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Com
pany Profile

w
w

w
.caenels.com

The CA
EN

 G
roup

•
CA

EN
 S.p.A

. (Costruzioni A
pparecchiature Elettroniche

N
ucleari, Società

per A
zioni) seated in V

iareggio/Italy w
as founded in 1979 from

 M
arcello 

G
ivoletti, Piero Salvadoriand Luigi Pardini, w

ho
w

ere
form

er em
ployees 

at the IN
FN

 (Istituto N
azionale di Fisica N

ucleare) in Pisa.

•
Initiator 0f the

founding
w

as CER
N

, w
hich

cooperatesclosely
w

ith
the

IN
FN

. H
ence CERN

 w
as the first custom

er of CA
EN

 and up to today CERN
 

is still the biggest custom
er of the CA

EN
 group w

ith
thousands

of installed 
electronic boards.

•
The CA

EN
 G

roup has
nearly

10.000 custom
ers in m

ore than 50 countries 
in public research as w

ell as in private organizations.

•
Locations and distributors in m

ore than 30 countries.

•
M

ore than
140 em

ployees generated a direct turnover of25 M
€ in 2018.

•
CA

EN
 and its spin-offs are 100%

 self-financed.

•
Core A

reas: H
igh Energy Physics, A

strophysics, N
eutrino Physics, D

ark 
M

atter Research, N
uclearPhysics, Particle

Physics , Radio Frequency
Identification, N

uclearSecurity and Safety, D
idactics, M

aterial Sciences, 
M

edical A
pplications, Industrial A

pplications,  Calibration
Technologies.
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Trieste -Italy

V
iareggio -Italy
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V
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•
CA

EN
 is

the
w

orld
leaderw

ith
the

m
ostadvanced

electronic 
instrum

entation
forany

particle, radiation
and low

light detectors.

•
N

early
all w

orld
m

ajorresearch
laboratories

and institutes
are

using
the high end products of CA

EN
 for the detection and data acquisition 

in particle physics experim
ents.

•
R&

D
 division of 50 high level P

hysicists and Engineers.

•
H

igh Voltage and Low
 Voltage Pow

er Supplies

•
Signal Conditioning, Read O

ut Electronics and Em
ulation

•
A

cquisition System
s

•
Spectroscopy Solutions

•
Pow

ered Crates and Chassis

•
Educational K

its



C
A

E
N

 R
FID

w
w

w
.caenels.com

R
eproduction, transfer, distribution of part or all of the contents in this docum

ent in any form
 w

ithout prior w
ritten perm

ission of  CA
EN

 ELS s.r.l. is prohibited 

•
CA

EN
 R

FID
 w

as founded
in 2006 and is

a key
playerin the

European 
R

FID
 M

arket w
ith

w
orldw

ide
custom

ers
in m

anufacturing,logistics, 
transport, healthcare, fashion, retail…

•
R

adio frequency identification (R
FID

) is a form
 of w

ireless 
com

m
unication

that uses radio w
aves to identify and track objects.

•
RFID

 takes the barcoding concept and digitizes it for the m
odern w

orld

•
U

H
F R

FID
 R

eaders, Loggers, Custom
 P

roducts, Integration

•
U

niquely identify an individual item
 beyond just its product type

•
Identify item

s w
ithout direct line-of-sight

•
Identify m

any item
s sim

ultaneously

•
Identify item

s w
ithin a vicinity of betw

een a few
 centim

eters to several 
m

eters

R
eader

A
ntenna

Tag
H

ost P
C
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•
CA

EN
 SyS

provides nuclear m
easurem

ent solutions and technical 
expertise for N

uclear Safety, N
uclear Security and Laboratories.

•
H

ealth Physics , Spectroscopy and Radiation M
easurem

ents System
s

•
Custom

 N
uclear M

easurem
ent System

s, N
uclear W

aste

•
Identification of gam

m
a and neutron sources

•
N

etw
orking of radiation detectors and robotics

•
Safeguard and security products for non-proliferation and threats

•
Fuel cycle process m

onitoring characterization Fresh &
 Spent Fuel 

Burn-up solutions

•
N

uclear em
ergency preparedness

•
Site rem

ediation studies, products and solutions for m
itigation plans



•
Founded 2009 as a spin-off from

 CA
EN

 S.p.A
.

•
D

eveloper and m
anufacturer of high-perform

ance 
digital bipolar and m

onopolar pow
er sources, high-

precision current transducers and current m
easurem

ent 
system

s, electronic com
ponents for beam

lines in 
accelerators and FM

C and M
icroTCA

 equipm
ent

•
H

eadquartersin  Basovizza, Trieste -Italy at the 
location of Elettra-Sincrotrone Trieste S.C.p.A

.

Location
w

w
w

.caenels.com
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-from
 foundation to today…

2009:
CA

EN
 acquires three leading developers (D

enis M
olaro, Enrico Braidotti, M

itja G
uštin) from

 Elettra 
Sincrotrone in Trieste/Italy w

ho are dedicated in custom
 specific pow

er sources and electronic 
instrum

entation. Founding of the spin-off CA
EN

 ELS w
ith the target of providing institutes in the 

accelerator technology (e.g. CERN
, D

ESY) w
ith high-end electronic equipm

ent.

2011:
First turnovers w

ith w
orldw

ide partners inside the accelerator technology developing and selling 
custom

 specific digital bipolar pow
er sources.

2013: 
D

evelopm
ent of the high precision 0-FLU

CS-Current-Transducerseries (accuracy < 30 ppm
/FS).

2014:
D

evelopm
ent of new

 bipolar and m
onopolar standard pow

er sources for reactive (inductive and 
capacitive) loads w

ith digital control loop –
currently from

 few
 W

 up to 10-kW
 for all kinds of high-end 

applications.

Entering the high-end industrial, autom
otive, battery, m

edical m
arkets and further.

2015:
Founding of the U

S A
m

erican Branch O
ffice in N

ew
 York City (at CA

EN
 Technologies, Inc.)

2016:
Founding of the G

erm
an B

ranch O
ffice near K

arlsruhe.

Entering the calibration m
arket.

2019 ff.:
Continuous developm

ent of further custom
-m

ade solutions  as w
ell as standard sources and electronic 

instrum
entation w

ith state-of-the-art technology.

History
w

w
w

.caenels.com
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here it started
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FER
M

I@
Elettra

•
Linear accelerator –

FEL (400 m
eters length)

•
about 400 m

agnets of 5 A
up to

750 A

•
24 hours/day –

365 days/year

•
Reliability and Efficiency

FER
M

Ibasic
installations

X-FEL
requirem

ents
forthe

pow
ersources:

•
180

pow
ersources

of±20A
@

±20V
(A

2620BS)

•
210

pow
ersources

of±5A
@

±10V
(A

2605BS)

•
Correction

and
Q

uadrupole
M

agnets
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Custom
 D

esign Exam
ple

•
Custom

 specific bipolar linear pow
er sources  rated at ±5 A

 and ±60 V

•
Start of design in D

ecem
ber, delivery and installation after 4 m

onths in M
arch

Custom
erProjects

w
w

w
.caenels.com

Tsukuba -Japan
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Pow
erSupply 

System
s

Precision Current
M

easurem
ents

Beam
line Electronic 

Instrum
entation

Product Lines

FM
C

M
icroTCA
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U
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A
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N
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 Features
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Easy to
use

Sim
ple platform

, low
com

plexity

H
igh Reliability

Low
 ripple, low

noise

Low
 Cost

A
nalog Input

Fast transient response

Step
up

(boost) and
step

dow
n (buck) possible

H
igh Pow

er possible

Sm
all Size

Low
 W

eight

H
igh Efficiency

Low
 H

eatLoss

Load easily
adaptable

by
softw

are
PiD

regulation

Easy integration
in m

ain
controlsystem

s

D
igital Input

O
nly

low
pow

er possible
Big Size

H
igh W

eight

H
igh H

eatLoss

Low
 Efficiency

N
eed foradditional hardw

are
depending

on load

Com
plex

platform
, m

any
parts

H
igh costdue to

m
any

parts

H
igh ripple high noise

-sw
itching

transform
er

Linear A
nalog Controlled

Sources
Sw

itched D
igitally

Controlled
Sources

The challenge w
as, to com

bine the positive aspects of the both w
orlds “linear” and 

“sw
itched” along w

ith elim
inating or optim

izing the negative aspects.
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Easy to
use

Sim
ple platform

, low
com

plexity

H
igh Reliability

Low
 ripple, low

noise

Low
 Cost

A
nalog Input

Fast transient response

Step
up

(boost) and
step

dow
n (buck) possible

H
igh Pow

er possible

Sm
all Size

Low
 W

eight

H
igh Efficiency

Low
 H

eatLoss

Load easily
adaptable

by
softw

are
PID

 regulation

Easy integration
in m

ain
controlsystem

s

D
igital Input

O
nly

step
dow

n (buck) possible

O
nly

low
pow

er possible

Big Size

H
igh W

eight

H
igh H

eatLoss

Low
 Efficiency

N
eed foradditional hardw

are
depending

on load

Com
plex

platform
, m

any
parts

H
igh costdue to

m
any

parts

H
igh ripple high noise

-sw
itching

transform
er

Linear A
nalog Controlled

Sources
Sw

itched D
igitally

Controlled
Sources
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Easy to
use

H
igh Reliability

Low
 ripple, low

noise

Low
 Cost

A
nalog Input

Fast transient response

Step
up

(boost) and
step

dow
n (buck) possible

H
igh Pow

er possible

Sm
all Size

Low
 W

eight

H
igh Efficiency

Low
 H

eatLoss

Load easily
adaptable

by
softw

are
PID

 regulation

Easy integration
in m

ain
controlsystem

s

D
igital Input

Com
plex

platform
, m

any
parts

The highly
am

bitional, tw
o

years
lasting

effortin research
and

developm
entfinally

succeeded
in 

pow
er sources

thatcom
bine

the
advantages

ofboth
technologies

and
thatare

unique
in the

w
orld.

Sw
itched D

igitally
Controlled

Sources
-The N

ew
 H

igh-End-State-O
f-The-A

rt

O
nly

step
dow

n (buck) possible

Big Size

H
igh W

eight

H
igh Resolution D

igital Inputs and
O

utputs

A
dditional H

igh Speed O
ptical Input

H
igh A

ccuracy
at ppm

 Ranges 
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A
B

S
T

R
A

C
T

Program
m

able logic and integrated technologies, as SoC, FP
G

A
 and D

SP
, have becam

e m
ature enough to be 

em
ployed in high perform

ance m
agnet pow

er supply applications.

The use of a configurable m
ixed current and voltage digital control, com

bined w
ith adaptable com

plex 
algorithm

s for protections (e.g. quench
in superconducting m

agnets) and auxiliary integration (e.g. transverse 
flux density in a dipole gap) allow

s obtaining the perfect fit for each specific m
agnet application.

A
n entire series of pow

er supplies, com
ing from

 a background of particle accelerator applications, has been 
developed for both bipolar and m

onopolar operation w
ith high bandw

idth (fast fields as in corrector m
agnets 

and steerers) and high adaptability w
ith a user-friendly interface and an em

bedded Linux O
S that allow

s users 
to im

plem
ent their ow

n applications directly on the pow
er supply.

The use of 24-bit A
D

Cs and state-of-the-art P
W

M
 generation (w

ith possible application of dithering 
techniques to reach 65-ps resolution) enables to obtain fields actuations in the ppm

-level range.

Som
e of the CA

EN
elspow

er converters, for specific applications (usually dipoles or superconducting), are 
equipped w

ith our closed-loop zero flux transducers that feed their signals to tem
perature-stabilized 

electronics to reach current tem
perature coefficient values of low

er than 1 ppm
/K

. 
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C
o

n
t
r
o

l 
B

o
a

r
d

D
igital Control B

oard including: 
•

FP
G

A
 (Z

ynq)
•

D
SP

 (Texas Instrum
ents) 

Interfaces included are the 
follow

ing: 
•

10/100/1000 Ethernet
•

2 x SFP
+ (6.5 G

bps/channel)
•

U
SB

 H
ost

•
eM

M
C

•
display

and encodercontrol

FP
G

A
is used for digital output 

control algorithm
s and

D
SP

forH
igh-R

esolution P
W

M
 

generation. 

Linux O
S (Yocto

P
roject) is 

em
bedded in the A

R
M

. 

C
a

r
r
ie

r
 
B

o
a

r
d

The D
igital Control B

oard is plugged 
onto the Carrier B

oard w
ith tw

o 100-
pin high-speed FCI connectors. The 
Carrier Board is provided w

ith:

•
2 x 24-bit@

100 kspsA
D

Cs for 
current and voltage readout 
(Tem

perature-stabilized)
•

D
C-Link, Tem

perature and 
A

uxiliary analog readings (16-
bit@

100 ksps)
•

I/O
 signals for interfacing w

ith 
external protections (e.g. quench)

•
interlocks

and status
signals

•
connectorforfuture

expansions.

The Carrier Board also em
beds the 

pow
er section to supply the active 

CA
EN

els
D

CCT transducerw
ith low

-
noise pow

er at ±15V
 in order to have a 

direct, accurate, stable and precise 
current readout. 
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O
u

t
p

u
t
 
C

o
n

t
r
o

l 
L

o
o

p

The on-board program
m

able logic allow
s for com

plex algorithm
s to be perform

ed on the current and voltage 
output values. 
A

 lot of different feedback control loops have been im
plem

ented but standard ones are m
odified versions of 

P
roportional Integral D

erivative (P
ID

).

Tw
o exam

ples are hereafter show
n: 

A
pplication Exam

ple: a user can im
plem

ent a slow
er closed loop directly on the Linux O

S by using 
the readings of the m

agnetic field from
 a H

all probe fed to the auxiliary input of the carrier board. 
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P
o

w
e

r
 
S

t
a

g
e

 
C

o
n

t
r
o

l

The on-board FP
G

A
 perform

s all the control loop algorithm
s at a hardw

are-levelto m
axim

ize speed and 
com

puting pow
er.

The D
SP

is used as a m
ulti-channel P

W
M

 generatorw
ith a 65-ps P

W
M

 resolution. For bipolar stages (H
-

B
ridge topologies), this resolution can be halved.

The equivalent setting resolution for a 15-kH
z sw

itching m
onopolar pow

er stage can be com
puted as:

This resolution can be increased to 21 bit for bipolar stages. 
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C
u

r
r
e

n
t

S
e

n
s

in
g

The current sensing is m
ade using a 

proprietary closed-loop Z
ero Flux D

CCT (D
C 

Current Transform
er) and fed to the A

D
C via 

a tem
perature-stabilized signal conditioning 

section to reach a TC < 1 ppm
/°C. 

CA
EN

els
0-FLU

CS D
C 

CurrentTransform
er
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C
r
o

w
b

a
r

A
ctive circuits to protect 

against back-energy are 
designed for m

onopolar and 
bipolar pow

er supplies.

A
 specific circuit that rem

ains 
active for > 10 m

in after an A
C 

m
ains failure has been 
integrated also for 

superconducting m
agnets.

Q
u

e
n

c
h

D
e

t
e

c
t
io

n

A
 quench protection procedure is 
running on the FP

G
A

 and it is 
configurable. 

A
u

x
ilia

r
y

In
p

u
t
s

External analog control 
input (e.g. to use the pow

er 
supply as an am

plifier) is 
provided by using another 
A

D
C at 16-bit 100 ksps.

A
n external input can also be 
used to read, for exam

ple,
the m

agnetic field generated 
by the m

agnet -e.g. H
all 

probe. A
 slow

 loop can be 
closed on the field value. 
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F
a

s
t
 
C

o
n

n
e

c
t
io

n
s

Tw
o 6.5 G

bpsSFP
+ links are 

provided for fast update rates (> 
10 K

H
z). 

P
aralleling

is also perform
ed using 

the SFP
+. 

R
e

m
o

t
e

 
C

o
n

f
ig

u
r
a

t
io

n

Interlocks and protections can be configured 
rem

otely
to m

atch the application. 
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C
O

N
C

L
U

S
IO

N
S

•
Control of different types of pow

er topologies -i.e. different m
agnet types w

ith 
different requirem

ents

•
R

em
ote optim

ization of the current dynam
ic behaviourusing the digital control loop 

-no oscillations or slow
 response

•
Fast connectivity (G

igabit Ethernet + SFP/SFP+): optim
ized for single m

odule or for 
large installations

•
Extrem

e high-stability at 1 ppm
/°C w

ith m
atched 0-FLU

CS D
CCTs + tem

perature 
stabilization

•
Easy softw

are developm
ent/integration directly on the pow

er unit using the 
em

bedded Linux O
S -Yocto

Project

•
P

aralleling of m
odules via SFP/SFP+ optical links

•
R

em
ote configuration of w

aveform
s, triggers, interlocks and protections 

configurations for the specific application

•
Im

plem
entation ofdifferent controlschem

es
-e.g. IIR filters, adaptive algorithm

s, etc. 



E
a
s
y
-
D
rive

r
Com

pact D
igital B

ipolar Pow
er Supply

•
19” –

1U
 stand-alone crate

•
±

5A
@
±

20V
 and ±

10A
@
±

20V

•
10/100 M

bit Ethernet interface

•
D

igital Current regulation loop

•
Low

 noise

•
Internal protections and

•
A

uxiliary Readbacks

•
External Interlock and Status Signal

•
Extended input range (90-260VA

C)

•
Local display for m

onitoring

•
“V

ISU
A

L” free softw
are available

“0520” M
odel

“1020” M
odel

O
utput current range

±
5 A

±
10 A

O
utput voltage range

±
20 V

M
axim

um
 output pow

er
100

W
200 W

Topology
Bipolar

Current setting 
resolution

160 μA
320 μA

O
utput current readback

20 bit

O
utput voltage readback

20 bit

O
utput current ripple

*
< 40 ppm

 / FS

O
utput current stability

< 40 ppm
 / FS

O
utput Current

TC
< 40 ppm

/ °C
Sw

itching Frequency
> 100 kH

z

Closed
Loop

B
andw

idth
> 1 kH

z

Efficiency
up to 84 %

External 
Interlocks/Status

1 Input: External Fault
1 O

utput: Pow
er Supply Status 

InternalInterlocks
D

C Link U
nder-V

oltage
M

O
SFETs O

ver-Tem
perature

Shunt O
ver-Tem

perature 

H
ardw

are P
rotections

Input Fuses
Passive Crow

bar (O
ver-V

oltage) 

Cooling
Forced A

ir Convection –
Front-to-Rear 

Control System
 D

rivers
EPICS IO

C

Connectivity
Ethernet 10/100 M

bit TCP-IP

Extra-Features
U

ser-settable Slew
 Rate V

alue
Firm

w
are Rem

ote U
pdate 

M
echanical D

im
ensions

19” ×
1U

 ×
264 m

m
19” ×

1U
 ×

295 m
m

 -w
ith output connectors

Input R
atings

90/260 V
A

C)
47-63 H

z

w
w

w
.caenels.com

Pow
erSupply System

s

R
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F
A

S
T

-
P

S

H
igh-Perform

ance B
ipolar Pow

er Supply

•
19” –

1U
 stand-alone crate

•
D

ifferent current and voltage ratings 

•
10/100/1000 Ethernet 

•
2x Fast SFP interface (10 kH

z update) 

•
Current or Voltage regulation

•
H

igh analog bandw
idth

•
A

nalog control and Trigger Input -optional

•
Low

 noise

•
Configurable D

igital control loop

•
Internal protections and auxiliary readbacks

•
Local display and control

Linux O
S

Em
bedded

R
egulation Type

Current-or V
oltage-Control

O
utput current range

±
5 A

,±
10 A

,±
20 A

,±
30 A

O
utput voltage range

±
20 V

,±
40 V

,±
80 V

M
axim

um
 output pow

er
up to 600 W

Setting resolution
18 bit

O
utput readbacks

20 bit

O
utput current ripple

*
30 ppm

 / FS

O
utput current stability

< 50 ppm
 / FS

O
utput voltage stability

< 50 ppm
 / FS

Sw
itching Frequency

100 kH
z

M
ax Current/V

oltage update 
rate

10 kH
z

A
ccuracy

0.05%

External Interlocks/States
2 Inputs: user-configurable "dry" contacts

1 O
utputs: relay (2 m

agnetic contacts)

Internal Interlocks

D
C Link U

nder-V
oltage

M
O

SFETs O
ver-Tem

perature
O

ver-Current
and O

ver-V
oltage

Earth Fault Current
Regulation Faultand Excessive Current Ripple

H
ardw

are protections
Input Fuses
Earth Fuse

O
ver-V

oltage

A
uxiliary A

D
C R

ead-B
acks

D
C Link V

oltage
G

round Leakage Current
Tem

perature

Cooling
O

n-M
odule Self-Regulated Fans

Control System
 D

rivers
EPICS

Connection
1 x Ethernet 10/100/100

2 x SFP ports 

Extra-Features

Point-by-Point Current W
aveform

 Loading
U

ser-definable interlock thresholds, active levels and 
tim

ings
Firm

w
are Rem

ote U
pdates

Input V
oltage

90/260 V
(A

C) (47-63 H
z)

Efficiency
up to

84 %

P
ow

erFactor
> 0.95

Pow
erSupply System

s
w

w
w

.caenels.com

R
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D
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F
A

S
T

-
P

S
-
M

H
igh-Perform

ance M
onopolar Pow

er Supply

•
19” –

1U
 stand-alone crate

•
100A

-6V
, 75A

-8V
, 60A

-10V
ratings 

•
10/100/1000 Ethernet 

•
2x Fast SFP interface (10 kH

z update) 

•
Current or Voltage regulation

•
H

igh sw
itching frequency –

300 kH
z equivalent

•
A

nalog control and Trigger Input -optional

•
H

igh-stability and low
 TC

•
Configurable D

igital control loop

•
Internal protections and auxiliary readbacks

•
Local display and control

Linux O
S

Em
bedded

R
egulation Type

Current-or V
oltage-Control

O
utput current range

60 A
75 A

100 A

O
utput voltage range

10 V
8 V

6 V

M
axim

um
 output pow

er
up to 600 W

Setting resolution
> 18 bit

O
utput readback

24 bit

O
utput current ripple

*
30 ppm

 / FS

O
utput current stability

50 ppm
 / FS

O
utput voltage stability

50 ppm
 / FS

Sw
itching Frequency

300 kH
z (equivalent)

M
ax Current/V

oltage update 
rate

10 kH
z

A
ccuracy

< 0.05%

External Interlocks/States
2 Inputs: user-configurable "dry" contacts

1 O
utputs: relay (2 m

agnetic contacts)

Internal Interlocks

D
C Link U

nder-V
oltage

O
ver-Tem

perature
O

ver-Current&
 O

ver-V
oltage

Earth Fault Current
Regulation Fault&

 Excessive Current Ripple
D

CCT
O

K

H
ardw

are protections
Input Fuses
Earth Fuse

O
ver-V

oltage

A
uxiliary A

D
C R

ead-B
acks

D
C Link V

oltage
G

round Leakage Current
Tem

perature
Cooling

O
n-M

odule Self-Regulated Fans

Connection
1 x Ethernet 10/100/100

2 x SFP ports 

Extra-Features

Point-by-Point Current W
aveform

 Loading
U

ser-definable interlock thresholds, active levels and 
tim

ings
Firm

w
are Rem

ote U
pdates

D
im

ensions
19"–

1U
 –

365 m
m

(W
 x H

 x D
)

Input V
oltage

90/260 V
(A

C) (47-63 H
z)

Efficiency
up to

85 %

P
ow

erFactor
> 0.95

Pow
erSupply System

s
w

w
w

.caenels.com

R
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Linux O
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Em
bedded

D
CCT

Em
bedded
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Pow
erSupply System

s

•
19” –

2 U
 stand-alone unit

•
M

odels up to ±
100 A

 and up to ±
100 V

•
Configurable digital control loop

•
10/100/1000 Ethernet interface

•
Current or Voltage regulation

•
Low

 noise and Ripple 

•
< 1 ppm

/K
 tem

perature dependence

•
Excellent long-term

 stability

•
Q

uench protection for SC m
agnets

•
External A

nalog Control, Trigger and

•
Configurable A

D
C Inputs

•
Fast SFP interface (10 kH

z update)

15-100
30-50

50-30
100-15

O
utput Current

±15 A
±30 A

±50 A
±100 A

O
utput V

oltage
±95 V

±50 V
±30 V

±15 V

M
axim

um
 O

utput Pow
er

1.500 W

Topology
Bipolar

Control M
ode

Current(CC) and V
oltage (CV

)Control

Floating
O

utput
U

p to 200 V

Rem
ote Sensing

U
p

to 0.5 V

CurrentSensing
<

 
H

igh-Precision CurrentTransducers

A
nalog

Control Input
Yes

CurrentSetting
Resolution

150 μA
250 μA

400 μA
800 μA

V
oltage Setting

Resolution
1 m

V
500 μV

300 μV
150

μV

O
utput Readback

Resolution
24-bit

N
oise

+
Ripple

(RM
S)

< 0.01 %
 on resistive

load
< 0.005 %

 on 1 m
H

load

Tem
perature

Coefficient
< 0.0002

%
 / K

 (CC m
ode)

< 0.005 %
 / K

 (CV
 m

ode)

Long
Term

Stability
(8 h)

< 0.0005
%

 / K
 (CC m

ode)
< 0.005 %

 / K
 (CV

 m
ode)

A
nalog

Bandw
idth

(-3 dB)
> 2 kH

z

Control/Com
m

unication
Interface

EthernetTCP-IP
SFP/SFP+

Local Control
Colourdisplay w

ith m
ulti-function

navigation
sw

itch

ExternalSignals

2 ExternalInterlocks
2 Status signals

–
1 m

agnetic
relay

and 1 solid
state

Trigger Input
A

nalog Control Input
A

dditionalConfigurable
A

D
C Input

Extra Features

W
aveform

execution
Q

uench
Protection

Rem
ote Firm

w
are U

pdate
Linux O

S on-board
M

echanical D
im

ensions 
(L ×

W
 ×

H
)

19” x
2U

 x 550 cm

O
perating Tem

perature
0 …

 45
°C

F
A

S
T

-
P

S
-
1K

5

1.5-kW
 H

igh-Stability B
ipolar Pow

er Supply

Linux O
S

Em
bedded

R
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N
G

P
S

10-kW
 H

igh-Stability Pow
er Supply

•
19” –

3U
 stand-alone unit

•
D

ifferent current and voltage ratings

•
Versions:  200A

/50V, 100A
/100V

(both 10 
kW

) + 140A
/50V

 (7kW
)

•
10/100/1000 Ethernet interface

•
2x Fast SFP interface (10 kH

z update)

•
Current or Voltage regulation

•
Low

 noise and Ripple 

•
1 ppm

/K
 grade (“H

S” version)

•
H

igh tem
perature and long-term

 stability

•
Configurable digital control loop

•
Internal protections and auxiliary readbacks

•
Local display and control

N
G

P
S Inform

ation and D
ata

w
w

w
.caenels.com

Linux O
S Em

bedded

pow
ered

by
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N
G

P
S

A
ccuracy Perform

ance over 7 days –
tested from

 one of our custom
ers

•
M

easured at 100A
 CC

•
G

uaranteed accuracy in the 
datasheet: 100 ppm

•
M

easured Long Term
 Stability –

M
axim

um
 D

eviation in 7 days: 
13 ppm

 (0,0013%
)

•
M

easured Long Term
 Stability –

M
axim

um
 deviation in 1 day: 

6 ppm
 (0,0006%

)

N
G

P
S Long Term

Stability
w

w
w

.caenels.com
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o
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r
it
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In

v
e

r
t
e

r
s

200A
, 400A

, 600A

•
19” –

6U
 crate

•
Current ratings up to 630A

•
Perfect fit for the N

G
PS, both in single or 

paralleled configurations

•
Controlled via the N

G
PS (no separate control 

needed)

•
A

daptable to further sources from
 the m

arket

N
G

P
S Inform

ation and D
ata

w
w

w
.caenels.com
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S Em
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C
o

m
p

a
r
is

o
n

 
o

f
 
C

u
r
r
e

n
t
 
M

e
a

s
u

r
e

m
e

n
t
 
T
e

c
h

n
o

lo
g

ie
s

The Z
ER

O
-FLU

CS
principle w

as already discovered in the 1930 years and is up to today the m
ost com

plex and 
overall m

ost precise, m
ost stable and m

ost versatile current m
easuring m

ethod.

Characteristics/Capability
Shunt

Hall Effect 
Sensor

Current 
Transform

er
Rogow

ski 
Coil

ZERO
 FLU

CS DCCT

DC Currents
Yes

Yes
N

o
N

o
Yes

Bandw
idth

M
edium

Very poor
High

Very high
High

Insulation
N

o
Yes

Yes
Yes

Yes
Linearity

M
edium

Very poor
Poor

M
edium

Very high
Accuracy

M
edium

M
edium

M
edium

M
edium

Very high
O

ffset
Yes

Yes
N

o
N

o
N

o
High Currents

N
o

M
edium

M
edium

High
Very high

M
agnetical Saturation

N
o

Yes
Yes

N
o

N
o

Tem
perature Stability

M
edium

Poor
High

Very high
Very high

Pow
er Consum

ption
High

Low
Low

Low
M

edium
Dim

ension
Very sm

all
Sm

all
Sm

all
M

edium
M

edium
Long Term

 Stability
Poor

Poor
Poor

Very good
Very good

Autom
otive Interface Ability

Difficult
Possible

Difficult
Possible

Possible



CT-13   CT-26   CT-52
(PCB M

ountable)

System
C

T
-
B

O
X

plus
C

T

The
Features

•
A

C-and
D

C-m
easurem

ents
separately

orcom
bined

•
Standard

A
ccuracy:<

100
ppm

(<
0,01%

)FS
/H

igh-A
ccuracy

Calibrated
System

:<
50

ppm
(<

0,005%
)FS

•
Voltage

O
utputVersions:Standard

A
ccuracy:<

2.500
ppm

(<
0,25%

)FS,O
ptionalA

ccuracy:<
500

ppm
(0,05%

)FS

•
Tem

perature
Coefficient:<

1
ppm

/K
FS

•
H

igh-Linearity:<
3

ppm
/FS

•
InputN

oise:<
1.5

ppm
at200

H
z,<

10
ppm

at50
kH

z

•
ExcellentA

C-A
m

plitude
and

Phase
response

up
to

500
kH

z

•
24-bit@

100
kSP

S
sam

pling

•
CurrentTransform

erRatio:IS /IP from
1:250

up
to

1:2000
as

standards

•
D

isplay:7
1/2

D
igits

CT-100   CT-150
CT-200   CT-300   CT-400  

CT-600 CT-1000

w
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System
C

T
-
B

O
X

plus
C

T

The
Features

•
G

alvanic
Insulation

Prim
ary

to
Secondary

•
ExternalTem

perature
Sensors

(fortem
perature

m
onitoring)

•
Fanless

•
m

icroSD
fordata

storage
(also

forlong-term
m

easurem
ents)

•
A

nalog
M

onitoring
(±10

V
)

•
CT-V

iew
erSoftw

are
free

and
included

•
TriggerInput/O

utputand
A

larm
O

utput

•
Interfaces:Ethernet10/100

M
bpsTCP

-IP,U
SB

2.0,R
S-232

•
A

llCables
included

w
w

w
.caenels.com

R
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M
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ents

CT-13   CT-26   CT-52
(PCB M

ountable)
CT-100   CT-150

CT-200   CT-300   CT-400  

CT-600 CT-1000

PS1215 bipolar 
pow

er source
forD

CCTs 
available!



System
C

T
-
B

O
X

plus
C

T

Custom
ization

Services
-higherquantities

oradditionalcharge:

•
Custom

SpecificTransform
erRatios,i.e.1:423

(prim
ary

current=
42.3

A
/secondary

current=
100

m
A

)

•
Custom

Specific
CurrentV

alues>
1

kA
:up

to
30

kA

•
Expansion

ofprim
ary

hole
diam

eterup
to

80
m

m

•
U

p
to

150
A

PCB-m
ountable

versions
possible

w
w

w
.caenels.com
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CT-600 CT-1000
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Tem
perature Stability (Exam

ple):

Tem
perature

Stability
over19 hours:

Tem
perature

21.2 °C to 23.4 °C

Current M
easurem

ent
-10.0023A

 to -10.0030A
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C
T

-
B

O
X

CT-V
iew

er Softw
are

w
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several tim
es higher costs

non-calibrated system
 –

im
precise m

easurem
ents

high quality cables m
ust be purchased separately

low
er frequencies up to m

ax. 100kH
z possible

no data storage possible

no easy transportation

no easy installation

no specific softw
are solution

D
igital M

ultim
eter (7,5 digits or higher) + D

CCT

U
sual M

easuring System

low
ercosts

system
 calibrated

cables included

frequencies up to 500 kH
z

data storage via SD
 (included)

com
pact system

19”-rack m
ount available

m
onitoring softw

are inclusive

C
T

-
B

O
X

System

w
w

w
.caenels.com

R
eproduction, transfer, distribution of part or all of the contents in this docum

ent in any form
 w

ithout prior w
ritten perm

ission of  CA
EN

 ELS s.r.l. is prohibited 

Innovation



w
w

w
.caenels.com

B
eam

line
Electronic 

Instrum
entation

B
eam

line Electronic 
Instrum

entation

R
eproduction, transfer, distribution of part or all of the contents in this docum

ent in any form
 w

ithout prior w
ritten perm

ission of  CA
EN

 ELS s.r.l. is prohibited 



w
w

w
.caenels.com

B
eam

line
Electronic 

Instrum
entation

B
e

a
m

lin
e

 
E

le
c

t
r
o

n
ic

In
s
t
r
u

m
e

n
ta

t
io

n
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B
eam

line
Electronic 

Instrum
entation

A
H

401D
4-channel Charge Integration P

icoam
m

eter

Photon BPM
 applications:

•
Q

uad-diode BPM
´s

•
D

iam
ond detectors readout

•
ion cham

bers

•
blade gap m

onitors

•
radiation m

onitors

•
7 different ranges –

from
 50 pC

to 2 nC
(m

onopolar)

•
settable integration tim

e: from
 1m

s to 1s

•
20 bit + low

-noise

•
Ethernet connectivity

•
U

ser-friendly softw
are for photon BPM

 applications provided

•
TTL trigger/gate input signal and output conversion signal →

external events
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B
eam

line
Electronic 

Instrum
entation

Photon BPM
 applications:

•
Q

uad-diode BPM
´s

•
D

iam
ond detectors readout

•
ion cham

bers

•
blade gap m

onitors

•
radiation m

onitors

A
H

501D
4-channel B

ipolar P
icoam

m
eter w

ith B
ias Voltage Source 

•
3 different ranges -±

2.5 m
A

 , ±
2.5 µA

, ±
2.5 nA

•
sam

pling frequency –
up to 26 kH

z (1 channel @
 16-bit)

•
16-or 24-bit resolution

•
Ethernet connectivity

•
Bias up to 30V

 (sub-m
V

 RM
S noise)

•
U

ser-friendly softw
are for photon BPM

 applications

•
TTL gate input signal and output conversion signal →

external events
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B
eam

line
Electronic 

Instrum
entation

4-channel Fast-Interface B
ipolar P

icoam
m

eter w
ith Integrated H

V

•
2 different full-scale ranges: ±

120 µA
 and ±

120 nA
(configurable)

•
Internal sam

pling: 100 kH
z@

24 bit

•
Firm

w
are Rem

ote U
pdate

•
Configurable Sam

pling Frequency

•
A

utom
atic independent ranging

•
G

igabit Ethernet connectivity

•
500V

 standard H
V

 bias (up to 4 kV
)

•
Factory calibration

•
FPG

A
 and soft-processor com

putations

•
U

ser-friendly softw
are for photon BPM

 applications

•
D

ifferent trigger/gate and configuration →
external events

T      trA
M
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eproduction, transfer, distribution of part or all of the contents in this docum
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T      trA
M

M
A

H
501D

Standard R
anges

R
esolution

R
anges custom

izable

Independent R
anging

A
uto R

anging

Sam
pling Frequency

A
nalog B

andw
idth

M
onitoring

B
IA

S V
oltage

B
IA

S V
oltage

R
M

S N
oise

Com
m

unication Interface

Tem
perature

Coefficient

External Signals

T      trA
M

M
A

H
501D

±120 nA
to

±120 μA
 (standardly)

24 bit: 15 fA
to

15 pA
 (standardly)

✓✓✓
up

to
100 kH

z (configurable)

5 kH
z

D
igital, Plug &

 Play G
U

I

O
ptional: up

to
6kV

<2ppm
 ???

10/100/1000 Ethernet, SFP

RN
G

0: <10ppm
, RN

G
1: <20ppm

Configurable
Trigger/G

ate, Trigger 
O

utput, External Interlock

±2.5 nA
, ±2.5 µA

  ±2.5 m
A

 (fixed)

14 bit: 300aA
, 300fA

, 300pA
 (fixed)

XXX

up
to

26 kH
z (configurable???)

?????

V
oltage

A
nalog M

onitoring (±5V
)

0 to
30V

 (integrated)

<30ppm

10/100 Ethernet TCP/IP and U
D

P

???

Trigger/G
ate input, CO

N
V

 output

Com
parison
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B
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Instrum
entation

T      trA
M

M
-CI

4-channel Fast-Interface Charge-Integration Electrom
eter (Integrated H

V
)

•
8 different full-scale ranges: from

 50 pC
to 2 nC

•
Internal sam

pling: 1 m
s

–
50 μs

•
Firm

w
are Rem

ote U
pdate

•
Configurable Integration Period

•
G

igabit Ethernet connectivity       

•
500V

 standard H
V

 bias (up to 4 kV
)

•
Factory calibration

•
FPG

A
 and soft-processor com

putations

•
U

ser-friendly softw
are for photon BPM

 applications

•
D

ifferent trigger/gate and configuration →
external events
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B
eam

line
Electronic 

Instrum
entation

H
V

-A
D

A
P

TO
S:H

igh-Voltage
A

D
A

P
Tive

O
ptics

P
S

System

M
ulti-channelH

V
PS

System
:

•
D

esigned for bim
orph m

irrors operation

•
D

edicated  integrated control softw
are

•
can control up to 2 m

irrors (and up to 48 H
V

 channels)

•
bipolar channels rated at ±

2kV
@
±

0.5m
A

•
proprietary creep and hysteresis control and m

inim
ization routines

•
W

eb Server application w
ith m

irror dedicated softw
are

•
standard 10/100/1000 TCP-IP Ethernet connectivity  -EPICS IO

C

R
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B
eam

line
Electronic 

Instrum
entation

B
E

S
T

B
eam

line Enhanced Stabilization Technology

•
Pow

erful Instrum
entation and Softw

are Suite for stabilization and optim
ization of photon beam

 (X, Y, I0)

•
System

 com
posed by three m

ain building blocks:

•
readout block -TetrA

M
M

•
control and interface block –

B
EST

Central U
nit

•
actuator block –

P
reD

A
C

•
Expandability →

up to tw
o phBPM

s
and tw

o piezoelectric actuators (m
onochrom

ators)

•
Low

-latency and high speed guarantees higher frequency com
pensation respect to “standard” local feedback 

im
plem

entations (softw
are based)

R
eadout

#
1

R
eadout

#
2

Control + Interface

A
ctuator

#
1

A
ctuator

#
2
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M

icroTCA
.4 for P

hysics

FM
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icroTCA
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F
M

C
 
a

n
d

 
M
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r
o

T
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W
hat is F

M
C

 and
M

ic
r
o

T
C

A
?

FM
C (FP

G
A

 M
ezzanine Card)is an A

N
SI/V

ITA
 standard

that defines I/O
 m

ezzanine m
odules w

ith connection to an FP
G

A
or 

other device w
ith re-configurable I/O

 capability. It specifies a low
 profile connector and com

pact board size
for com

patibility 
w

ith several industry standard slot card, blade, low
 profile m

otherboard and m
ezzanine form

 factors.

M
icroTCA

orμ
TCA

 is an environm
ent originated from

 the developm
ent of telecom

m
unications hardw

are architectures.

It is a standard describing a new
 class of m

odular com
puter system

s that is m
ore energy-efficient, com

pact and econom
ical

than the A
TCA

 (A
dvanced TCA

). 

M
icroTCA

w
as developed exploiting m

any of the advantages of ATCA
/A

M
C and w

as designed w
ith m

axim
um

 re-usability, so that 
m

any A
M

C boards originally developed for A
TCA

 can also be used in M
icroTCA

system
s. 

The system
 uses serial high-speed connections (e.g. PCIe

protocol, G
igabit Ethernet), system

 m
onitoring and efficient cooling as 

w
ell as redundancy concepts, representing the highest-perform

ance solution for applications in telecom
m

unication, industry, 
m

edical and m
ilitary technology. 

FM
C and M

icroTCA
 

A
TCA

M
icroTCA
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D
A

M
C-FM

C25
A

M
C D

ual H
igh-P

in Count FM
C Carrier B

oard

•
D

ouble w
idth A

M
C board –

M
TCA

.4 carrier

•
Tw

o H
PC FM

C slots

•
D

ata processing on V
irtex-5 FPG

A

•
Board m

anagem
ent on Spartan-6 FPG

A

•
RTM

 D
1.1 connectivity

•
D

D
R2 m

em
ories on both FPG

A
s

•
External clock input on front panel SM

A
 connector

•
6.5 G

bps ("-2") transceiver board options

License A
greem

ent LV
75 betw

een D
ESY and CA

EN
 ELS

Turnkey solution w
ith dual 4-channel (8-channel) floating picoam

m
eterAVA

ILA
BLE!
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•
1 M

SPS 20-bit sim
ultaneous sam

pling (8-channels)

•
Inputs floating up to 300 V

•
Trigger/O

scilloscope functionality

•
Based on the D

A
M

C-FM
C25 carrier designed by D

ESY

•
2 picoam

m
eter FM

C-Pico-1M
4 supported

•
BSP, G

U
I and drivers available

A
voids

ground
loops

iftw
o

differentdetectors are connected

to the sam
e

D
A

M
C-FM

C25  -e.g. quadrature detectors

FM
C-P

ICO
-1M

4

D
A

M
C-FM

C25
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A
M

C-P
ICO

-8
8-channel 20-bit 1 M

SP
S bipolar current-input A

M
C picoam

m
eter

290.080 pA
95.748 pA
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•
D

ouble-W
idth A

M
C Board –

Full Size

•
M

TCA
.4 carrier

•
Four H

igh-Voltage channels

•
O

utput ratings:

500 V
 @

 1.5 W

4 kV
 @

 7 W

6 kV
 @

 6 W

•
Polarity selectable

•
Provides infrastructure for m

anagem
ent of optional Rear Transition 

M
odule (RTM

) boards –
class D

1.1

•
D

D
R3 O

n-board M
em

ory (up to 4 G
bit)

•
Separate Interlock for each channel and global one

•
Stand-by voltage, Ram

ping, Current M
onitoring and Current Lim

it

Cooperation w
ith D

ESY in the H
elm

holtz V
alidation Fond Project 

«M
TCA

.4 for Industry» (H
V

F-0016)
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H
V

-PA
N

D
A

H
V

 Positive A
nd N

egative D
ouble-w

idth A
M

C 
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•
Standard FM

C -V
ita 57.1

•
Bipolarcurrent-input stage

•
Tw

o standard m
easuring ranges (±

1 m
A

 and ±
1 μA

)

•
CU

STO
M

IZ
A

TIO
N

 of ranges upon request

•
20-bit resolution

•
U

p to 1 M
SPS

•
Floating

up to ±
300 V

•
Extrem

ely
low

unbalance
betw

een
channels

(by analog
design)

•
I2C EEPRO

M
 calibration

FM
C-P

ico-1M
4-20

Equivalent Input N
oise

R
N

G
0: ±1 m

A
R

N
G

1: ±1 µA

F
S

= 2 ksps
1 ppm

/FS
-120 dB

2.5 ppm
/FS

-112 dB

F
S

= 20 ksps
2 ppm

/FS
-114 dB

7 ppm
/FS

-103 dB

F
S

= 200 ksps
5 ppm

/FS
-107 dB

10 ppm
/FS

-100 dB

F
S

= 1 M
sps

8 ppm
/FS

-102 dB
15 ppm

/FS
-96 dB
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FM
C-P

ICO
-1M

4
4-channel 20-bit 1 M

SP
S bipolar FM

C picoam
m

eter
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License A
greem

ent LV
75

betw
een D

ESY and CA
EN

 ELS

•
D

ual-channel and Q
uad-channel versions

FM
C-2SFP

+

FM
C-4SFP

+
(w

/out FM
C bezel)

•
W

ide I/O
 operating range: VA

D
J can vary from

 1.5V
 to 3.3V

•
Tested up to 10 G

bps / channel

•
True level conversion of all SFP+ m

odule pins including I2C lines

•
I2C-controlled O

scillator (10-280 M
H

z)

•
Com

patible w
ith the D

A
M

C-FM
C25 carrier board

•
Produced and supported by CA

EN
 ELS

•
D

esigned by D
ESY

R
eproduction, transfer, distribution of part or all of the contents in this docum

ent in any form
 w

ithout prior w
ritten perm

ission of  CA
EN

 ELS s.r.l. is prohibited 

FM
C and M

icroTCA
 

FM
C-SFP

+
D

ual-and Q
uad-channel SFP

/SFP
+ FM

C A
dapter

2-channel version

4-channel version
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License A
greem

ent LV
75

betw
een D

ESY and CA
EN

 ELS

•
D

ual-channel stepper m
otor driver

•
Supports up to 1.8 A

 m
otor coil current

•
Three different versions

•
12-V

 internal supply

•
12-V

 external supply

•
24-V

 external supply

•
Com

patible w
ith the D

A
M

C-FM
C25 carrier board

•
Produced and supported by CA

EN
 ELS

•
D

esigned by D
ESY
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FM
C-M

O
TD

R
V

22
D

ual-channel FM
C Stepper M

otor D
river

FM
C-M

O
TD

R
V

22 and cable
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N
ew

est D
evelopm

ents

W
atercooled

m
odules

up
to

200A
 up

to
60V

 (based
on the

N
G

P
S architecture). 

R
ealized

in 2018. 

W
atercooled

system
s

at 420A
 

w
ith

polarity
invertersw

itch 
(bipolar architecture, based

on 
the

N
G

P
S). R

ealized
in 2018. 

P
aralleling

ofup
to

4 
Fast-P

S-1K
5. 

A
vailable

since
2018.
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Developm
ents 2018/2019

A
rbitrary

W
aveform

G
enerator + Em

bedded 
O

scilloscope
forthe

Fast-
P

S fam
ily

and N
G

P
S. 

A
vailable

since
2018.

A
utotuning function

forthe
Fast-P

S fam
ily

and N
G

P
S. 

P
lanned

forsum
m

er2019.

R
egenerative Full-4-Q

uadrant 
Source based

on Fast-P
S-1K

5. 
P

lanned
forsum

m
er2019. 
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N
ew

est D
evelopm

ents

1 H
U

 Full4-Q
uadrant 

Control B
oard –

forthe
adaption

to
and controlof

any
pow

er stage.
P

lanned
forsum

m
er2019.

B
eam

line
M

achine
P

rotection
System

 
based

on M
icroTCA

 technology.
P

lanned
forend of2019.

B
eam

line
Stabilization

System
 based

on 
M

icroTCA
 technology

in com
bination

w
ith

Fast-P
S .

A
lready

undertestat D
iam

ond Light Source.
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 ELS s.r.l.
G

erm
an

Branch
O

ffice
Pfarrer-Frey-Str. 32

76770 H
atzenbühl-G

erm
any

(nearK
arlsruhe)
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