUNUAUFTFIDLUTENOVAIIDUNLAUTNIIAIDIANITUNAT U
g 1 1 a 2 {
duiszansmsazdouninunasitenndiudunavosnedilnuaasasgli 2.10 uaz
a A 4 9 &£ I 1 7 o [ a 9 L
duNuausNIIdIUenF I uguosnsunagnudulsc@ninsagneusnuradsig
Y 4 o ~ Ja a A s
NALIANAVRINRAIUNIAAIA1N 2.11 Taen1500NUUUINDTUNATTIDUNIAUT
I A S ¥ a A - [ A A
aunsouNaTeNNtaus lavInUHUYNain (smith chart) TaganyuzgUnunvoamugiain
Y 1 a . . 9y
laninmsulasa Taguwuginn Z = r + jx asluszunuves 20 = u + jv lagldaums
12.10 wag 2.11



GEN

Input
Matching Network

TL

I'ms

H [ Ja Aa a 4
519 2.10 TA59918UNAFBIDUNA DN WA

u

q

e

T'us

Output
Matching Network

Z

~ ' Ja 7 N o
f!"]J“Vl 2.11 memum%mmmwwauﬁlmucﬁ

q

Z A o o a ~ o
Tﬂﬂ zZ = 7 ﬂ@muﬂima"lammmaummwv

0

F:Z—ZO
Z+Z,

Y

20

(2.10)

(2.11)

£ o 9 " v Y A o (= o A o ~
‘S]f\‘ﬁ]ﬁ/]'lch’ihlﬂ“]fﬂ’lﬁﬂaﬂ ATAINTUNMUAINNU NNAUATTHUDALAUEAIN ﬂ\ﬁﬂ‘ﬂ 2.12

Q

A o z @ o3| Y A
YUITHIV U -V LiJE]uTNﬂmJ‘I/NﬁENG]ngTi’mﬂu%Lﬂuﬂdgﬂ‘ﬂ 2.12



21

s1f 2.12 Taseatweamugiiain (RF circuit design 2" Edition)
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2.4 951au (BALance/UNbalance)
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zm(d)zz{zt +iZy tan(ﬂd)} (2.16)
Z,+ JZ tan(pd)
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1 1 1 PN o ' 1<
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— Balance port 2 —
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[,
_ [ A ; (2.19)

dl 1 = 1 1 1 ags
Wem p Ao Manuas lumsderu (permeability)
A U 1 1 age d! =
Ho An MaNuaIan lunisaernulugyania (permeability of free space) il
AU 47 x 1077 N/A?

A v = o o e .
£ A0 MANVUFUFUVDIAYIU (Permittivity)

1o A0 MANNFUFUVoIdaw lugan e (permittivity of free space) alinn
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V& HoHy
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v
A ZTP (2.22)
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B 4 %107
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v, = N (2.24)
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—7
L=—47z><1O In(Ej H/m

2r a
L=2x10" M H/m
log(e)

L =4.60517x10"" x log (9) H/m
a

L =4.60517 xlog (g) nH/m (2.28)
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In| =
a
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s
g +1 gr—l( hj (2.29)
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—{ H Offset line

511 2.19 109smaiiaduidia Tawed (Invert Doherty)
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Frequency (MHz) Input Cutput
Z Zs

25 1176 -j13.262 1.697 -0.060
50 1176 16 617 1.688 0120
75 1176 -j4.395 1674 0178
100 1176 i3 280 1,654 0234
125 1178 -2 607 1.630 -0.288
150 1176 j12.155 1600 0,338
175 1 -1 830 1 567 0,385
200 1177 11.583 15N 427
225 1 -{1.390 149 -0.466
250 1.178 -j1.233 1 449 -0.500
75 1178 -j1.108 1.406 -f0.531
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M35199 3.2 mmsuueugiadnvesdunauiaun laninTdsunsy smith 3.1

Data point 7 (Q) Q Frequency (MHz)
DP 1 50.000 + j0.000 0.000 118.0
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Data point Z () Q Frequency (MHz)
DP1 25.000 + j0.000 0.000 118.0
DP 2 50.000 +j0.000 0.000 118.0
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Efficiency Improvement of Power Amplifier Class AB Push-Pull using Invert Doherty

Combined with Negative Feedback
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Abstract — The Svstem of storage ring in Synchromon Lighe
Research Institwte (SLRI) is designed to compensate electron
energy in storage ring wsing a caviry maner. The caviry acquires
a power from vacwum tube amplifier around 39-35 KW at the
apennngfnq-elcvaflls.\mzl'ominmmhaﬁg
power, the systemm Power Amplifier (P} having a high
eﬁtﬂlﬁb\'s«hdmmhnloa\- This amplifier is a class AB
pnsh-pnlllvpewixhhsth‘eempommpamuxh&rgm
matching circuit and DC bias. In this paper. we use Invert
Doberty combined with Negative feedback to improve the PA
performance. Invert Doberry techmique can improve the
efficiency of PA but the circuit is non-linear so it cawses non-
Enear performance. Hence, nduspapﬂ tbeamhnﬂa
pecative feedback in e with invert Dehert
imcreasing Eneariry and power efficiency of PA. The
wfmedhrmbo&nvaenmphﬁemdm@mtﬁ
-gauve&edback(ﬂ)?-\“’)lsprmtedudnlsmmﬂto
the conventional PA wirh the same matching circuit. The resslrs
show that the proposed technique can improve the efficiencyof)
class-AB amplifier.

Keywords — Power ampiifier; Inveri Dohexty; Negative
feadback; Class AB push-pull ampiifier

L INTRODUCTION

The Class AB amphfier 15 a comprommse betweea Class-A
and Class-B m terms of efficiency and hoeanty. 'l’ypn:ally
the transistor 15 biasing w;a» ' queescent point. winch 15
sourwlmcmﬂxteﬂmbem:ndzemoﬁpounandtbe
Class A bias point. In this case. thé srghsistor will be ON for
m&mhﬁau&ﬂhdﬁsa)ﬂhmafaﬂcxch
(like class A) of the mput signal [1]. Co‘ndi@ﬁ__

CbssABlsbctmlsfmd}ﬁO’mdeﬁdenc;;sw-

between 50% and 75%. The principle of PA push-pull 1s to
Bse two identical transistors and each transsstor amphifier
works on a half penods. That process makes the high gamm
and efficiency. There are three important parts of PA push-
pull inclodmg with balun circut {(BALance / UNbalance
cmcuat). DC bums. and Masching cxcust Balun carcmit
separate an mput signal mto two signals and two signals has
phase dsfferent 180°. It will be mput siznal of two transistors
and has phase different 180 °. Therefore. one transistor 55 a
postirve amplifier side and other 1s a negative amphifier side.
Then two signals are combmed to ope output balun circant
[2]. Next part 15 a DC Bias. DC bias 15 a source powes of PA.
In this paper. we use DC bias 48Vdc at dramn source and

dopsien” 3]
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Engineenag Intitute
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Nakhoa Ratchasina Thaitand sampart@sin or th
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25Vdc at gate source. The last part 15 a matching carcuat.
Maiching circuit 15 2 carcuit for matching impedance between
balun and transsstor. The matching network 15 very important
to PA because. if PA has a nusmatch between transistor and
balun then the power efficsency and gain are poor [3].

Improving the performance of PA can be performed m pant
of Balun and Matching cacuit If we design two pasts
properly. then the power amplifier efficiency (PAE) and gain
of PA can be improved. In this paper. the authors combine
fwo mterestng techmques which can mcrease PAE
performance. Two techmques are mvert Doherty and
megative feedback The Doherty amphifier 1s a techmque for
smproving the PAE However, the drawback of using mvert
Doherty 1s the non-linear performance. In order to mmprove
the hneanty. the combimmng of negatrve feedback 1s proposed
to solve the problem of noa-linearsty. Thss 15 very important
, to the prosect of SLRI because the non-lincanty can cause
| the unexpected signal spurrng i the cavity tuer. Hence, the
asthors focus oa both efficzency mprovement and lineanty
control

I  INVERSE DOSERTY POWER AMPIIFEER (IDPA)

hwert Doherty Power Amplifier 15 a techmque for
mmprowing the PAE. In a Dohemy amplifier. the output
powers of fwo, amplifiers operating at a proper phase
ahgmmmmdhaslntlmcombmedmzaqu(m
uznsm:smhle without the use of any additional
The classscal Doherty  amplifier
confizuration 1s lustrated m Fig 1.

In general the IDPA 15 used for alinmg signals before
sending them into transisior and before combmmng output
signals. However, for the part of input transistor. the length
1s very short Then in this paper. the PA has ID only ca
output side. The calculated transmussson lme for ID
technique 15 approximate at 25 ohm  The result of PA when
adding ID techmique will cause the power efficsency more
pon-binear. Thss 15 because ID techmque provides the best
performance based on transmission lne matching 1 which
1fs respense 1s non-lmear functica to output signal In this
paper. the authors propose the combinmg of negative
feedback techmigue with ID techmique to solve the noa-finear
problem.
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Figeze 2. Schematic disgram of Neganve feedback smplifier ¢

T NEGATIVE FEEDBACK (NF)

Negative Feedback 15 2 techmique to feedback sigmal from
omofum(&m)mmnofumm(mfs!h
feed)ackpxmmﬂpetﬁxmambm:hcnbm
signals with feedback sigmal In thss' paper, the avthos
choose the component circums such as. capacifors and
tesistors to perform the feedback sicnal The negative
feedback technique can greatly improve the PA performaace
including with 2 non-linear dsstortson. Jog-gam stability and
band pass width [5].

Although the PA performance 1s more lmear when nsmg a
negative feedback but 1ts drawback is on the matching toput.
The matching unit of &cdlﬁd. technique degrades S11I
performance but m a little. He:pe,n:sapufcctchotefor
applymg feedback technique witif JDPA in order o solve 2

bnﬂlﬂypmblmThﬂLthepmposedWoﬁgsﬂ! 1

higher efficiency as well as 2 good linear performance.

IV. POWER AMPLIFIER PERFORMANCE

The selected PA type in thas paper 1s zimed to practically
implement for the project of SLRI at 118MHz It 15 used for
cavity driving in storage mng of SLRI The authors design
power amphifier in Class AB push - pull type. For this type.
there are three important parts mcluding Balun corcmt,
matchmng circust and DC bias. The desten of each part wall
affect to operation. efficieacy and stability of PA The first
key factors on designing PA for a task of SLRI are power
efficiency and retum loss. If the valve of retum loss 1s too
high 1 means that the sk of generator breakdown 1s very
high In this paper. the design of PA neglects a harmonic
problem because the cavity has a relizble low-pass filter [6]

For SLRI progect, the transistor chip BLF578 is selected
for purpose of power amplifier because it provides an

excellent raggedness. a2 good thermal stabidsty and gh
power efficiency [7][8] This device 15 a product of NXP
semiconductor. It can operate m a frequency band of 10 -
500 MHz with a sepply voltage of 50 V. For typscal use at
225 MHz. the load power 15 1200W and power Gam s 24dB
with 71% power efficiency [9] This device 1s seasitive to
Electro Statsc Discharge (ESD) and a storage tempesature s
limuted to 150°C. However, the low level system of SLRI
project operates 2t 118 MHz Therefore. the designs m this
paper focus on ths frequency operation and try 1t best to fit
the hughest performance at 118 MHz.

V. SBMULATION

The smmmuiations of PA class AB push-pull are performed
wia Microwave office (AWR). The input power of 0.8-2 watt
{29-33 dBm) 1s set. Figure 3 presents S-parameters of the
best fit destgn at 118 MHz As seea m thss figure. the mvent
Doberty technzque can decrease the value of S11 which ot
means that the reflected power also decreases. Censider a
negative feedback technuque: the S11 performance 1s shightly
increased. It means that the feedback slightly destroys a PA
matching Also 1n thss figure, the proposed technsque that
combines mvert Doherty and negative feedback can improve
the S11 performance.

In figure 4. the PAE performance of PA 1s presented Fora
nommal PA it has PEA 763% at mput 30 dBm When
applying an wmvert Doberty, the PAE mereases to 76.75%.
However. the effects of IDPA cause the non-hinear results of
PAFE performance Afier taking a negative feedback to PA
there 15 no change o PAE performance For the case of
IDPA combined with negative feedback the PAE
performance 15 obwviously mproved to 78% as shown m
figure 4.

The power gain of PA s also tested and shown m figure 5.
It 15 noficed that the power gam of PA when an mvert
Dohberty techmique s used can mcrease gain but the non-
Iinear problem s 3 tradeoff As expected. the use of IDPA
mimedmﬂxn?mefeedbkadrpowugzm
alonzvmhlme(pr

Plgreﬁshkwsﬂxpufoumceofpowumlconpanng
mw@m)maﬁmmk The results confirm
the'same teends s described m figure 4 and figure 5.

o S parameter
ek & . 3 - 4
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VI. MEASUREMENT

For measurements, the block diagram of power efficiency
measurement 15 shown m figare 7 and the real equspment
setup 15 shown m figure 8 The real prototype of IDPA
combined with a pegative feedback 1s shown 1 figure 9. In
our measurement the derectional coupler 1s used to tap a
small output stgnal and then 1t 15 measured by power meter.
The immtation of tested output power s around S0O0W
because the circulator has 2 power Lt at 800W_

The measared results of power efficiency are shown
figure 10. It 1s obviously seen that the trends of measurement
are the same as simulation. However. the measured values
are less than the ones m simulation because the unexpected

In figure 11, the measured results of power gam are
presented It 1s interesting to observe that the trends are
different from simmlation In measurements. the proposed
technique can mmprove power gan with a signsficant

The results of Pz are also measured and shown in figure
12 The results confirm that the proposed techmigue can
mprove the system performance i both smmlaticns and

measurements.
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VIL CONCLUSION

PA class AB pushpull can increase performance by
5 its drawback Thus, this paper proposes the megative
feedback to combeme with mvert Doherty power amplifier to

power efficiency. power gam and power mput'output ratio
zrcmv-sumd Both simulation and measuremeat results
confirm that the proposed techmique can mprove
performance of PA class AB push-pull.
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Performance Enhancement of Power Amplifier Class AB
Push-Pull Using Component Balun and Invert Doherty
Combined with Negative Feedback

Sutthiphong Kophon, Peerapong Uthansakul, Monthippa Uthansakul. and Sampart Cheadket

Abstract—The System of storage ring in Synchrotron Light
Research Instirute (SLRI) is designed to compensate electron
€nerTgy in storage ring using a cavity tumer. The cavity acquires a
power from vacoum twbe amplifier around 36-35 KW af the
operating frequency of 118 MHz. To maintain such a high
power, the system requires Power Amplifier (PA) having a high
efficiency by solid state technology. This amplifier is a dass AB
matching circuit and DC Bias. In this paper. we use Invert
Doherty combined with Negative feedback to improve the PA

Invert Doberty techmique cam improve the
efficiency of PA but the circuit is nenlimear so it camses
non-linear performance. Hence, in this paper, ﬁeaﬁs
mamemmcommmmmmlﬁ{v
for increasing linearity and power efficiency of PA Also the use
of lumped element instead of microstrip line in balun cirewir is
propesed fo obtain the best efficiency. The performance
measarement of Invert Doberty power amplifier combined with

negative feedback (IDPA-NF) is presented and it is compared fo.
the comventional PA with the same matching circuit. The resalts

show that the propesed system can sigmificantly improve the
efficiency of class-AB amplifier.

Index Terms—Power amplifier, balun, et dokerty,
negative feedback. class AB push-pull amplifier

I INTROBUCTION

The Class AB amplifier is 2 comiprapuse between Class-A
and Class-B in terms of efficiency udhsnntv Typically the

mm:bmgwaqmmpcmﬂdshm?

1n the rezion between the cutoff pomt and the Class A bias
pomt In this case. the transistor will be ON for more than half
a cycle (like class B), but less than a full cycle (like class A) of
the 1put ssgnal [1]. Conduction angle m Class-AB 1s between
180° and 360" and efficiency is between 50% and 75%. The
principle of PA push-pull 1s 0 use two :dentical transsstors
and each transistor amplifier works on a half penods. This

In general. there are three 1mportant parts of PA push-pull
incloding with Balun crcant (BALance / UNbalance circust),
DC buas, and Matching circuit The Balun carcoit separate oae

Y3 3

. 2011, s=wsed December 18,
10111hnnuimwdby$mdlmmhgnmm
(SIRI), Nakhoe Ratchasima Thaibad

Sutthiphons Kophen, Pesrapons Uthansakul snd Monfhappa Uthaasskul
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Sampart Cheedket 35 wish the Accelemstor Techmology Dnisoa,
Synchrotren Light Research Institutz, Nakhon Ratcksoma 30000, Thailaad.
(e-mail: ssmpartisin or th).

Also the circuit can work as 2 reversible operation to combne
two sigmals into ope [2]. There are two necessary Balun
carcuits for push-pall PA type for mput and output sides.
Normzlly. the mput sade has 500 impedance. It means that the
mput Balun has to be matched with 500 and both ousputs are
250 [3] As a result, the mput signal of two wdeatical
transsstors has the same equal impedance with 180° phase
difference.  Consequently. both transistors are able to
perfectly amphify thesr half peniod. Ope transistor 15 m 2
posstrve amphfier side and the other ss m 2 negative amphifier
sude [4]-{5] Then. at the output side. the other Balun carcuat
combines two output signals from transistors. It 15 obwvious
that the performance of power amplifier wall be degraded of
both sides of Balun circust are not perfectly matched. Next
part 15 2 DC Bias. DC buas s a source power of PA In thss
paper, we use DC bas 48Vdc at drain source and 2.5Vdc at
gate source. The last mmportant part 15 3 matching cercust
Maiching circust ss a crroust for matching impedance between
bakan and transistor. The matchmg network s very mmportant
0 PA because. if PA has a mssmatch between transsstor and
balun then the power efficsency and gain are poor [3].
Improving the performance of PA can be performed m part
of Balun and Maschmg carcuit. If we deszgn two pasts properly,
thea the power amfilifier efficeency {(PAE) and gam of PA can
be enhanced. Ig Sus paper. the authors present the concept of
vsing, lumped.'clements such as capacitors mstead of
fwocsap fine for Baln matching and two meresting
lsdm:ques for increase PAE performance. Two techniques
are mvert Dokerty and negative feedback The Doheny
amplifier 1s a techmque for improving the PAE. However. the
drawback of umsing mvert Doherty s the non-lmear
performance. In order to improve the lineanty, the combimng
of negative feedback 15 proposed to solve the problem of
noa-hneanty. This 1s very mmportant to the project of SLRI
because the non-lmeanty can cause the unexpected signal
spurnng m the cavity tuner. Hence. the authors focus on both

A E
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II. BALUN PERFORMANCE

There are two Balun ciscusts required for 2 push-pull PA
type. When the input signal 15 separated into two output
signals with 180 phase difference. the operatmg circuit 15
called as input Balua In tum the combmation of two output
stgnals from transsstors 1s called as output Balun Both Balun
circuits can be similarly designed In general, the Balun
designs are classified inio 3 types. There are conventional coil

structures (Wikinson Divider ; Line and Hybnd Ring) [4]
The usabafity depends on frequency and power. In case of
frequency less than 1GHz. 1t should be erther transoussson
line or conveational coil transformers. On the other hand, the
mcrostnp strocture s used for frequency more than 1 GHz In
this paper. the operating frequency is 118 MHz with IKW
power so the choice of transmussion lme transformer is

The theoretical circust of transmussion lne transformer s
shown m fig. 1. The operation of separated signals of Balua
circuit 1s explamed by considenngs 2 movement of current 1a
transmassion bine (coaxzal) In fig 1. the cusvent flows info
load RL at pomnt B and 1t flows out from load at point C with
equal quantity but the oppostte direction in companng with
grouad at pomnt D_ If we consider signals at pomt B and C. the
phases of signals at pomt B and C are different by 180°.
Generally. the leagth of transmsssion hne (coaxal) s 3/4 or
2.

In general the matchmg desizn of Balun carcuit for class
AB push-pull PA type use a mucrostp lme and shunt
capacttor between coaxial hine of Balun with shown in figure
2 This cercust can optmize 2 refum loss by adding or
reducing erther width or length of microstnp hine. With many
drawbacks mentionad m the miroduction, the paper present
the use of lumped element mstead of mucrostrp lme The new
circmt using adyustable capacator 1s shown in figure 3. Itcan
be obwiously seen that the new carcust ss less complexity and
easy to be implemented. Fig. 4 shows a comparison of retum
loss, S(E.1), between using microstnp line and lamp elements.
The results m thss figure show that Balun with lumped
element has retum loss 16.3dB better than macrostrip lme at
118 MHz:

HOI  INVERSE DOHERTY POWER AMPLIFEER (IDPA)
Invert Doherty Power Amphfier 15 a techmque for
tmprovmg the RAE. Ina Doberty amplifier. the output powers

of two, amplifiers operating at a proper phase alignment and
Bias fvel'are combmed using a quarter-wave transmussion

lite “without the use of any additional components [6]. The

classical Doberty amplifier configuration is illustrated m Fig.
6.

In general the IDPA s used for aligning signals before
signals. However, for the part of mput transistor, the length 1s
very short. Then. 1n thss paper, the PA has ID only on output
side. The calculated transmission line for ID techmque 15
2pproxmmate 2t 25 ohm The result of PA when addins ID
techmique will cause the power efficiency more non-linear
Tius 1s because ID technique provides the best performance
based on transmissson lme matchmg m which 1fs response 1s
non-linear fanction to ousput signal In this paper. the authoss
propose the combmmg of aegative feedback technsque with
1D technique to solve the non-lnear problem

IV. NEGATIVE FEEDBACK (NF)
Negative Feadback 1s a techmque to feedback signal from
output of transistor (Dram) to mput of transistor {Gate). That

381
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feedback process will perform a subtraction between mput
signals with feedback signal In this paper, the authoss choose
the component carcusts such as capacttors and resistors to
can greatly mprove the PA performance mcludmg with 2
non-hnear distortson. log-gamn stabahity and band pass wadth
1

a1

~

w o
Fig. 7. Schematic dagram of Negative feadhack aupliSer @

Although the PA performance 1s more lincarwhen usiss 2
negative feedback but rts drawback 15 on the matching ingut
The matching unst of feedback sechmque degrades Sit
performance but m a lutle. Hence. 1t 45 a perfect choice for
applving feedback technique with IDPA 18 order 10 solve a
lneanty problem. Then the proposed techawque offers the
higher efficiency as well as ag0od linear performance.

The selected PA type m thes paper 15 mmedtomdﬁ‘

implement for the project of SLRI at 118MHz It 1s used for
cavity dnving in storage ring of SLRI The authors design
power amplifier m Class AB push - pull type. For thas type.
there are three mmportant pants mcluding Balun circmst.
matching carcuit and DC bias. The design of each part will
affect so operation. efficsency and stabslity of PA. The first
key factors on destoning PA for a task of SLRI are power
efficiency and retum loss. If the value of refum loss 1s too high
1t means that the nisk of generator breakdown s very lugh In
this paper. the design of PA neglects a harmomc problem
because the cavity has a reliable low-pass filter [8].

For SLRI project. the transastor chsp BLFS78 is selected for
purpose of power amplifier becaunse 1t provides an exceileat
ruggedness. a good thermal stabilty and high power
efficiency [9]. This device is a product of NXP semiconductor.
1t can operate 1 a frequency band of 10 - 500 MHz with a
supply voltage of 50 V. For typical use at 225 MHz. the load
power 15 1200W and power Gain 1s 24dB with 71% power
efficiency [10]. [11]. This device 1s sensitive to Electro Static
Discharge (ESD) and 2 storage temperature 15 hmmted to

150°C. However, the low level system of SLRI project
operates at 118 MHz Therefore. the designs 1n this paper
focus on thss frequency operation and try 1t best to fit the
highest performance at 118 MHz

VI SDMULATION

The stmmlations of PA class AB push-pull are performed
via Microwave office (AWR). The input power of 0.8-2 watt
(29-33 dBm} 1s set.

The results of retum loss S(1.1). are shown m Fig 8. The
retarn loss of PA usmg Balun with lumped element 15 14 dB
better than microstnp kne To conssder the power efficiency
of PA_ the results are shown m Fig 9. The efficiency of PA 1s
79% and 76% at typical 36 dBm when using lumped elemens
measared and shown m Figure 10. respectively. However
there 15 no signsficant difference 1a power gam.

Fig 11 presents S-parameters of the best fit design at 118
MHz As seen m this fisure. the mvert Doherty techmaque can
decrease the value of S11 which t means that the reflected
power also decreases. Conmsider a mpegative feedback
techmque:; the S11 performance 15 shehtly mereased. It means
that the feedback slightly destrovs a PA puatching Akso m this
and segative feedback can mprove the S11 performance In
fiz 12, the PAF performance of PA 1s presented. For a normal
PA i1t has PEA 76 3% at mput 30 dBm When applving an
1avert Deberty, the PAE mcreases 0 76.75%. However. the
effects of [DPA cause the pon-lmear results of PAE
pesformance. After taking 2 negative feedback to PA. there 1s
10 change to PAE performance. For the case of IDPA
combimed with negatrve feedback. the PAE performance 15
cbwonsly mmproved to 78% as shown m fig 12

Fig 8. Retum Loss of PA using Bakm with Zxmped elemest and PA nzing
Balen with mecrostnp ine
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Fig. 18 Measurement of PA m power efficency
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' E The power gaim of PA ts also tested and shownm fig 13 It
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Tiz 15 Block diagram of powsr efficiency measwement technsque 1s used can mcrease gam but the non-linear problem
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1s a tradeoff As expected. the use of IDPA combined with
negative feedback mcreases the power gamn aloag with hinear
property.

Fig 14 shows the performance of power input companng
wrth power output (P,2) m 2 dBm scale. The results confirm
the same trends as described m fig 12 and fig. 13.

VIL MEASUREMENT

For measurements, the block diagram of power effictency
measurement 15 shown 1n figure 15 and the real equipment
setup 15 shown m figpure 16. The real prototype of IDPA
combmed with a negative feedback 1s shown m figure 17. In
our measurement. the derectional coupler 1s used to tap a small
output signal and then if is measured by power meter. The
ltonitation of tested output power 1s around S00W becanse the
circulator has a power limit at S00W.

The measured results of power efficteacy are shown m
figure 18 It 15 obviously seen that the trends of measurement
are the same as smudation However. the measared values zre
less than the ones m simulation becauss the unexpected loss
oocurred within the real prototype

In ficure 19. the measured results of power gamzre
presented. It is inferesting to observe that the trends are
differeat from ssmulation. In measurements. dleprm
techmique can improve power gain with 2 significant

The results of P1dB are also measured 2nd shown 1 figare
20 T!::emhsconﬁtmﬂmlhepmposcdtechmman

improve the system performance m both simulations and
measurements.

VII CONCLUSION

This paper presenss the concept of using humped element
mstead of mecrostnp hine for bester matching mpedance of
Balun carcuit whach 55 2 mam part of push-pall PA type. The
performance of PA class ABpush-pul! can be enhanced by
improving balua circuit and 2dding invert Doherty technique
but the noa-hinear property s its drawback Thus. thes paper
proposes the negatwe feedback’ io) combize wih invert
Doberty power amplifier to fix the driwbofl Frce, sysiead

and power nput/output ratio are mvesngated Both simulation

performances including with power eﬁmmcv;pv\i&‘ﬁi’ ‘a
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