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Abctract

A Computer Aided Test System was developed for the High-Q
measurement of RF superconducting cavities. This CAT system is based on
the combination of IBM PC/AT and RF instruments through the GPIB bus. A
smart program is capable of controlling all the instruments to finish
both Pulsed and Continuous Wave mode measurements. The results, such as
{3, Q, Eacc and Eacc-Q curve are carried out automatically with digital
and/or graphic forms. More than one year’s application shows that it is
reliable and easy to use. In this paper, the system structure, the
mathematic formula used in the program and some data processing methods
are described. Also some examples of measurement results are shown at
the end of paper.

1. Introduction

In order to upgrad the electron beam energy, 16 superconducting
cavities have been designed and manufactured, and are being installed
in HERA storage ring. For these cavities, many routine experiments must
be done to study their behavior, and to measure their performance under
different conditions. A Computer Aided Test (CAT) system based on IBM
PC/AT was developed for above requirements. Most measurements and
calculations can be carried out automatically. And the results are
given digitally and graphically. Moreover, the original measurement
data can be saved as the disk files and reanalysed at any time later.

With the help of this CAT system, not only the measurement process
becomes much shorter, but also the results are more accurate, stable
and objective than manual operation.

2. Genearl Description on Superconducting Cavity Measurement

(1) Pulsed RF Mode Measurement

The main index of the superconducting cavity is its quality factor
Q and the electric field intensity Eacc inside the cavity. Because the
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. Lod
Q value of the superconducting cavity is too high, i.e. about 10
order, so the Pulsed RF method is used to measure the Q value of
superconducting cavity.
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(a). The output of function generator
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(d). The amplitude of transfered RF power
(Transmission Curve)

Fig.1l. The diagram of Pulse RF Mode measurement

For the Pulsed RF Mode measurement, the input RF signal (sent to
the cavity) is switched on and off by a PIN diode switch, which is
controlled by a function generator. By using the Spectrum Analyzers,
which are set in Time Scan working state, we can get the curves
{vs.time) of reflected power at input end of the cavity and transfered
power from a pickup antenna. We named these two curves Reflection Curve
and Transmission Curve respectively. Several important signals are
shown in Fig.1.
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The formula to calculate the Q and Eacc by Pulsed RF Mode are

following:

Q = H.F'T'(l'f'ﬁ) R (1)
F — the RF frequency in unit of Hgz
T — the decay time constant of the RF power inside the

cavity, in unit of Second
{3 — the input coupling factor
2 j R 3
Ea - * P.' .‘TEQ FOT'-——___
ce T a 140 (2)

P — The input power in unit of watt.
L — The length of efficative length of the cavity.
R . . .
——Q is a constant for a certain cavity

If we get the values of Uo, Ur, Us, Ud and T, see the Fig.1l., then
we can can do following calcultions:

1
pt= — (3)
° -1
Ue
U2 Ue + under couplin
f32 = ° or 3z = > g
2 2 +t2Ur + Ue - over coupling
Uo — Ur
(4)
1 - 3’
° if 31<1 or f32<1
Ur
1 +
Uo
3 =
& (5)
1+ Ur
Uo if 31>1 and f32>1
1 — Ur
Uo
B = (BL+32+4033) /3 (6)
Qi = WFeT (1431) i =1,2,3 (7)
Q = (Q14Q2+Q3)/3 (8)
. 2 R A ,
Eacct = LJP Qf‘[FT—l;ﬁT 1=1,2, 3 (9)
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L = Nce*0.3 m, Nc is the cell number of the cavity.
R

— = 114.4* Nc
Q

The unit of Eacci is Voltage/Meter

Eacc = (Eacci+Eaccz+Eacc3)/3 (10)

Above are the main formulas for Pulsed RF Mode measurement. By the
results of Q and Eacc, we can evaluate the characteristics of the
cavity under testing.

{(2) Continuous RF (CW) Mode Measurement

The purpose of Continuous RE Wave measurement is to get the Q of
cavity versus the electric field. In order to carry out the Continuous
Mode measurement, it is necessary to do Pulse Mode measurement at least
one time as the calibration. From Pulse Mode measurement, we can get
two parameters:

Qext = go (11)
Ud
A= Eacc (12)

In Continuous Mode, we adjust the input power, and measure the
input power Pin and the amplitude of transmission signal Ud. Then we
get following results:

{P(i),Ua(i)}, 1 =1, 2, ... N,
Then we do following calculations:

The electrical field strength

Eacc (i) = ——li:—(}-)— (13)

The voltage inside of the cavity
V(i) = Eacc{i)*LM (14)

where LM is the length of the cavity (1.2 meter for four cell cavity).
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The Qo and Qoeffect

v2 (i)
4. *Qext*P(i)
Qo (i) = Qext* (15)
. v (i)
4+ *Qext*P(i)
By the equation
1 - 1 + 1 (16)
Qo Qe xt HOM Qoeffect

we can get the Qoeffect from following equation

Qo (i )*QextHOM
Qoeffect (i) = (17)
QextHOM — Qo (i)

After above calculation, we can get the Qoeffect — Eacc curve.
This is the result of Continuous Mode measurement.

3. Hardware System

The block diagram of measurement system is shown in Fig.2. We use
two Spectrum Analyzers to measure the reflected power curve and
transfered power curve, and one Power Meter, which has two input
channels, to measure the absclute power value of input power and
reflected power. The Function Generator is used for controlling the PIN
switch for different working mode. If the PIN switch is at on and off
state, it is the Pulsed RF Mode. If the PIN switch is always on, it is
in Continuous RF Mode.

One GPIB card is installed in the IBM PC/AT as the interface
between the microcomputer and the instruments. Every instrument must
has one address on GBIB, which is predefined in program. But it is
changable if necessary. The Phase-Lock subsystem is a standalone
circuit, which has no relation to the CAT system, thus it needs
adjusting by the operator manually.
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Fig.2. The block diagram of measurement system

4 Software structure

The software include two parts: the supporting environment and the
program. Supporting environment software includes Operating System (DOS
V2.0 or later), screen copy program, IEEE488 driver, etc. The program,
named KCATHQ, was written in Turbo BASIC, is a full friendly menu
driven program. Fig.3. gives a simple overview of the structure of

whole program.
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(o)

INITIALIZATION

”»

MAIN FUNCTION MENU
1.Modify the addresses of instruments
2.Modify the measurement parameters
3.Pulse RF Mode measurement
4.Continuous RF Mode measurement
E.Exit

»{ INSTRUMENTS’ ADDRESSES MODIFICATION

»+ MEASUREMENT PARAMETERS MODIFICATION

w

> PULSE RF MODE MEASUREMENT

w

» CONTINUOUS RF MODE MEASUREMENT

v

w

Are you sure to exit ?

Yes
[ END ]

Fig.3. The basic structure of KCATRF program

5. Some methods for data processing

From the formula of part 2, it is clear that the reliability of the
results depends on the correctness of Uo, Ur, Ue, Ud, and T. In this
section we will discuss how to find these values on Reflection and
Transmission Curves. ’

(1) Searching Uoc, Ur and Ue on the Reflection Curve
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There are three basic forms of the Reflection Curve shown in Fig.4.

Amplitude
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(a)
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Uo
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Ue
y t
(b)
Amplitude Ue
Uo
> t

(c)
Fig.4. Three basic forms of Reflection Curves

After evaluating these curves, we filter the Reflection Curve by
a predefined special filter kernal [Lr:

Dr = Ref * LLr (18)

Lr = [-1,-1,4,-1,-1] (19)

where [Ref is the Reflection Curve, [Dr is the filtered curve.

In case (a) and (c), The two peek positions of Dr should be Uo and
Ue. By comapring the values just before the peek positions, we can
ditinguish them easily.

For case (b) the very sharp drop before Us is detected rather than
the real position of Ue. In this case, we need to move the detected
position several points right. The number of moving points is depended
on the drop rate of the curve at this region.
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{(2). Searching Ud on the Transmission Curve

The Transmission Curve is shown in Fig.5. The Ud is the Maximum
value of the curve, and after Ud, the curve is decreasing sharply.

Fig.5. The amplitude of transfered RF power

We use another filter to process the Transmission Curve:

Dt

Tra *x Lt (20)

0t

[ Os 0, 0’ 0’ 0’ 51"1s“11—11—1)—1] (21)
where Tra is the Transmission Curve, Dt is the filtered curve.

The position Pd is the right point, if following two conditions are
satisfied:

* Dt(Pd) is maximum of the curve;

* Tra(Pd) is great than 0.95*¥maximum of Transmission curve.

Then U(Pd) is the Ud.
(3). Calculating the T value

As we know that T is important to carry out the Q value, so it is
necessary to evaluate the T value as precise as possible. In KCATHQ

program we use the Least-square-fitting method to estimate the T value.
The Transmission Curve, after the point Ud, is varying according to

function:
y = Ae_t/T (22)
We transform the function by taking logarithm:
In(y) = ln(Ae_t/T)
= 1t + Ina (23)
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Equition (23) is a linear function and it is easy to apply the
Least-square-fitting method to get the parameter -1/T. We need to
fulfill following steps:

* Take 25 points in Transmission Curve from Ud point (including Ud
point) to form a new data pair array:

(x. .yi) i =041,..2¢4 (24)
L

where x =i*At, At is the time interval between two adjacent
t
points in Transmission Curve. y. is the value of the Transmission
L
Curve from the point Ud (yb=Ud).

¢« Take logarithm to y. to get a new data pair array:

1
(X.,Y) i=041,..24
t L
where
X =x
1 L
Y = 1In(y) (25)
i i
* Calculate following values:
24
K= )%, (26)
=0
24
- 1
R 21)
1=0
24
] 1 v 2
Lxx = —-Z-g—z (Xi.FX) (28)
=0
24
1 — —
Lxy = ——E (X -X) (Y. -Y) (29)
25 1 i
=0

* Calculate 7. By the linear least-square-fitting method, there is:

1 _  Lxy (30)
T LxX
Then we get
LxXX
T = —
Lxy (31)
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7. Examples of superconducting cavity’s measurement results
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-=- Reflection Curve & Transmission Curve (KCATRF V2.3} ---

S ...“,.._.._.....,,..X~

P(Uo)=181 P(Ur)=297 P(Ue)=382 P(Ud)=131  Tau=08.3848 (r=8.338)

8 Ref.(X: 28/Div ¥: 39.9aV/Div) Ira.(X:208sS/Div ¥: 5.8aV/Div)
Cavitylts 14:19:84 83-82-1998 498.56844z 4.812 W

The Pulse Mode Measurement Results of HQ Cavity

Cavity No: S, Measurement Serial No: 3, 14:19:04 03-02-1990
Freg = 498.508 Mz
Uo = 137.510 uV

Ud = 24.512 av

Pover = 4.012 W Tau = 384.248 »S
Ur = 41.851 eV Ve = 191.318 aV
Ud/Eace = 17.191 wV/{NV/w)

B = 2.286 Qol = 1.977+E9 Eaccl = 1.461 MV/m
B2 = 1,778 Qo2 = 1.672tE9 Eacc2 = 1.402 MV/m
B3 = 1.875 Qo3 = 1.730*E9 Eaccd = 1.415 MNV/m
‘B = 1.979 Qo = 1.793%E9 Eacc = 1.426 MV/a

KCATRF (V2,3 Kang Jan.1990.) Data File = a:c05_2_2.p03

--- Reflection Curve & Transmission Curve (KCATRF V2.3) ---
P(Uo)= 39 P(Ur)=29%6 P(le)=381 P(Ud)=122  Tau=B.737S (r=8.995)

Seq

Ok (¥/N) 2

8 Rel.(C 25/Div ¥: 25.10/Div) Tra.(X:2084S/Div ¥: 1.3aWDiv) 568
O (¥M) ?

Cavityls 14:44:07 63-82-1998 491.129MHz 2.4% W

The Pulse Mode Measuresent Results of HQ Cavity

Cavity No: 5, Neasurement Serial Fo: 5, 14:44:07 03-02-1990

Freq = 491.129 MHz Pover = 2.496 W Tau = 736.667 wS
Uo = 102.481 av Ur = €8.530 aV Ue = 27,035 mv
= 4.761 WV Ud/Eacc = 6.562 aV/(NV/m)

Bl = 0.152 Qol =  1.309%E9 Eaccl = 0.690 MV/»

B2 = 0.165 Qo2 = 1.324*E9 Eacc2 = 0.714 MV/m

B3 = 0.199 Qo3 = 1.362*E9 €acc3 = 0.773 MV/a

B = 0.172 Q@ = 1.332*E9 Eacc = 0.726 KWV/»

KCATRF (V2.3 Kang Jan.1990.) Data File = &:c05_2_2.p05S
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~— Reflection Cyrve & Transmission Curve (KCATRF V2.3) ---

P(Uo)=181 P(Ur)=297 P(Ue)=382 P(Ud)=128  Tau=8.4595 (r=8.999)

1

!

8 Ref.(X: 28/Div ¥: 39.9wV/Div) Tra.(X:288xS/Div ¥:
4.823 ¥

Cavityld 14:38

The Pulse Mode

125 B3-82-1990  494.764MHz

Measurement Results of HQ Cavity

3.6=U/Div) SO
OK (Y/N) *

Cavity No: S, Measurement Serial No: 4, 14:30:25 03-02-193¢

Freq = 494.764 Mhz Power =  4.023 W Tau = 458.962 S
o = 129.538 av Ur = 27.901 sV Ue = 105.624 wV
td = 15.861 sV Ud/Eacc = 13.155 aV/(MV/s)

Bl = 0.688 Qol = 1.204*E9 Eaccl = 1.220 MV/m

B2 = 0.654 QoZ = 1.180*E9 Eacc2 = 1.201 MV/m

Bl = 0.646 Q3 = 1.174%E9 Eaced = 1,196 MV/a

B = 0.663 Qo = 1.186%E9 Eacc = 1.206 M\/m

KCATRF (V2.3 Kang Jan.

1990.) Data File = a:c05_2_2.p04

—--—~ Q-E CURVE, (KCATRF V2.5) ----—-

1.8+E9
8.9+69 [
8.8¢E9 |
8.7+E9
8.6+E9
8.5+E9

8.4%E9

Cavityti?

499.835MHz

22:13:35 11-29-1998

8 9 18NV

Ok (Y/8) ?
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--~ Reflection Curve & Transmission Curve (KCAIRF V2.3) -~

--- Reflection Curve & Transmission Curve (KCATRF ¥2.3) ---
P(Uo)=181 P(Ur)=297 P(Ue)=382 P(Ud)=131  Tau=8.384S (r=0.998)

P(Uo)=181 P(Ur)=237 P(Ue)-302 P(Ud)=128  Tau=8.459S (r=8.999)
e Y; r - -
. \'\‘ I R _._X
Y i N
...... e B
| i : v
N, { .
N « l ) .,
N\, \ : 0
| L L P o <1 ....... T".\_“A .
| , ‘ H N
| . ‘g .
l \‘1 \ . T‘,
A T S T R R Voo ~
) \ i‘! e
\' \ \ .
‘\ - \ L
A" \*- 3 \\-___
ek | SR I O N & U st
1‘ / . \ e,
7 .
\f ; N ]
8  Ref.(X: 28/Div Y: 39.9aV/Div) Tra.(X:288aS/Div ¥: 5.8mU/Div) 588 8 Ref.(X: 28/Div ¥: 39.9%V/Div) Tra.(X:288rS/Div ¥: 3.6rU/Div) 508
CavityllS 14:19:84 83-82-1998 498.588MHz 4.B12 ¥ Ok (¥/N) ? Cavitys 14:38:25 83-82-1998 494.764MHz 4.823 ¥ oK (Y/N) 7
The Pulse Mode Measuremeat Results of HQ Cavity The Pulse Mode Measurement Results of WQ Cavity
Cavity So: 5, Measurement Serial No: 3, 14:19:04 03-02-1930 Cavity No: 5, Measurement Serial No: 4, 14:30:25 03-02-1990
Freq = 498.508 MHz Pover = 4.012 W Tau = 384.248 a5 Freg = 494,764 MHz  Power =  4.023 W Tau = 458.962 =S
Uo = 137.510 «¥ Ur = 41.851 a¥ Ue = 191.318 av Lo = 129.538 a¥ Ur = 27,901 &V Ue = 105.624 av
Ud = 24.512 &V Ud/Eacc = 17.191 eV/(KV/a) Ud = 15.861 WV  Ud/Escc = 13.155 av/(NV/a)
Bi= 2 Qoi = 1.9774E9 Eaccl = 1,461 ¥V/m Bl =  0.688 Qol = 1.204%E3 Eaccl = 1.220 M¢/n
B2 = 1,778 Qo2 = 1.672*E9 Eacc2 = 1.402 HV/m B2 = 0.654 Qo2 = 1.180*E9 Eacc2 = 1.201 MV/m
B3 =  1.875 Qo3 = 1.730%E9 Eace3 = 1.415 NV/m Bl =  0.646 Qo3 = 1.174*E9 Eaced = 1.196 MV/m
B = 1.979 G = 1.793%E9 Eacc = 1,426 W¥/a B = 0.663 Q = 1.186¢E9 Eacc = 1.206 KV/m
KCATRF (V2.3 Kang Jan.1990.) Dats File = 2:c05.2_2.p03 KCATRF (V2.3 Kang Jan.1990.) Data File = s:c05_2_2.304
-== Reflection Curve & Transmission Curve (KCATRF V2.3) ---
P(Uo)= 99 P(Ur)=296 P(Ue)=381 P(Ud)=122  Tau=8.737S (r=8.995)
' -——--- Q-E CURVE, (KCATRF ¥2.9) ------
" : : : Qeffect
..... X 4.8+E9 :
\ 7'(\4 . .
A \ : B BB | i
2.8%E9
..................................... 1.54E9
I
f ] : ) 1.84E9
........................................ &...4‘.<.....».....-4-.-~~~- 8.9*59 ‘:
AN . 8.9+E9
D : 8.7+69
—] \\ : R . 8.64E9
B BRef.(X: 25/Div ¥ 25.10/Div) Tra.(X:208a/Div ¥: 1.3aU/Div) 568 8.543 SRR P
Cavitylls 14:44:87 63-82-1398 491.129MHz 2.4% ¥ OK (Y/N) ? 8.4%E9 : : : : : : : : :
The Pulse Node Measurement Results of HQ Cavity ) '] 1 2 3 4 g 6 7 8 9 18 HU/m-
Cavity No: 5, Measurement Serial No: 5, 14:44:07 03-02-1990 ‘ Cavityl?  499.835Mz 221335 11-29-1990 ok (/M) 2
Freq = 191.129 MHz  Power = 2.496 W  Teu = 736.667 aS
Uo = 102.481 w¥ Ur = 68.530 av Ue = 27.035 av
ud = 4.761 mV Ud/Eace = 6.562 mV/(NV/m)
81 = 0.152 Qo1 = 1.309%€9 Eaccl = 0.690 MV/a
B2 = 0.165 Qo2 = 1.324%E9 Escc2 = 0.714 NV/m
B3 = 0.199 Qo3 = 1.3622E9 Eaccd = 0.773 WV/m
B = 0.172 Qo = 1.332¢E9 Eacc = 0.726 MV/a

KCATRF (V2.3 Kang Jan.1990.) Data File = a:c05_2_2.p05
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