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Solid State Power Amplifiers (SSPA) for particle

accelerators and industrial applications

predominate new
~ opportunities to
\ improve the
state of the art !

Solid state sources
predominate
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UA The RF Power Amplifier role is to transfer all Input
7 Power, idealy just DC Power, into RF Output Power

Power Added Ef ficiency (PAE or np,g)

e PAE = RF Poweryyt—RF Poweriy high efficiency is not simple
x o
RF Power; 7)) = 0
« PAE = (G —1) Y = (94,5%)* ~ 80%
. RF Power,,; (91,5%)* ~ 70%
Power Ef ficiency, PE = DC (90%)*~ 66%

(G-1) (these can be compared
* NpAE = G NeeE = NGain X NPE to the efficiency of the

- o . tube, onl
Power Efficiency is limited by many factors: vacc. tube, only)

* NpAE = Ngain X NMPE = NGain X Nknee X Nioss X Nmode,BW

Cardiff University at ARIES 2019
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Definition of the Efficiency of the SSPA —
Ntor: Wall plug efticiency
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Ntot = NpPAE X Nac toDC X Ncombiner = NGain X Nknee X Nioss X 77'mode,BW X Nac toDC X Ncombiner

* for high n¢gin:
we need high Gain > 16 dB for n¢gin, > 0.975
if Gain > 10 dB for ngg4in > 0.9 (nGam = %)

® Ninee : Linked to the impact of the knee voltage

* Nioss : Linked to the impact of matching network, passive components losses

* Nmode,Bw : Linked to mode chosen and bandwidth/impedance of matching network
®* Nac to pc: Linked to losses in DC power supply

* Ncombiner - Linked to the power combiner losses, external to PAE, but required when more than one PA
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~watr Nposs - IMpact of Matching/Combining Losses

100 i _________________________ P — — — e , ° If Overall Efficiency Ta rget iS 90% these

| Target97.5%

-------------- must be kept below 0.1 dB

 Difficult in the case of complex modes
.......... L Tewson that require harmonic matching - RF |-V
Waveform Engineering (class F or F1)

 912% \

 Difficult in the case of high powers which
require a high impedance ratio matching
(50Qto10Q)

e Strong motivation to drive up the

Loss Efficiency Factor

S i i i i

00 i 02 0.4 0.6 0.8 10 transistor Power Density

Loss dB

0.1

2nd Workshop on Efficient RF Sources 23-25 September, Toledo, Spain



Nrknee. |Mpact of knee region

* In an ideal transistor when the RF waveform
S swings to the maximum current the voltage
95% |  Target97.5% swings to a ZERO minimum.

* |n practice because of a finite Ron, the
minimum voltage is greater than ZERO =V __
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100

n
_ Vmin
* Nknee = 1-— Vpe

* Consider LDMOS, targeting Vo =65V, so
looking forV .. <3V

* Consider GaN, targeting V=100V, so
looking for V., <5V

Target 90 %

Knee Efficiency Factor

B0 N

1.8

mMaxX

75 - i 1.3

0.00 0.05 010 015 0.20 0.25
0.025 (Knee Voltage/DC Voltage) Ratio

Load Line
IDS.i, A
=]
i

Focus on driving up the operating voltage. Target V;, < 5% V5 0.3
In order to target a knee factor < 0.1, operation to | is not feasible.
Typically a current of <75% of I__, is selected.

max’
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Nmode.Bw . Mode Selection
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ClassA ]/ N * Solution for Infinite Bandwidth
: 0.2 - / x\‘\\ //"; I&“-\\\ -z 3 i ClaSS A - 50%
DD_[} .. SIE 1IJI[! An;j:ll:;rnmill}'lll:mg:l 2;0 Q!I] S-S{I ” g Class B - 78-5%
I — e Class F-100%
E. & "\_\. .._/ _.-"f. 0B 3— . . L.
Class B f el N/ el e So to achieve a drain efficiency > 90% we
/"’"’ X s will need to target the highest efficiency
P e e et modes, hence Class F or F1.
2 e e . . . . . .
feduceDCbY T o * This requires design involving harmonics
Class ol \ /et * Matching could be simplified by the use of
PP the continuous mode variant of Class F
-« S I A (including Class E, J, F1, etc.)
/"’__.H o 50 100 m.;ifm. ,m?:}mgl 50 300 350

Increase rf by */;
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o Only Fundamental
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Nmode Bw . Mode Realization
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Marmalized RF Violtage:

: L & : : ;
H H ___——.‘_— H H H H H a 50 100 150 200 250 o0 350
---%-}Wt-_:-“""f ------------- ;—------------—;-------------f ------------- Tt Angular Time (Deg)

;  Target97.5%
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e OMNLY e
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Marmalized RF Voltage:
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i RN
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Class B 78.6 % ¥

i i i i i i i i i i 02 . , , , r !
75 [ [ [ [ [ [ [ [ [ | ] 50 W0 150 200 250 300 350

1 3 5 7 9 11 13 15 17 19 21 Angular Time: (Bea)
Harmonic Order

34 harmonic ONLY is typical, hence practically limits 1,,04e Bw <90 %

considering the 5" harmonic helps achieve 7,,,04e sy <95 %
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Comparison of GaN on on SiC with LDMOS

GaN on SiC S Si n
Astructure of GaN (gallium nitride) deposited
o5 Sion carbite (BIC) substrate -0 (LDMOS)
Eg
Bandgap [eV] 1.1 3.3 3.4
& Size 50% Down Power
@ Thermal Conductivity 5 Times Higher Density Wimm] | 92 10 >30
@ 10% More Efficient
@ Electric Use 10% Down Thermal
Conductivity 1.5 4.9 2.0
[W/cmK]
Si (LDMOS) RF Usable | _ agp;, ~ 40GHz
Silicon epitaxial wafer, Frequency

Low-priced & easy change of electrical characteristics
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Operation at Higher Drain Voltage
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A Highly Manufacturable 75-150 VDC GaN-SiC IGNP0912S5000 | RF Power Amplifier Pallet INTEGR[]A

RF Technology for Radars and Particle Accelerators EPOwER DEVICES

Gabriele F. Formicone ', Senior Member, IEEE

L-Band, GaN/SIiC, RF Power Amplifier Pallet

265 [ e 960 - 1220 MHz | 6000 W typ | 75% Efficiency typ | 19 dB Gain typ | 125 V| 32us Pulse Length, 4% Duty Cycle
26 - 80
24 | L 20 IGNPQ912S5000 is a high power RF power amplifier pallet that has
been deslgned to suit the unique needs of TACAN, DME and IFF/ & ‘LH
= 221 ‘ L 60 g SSR avionics systems. Under 32us, 4% duty cycle pulse conditions, ép ]
-:— o — Gain -100us E it supplies 5000 W of peak output power, with 18dB of associated ’—‘/ L |%’J | ‘,=.|TJ L‘
g 20 /// —Gain-10ms | 59 g gain and 70% efficiency. It operates from a 125 V supply voltage. = :D _H—A _ ﬂ:{ =
= o=
#7 — Gain - CW e i B =
FEATURES - | g [
18 : ! - i - — —EFF-100us - 40 i ! = :
y » GaN on SiC HEMT Technology F 3 ‘
K N — —EFF-10ms . Output Power >5000 W \j \ °
= z, = m. .
18 L154-300—12Ml\:-LGl-RS — —EFF-CW 30 - Input impedance fully matched to 500
\ \ - High Efficiency - up to 75% during the RF pulse
14 ' 20 - 100% RF Tested
0 25 50 75 100 125 150 175 200
OUTPUT POWER (W)
Fig. 13. Measured RF gain and drain efficiency versus output power for the | 0
12 mm die characterized at 100 V bias and 650 MHz. In CW operation, only 6 kW : (u nde r 32 p‘s’ 4 A) d Uty CyCIe pu Ise )
~2dB compression is tested. VDS — 125V
(o) .
Target Vi, <5% VDS See next talk: RF GaN/SiC Technology
. . o
Efficiency typ 75% from Integra by Tom Kole
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GaN high power transistors —e.g. Qorvo
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Portfolio Summary — MMICs
A Radar
IFAST
Radar/Satcom Satcom
Psar
Satcom Satcom / 5G
2W
750 MHz S C X Ku Ku K Ka Ka Qv
Bands e
QOPVO 2 3 G H yA & 2022 Qorvo US, Inc. _ |2 (f.
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GaN RF Amplifier Module 200 W IFAST
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(0)
Pout > 200 W, PEff > 83 %
V_gate GND V_drain 53.00 100.00
connector connector <—Q *_¢+ -
3 ‘ 52.00 F - 90.00 ¥
51,00 - 80.00 ¥
—I-Hi S
RFin 20.00 - (VAR o £
= - 60.00 w
— RF out E 4000 s 4 .
e . & " = 4 - - 50.00 B
N B Bl e 3 48.00 — Pout{dBm) &
2 == Power Added Efficiency - 4000 e
—#— Drain_Ffficiency ®
47.00 / ——Gain - 3000 A8
Output 46.00 Py - 2000 B
Isolator - £
Input 45.00 A > - 1000 &
Isolator t 44,00 0.00
Water inlet Water outlet 25 27 29 31 33 3 37 39
Pin (dBm)

Fabricated 200W solid-state RF power amplifier
at 750-MHz Measurement results of 200W solid-state

RF power amplifier at 750 MHz

Alireza Kasaei and Dragos Dancila, "High-efficiency high-power Gallium Nitride
amplifier modules", 3rd I.FAST Annual Meeting, 18 April 2024, Paris.
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GaN RF Amplifier at kW level IFAST
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UNIVERSITET Pout > 1150 W, PEff > 82.5 %
; 62 100.00
- 90.00 =
o C 60 s S
Q ) - _ - 80.00 D
£ £ k-
rey - 56 || —ePoutosm) : -l".. [ 700 ?.:EJ
7)) g "E“ —B-Fower Added Efficiency : - 60.00
g (@) % 34 1 Crrain_Efficiency <0.00 E
St ) B - =
T! 1:-; 53 L = Gain » E
\ (o) s / : - 4000 £
50 . e
/./I’ - 3000 9
Pin a8 é’:. ' § — g
Pout W _47" 20.00 F
46 ..-_r--“"‘"'77 1000 O
A4 ¥ 0.00
25 27 29 31 33 35 37 39 a1 43 as a7
Pin (dBm)
43.02 60.17 1039.92 67.09 31 75.28 17.15
43.66 60.35 1083.93 69.71 31.1 78.21 16.69
44.16 60.46 1111.73 71.26 31.2 79.96 16.30
Implemented 1kW RF high power solid-state amplifier 44.53 60.60 1148.15 73.48 31.25 82.45 | 16.07

including DC b’gst hc ’r:“,’__’ts’ I6tt)“( ZOO_dW RF Z f)wer amplifiers, Measurement Results including Signal Gain, Output Power, Drain Efficiency, and
andthe RF spltter and comoiner. Power Added Efficiency at 750MHz.
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- Waveform engineering: design prmuples at
st 100 MHz — 1kW — 93% eff. e

* PA designed and fabricated for operation
around 98 MHz

* Obtained state-of-the-art peak efficiency
of 93%, with a gain >20dB and an output
power of 980W.

* Efficiency maintained above 90% up to 5dB
backoff using drain supply variation from
30 to 50V.

R. Tong, O. Bengtsson, A. Backlund and D. Dancila, “Highly Efficient Kilowatt 20t 113
Power Amplifier Module as RF Source for Radioisotope Production Cyclotron ~=1)D_Meas *=Gp_Meas
System”, IEEE Transactions on Microwave Theory and Techniques, 2021. 0 . . [EAD-Sim = ZpSim ]
0 200 400 600 800 1000 1200
Olff (W)
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" Efficient Multimode PA Module at 100 MHz

UNIVERSITET

* Multimode PAs defined in terms of time-domain waveform engineering

» Background of different classes (F?, J)

* Theory for multi-mode operation and a combination of F! and J modes
chosen for the final single-ended PA design

S

1.0

N

|
o
() (1)51 pazeusion

= (Class-A

3 = (Class-J
— Class-F~!
Multimode

e Oiverdriven clipping current

Normalized vpg(t) (V)
]
|

e Clipping current (first five harmonics considered only)

= Multimode current waveform

Normalized vpg(t) (V)

Multimode voltage waveform 0.0 | 0!2 | 0{4 | 0{6 | 0!8 1.0 | 1.2 | 1.4 | 1.6 | 1.8 2.0
—— | | | T —=1-0.0 time (Periods)
04 06 08 10 12 14 16 18 20
time (Periods) vps(t) = Vpp - {1 —V2cos(wt)40.5 cos(th)} -[1 4 sin(or)]
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Efficient Multimode PA Module at 100MHz

Fundamental Impedance
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Specification Operation Mode
Class-F* Class-J Multimode
Znfy = Z2f, - Ropt () Do f, Inf '+ jInf 0—j2.36 0—j6.0
Z3 4, - Ropr () Z3f, (0+ jO) (04 jO) 0—j2.8
Efficiency,np (%) 92 78 91
Output Power (dBm) P, P,—0.3 P,—1
Matching complexity Hard Easy Easy

: “Inf” means infinity large impedance here, i.e, open circuit. While (0 + jO) represents “short circuit”.

* P, represents the output power for Class-F~! as a benchmark for other modes.

>3 Harmonic Impedance

O AN
o/

—2" Harmonic Impedance

—RL=15dB, VSWR= 1.43
—RL=20 dB, VSWR= 1.22

PA module load mismatch of 15 dB
and 20 dB and their respective
intrinsic impedance transformation
for the fundamental, 2nd and 3rd
harmonic through the package and
output matching network.
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= RF |-V Waveform Engineering

UNIVERSITET The Continuous Mode Concept
. . . .. . Y =-1tolstep0.5n
* Class B Waveforms delivering high Efficiency verified: ONTA >0
2 %% g
= ] 20 £
1.0 4 — 2.0 1.0 —2.0 £ 0'67_ "5 &
08 1.5 081 - 1.5 E o ;—1.0 %
T 06+ s £ 06~ < Q 0.2 : 05 S
3 04 e ‘g c% 0.4 — e ‘g 0.0 = 0.0
° " \ os ' os "0 2 4 6 8 10 12 14 16 18 20
024 4 0.2 . time (nano seconds)
0.0 | | I | | [ [ 0.0 0.0 | | [ [ [ | | 0.0 V
° Y om0 % R oo Vas(t) = (1 — VD; * cos(2m ft)) * (1 — 7  sin(2 f1))
e Other Waveforms delivering high Efficiency have also
been observed: Class E, Class J, Class F and Class F1, etc.
 These modes had the same; RF Power, DC values, hence
efficiency, Nmode Bw -
* There are multiple similar performance waveform
solutions and we can see classical modes as just one
case of a set of continuous solutions. Cripps & Tasker, IEEE MWCL 2009
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“© Efficient and Compact Push-Pull SSPA Module
7 using lumped matching networks

Nuclide

RF Energy I ° :
w000 R (L ey
Supply I —Tl_ Supply
T [55%)
I

I+

RF out

RF in

Radioisotope Production

r

] 050

]
1

] F7050

Tong, Renbin, et al. "Compact and highly efficient lumped push-pull power Tong, Renbin, et al. "Compact and highly efficient kilowatt lumped push—pull
amplifier at kilowatt level with quasi-static drain supply modulation. power amplifier for cyclotron in radioisotopes production.” IEEE Transactions
" |[EEE/MTT-S International Microwave Symposium (IMS). IEEE, 2020. on Microwave Theory and Techniques 69.1 (2020): 723-731.
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Push-pull PA for a kW module at 27 MHz

* Designed lumped balun for push-pull PA
and characterized it in back-to-back
configuration/compared with simulations.

* |Investigated in simulations regions of
second harmonic impedance for efficient

ope ration.
0 188
% e = :—184
E E ..... - g
Té) -20— /A R _—180 ~
g ] —S?lfff_sim —_— Sﬂ'ff_meas ——83;_sim ——S3;_meas| L e
(=¥ 3 . .
% '30__—S?§ff_sim —S%!ff_meas — Sy1_sim —S»;_meas —176
J— SP7 sim —S29T _mieas —AQ_sim =——A@_meas [
'40 | :?3| I_I [ | [ 3I3 | LR | I | I ‘ L ‘ T TT 172

10 15 20 25 30 35 40 45 50
Frequency (MHz)
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UA Supply Modulation for Efficiency in Backoft

UNIVERSITET
* 89% efficiency 1150 W output 90 e
power at 26.5 MHz achieved 80 (P
e o . § 70 ,’l -
* > 83% efficiency with > 960 W T A -
. = 7 -7 M g7
achieved from 24.5 to 27 MHz < AL AT e @S5V s @S0V
i il IR T e
* Quasi-static supply modulation 40 |- i’ e Drain Supply Modulation —
shaping function obtained 30 e ———
0 200 400 600 800 1000 1200
P()HI (W)

* Drain supply modulation results
in > 90% drain efficiency over a
5 dB back-off power range.

Load Modulation

Bias Modulation
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Push-Pull Module at 27 MHz
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il (/-

* Matching circuits including harmonic
trap to ensure high efficiency in class F

* Final circuit is very compact

e Demonstrated close to 1kW between
24 and 27 MHz .

100
27 | ol <— frJ-zr 90
26 "’--.._ "‘h _] 15% — 80
25 ’U“ = = 70
o 24 — 1 ) ‘\ 60 =
T | = [ \\ 9 50 =
; . S
O 22 ~ —> \ o 43
21 --@-- G,_meas Gp,_sim \ 30
p— P—
. . 20 --@-- 7]p_meas Np_sim \ 20
See next talk: Industrial usage of high 19 Np_sim (w/0 harmonic trap) \ 10
efficiency SSPAs by Jan Kovermann 18 . 0
100 200 300 400 500 600 700 800 900 1000 11001200
Pous (W)
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Single ended RF power amplifier 352 MHz
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_ 60 —
R o B
= u
@ 40 /
) L
c
3 0 o
20 o o ° o o o o
10
0
0,00 200,00 400,00 600,00 800,00 - .
Pload (W)

BLF189 (2016) —@—Gain —@— Drain_eff
Pout > 1.25 kW, Eff > 70 %

Vgg=0V

vdd= 75 PRF= 100Hz, 1% /p"._.'—._.—. - 70
Vgg=0 Freg= 352MHz 2000 | 0
Pin Pout_w Idc_Peak_Amp Eff % ’// W

218 8.9 32.66 z 1500 - 50 <
421 13.8 40.68 u / / Lol pout - 40 !
716 18.4 51.88 & 1000 A 0 w
1013 23.6 57.23 - Efficiency

1400 27.1 68.88 / - 20

|
[¥,]

2o 1571 29.4 71.25 =00 / 10
— e 1700 3La 72.19
1792 32.7 73.07 o o

1860 33.9 73.16
1917 34.7 73.66

Bw e oLl | &

ART2K (2024)

Pin_dBm

Pout > 1.6 kW, Eff > 72 %
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UA nCOmblner . Com blner |OSS€S
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IL [dB] | n combiner
0.3 93,0%
0.5 89,0%
0.8 83,0%
1.0 79,0%
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10 kW HPA 352 MHz pulsed 5% DC s

DUT ~ 20 dB

b 8:1 Gysel
splitter ’ combiner
20 dBm pre-amp 2 bi-directional ’ bi-directional
M de  coupler > coupler
70 dBm
@_» — > > %

. pre-amp | 50 dB 50 dB 500
signal 50 dB >. B I p
renerator 0d
¢ power meter ’ power meter |

IN ouT =
20 T T T T T T T T T T
P .\'\_
s ™~ i
] [
18 o \'I. L
/
| ]
—_ 1 ./ -
s |/
= 16w
£ L
QO
14
12 T T T T T T T T T T
0 2000 4000 6000 8000 10000 12000

Power (W)

D. Dancila et al, “A compact 10 kW solid-state RF power
amplifier at 352 MHz,” 2017 IOP Conf. Series: Journal of Physics:

Conf. Series, vol. 874, 012093
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Gysel Power Combiner 10 kW
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Td=710p 20%22

R1) ta=710p 2024

T2
*Syy <-20dB - o
NN = P S o
TaeT10p 20222 Td=710p 20=23 {R1} Tan710p 20=24
v

* Losses<0.1dB

1 T16 Tz

Key Parameters o é) R K

B
Td=710p 20s23 R} ras710p 20524

1
T8

* High Power Handling é

T3 THe

* 240 x 100 x 30 mm n é

s Td=710p 2021
s T2
\C

10 11
o RT
TawT10p 20%23 {R1) Tdw710p 20w24

A Td=710p 20=22

=4
é

16
50
v
0
v
0
12
50
Ve
0
50
0
RE
50
V.
0
RE
50
v
0
Ra
50
vz
0
50

Td=T10p Z0=70.71 Td=T10p 20+23 g:') TdeT10p 20-24
-5
-10 6 T4 = k-3
a TdwT10p 2022 é Td=710p 20=23 gﬂ') Ta=T10p Z0=24
i
5 -5 g
5 SID
E Sy i " T2
§ 20 S — R g‘“‘“ —
o Td=710p 2022 TdeT10p 20°23 Td=710p 20=24
n Sy vi
25 == =Sy A
Sy
== =S
30 5?9 . . n .
sy M. Jobs, D. Dancila, J. Eriksson and R. Ruber, "An 8-1 Single-
550 - p” w00 450 Stage 10-kW Planar Gysel Power Combiner at 352 MHz,"
Frequency [MHz]

in IEEE Transactions on Components, Packaging and
Manufacturing Technology, vol. 8, no. 5, pp. 851-857, May 2018.
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100 kW non-resonant power combiner
UNIVERSITET Wlth door_knob Coup|er5 at 352 I\/IHZ

_, IL transmitted

can handle . )
200 kW load =

7/16inch input

CO n n ecto r 00 - 522 LogM 5.000dB/ 0.00dB [Trace Max On] >; gggé m:; gilg ﬂg -1 06
h —_— 3 Cm Output Connector 5-00 % 107k transmission of an ideal combiner
- h S -108
-10.00 (2
% -10.97 measured transmission
-15.00 g -11 I
-20.00 \é/ E -111
-30.00 a : 3 2.2 Vi !-!Z é 4I' é é 1I0
r output port number
w0 PRI el Y94 AD
V. A. Goryashko, D. Dancila, A. Rydberg, R. Yogi & R. Ruber (2014): “ 'i f:* ub . _ at 352.2 MHz
A megawatt class compact power combiner for solid-state :45:00 I.e. U.57 reriection ILis 0.3 dB ie. 6% losses
amplifiers, Journal of Electromagnetic Waves and Applications. T oo St 532200 Mz — Stop 572200 M . ree D70

2nd Workshop on Efficient RF Sources 23-25 September, Toledo, Spain
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Back to back combiner test at high power

UPPSALA
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Pin v.s. Pout (pulse 3140pus, DC 4.42%)
. . . 85
Bidirectional ' W IL=0.58 dB
coupler 1:64 ) el ith
er 64:1 A colitter : - ] (with cables,
B ey § combiner Lo’ - P | g e connectors, etc.)
water : —- . = B 5 el 200 kW
1 - \1' i g & 65 /
] . ‘. .?, :.. 60
‘ 4.-— — 7 [} / y=1/00x- 0,60
Py’ r 5 55
z%’ | 55 60 65 70 75 80 85
Z 5 ' d Pin (dBm)
—7 RF power |

coax line High Power Test (pulse 100 ps)

2 IL=0.61dB
” .a .
61/8 520 e (with cables,

gsz,s /’,I - r ConneCtOFS, etC)
2 827 L 3 b
£ 826 /‘.l/ 226 kW

825 T N ¥ £1,00x- 0,73

824 1@

l ’ Pin(dl;m) J ’ J

Test successfully carried out to 220 kW without incident. (100 kW is required)
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UPPSALA

ESS” SSPA 400kW station at 352 MHz - 5% DC

UNIVERSITET

Circulator and water cooled load
(same as for tetrode stations)

4 x 100 kW

See next talk: Pulsed 400 kW solid Total foot print: 4 m?
state amplifier by Bruno Lagoguez
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summary

UPPSALA
UNIVERSITET

The total, i.e. wall plug efficiency of an SSPA station is influenced by six key factors:

Ntot = NGain X Nknee X Nioss X nmode,BW X Nac toDC X Ncombiner

Understanding waveform engineered in different amplifier topologies
allows for optimal amplifier design. Continuous modes remove the
constraint of working with just harmonic shorts or open.

PAE
(97,5%)%* =~ 90%
(94,5%)* ~ 80%

If we target PAE > 90 % the first 4 factors must all be >97.5 % (91,5%)‘;z 70%
Need to have Gain > 16 dB rather than >10 dB (90%)*~ 66%
Need to reduce Knee Voltage by a significant factor down to 0.025 of V__, (see vac tube eff)
Keep output matching losses < 0.1 dB rather than 0.4 dB

* Circuit design increased beyond 3" harmonic to at least 5t harmonic PAE| 90%| 80%| 70%| 66%
o o withn ACDC| 87%| 77%| 67%| 63%
* Considering a good AC to DC efficiency: nac to pc = 96% IL0.3dB | 81%| 71%| 63%| 59%

. . . ILO.5dB 77%| 68%| 60%| 56%
Considering combiner losses, the wall plug eff. ny,+ becomes: T losas | 72| 6a%| se%l 5%

IL1.0dB 69%| 60%| 53%| 50%
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e QuUestions ?

Welcome to Uppsala,
especially on the last
day of April — Valborg.
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