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TRAINING RE SYSTEMS:
THE RF DIGITIZER

RF diagnostics and protection of the klystron

Roger Karlsson



THE RF DIGITIZER

* RF Digitizers are available for both klystron modulators
and magnetron modulators.

* The RF Digitizer for klystron modulators is more versatile
than the RF Digitizer for magnetron modulators.

* The RF Digitizer for klystron modulators is available in
two frequency bands with identical functionality:
50 MHz to 8 GHz (Hittite HMC713LP3E)
« 8 GHz to 12 GHz (Analog Devices HMC948LP3E, 1 to 23 GHz)

* Only the RF Digitizer for klystron modualtors will be
treated here. This presentation is based on the
calibration document shown here.

* Once the RF Digitizer for klystron modulators is
understood, the RF Digitizer for magnetron modulators
can be easily understood.
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BASIC OVERVIEW OF THE RF DIGITIZER

RFDU — RF Digitizer Unit
Adapted with mounting brackets for 19” cabinets
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BASIC OVERVIEW OF THE RF DIGITIZER

Interlock fiber

TP, Trip level Communication fibers

TP, RF pulse
TP, Interlock window

Forward Reflected (reverse) .
RF Input RF Input ElectricTrig  +5V Enable signal to fast RF

(not used) Switch inside the RF Amplifier.
Reflected power Interlock!
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TYPICAL RF SYSTEM
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SETTING UP THE SYSTEM

* Pulse modulator GUI
 Klystron drive power

* RF Digitizer settings
* Adjustment of potentiometers
e Setting sampling position and sampling length

* RF Digitizer calibration
* Forward RF power: choise of attenuators and calibration of Forward power

Reflected RF power: choise of attenuators and calibration of Reflected
power

Reflected power interlock
VSWR interlock

Klystron drive power

RF pulse length
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Digitizer Event Config Matrix
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WinFlow bl FIO D, SPS 10
CollectorFlow Q RfDrvRead 0 W 0,00 dBm
SolenoidFlow ] RfFwdRead 0.0 W 0,00 dBm
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Config

Digitizer




e RfDrvRead: Klystron drive power, P
* RfFwdRead: Klystron output power, P, (MWatt and dBm)

PULSE MODULATOR GUI

RtDrvRead . OwW 0,00 dBm
RfFwdRead . 0.0 W 0,00 dBm
RfRfIRead : 0,0 dBm

RIVS5WRRead : 0,00
RfPlswthRead : 0,0 ps

(Watt and dBm)

drive

 RfRfIRead: Reflected RF power, Py, travelling back to the klystron (dBm)
* RfFVSWRRead: Voltage Standing Wave Ratio, VSWR
* RfPIswthRead: RF pulse length (us)
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KLYSTRON DRIVE POWER

CW
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Generator RF Switch
-
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KLYSTRON DRIVE POWER

* The klystron drive power is
specified in the FAT protocol
from the klystron manufacturer.

* Alternatively, the drive power
can be estimated from the
klystron transfer curve.

NOVa
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KLYSTRON DRIVE POWER

1. Set the output power of 2. Adjust the output
the signal generator so power of the RF Amplifier
the input power to the RF to obtain the correct e
Amplifier becomes O dBm. drive power ,
: | Attenu-
= ators
CW Klystron S~ RF Lﬁd
Signal Drive Cable |
Generator RF Switch Klystron =5 &
55 3§
.: 3
330 §
5 = || LP-Filter
T
T3 ©
_ =
Trig Generator 5
TI__| L > 2
| : X " Tz# Pulse
Tz—:_i | ’ F Modulator
3! | —
oo i 3 FWD J1
L ! RFDU
0 25 5 10 (us) RFL J2 jg=

Nova NOTE: RF Amplifier output power # klystron drive power |scuoronsssse



Power Sensor

18 GHz
—60 dBm to +20 dBm

'ROHDE & SCHWARZ
SENSOR TECHNOLOGY

WIDEBAND POWES . ISOR

S50MHz .. 186Hz &
A 1aW.. 100mW .ﬁ
(-60dBm .. +20 dBm)

EXTRA: RF POWER SENSOR

R&S NRP-Z81 Pulsed '@ resroverviewerru:

File  Sensor

/4 4

Measurement

Data Processing  Configure  Window  Help
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[ Trace RUNNING

Scale Traces View
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76 dBm
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RUMN Time Gate
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Rise Time
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5.257 ns
4.947 us

-3.16 dBm
-6.15 dBm

Power Scale

Full Scale

Trigger Position

€ L2
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Mode
Source

Slope
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Hysteresis

Level Offset
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10 dBm

5dB

, Auto Set
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= |
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RF DIGITIZER SETTINGS

Adjustment of potentiometers

NOva

~5 turns

‘00O

~10 turns ~10 turns

000

Increase the reflected power interlock level. Needed
in order to be able to calibrate the reflected RF
power, otherwise an interlock will be generated.

Set the interlock window as wide as possible.



C2

RF DIGITIZER SETTINGS

Interlock window

"\‘ TELEDYNE LECROY

Everywhereyoulook™

—_——— — — — e — — — — — —

rigger
Normal  4.85Y
00 kS  5.0GSisjEdge  Positive
Kl= 515.2ns AX= 6.0428 ps
K2= 65580 ps 1/AX= 165.486 kHz

imehase -23.6 Us
10.0 psidiv

Red: Modulator voltage pulse.

Blue: Interlock window, stretching
almost 60 ps.

Time scale: 10 ps/div.
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Right-click in the

Digitizer view

NOva

RF DIGITIZER SETTINGS

Setting sampling position and sampling length

CVvD: 155.1 kV
CT: 110.5 A

Accesslevel: ScandiNova

12/01/2018 15:35:46 8Cc’3f7di

Type Timestamp Trigld Text
State 12/01/2018 15:32:42:563 2411248 Trig

Right-click for digitizer options

CommSts n E

3
“Wiewns » Ct »
3

General 3 RfQutFuvel

RFOURSI 3

__FIatTop 3 FlatTopStart

»
FlatToplength  »
FlatnessWin »

hanualStart »

Manuallength

Wisible  ChannelMame Timestamp Trigldl Walue << B

N cvd T-0 12/01/2018 15:35:47:93 0 155.34 kv << JL=>

¥ |CtT-0 12/01/2018 15:35:47:113 |0 110.69 A << ==
B R routFwd T-0 12/01/2018 15:35:47:93 2424480 -8.21 dBm << [ ==
/B RFOUtRAl T-0 12/01/2018 15:35:47:123 2424483 -12.28 dBm << [ ==
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12/01/2018 15:35:46
Accesslevel: ScandiNova

CVD: 155.1 kV
CT: 110.5 A

Yer=lgle/

Type Timestamp

State

12/01/2018 15:32:42:563

F1: Toggle help
Trigld
2411248

Text
Trig

Right-click for digitizer options

Measurgment
interval

Wiew

General

3
4

»

CommSts

1]

CVd ' -
Ct »

RfQutFued 2

RO utRfl 3

FlatTop 2

FlatTopStart
FlatTopLength

ManualStart

3
»
Flathess\Win 3
3
»

tanuallength

Visible ChannelName
Cvd T-0
7 CtT-0
RfOUtFwd T-0
RFOULRfl T-0

Chanhels - RfOutFwd; Ref — Config - FlatTop — MandalStart — 140 samples
Channels — RfOutFwd — Ref — Config — FlatTop — ManualLength — 10 samples

Channels — RFOutRfl — Ref — Config — FlatTop — ManualStart — 140 samples
Channels — RfOutRfl — Ref — Config — FlatTop — ManualLength — 10 samples
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RF DIGITIZER SETTINGS

Setting sampling position and sampling length

Tl
RF Amplifier

T2

Pulse
Modulator

T3
RF Pulse

O o — - - - =

H | ManualStart:

l
i
5
! I
[ 1
Modulator I 140 samples x 20 ns/sample = 2.8 us
Current | Il

Pulse

I ManuallLength:
28us || 0.2ps 10 samples x 20 ns/sample = 0.2 ps
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TYPICAL RF SYSTEM
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RFE DIGITIZER CALIBRATION: FORWARD RF POWER

Selection of attenuators

................ | V) & Vo
Hittite Circuit HMC713LP3E
/< J1 FWD
-’ |J2 REL L2t
. |
. \\
“ LP-Filter ~ . ——
A :g { l ¥ linear”,
z 2
~ 5 4
NI V
RFL .
EWD WG Directional / Pin
Coupler 0 | -
—60 -5 (dBm)

e The RF circuits inside the RFDU becomes non-linear above =5 dBm.

» Select the forward attenuators so the input power to the RF Digitizer becomes < =5 dBm.
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RF DIGITIZER CALIBRATION: FORWARD RF POWER

Selection of attenuators

* Move from the WG along the RF path to the input of the RF

Digitizer:
/< J1 FWD
s~~" |J2 RFL Pewo — Crwp — Arwp — Aritierpwd — Acapte pwvp < — dBmM
\\ \
y LP-Filter Mo . -
£ . * Solve for Apyp ., the attenuation needed for Forward power.
a = Sensor
Z g{ * Select attenuator values so that the their sum will be larger
b~ . than Aqpwp
FWD RFL o
[ ] WG Directional
Coupler swp = WG forward power = klystron output power

P

Crwp = Coupling of forward port of directional coupler
Arp = Attenuation of the sought attenuators

Arierrwp = Attenuation of a possible LP-filter

Acabie rwp = Attenuation of the cable to the RF Digitizer

| SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: FORWARD RF POWER

Selection of
attenuators

NOva

Example 1:

Solution:

Determine the attenuation that should be placed at the forward port of the waveguide directional
coupler for a system with the following charactenstics:

Klystron output RF power=10.0 MW

forward coupling of the directional coupler = 60.52 dB,

passband attenuation of a LP-filter for the forward port=0.40dB,

attenuation ofthe RF cable connecting to the RF Digitizer=2 60 dB.

Also_ consider the powerrequirements of the attenuators to be selected.

The klystron output RF power of 10.0 MW corresponds to
Prwp = 1010g;(10.0 MW/1 mW) dBm=100.00 dBm
Inserting the values in the inequality on the previous page gives
100.00dBm~-60.52 dB—Arwp—0.40dB-2.60dB <-5dBm
This gives the forward attenuation
Arwp > 41 48 dB
Select AFwp =43 dB, which can be implementedase.g. 3dB+40dBoras3dB+ 10dB+ 30
dB, depending on availability of attenuator values.

The power handling capability of the attenuators should also be considered. They will be exposed
by a peak RF power of 100.00 dBm—60.52 dB=39 48 dBm=_8.9 W. The average power will be
substantially less, typically 0.001 times the peak power. Anyway, the power handling capability
of the attenuators should notbe toolow. It is recommended that at least

2 W attenuators beused.
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RF DIGITIZER CALIBRATION: FORWARD RF POWER

Calibration of forward RF power

______________ .. V) 4 Vo
Hittite Circuit HMC713LP3E
/< J1 FWD
-’ |J2 REL L.2-
. |
. \\
“ LP-Filter ~ .
A :g { l ¥ linear”,
z 2
e I/
NI V
RFL .
EWD WG Directional / Fin
Coupler 0 | -
—60 -5 (dBm)

* Select the first calibration point just below =5 dBm and the second 10-20 dB lower. Measure
the RF power with e.g. a power sensor.
* Use well-known attenuator(s) to set the power level of the second calibration point. Don’t use
the power sensor at this very low power level!
[

NOva



RF DIGITIZER CALIBRATION: FORWARD RF POWER

Calibration of forward RF power: calibration source

11 FWD
r
- J:E RFL
L9 |
b
o LP-Filter Mo o~
= 2
e O
=
< f
FWD RFL .
WG Directional
Coupler

Calibration source:

e Use either the RF power from the forward
port of the WG directional coupler or

* Use a signal generator to create the pulsed RF
signal of power <= -5 dBm

NOva

CW
Signal
Generator RF Switch

- .
-~
N

of

Trig Generator

Pulsed RF signal

,~>{J1 FWD
pd J2 RFL

N\

\ -
~ u Power
Sensor

: | | >
0 25 5 10 (us)

Tl |
| ] . T2

By : ’ Trig to Pulse

- | : Modulator

NOTE: The input signals to the
RF Digitizer must be pulsed!
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FWD
Attenuators -

CFWD

RF DIGITIZER CALIBRATION: FORWARD RF POWER

Prior to the calibration the RF Digitizer should have been powered on
for at least four hours so it is warmed up.

B
[ FWD RFL]

Settings| Calib

The displayed values
Nova | are just examples.

Kly\RfOutFuvdRead ==

‘ 1w
3=l |

LEa3Y gttenuation: 103,71 dB

1.

Open the Settings/Calib tab by clicking on RfFwdRead on the
GUI. Select the Calib tab.

Sum the attenuation from the WG directional coupler all the
way to the input of the RF Digitizer:

Total Attenuation = Cryyp + Apwp + Aritierpwp + Acable fwp
Insert the sum in the “Attenuation” field in the calib tab.

Regardless of calibration source, pulse the modulator at a
repetition rate of typically 5-10 pps.

Measure the RF power to be inserted on input J1 on the RF
Digitizer with e.g. a (pulsed) power sensor. Insert the value in
dBm as DecimalU.

Connect the RF Cable to input J1 on the RF Digitizer and read
the displayed Raw value. Insert an average of this Raw value as
RawU.

SCANDINOVASYSTEMS AB
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FWD

Nova

attenuation:

108.71 dB

Continued...

6. Measure the RF power again with the power sensor.

7. Connect an attenuator of 10 dB or 20 dB with an exactly known
attenuation at J1 on the RF Digitizer and then the RF Cable. If a
value between 10 dB and 20 dB is desired, a combination of
well-known attenuators may be used.

8. Estimate the displayed Raw value and insert it in the Calib tab as
Rawl.

9. For Decimall, insert the value measured in Step 6 (or in step 4)
minus the exact value of the attenuator(s) that was used. Do not
attempt to measure this very low power with the power sensor!

10. Remove the extra attenuator(s) and connect the RF Cable back

to J1.

Finished! The GUI should now display the correct RF power.

Comment: The pulsing may be stopped between each of the steps
described above.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Selection of attenuators

The maximally allowed Voltage Standing Wave Ratio (VSWR) is listed in the klystron
specification. Usually the value is 1.4:1 or 1.5:1. From VSWR___, the level of maximally
allowed reflections can be calculated.

1. Usethe VSWR__, to calculate the magnitude of the Voltage Reflection Coefficient, |I'|:
VSWR -1
Tl = VSWR+1
2. Calculate the corresponding Return Loss, RL:

3. The Return Loss is the difference (in dB) between the Forward RF power and the
Reflected RF power, RL = Pryp — Prer

4. VSWR,_, gives the minimum RL, i.e. the smallest allowed difference between the
Forward- and Reflected RF powers. In case the Reflected power becomes larger the
modulator reflected power interlock must trip.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Selection of attenuators

Continued...

5. Atthe reflected power interlock trip level the power incident to J2 on the RF Digitizer
should not exceed =5 dBm. This gives the inequality:

I:)FWD - RI-min B CRFL B ARFL - AFiIter,RFL - ACabIe,RFL <-5dBm

Note that Pryp — RLyin = PreLmax  Which is the interlock level for reflected power.

6. Solve the inequality for Agg and select the attenuators.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Reflected Power Voltage Standing |Voltage Reflection Coeff.|
Wave | Ratio

/| A A

100% reflections

PFWD_ --------- ER el o i i e e A l = === OdBgp~-=-=-=-= === =

PRFL,max - - - — - - VSWRmax T~ —"-"=-"==-= |r|max T - - - —-- RLm'n -4 }HEGI;IOEI(-'FI‘IB lEVEI -
ional

N VEWE A = = o — e e I A rRL 4 _Ufugl gpsraImEa__ )

power level

_ VSWR-1
- VSWR-+1

Prwp — Brwp = RL T

No reflections

ALy s SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Se | ection Of Example2: Forthe same system asin Example 1, determine the attenuation needed at the reflected port of

the waveguide directional coupler when the maximum VSWR of the klystronis 1.4:1,
attenuators klystron output power =10.0 MW,

reflected (orreverse) coupling of the waveguide directional coupler = 60.54 dB,
passband attenuation of the LP-filter for the reflected port=0.41dB,

and attenuation ofthe RF cable connecting to the RF Digitizer=2 59 dB.

Solution: The magnitude of the voltage reflection coefficient becomes |T' [=(1.4-1)/(14+1)=0424
=1/6. The minimum difference between the forward power and the reflected power, or
minimum Retum Loss becomes RLmin =—201og10(|1/6)) = 15.56 dB. In order to have a small
margin, we select RLmin = 16 dB. Since the klystron output power of 10.0 MW is equal to
100.00 dBm, the inequality above becomes:

100.00 dBm— 16.0 dB - 60.64 dB — ArFL. —0.41 dB-259dB <— 5 dBm
This give the attenuation
ArFL > 2536 dB

Select ARFL = 26 dB which can be implemented as the sum of two attenuatorsat 6 dB and 20

dB. (Anotherchoice wouldbe to select ARFL =30 dB. whichmay be implemented as one
attenuator at 30 dB. or with two at values 10 dB and 20 dB.)

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Calibration of reflected RF power

(V) * Vo
\, . Hittite Circuit HMC713LP3E
/< J1 FWD
. 12+
o _-~2{J2 RFL
i /
& LP-Filter Y Power 4 N{jn_///
a g { ' ¥ linear”,
s 3 v region,/
2§ v
T, n V
FWD RFL / P
{] 1 A —
—60 -5 (dBm)

» Select the first calibration point just below =5 dBm and the second 20 dB lower. Measure the
RF power with e.g. a power sensor.
* Use well-known attenuator(s) to set the power level of the second calibration point. Don’t use
the power sensor at this very low power level!
| R
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Calibration of reflected RF power: calibration source

CW
Signal

Generator RF Switch Il FWD

71 FWD
- An RFL} -
\-‘_-Q_/ ®—> A 12 RH‘)
Y -
\\

Y

Pulsed RF signal

@ ~ Power
1| o T
ﬁ g Sensor
e Trig Generator
< 0
RFL | WG Directional T]
Coupler o |
T2 ! | >—>
Calibration source: L |
. I I
e Use either the RF power from the forward port e :
of the WG directional coupler with the forward o L
attenuators, filter, and cable, or 0 25 5 10 (us)
* Use asignal geneiator to create the pulsed RF NOTE: The input signals to the
 signal of power <= -5 dBm .
Nova RF Digitizer must be pulsed! ST




RF DIGITIZER CALIBRATION: REFLECTED RF POWER

Power
L]
Sensor

FWD

attenuation:

ScandiNova

Open the Settings/Calib tab by clicking on RfRflRead on the GUI.
Select the Calib tab.

Sum the Reflected attenuation from the WG directional coupler
all the way to the input of the Rf Digitizer:

Total Attenuation = Crey + Age + Agjiterrre + Acabie RFL
Insert the sum in the “Attenuation” field in the calib tab.

Regardless of calibration source, pulse the modulator at a
repetition rate of typically 5-10 pps.

Measure the RF power to be inserted on input J2 on the RF
Digitizer with e.g. a (pulsed) power sensor. Insert the value in
dBm as DecimalU.

Connect the RF Cable to input J2 on the RF Digitizer and read
the displayed Raw value. Insert an average of this Raw value as

RawU.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED RF POWER

FWD RFL ]

Nova

Attenuation:

108.71 dB

Continued...
6. Measure the RF power again with the power sensor.

7. Connect an attenuator of 20 dB with an exactly known
attenuation at J2 of the RF Digitizer and then the RF Cable.

8. Estimate the displayed Raw value and insert it in the Calib tab as
RawlL.

9. For Decimall, insert the value measured in Step 6 (or in step 4)
minus the exact value of the attenuator that was used. Do not
attempt to measure this very low power with the power sensor!

10. Remove the extra attenuator and connect the Forward RF Cable
back to J1.

11. Connect the Reflected attenuators and LP-Filter to the Reflected
port of the directional coupler and the Reflected cable to J2 on
the RF Digitizer.

Finished! The GUI should display the correct Reflected RF power.

Comment: The pulsing may be stopped between each of the steps

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: REFLECTED POWER

In case the reflected power inside the WG becomes too high [1] it
will be sensed by the RF Digitizer at input J2 [2]. The RF Digitizer
will switch the output from 5V to OV [3] changing the Enable signal
[4] to the RF Amplifier and this will block an RF Switch at the input
of the RF Amplifier [5] and the drive signal to the klystron will be

stopped [6] as well as the output [7]. All within about 100 ns.

CW
Signal
Generator RF Switch

nl

LP-Filter

Attenu-

INTERLOCK

RF Load

Klystron

Trig Generator

[

Ti__| L
| |
s i T l [
a I '
- SN I l
| | I |
Nova 0 25 5 10 (

Modulator

Pulse

FWD J1 4—) /

Coupler

L
gLP—Filter

Directional

RFDU  RrL 12fg=
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RFE DIGITIZER CALIBRATION: REFLECTED POWER
INTERLOCK

At full RF output power from the klystron the modulator must interlock when
the reflections reach above the level of RL;, below the Forward power.

This interlock power level will remain the same also if the Forward power is
reduced.

The interlock level refers to the Forward power and we
can use the Forward power as reference when we set
the interlock.

The Forward power is available at the directional
coupler port for Forward power.

Extra
Attenuators

Use the attenuators, the LP-filter, and the cable for LP-Filter
Reflected power. . H
Add extra attenuation of value RL ... > :é‘: .

< () 3

FWD RFL
nNOva



RF DIGITIZER CALIBRATION: REFLECTED POWER

Reflected Power

Voltage Standing

|Voltage Reflection Coeff.|

INTERLOCK

A Wave ‘ Ratio ‘
100% reflections
PFWD_ --------- ol sl l4-—=-=====- OdBBy-=--""=-=- ===
Interlock tri
Pom oy e = VSWR, 4 = = = = = = = o+ = = = = = == rRL. 1 Interlock trip IEVEI )
N - I A rRL 4 _Ufugl c_;pgra_tmga_l_ )
power level
7 % VSWR—-1 é %
Prwp — Frwp = RL T = VSWR1 RL = —20log,o (|T)
ol o ____ (1l________ ol _____ oo | Snmmbefiens

Nova
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Return Loss
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RF DIGITIZER CALIBRATION: REFLECTED POWER

Calibration procedure

1

A

=
S

Nova

RF

INTERLOCK

Connect according to the figure:

a) Use the Forward port of the directional coupler

b) Connect the attenuators, LP-filter, and cable for Reflected power.
c) Add extra attenuation of value RL;,

d) Connect the cable to J2 on the RF Digitizer

Pulse the modualtor with RF and turn the left-most
potentiometer in the counterclockwise direction until the
modulator interlocks.

Turn the potentiometer slightly back in the clock-wise
direction to be able to reset the interlock and start the

modulator again.

Fine-tune the interlock level by turning the potentiometer
again slowly in the counterclock wise until the modulator
interlocks. The reflected interlock is now properly set.

Remove the extra attenuation and put back the sets of
Forward- and Reflected components at their proper place.



RF DIGITIZER CALIBRATION: REFLECTED POWER
INTERLOCK

Example 3:

For the same systemasm Exanple | and Example 2, elaborate the procedure to set the
reflected powermterlock at the comectlevel Also, determumne the approximate mput power
level to connector J2 onthe BF Digitizer dunng the setting of the mterlock.

Solution:

In Example 2, wehad VEWE.mx= 1.4:1. This gave a munmmum B etum Loss, of 13 .36 dB,
which we rounded offto 16 dB to obtam a small margin. Since we want the reflected power
mterlock to tnp when the power at connector J2 on the B F Digitizer 15 just below -5 dBm, the
mequahbty m Subsection 3.1 specifies howthe connection should be made. We start with the
wavegude power of 100.00 dBm anduse the forward port of the directional couplerata
coupling value of 60.52 dB (see Example 1). Smce the power will be B L. lower than the
forward power, we subtract 16 dB. Then we have the attenuators forreflected power (26 dB
according to Example 2, the LP-filter (0 41 dB)and the EF cable (2.59 dB)to connect to J2
onthe BF Dhatizer. With values mserted we obtamthe BF power at J2:

10000 dBm—-160dE-6064 dE-26dB —-041 dB-259 dB=- 364 dBm

Notethatthe 16 dB extra attenuationis placed as the secondterm in the mequahty. The
connectionis lustrated m Figure

NOva

Extra
Afttenuators

l10dB

LP-Fil

o

=Y

041 dB
20 dB

6 dB
A

(FWD RFL} FWD Coupling 60.52 dB

RFL
Afttenuators

Connection to set the reflected power interlock. The
directional coupler port for forward power is used
together with the attenuators, the LP-filter, and the RF
cable for reflected power, and in this case 16 dB extra
attenuation to reach the correct interlock trip power
level 16 dB below the forward power.



RF DIGITIZER CALIBRATION: REFLECTED POWER

nterlock trip level

uywhc,rt,youlook

: '1
1
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INTERLOCK

Red: Modulator voltage pulse

-|, Blue: Interlock trip level (measured at

the left-most TP)

Green: RF pulse (measured at the middle
TP)



RF DIGITIZER CALIBRATION: VSWR INTERLOCK

Independent of the reflected power interlock, which trips at an absolute power level, the
modulator can be set to interlock when the VSWR exceeds the maximally allowed value,
regardless of the absolute power level.

This can be used to interlock the modualtor at a certain VSWR when the modulator is operating
at a power level less than the maximum power.

The VSWR interlock only works during the number of samples set by ManualLength, while the
reflected power interlock works over the whole interlock window.

On the GUI, click on RfVSWRRead to open the Setting tab.

Only HLim (High Limit) and WHLim (Warning High Limit) are available.
Set Hlim = VSWR___.

Set WHLim =VSWR__. —-0.1

In case of Example 2, we would set Hlim = 1.40 and WHLim = 1.30.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: KLYSTRON DRIVE
POWER

The RF Amplifier outputs a detector voltage signal proportional to its output power. This voltage
signal can be used to calibrate the klystron drive power on the GUI. This step does actually not
involve the RF Digitizer.

When the klystron drive power has been properly set, perform the following steps:
On the GUI, click on RfDrvRead to open the Settings/Calib tab. Select the Calib tab.

Set the “Cable Attenuation” field equal to zero. IMPORTANT! Otherwise the calibration will not
be correct!

Make sure all the components for Forward power are properly connected between the
Forward port of the directional coupler and J1 on the RF Digitizer.

Pulse the modulator at a rep. rate of typically 50 pps and a pulse length of >2 us. Open the
Calib tab and insert the Raw value as RawU and the already known drive power as DecimalU.

Select the lower calibration point as zero and insert RawL = 0 and DecimalL = 0.00 dBm.

Insert the attenuation of the drive cable in the “Cable Attenuation” field. The GUI will now
display the correct drive power.

SCANDINOVA SYSTEMS AB
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RF DIGITIZER CALIBRATION: RF PULSE LENGTH

On the GUI, click on RfPIswthRead to open the Settings/Calib tab.

With the Forward power connected to J1 on the RF Digitizer, set an RF pulse length and perform

the calibartion of RawU and DecimalU in the usual way.

Select the lower calibration point as zero and insert the values RawL = 0 and DecimallL = 0.00 ps.

For a 5.0 us long RF pulse, typical calibration values are

NOva

RawU = 5040
RawlL = 0
DecimalU =5.00 us
DecimallL =0.00 ps

SCANDINOVA SYSTEMS AB
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THE END

THANKS FOR LISTENING!
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