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VARIAN ProBeam™ SC Cyclotron Key DataZii 0
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(Engineering Goals) ways- 12 20»1?/&\

» Beam - Energy and particles 250 MeV protons
- Extracted current (max) 800 nA
- Emittance of extracted beam <3/5rmmm mrad (20)
- Momentum spread Ap/p +0.04% (i.e. 200keV @ 250MeV)
- Number of turns 650
- Extraction efficiency (multi-turn extraction mode) ~80%
- Dynamic range for intensity modulation 1:800
- Fast intensity modulation via electrostatic deflector, >10% in 100 us
» Iron Yoke - Outer diameter 3.1m
- Height 1.6m
- Weight <90t
» SC Magnet - Stored energy 2.5MJ
- Central field 24T
- Max. field at the coil <4T
- Operating current 160 A
- Rated power of cryocoolers 40 kW
»RF System - Frequency 72.8 MHz (2"d harmonic)
- Voltage source to puller / @ extraction radius 80 kV /105 kV
- RF power <115 kW

H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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What have we told you so far? Faul Schewer,ms_zf,'},

Switzeriand _
ECPM 2009 May/O- 12 20»13,,}
- Pati(?nt treatment .started at RPTC T i WEE STARTED TREATING PATIENTS ON ARCH
MUﬂICh’ a” Scann|ng proton therapy q”:;.g(;}:Eﬁ [ ‘HI;I';FW‘_I;‘:-‘!EI;EIITEF' HAS STARTED CLINICAL
[ ' — 5ROTON .,
ramentequpret prvaed b S NN

LICENCE FOR PATIENT TREATMENT. SO THE RPTC,
BEING THE FIRST LARGE CERTIFIED CENTER FOR
» PARTICLE TREATMENT, HAS STARTED CLINICAL
OPERATIONS. EXPECT INFORMATION CONCERNING
: THE INITIATION OF PATIENT TREATMENT SOON.

Varian

ik

L

e

CONTACT FOR PATIENTS:
CALL-CENTER +49 89 660680

Welcome to the
<~ RINECKER PROTON THERAPY CENTRE (RPTC)!

We invite you to find out about proton therapy, our
+ Centre, the opportunities we offer for treatment, and
our team of skilled professionals.

H. Rocken - Commissioning and Testing of Varian's 250MeV A p:H’J[TWET for life
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What have we told you so far? ’Zi‘"i,i‘?zd?’

ECPM 2009: May/9-12; ét‘am}”‘“ By

m Patient treatment started at RPTC
Munich, all scanning proton therapy

treatment equipment provided by | RPTC Performance and Ramp Uy
Varian "
90-230MeV 70-260MeV. . At
o 25 cm x 25 cm 30 cm x40 cm
- . oo '_,_ ca. 1.1 Gy / litre / min. 2 Gy / litre / min.
m  Uptime = 97% for first 138 clinical 3 n(1 4mm 3mmor mm
= Sia better 3 % better 1 %
dayS ,f on i better 1 mm better 1 mm
8 ry 1outof4 No 2: October 2009

No 3: February 2010
No 4: June 2010
October 2010

Treatment 134 of first 138 a2
97 %

patient trealme - rax T expect to operate a high-end and high-capacity proton A
therapy facility wetl within 201 0 5
to combine daily patient treatment in Gantry 1 with parallel commissiong works on ihe
went rooms, An operationally advantageocus step wise ramp-up has been achieved. "

H. Rocken - Commissioning and Testing of Varian's 250MeV ~r~EE VA R IA N A partner for life
J A pPdl Cl 1C
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What have we told you so far?
ECPM 2009:

Patient treatment started at RPTC
Munich, all scanning proton therapy
treatment equipment provided by
Varian

Uptime = 97% for first 138 clinical
days

Development of Solid State RF Amplifier
started (Power Transistor Modules)

H. Rocken - Commissioning and Testing of Varian's 250MeV

! Superconducting ProBeam™ Cyclotrons for Proton Therapy
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~ Supplied by
Cryoelectra GmbH
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What have we told you so far? et o
ECPM 2009: May 510 éQ%?’L

m Patient treatment started at RPTC
Munich, all scanning proton therapy
treatment equipment provided by
Varian

m  Uptime = 97% for first 138 clinical
days

m Development of Solid State RF Amplifier
started (Power Transistor Modules)

m ProBeam™ Cyclotron #3 was being
assembled

H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life

medical systems
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What have we told you so far? gRsclrrer o uin

switzerland ’_ _‘”f 47

CYCLOTRONS 2010: o) L

m  RPTC Munich: 3 gantries were in clinical Vi -
operation, the last one was about to be : VA R YA N
handed over - : b~ i

S

m ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

9 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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CYCLOTRONS 2010: Ve A

m  RPTC Munich: 3 gantries were in clinical
operation, the last one was about to be
handed over

m ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

m Field mapping and quench test had
passed and demonstrated a stable,
guench proof and quench tolerant system

H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

10



What have we told you so far?
CYCLOTRONS 2010:

11

RPTC Munich: 3 gantries were in clinical
operation, the last one was about to be
handed over

ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

Field mapping and quench test had
passed and demonstrated a stable,
guench proof and quench tolerant system

Solid state RF amplifier test stand with
20 transistor modules had passed
>1000h test

H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

ECPM 2012

’PaulSche‘rrerlnsht{?t M
switzeriafd ' _‘”j =
May.9- 12 20’12
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Supplled by
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What have we told you so far? s st
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CYCLOTRONS 2010: e

m  RPTC Munich: 3 gantries were in clinical
operation, the last one was about to be
handed over

m  ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

m Field mapping and quench test had
passed and demonstrated a stable,
guench proof and quench tolerant system

m Solid state RF amplifier test stand with
20 transistor modules had passed
>1000h test

m  New full power RF amplifier with
120 modules was assembled
and ready to use

H. Raocken - Commissioning and Testing of Varian's 250MeV

12 Superconducting ProBeam™ Cyclotrons for Proton Therapy
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medical systems



EGPM 2@12
What have we told you so far? gl ot
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CYCLOTRONS 2010: o) L gl

m  RPTC Munich: 3 gantries were in clinical
operation, the last one was about to be
handed over

m ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

m Field mapping and quench test had
passed and demonstrated a stable,
guench proof and quench tolerant system

m Solid state RF amplifier test stand with
20 transistor modules had passed
>1000h test

m  New full power RF amplifier with
120 modules was assembled
and ready to use

m Digital LLRF was ready to use

H. Raocken - Commissioning and Testing of Varian's 250MeV

13 Superconducting ProBeam™ Cyclotrons for Proton Therapy
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What have we told you so far? gl s g

Switzerland r, ,"’f 4

CYCLOTRONS 2010: Ve s S

m  RPTC Munich: 3 gantries were in clinical
operation, the last one was about to be
handed over

m  ProBeam™ Cyclotron #3 was completely
assembled and under commissioning

m Field mapping and quench test had
passed and demonstrated a stable,
guench proof and quench tolerant system

m Solid state RF amplifier test stand with
20 transistor modules had passed
>1000h test

m  New full power RF amplifier with
120 modules was assembled
and ready to use

m Digital LLRF was ready to use

Factory Test Cell was ready for operation ¢ .

H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Current Status of Varian's ProBeam™ System 13 w;? )‘;

L

m  RPTC Munich: All 4 gantries are clinical
>1000 patients have been treated with a scanned proton pencil beam
functionality is continuously being upgraded
cyclotron is in continuous operation

m Cyclotron #3 RF conditioning is performed very efficiently
using transistor amplifier and digital LLRF

m Cyclotron #3 was beam tested in the factory test cell

m Cyclotron and all other ProBeam™ PT equipment is shipped
and installed at Scripps PTC in San Diego / USA

m First beam in April!

m Cyclotron #4 is under assembly
coil is ready
cryostat is ready and passed LN cold test
complete machine will go into test cell in summer

m Cyclotron #5 coil is ready and electrically tested
cryostat has to be completed

15 H. Rocken - Commissioning and Testing of Varian's 250MeV go/{FEAM VA R ‘rA N A partner for life

Superconducting ProBeam™ Cyclotrons for Proton Therapy P e
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Factory Testing of Cyclotron #3 SWEzerafid

May/S-12} zag-g}&s

-

cell

s Cyclotron #3 was moved into factory test

17 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Factory Testing of Cyclotron #3 P INE R

2 A gl 5%
May/9-123 2019847 &
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m Cyclotron #3 was moved into factory test cell

18 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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RF Commissioning Results &
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A o=

Solid State Amplifier Very Fast RF Conditioning in Pulsed Mode
& Digital LLRF : (5% - 20% duty cycle)

RF Conditioning of Cyclotron Cavity
140

120

100

I Work on Cyclotron Hardware,

80 in parallel:

' I — dLLRF Calibrations
60 — Cavity Check

Power / kKW

40

19 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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RF-Moritor | Phase | Amp&Power Fast  AmpBPower Slow | Communication | LLRF Packages | EvertsWarnings _ Control | Set | Excephion | Loop | Calibration | LUTPOW | LUTHPA | Limits i

AMPL_DEE_1_BGT AMPL_DEE_I_TOP

MODE_SELECT_ACT

- Dea i SERYWICE_MCDE_ACT

ECUR_L
ECLR_2

PRFL_Z¥K_1_HARM

Cyclotron

AMPL_DEE_Z_ROT MODE_SELECT

Coupler 1

G oupler 2 RF-indow

l

SERVICE_MODE
Top

AMPL_DEE_ 2 TOP

1 v

GAIN_HPA, dB

CALIBRATION

AMPL_DEE_3_BOT

v
-1 V]
DISCHERGE_EV  PRFL_HOM_EV LLRF_WARN
USER._MGDE ¥ DIAGNOSTIC
REREEni S S¥_EN_RF_ON IL_EN_RF_ON SY_EN_RF_MRED. IL_EN_RF_NRED
LLRF_POLIT_2
LLRF EN_RF_OM  RESP_RF OM LLRF ER_RF_OM  RF_GATE
START_MODE
LLRF_EM_RF_NRED RESP_RF_MRED  PRFL_EV ECUR_EV T
POWER M1 POWER_MO2 : ‘
m m P OUT CLIP_ACT P OUT CLIP DET  ASUM OK_ACT  ASUM_OK_DET
LECS_EH_RF_ON CONTROL AMPL_SUM AMPL_SUM_5P RESET_PRFL_EV  PRFL_EW_CNT  RESET_PRFL_EY_CNT
o mE | fr=EEmn £T RESET
'y PFOR_ZYK_L_NE AMPL_SUM_PRED 5P RESET_ECUR_EV ECUR_EV_CHT  RESET_ECUR_EV_CNT
RESET RESET
OFF
START_P_MIN_SP RESET_LLRF ER  LLRE_ER_CWT  RESET_LLRF_ER_CHT

LC5_EN_RF_MRED LOCP

. ¢

RED

®  oop acT

LJ
STATE_ACT

| RESET
START_P_PULSE 5P pEsET poouT_cLIP
ET

START_F_EMTER_SP  RESET_ASUM_OF

m

P_CLIP_CNT RESET_P_OUT_CLIP_CNT

ASUM_OK_CNT  RESET_asUm_OF_CNT

20

H. Rocken - Commissioning and Testing of Varian's 250MeV

Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life
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Digital LLRF Control System A ), 3 12
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RF-Monitor | phase | AmpePowsr Fast | AmpaPower Slow | Communication | LLRF Packages | EvenkstdWarrings _ Cortrol | Set  Exception | loop | Calibration | LUTPOW  LUTHPA  Limits i

BMPL_DEE 1_BOT AMPL_DEE 1 TOP
E Dae n AMPL_SUM_PRED_THR.  AMPL_SUM_RFOFF_THR A5UM_CHECK_TOL

PFOR_ZYK_2 N8 ECLR_I ) fmn (ommn O
al

Cyclotron
Wl appL pEE 4 TOP

RF-'virdow

PRFL_ZY¥K_1_HARM

AMPL_DEE_2 BOT PIMAK_THR_CW PMAX_THR_PULSE

m OeEmmm

Coupler 1

PRFL_HCM_THR. PRFL_HCM_TIME

rm 6 o

Top
AMPL_DEE_Z_TOP

AMPL_DEE_4_BOT

1 v} DISCHARGE DISCHARGE _TIME DISCHARGE_CHE_THR
formme (s 0.
GAIN_HPA, B
AMPL_DEE_3_TOP AMPL_DEE_3_BOT
ms 2 o PRFL_EV_THR PULSE_PRFL_THR M_PRFL_EV_TIME
T =
Dee3 6 6 reT—
PRFL_EV_TIME_DEL START_PULSE_TIME_DEL  PRFL_EV_WINDOW
DISCHARGE_EV PRFL_HOM_Ev LLRF_‘WW/ARN e _ m e _ m E
- - - PREL_FY_NMAx PRFL_EV_TIME_ELANK  TRIG_FLLSE_TIME_BLANK
1
SEEZEONT SYEMRFON  ILEMRF ON  SY.EN RF NRED IL_EM RF NRED e_ em L e T
LLRF_POLT_2
LLRF_EN_RF_ON  RESF_RF_ON LLRF ER RF_ON  RF_GATE HELREREE ECHREVETEHE BLAHE
- ‘ . - frmmmm O ECEEmT
LLRF_EN_RF_NRED RESF_RF MRED  PRFL_EV ECUR._EV EEREEAAS M_ECUR_EV_TIME EELEE R i
_ , ‘ . . ¢ = f
POWER_MO!  POWER_MO2

m ] P_OUT CUIP_ACT  P_OUT CLIP DET  ASUM OK_ACT  ASUM_OK_DET
: CONS_CONTROL CONS_SELECT CONS_THR
LCS_EN_RF_ON CONTROL AMPL_SUM AMPL_SLM_5P RESET_PRFL_EY  PRFL.EY CHT  RESET_PRFL_EY_CNT = 9 B
1 Jv] e v RESET 2 |
PFOR_ZYK_L_NE AMPL_SUM_PRED_SP RESET ECLR_FW  ECUR_FW_CHT  RESET_ECUR_EY_CNT
o - _- - COMM_E¥_TIME_DEL ED_TMP_LIM ED_THP_MAL
: s — f o f co— f o
B =] 5.0 o |
START_P_MIN_SP RESET_LLRF_ER.  LLRF_ER_CMT  RESET_LLRF_ER_CNT
1.000E YES)
LC5_EN_RF_HRED LOGP & 0B reser | LTI MO_CLK_TIME
= START_P_PULSE 5P RESET P OUT_CLIP P_CLIP_CNT RESET_P_OUT_CLIP_CHT em e_
f LooP_AcT f EmETm m o
L L ME_HIGH_LIMIT MO_TIME
STATEACT START_P_ENTER_SP  RESET_&SUM_OK ASUM_OK_CNT RESET_ASLM_OK_CNT e zooon [uw e I
(Y oe+5 (] .

21 H. Rocken - Commissioning and Testing of Varian's 250MeV

Superconducting ProBeam™ Cyclotrons for Proton Therapy



Digital LLRF Control System

" RF-Monitar |

Reflected Power Forward Power

PRFL/PFOR Power Ratio

110
Tirne, H

ECPM). 20:
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V<
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PASL SCRERRLE IS TITET

AMPL_SUM_LIM_5P

START_T_MIM_SP

6 e

START_P_WaLL_SP
oE+0 fuw |

START_T_EDGE_SP

START_PULSE_TIME

START_PULSE_FREQ

£ r—

P_LOAD_SP

£ rr—

START_T_EMWTER._5P

@ T

START_RAMP_SP

@ pr— T

COMD_P_PULSE_SP

@ e

COND_P_VALL_5P

COMD_T_PLILSE_SP

f er— P

COND_T_EDGE_SP

6 r—

COMD_F_PLILSE_SP

LCONTROL
E

LCS_EM_RF_NRED

AMPL_SUM

- LOOR_ACT
g -~ v
STATE_ACT

AMPL_SUM_SP

(Josh ]

AMPL_5UM_PRED_SP
0.

START_P_MIM_SP

START_P_ENTER_SP

RESET_PRFL_EV
RESET

RESET_ECUR_EV
RESET

RESET_LLRF _ER
ET

RESET_ASUM_CI

PRFL_EW_CWT  RESET_PRFL_EW_CHT

RESET

ECUR_EY_CMT  RESET_ECUR_EW_CHT
RESET

LLRF ER_CNT  RESET_LLRF ER_CNT

RESET
P_CLIP_CNT RESET_P_OUT_CLIP_CHT

RESET

ASUM_OK_CNT  RESET_ASUM_Ok_CNT

Setting Parameters

22
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PEUTICHER, brer msnn}t

RF Amplitude Stability O3, 0

MayS-12 213*1’2?&L

AVIV = 2x10* (10)
AVIV = 6x104 (pp)

nmplitude Sum

0.58102

0.5101 -

----- I I I I [
l:l-:-.11.5.-_" 031220 03:12:40 03:153:00 05:13:20 03:13:40

Time, H:Mi5

23 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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First Internal Beam, June 8, 2011 i g

L

m System prepared (magnet & RF ramped up, viewer probe with video camera
Installed near cyclotron center)

m First switch-on of ion source

video camera

24 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life
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4 -
P30 Schietyer Institut

Beam Development, June 9, 2011 e g

L

m Already on the next day it was possible to bring the beam close to extraction
radius

video camera

o5 H. Récken - Commissioning and Testing of Varian's 250MeV VA R rA N A partner for life
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Pau| Sche‘rrer Inshtu‘t
SWtzeriaAd ’_ :

First Extracted Beam, June 29, 2011 2 i
y/9- 17 2012 "+ &

"\Nm =i

m 1St extracted beam:

ca;-lv-c.f\*h rd el ‘&*‘t

hpc-lfuw. )

A partner for life

26 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Extraction Efficiency ~40%, July 15, 2011 ‘swieisia ., 7.

. 2/
Ma 9_12, 20‘12‘ . __'_f' PARL SCRERRER INSTITHE
/ '3 "E? A_u/&\a_

Radial Beam Probe Scan

[EEN
o

N

Beam Current / nA
o - N w 1NN (@) » ~ 00 ©

600 700
Cyclotron Radius/ mm

27 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Transport to the USA, 2011 sl S

Moy 5.2, 20»1'2:} 5

m Disassembly and packaging end of July

28 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life
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rPaul Scherrer lnsnt:?t

Transport to the USA, 2011 e S

Moy S12; 20»1-2} 5

m Disassembly and packaging end of July

m  Shipping August to September

29 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life
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Transport to the USA, 2011 cadly A

Moy 512, 20’12;}\

L

m Disassembly and packaging end of July
m  Shipping August to September

m [nstallation into building October

This Project
Being Built By

Ironworkers
Local No.229

30 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life
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Transport to the USA, 2011 IR 2), 9

May/O- 12 20»12 / &s

m Disassembly and packaging end of July
m  Shipping August to September

m [nstallation into building October

31 H. Raocken - Commissioning and Testing of Varian's 250MeV A tner for lif
Superconducting ProBeam™ Cyclotrons for Proton Therapy partnerior e

medical systems




ECPM 2612

rPaul Sche‘rrer lnsht\t

First Beam On Site, 2012 AN ), 0

May/9-12; 20’12/& .

s November to December 2011: Cabling, installation of beamline

m January 2012: Cyclotron powered and cooled down

m February: On site magnetic field verification after transport

s March: RF re-conditioning

m April 18: First beam on site!
Without any re-tuning,

all parameters known from
the factory testing.

32 H. Rocken - Commissioning and Testing of Varian's 250MeV VA R rA N A partner for life

Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Production of Further ProBeam™ Systems st .2

May/S-12 20»12;}“ls

s Cyclotron Production Hall
magnetic testing . " coil winding

cryostat |
welding |

incoming
pole caps and|
—yoke rrlrngs '

33 H. Récken - Commissioning and Testing of Varian's 250MeV ’\")(“‘*’Jl — VA R IA N A partner for life
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Production of Further ProBeam™ Systems swizerisio ) 7.0

Moy 5.2, 20»1'2'} & '

s Cyclotron Production Hall

34 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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Production of Further ProBeam™ Systems WA A , :

M 9 123 20»1'25 S
ay” @ 7

s Cyclotron Production Hall

35 H. Racken - Cqmmissioning and Testing of Varian's 250MeV ‘jr‘:’:‘?| — VA R rA N
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Production of Further ProBeam™ Systems swizerisi 7, 7.~

Moy S12; 20»1@} &s ,

m Other production areas:

m Beamline modules

36 H. Raocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy
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e

Production of Further ProBeam™ Systems swizerisio ) 7.0
L A

m Other production areas:
m Beamline modules

m Scanning nozzles

37 H. Rocken - Commissioning and Testing of Varian's 250MeV
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m Other production areas:
s Beamline modules
m Scanning nozzles

m SW test center
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m Cyclotron #4
m Pole caps and yoke rings are being equipped with components
m All media get connected

m Cryostat is completed and passed electrical and LN2 tests

39 H. Rocken - Commissioning and Testing of Varian's 250MeV
Superconducting ProBeam™ Cyclotrons for Proton Therapy

A partner for life

medical systems



ECPM 2@12

rPaul Sche'rrer lnsht\t

Status of ProBeam™ Cyclotrons #4 & #5  swiesta . 7.7

May/9-12; 20»12}&) ,

m Cyclotron #5
m Coil is completed and passed electrical tests, cryostat welding will start soon
m Yoke rings and pole caps passed factory incoming inspection

m  Assembly will continue in parallel to #4 testing
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> The VARIAN ProBeam™ Superconducting Compact Proton Cyclotrons
feature superior properties that make them turn-key operational machines
and predestine them for use in pencil beam scanning proton therapy.

» 2 of such cyclotrons are already in clinical use. » CW proton beam

> high energy

> high current

> stable beam position

> #3 IS currently being commissioned at customer’s
site, first beam was extracted in April 2012.

> Several more machines are in production. > small footprint
_ _ > high extraction
> All cyclotrons will be factory tested with beam. efficiency
> VARIAN is continuously developing its technology [* oW activation
further and introducing new features. ~fast and easy access
for maintenance
> Recent product enhancements include > high uptime
Tr_a_nsistor RF Power Amplifie_rs and > operator-free operation
Digital Low Level RF electronics. > low power consumption
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THANK YOU!
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