THPP130

Development of FPGA-based Predistortion-type Linearization
Algorithms for Klystrons within Digital LLRF Control Systems
for ILC-like Electron Accelerators

M. Omet, SOKENDAI, Hayama, Japan
S. Michizono, T. Matsumoto, T. Miura, F. Qiu, KEK/SOKENDAI, Tsukuba, Japan
B. Chase, P. Varghese, FNAL, Batavia, USA

Introduction Linearization Algorithms Performace Comparison
At the International Linear Collider (ILC) [1] the | 25 - —

superconducting 9-cell TESLA type L band > (Determination | || RS o | [ > it ol //
»| of amplitude A ; I ; _

o _ _ . _ _ o £ Ath A2 Add then f . =limit/A
cavities will be driven in a configuration of 39 cavities . % »
>—¢ > Switch ——>
per 10 MW klystron [2]. Q| ® (g

o
(e

[S—Y
n
—TTT

[N
(=)
T T T

Original function

Direct LUT _

LUT w/interpolation ]
— LUT \'xc’(mt./adaptnje grid |
- — 3rd order polynomial
Calculation of [ 2nd order polynomial

correction factor i " L
|; feorr,i=b-AZ+c At+d !

Correction functionoutput|a.u. |

]
— 1T

| | A 3rd order polynomial function based algorithm [4].

4 6 8 10
Input amplitude [a.u]

o F

If B > limit 0
— then f . =limit/B

Calculation of >1 Determination

>{ correction factor q
foorr,q=F-A2+g-A+h

>1 Determination
of amplitude A

of amplitude B

else oo =1

o Modeling simulation of an arbitrary function (green) for all introduced
[ (S-S linearization algorithms.

) { > r in1 out l‘

[ Q ( \>_<>— ingut =in1-in2 /& X
&Y

2 in:)ut =int1 + in02Ut Q</

Qp I[ | @

Jf Cryomodules

' housing

{' superconducting
/ cavities 2rd order polynomial function based algorithm.

®

.........

— Direct LUT _
. LUT w/interpolation
41 — LUT u{-‘{lnt./adapmje grid
- — 3rd order polynomial
2nd order polynomial

Shielding |

) /14 N %_\_ LUT1
Schematic of possible ILC tunnel layout [2]. e t4|:
i
[

| farr :
0 -_ JWVAVAMAWMM%
L k—_——_””r 4

Deviation to original function|a.u. |

LUT2
oo _4:_
._,(MXDCWWZ I(i;in 4 . ¢ />i\ ﬁ ®_in;ut=in1-ingm I;Ut L
7 ) - out o 2 4 & 3 10
_ . . U Error functions in modeling an arbitrary function for all introduced linearization
Radio Direct lookup table based algorithm [3,4]". algorithms.
Frequency . . . . .
Local  (RF) ) R gl Algorithm of choice: Lookup tables with arbitrary grid
oscillator LO LO > LUT2 a@— . . .
LO)  |ntermediate spacing and interpolation:
i — S P - Best modeling performance (lowest total error)
o ot [ oo | [0 ot ampituc A S ks | A - Requires only 1 clk more than the LUT w/int.
(RF) converter | | converter converter n [ ) = ﬁ®_mlm:im_mgm L X H switch low
Y Y Y i A@@ — é [:,» C | )
Digital signal processing X o § OnC USIOn
on FPGA
Y
igi Direct lookup table with int lation based algorithm. : : : : : :
" RF 0 aaiog e DO TR T INTTpOTEion DAsed sigorin Five different algorithms for klystron linearization
ystron v
llQ L= have been developed. Three of those were
modulator [ Test of Alaorithms successfully tested using an actual 5 MW Kklystron.
Simplified schematic of the digital LLRF control loop for ILC. g In a modeling performance simulation of all
= ¢ optimizat tis intended t _ algorithms it was shown that the algorithm based on
or cost optimization reasons it is intended to . . . .
P o , 3na 2rd  Direct LUT lookup tables with arbitrary grid spacing and
operatﬁ It_he.tklilzs]trc})(r;s IA) N POWer ble_low tr;elr_ order order LUT  wiinterp. interpolation yielded the best result. By the
uench limits [2]. Klystrons are non-linear devices. N . . . L. .
d y Target FPGA Altera Altera Xilinx Altera implementation of such a linearization algorithm the
v\ deol Cyclone Il Cyclone Il Kintex 7 Cyclone |l ILC requirement of klystron operation 7% in power
| actual output . i " " 1cofi
" e ) desired output Testmethod | Kiystron Klystron Simulation  Klystron below the point of saturation will be satisfied.
g 8 Furthermore this kind of klystron linearization can
5 ) 0% power overhead % Test result Successful Proof o;‘ Successful  Proof 01; be applied to any other accelerator or application at
5 ’ = conce conce . . - . .
3|/ ,+desired output S actual output P P which high efficiency RF usage is required.
g - > Amp. and pha.| Amplitude v v v
40 »I 80 _ Ian 120 140 160 180 [W] ) | . P . ) [a.u.] |inearizati0n Only R f
nput Power nput Power e erences
Schematic of the klystron output characteristics. o
Quantization X X v X

[1] http://www.linearcollider.org
Precision Good Good Verygood  Best [2] "The International Linear Collider - Technical
Design Report - Volume 3.1I: Accelerator

The feedback gain is proportional to the klystron
output amplitude characteristic. Close to operation

the gain decreases and makes control difficult or Memory Low Low High High Baseline Design", CERN, FNAL, KEK (2013).
even impossible. This situation can be overcome by Hsage [3] W. Cichalewski, "Linearization of Microwave
the implementation of a klystron linearization, which Multiplier High High Low Low High Power Amplifiers in the RF Systems of
|in.earizeS the kIyStron OUtPUt and keep§ the control usage Linear Accelerators for FLASH and X_FEL",
gain constant up to the point of saturation. In the - o N 5 5 (PhD Thesis), Technical University of Lodz,
following the development of predistortion-type d‘e’lt:y ;’gged ¢ Sclks  3clks 3 clks Lodz (2008).
FPGA-based linearization algOritth IS described [3] [4] M. Omet’ "Devek)pment and Test of K|ystron
5 Amplifier input Predistorer . Amplifier output Algorithm of choice: Two lookup tables with linear Linearization Packages for FPGA-based Low
g g interpolation: Level RF Control Systems of ILC-like Electron
g )E _ Llnearlzatlon In amplltude and phase ACCe|eratOl’S", PI’OC RT2014, Nara (2014)
= _ £ _ - No quantization
EA'”putamp“t“de 7 SA'”p“tamp“t“de - Best precision Acknowledgements
E . § _)E Imorovement ble? Yes! *Special thanks to H. Schlarb and J. Branlard
; 5 = Provements possibies Yes: (DESY, Hamburg, Germany) as well as to
g __, P . < _ W. Cichalewski (TUL, Lodz, Poland).
Input amplitude Input amplitude Input amplitude LUT v, 115..0
oA R 1 xiso|LUT n(A)| poa | [ yis. Contact Information
| Predistorer . — T > 16bitwidth # >
I I 11 bit words
: cremionor 11 > [ Mathieu OMET
i rcorrection factors_l l The Graduate University for Advanced Studies
I .
 Controller e Klystron Direct lookup table with arbitrary grid spacing and interpolation based KEK High Energy Accelerator Research
oo algorithm. Organization
General principle of a predistortion-type FPGA-based klystron linearization 1-1 OhO, Tsuku ba, |baraki, 305-0801 , Japan

algorithm.

PHS: +81-29-864-4616
Fax: +81-29-864-3182 (Accelerator office)
e-mail: momet@post.kek.jp



