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Resonance Control :
Frequency Agile Control and Resonance Control

Water System
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Resonance Control Scheme

av
Frequency Agile .
Mode Fo+f RCCS: Fcav —F,
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1) F.,, changes due to heating by RF input
2) Fpr is controlled by DDS to follow F,,
3) Water Resonance Cooling Control
System (RCCS) is not activated
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Frequency Error Estimation

Instantaneous Frequency 4 (k) = f, 2(Vq (Ve (K) =V (K)Vo (K))
Error Equation : 2Q, Vi (k) + Vg (k)
Average Frequency SV (1 Vo) Vg (KN, (1K)
Error Equation : AG(N) = N k=N,

1 N, +N-1

N Z Tl (na k) +VT2Q(n9 k)

] NotN-I

A(n) = — k:zN V2 (n, k) + V23 (n, k)

Gain Adaption : K(n+1)=K(n)+e(An)— A(n—-1))|Aa(n)

Frequency Error _

Tracking Filter : Af (n+1)=aAf (n)+ K(nN)Aw(n)
f(n+1)= f(n)+ Af(n)

/3) n: RF Pulse Number, k: sample number
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Direct Conversion Receiver Architecture

1,0,-1,0,1,...
LPF » D >
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—> ! > NCO ion Filter own
100MHz 25MHz (Distributed Arithmetic FIR)  Sampling 4
25 MHz 4’<§>—’{ > LPF » D >
75MHz 0,1,0,-1,0,.. ViK)
125 MHz
100MHz/4*(2k-1), 1,0,-1,0,1,...
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LPF > D >
Vn(K)
. Baseband Channel Down
Cavity ADC Selection Filter ;
. 2
— 15 > 100MHz NCO M (Distributed Arithmetic FIR)  S2mPling 4
z
,1,0,-1,0,.. Vro(K)
cos(2nfn/fs)=cos(nn/2)
/1 sin(2nflFn/fs)=sin(nn/2)
= n=0,1,2,3,4,...
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Frequency Error Tracking

Vii(K)
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Averaging
Decimation Filter

VoK
Vo
Vig(K) !
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Fixed Point SIMULINK MODEL-DSP BUILDER/SIMULINK BLOCKS

1 digital_if_res_ctrl_w_37th_fir_1
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DSP Builder Compiler/DSP Development Board

FPGA EP25S60
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SIMULINK MODEL Simulation: -21.5 KHz Frequency tuned case
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System Setup

377.5MHz

700MHz DDS |25MHz
DDSRef.—>AD9858—®—>D [\~

Clock
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Laptop |,
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EP2S60 Development Board Test- Signal Tap Analyzer used

. ] - : -5f3dB Frequency Error
.Cavity operating freq: 402.5 MHz —: -f3dB Frequency Error

.Q:9850

= : -0.5f3dB Frequency Error
: - 0.1f3dB Frequency Error

f3dB=21.5 KHz (single-sided) 10

e **+:0.1f3dB Frequency Error
.Cavity is -21.5 kHz OFF -+ 0/5f3dB Frequency Error
**: f3dB Frequency Error
***: 5f3dB Frequency Error

) |Figure B
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Analysis and Future Work

* Limitation of the Current Hardware
— No External interface circuitry
— Single RF pulse

e Future Work
— Timing Control Circuitry
— External DDS Interface
— External Host Interface
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