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Safety information - Warnings

CAEN ELS will repair or replace any product within the guarantee period if
the Guarantor declares that the product is defective due to workmanship or materials

and has not been caudegmishandling, negligence on behalf of the User, accident or
any abnormal conditions or operations.

Please read carefully the manual before operating any part of the instrument

AWARNING 2\

Do NOT open the boxes

CAEN ELS d.o.o. declines all responsibility for damages or injuries
caused by an improper use of the Modules due to negligence on behalf of the

User. It is strongly recommended to read thoroughly this User's Manual before
any kind of operation.

CAEN ELSd.o.o.reserveghe right to change partially or entirely the contents of this
Manual at any time and without giving any notice.
Disposal of the Product

The product must never be dumped in the Municipal Waste. Please check your local
regulations for disposal @lectonics products.
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Read over the instruction manual carefully before using the instrument.
The following precautions should be strictly observed before usingelrdMM
device

WARNING 1 Do not use this product in any manner |
specified by themanufacturer. The protectiv

features of this product may be impaired if it
used in a manner not specified in this manual

1 Do not use the device if it is damaged. Bef
you use the device, inspect the instrument
possible cracks or breaks befe@ch use.

1 Do not operate the device around explosives
vapor or dust.

1 Always use the device with the cables provide

1 Turn off the device before establishing a
connection.

1 Do not operate the device with the co\
removed or loosened.

1 Do not install substitute parts or perform a
unauthorized modification to the product.

1 Return the product to the manufacturer
service and repair to ensure that safety feat
are maintained

CAUTION { This instrument is designed for indoor wsel in
area with low condensation.
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The following table shows the general environmental requiremengscfarect

operation of the instrument:

Environmental Conditions

Requirements

Operating Temperature
Operating Humidity
Storage Temperature
Storage Humidity

0°Cto40°C

30% to 8846 RH (noncondensing)
-10°C to ®°C

5% to 90% RH (noitondensing)

Vi
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1.Introduction

This chapter describes the general characteristics and main features of the
TetrAMM 4-ChanneBipolar Picoammeter with High Voltage Bias Source.

1.1 The TetrAMM Picoammeter

CAENels TetrAMM picoammeter is a-éhannel, 24it resolution, wide
bandwidth, wide input dynamic range picoammeter with an integrated high voltage
biassource rangig from OV to 500V(other High Voltage options are available, for
more informations see thigh voltage surcesection)

It is composed of a specially designed transimpedance input stage for current
sensing combined with analog signal conditioning and filtering stages making use of
stateof-the-art electronics. This device can perform bipolar current measunts
from +£120 nA (with a resolution of about 15 fA) up to +1#® (resolution of 15 pA)
with a sampling frequenciesfd 00 kHz (for 4 channel a4-bit resolution). Low
temperature drifts, good linearity and very low noise levels enable users to perform
very highprecision current measurements.

The TetrAMM is housed in a light, robust and extremely compact metallic box
that can be placeds close as possibte the current source (detector), in order to
reduce cable lengths and minimize possible noise-ygickt is specially suited for
applications where multhannel simultaneous acquisitions are required, a typical
application being the currents readowinfr 4quadrant photodiodes used to monitor
X-ray beam displacements.

The TetrAMM communication is guaranteed by a standedt00/1000Mbps
EthernefTCP/IP protocol.
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1.2 The TetrAMM at a Glance

The TetrAMM unit and its 1/O connectiencan be easily seen iRigure 1
(front) and inFigure 2 (rear).

High Voltage Input Channels
output

High voltage LEDs g
Measuring range

and status LEDs
Figure 1: front view of a TetrAMM unit

PowerSwitch

connector

Trigger

Power and connectors Interlocks and
Configuration general Reset  Ethernet and SFP
| FDs inputioutput ~ Putton  communication
connector interfaces

Figure 2: rear view of a TetrAMM unit
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On the front side of the TetrAMM unit are plackdir analog BNC current
input connectorsfor input current measuring one High Voltage SHV output
connector angariousstatusLEDs.

Thetwo whitei Ra n g e0 fuBrslinA0 i n the standard co
are used in order tsignal which of two ranges murrentlyusedto measure the input
current If both LEDs are turned on, then the input channels are using different ranges
(for more information seBNG Commandection). Rightn der t hlEDsO Ra s g e

placeda blue i St aEDOS whi ch i s thei ®redtoparadiondf thg n a |
picoammetedevice. Duringh o r ma | operation of tUERO Tetr AMN

is blinking with a frequency of 0.5H% i.e. the LED changs its status every 2

seconds on the other handf a fault conditionarises,the LED blinks with a higher

frequency of2 Hz (the led changgrits status every).5 seconds)During the boot
phaseof the TetrAMM unit (whichtakea bout 12 sec dEDds antdheé h@St :
A RanEgb® alrtwned on.

Twor ed A Hi g hEDSSdaretpklaae@ under the High Voltage output
connector (SHV)thein HVY ONO | e d i that thesHgll Voltage ostpuigin a |
enabledwhilet h e i lED G durned on whetthe High Voltage module is in an
overcurrent condition.

Onthe reampanelof thedeviceare placed power connector, power switelg
LEDs, LEMO connectorsfor 1/O triggers, interlock and general 1/0O connectar
standard RJ45 Ethernet connector am&BP connector.

The blue ACFGO | ed shows that the unit
this case th&ED is turned on)Theg r e e n  fi ILED indickteés that the internal
sectionsare correctly powered.

Thethree LEMO connectarfor 1/O triggess are also placed on thear panel.
Please note thatnly fi | N sidnalis enabled and could be used for a synchronized
data acquisition (see thgiggers Connectosection). The other two connectari.e.

Al N 20 ainade rasedvedifar future use.

The Al nterleodcaks | drOdhaspteepiroat tcanfigoration
shown inFigure 3:

Pin #1

Pin #10

Figure 3: Interlock and general 1/O connector
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Pin # Function

1-2 Reserved

34 Not present

5-8 General purpose /O
9-10 Externalinterlock

The external interlock pins can be used to detect an external event, which can
be used to trigger the external interlock fault and so to switch off the High Voltage
module (sednterlock and general I/O connecteection for more information) his
can be for example related to some vacdoss switch in beamline applications.
Please note thabeseinterlock pins are galvanically isolated from ground.

The General purpose I/O pins are not yet used and they are reserved for future
use

On therearpanel of the TetrAMM there ia small hole that gives access to a
reset button (ARSTO), which can be used to
placed a RJ45 Ethernet connector (AETHO) ,
unit and a Smalform-f act or pluggabl e t whlesusedforver (AS
future updates.

1.3 Features

The TetrAMM input stage is based on four invertimgnsimpedance amplifier
(I/'V converter) cascaded with particular signal conditioning stages.

Two standardmeasuringrangesare available; Hese range valueswith their
corresponding gains anthe resolution(LSB of the 24bit Analog to Digital
Convertey areshownin the following table:

Full Scale Gain (V/A) Resolution (LSB)
RNG 0 p Cao 1 puwo
RNG 1 pCato c1h p UQO

A host PC is necessary in order to operate the TetrAMM unit and properly
set/check the desired parameters (e.g. range) and to acquire the converted data. Please
refer to theSoftware commandschapter for acomplete description of available
commands, their purposes and their syntax.

10 @
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1.4 High voltage source

The TetrAMM device is provided with a lenoise integrated HigNoltage
(HV) source that allows users ¢ptionallybias a connected detector. Please note that
HV sources installed in the TetrAMM usitaire referred to groundhis source is
perfectly suited to be used as the bias voltagetlier detecting system, when
necessary, in order to increase the signal value (and thus to increase théosignal
noise ratb).

This standard version of the TetrAMM includes a 500V@1mA positive HV
source but other three different custmptions can be configureat the time of
purchasing of the unit

Ordering Product Description

WTETRAOS5N TETRAJS ( 500V (Negative) Integrated HV Sourception
WTETRA4KP TETRA4  4kV (Positive) Integrated HV Soureeption
WTETRA4KN TETRAA4 /| 4kV (Negative) Integrated HV Sourception

These options can be purchased by adding the corresponding ordering code or
the product code to the one for the standard TetrAMM unit at the time of the order.

The digitalinterface allowssetting remotelythe set point of the high voltage source
and toread the voltage and current rbadks(for more information see thHigh
Voltage Commandsection)

The r ed IfEB placedMmthe front panel acts as a status indicator for
the high voltage source: it turns on whbeoutput is enabled antiturnsoff as soon
the output voltage retusiio zero and the output is disabled.

The high voltage source has also an over current protee@bare When the
output current reaches the maximattowed output current of ImA, he red AOVCO
LED placed on the émt panel turns on and the high voltage outpwummatically
disabled.

The different High Voltage options also haaedifferent maximum allowed
output current and different ramp slew rate (the output High Voltage module do not
directly apply the setded sefpoint, but it performs a ramp to reach the desired output
voltage value):

Hi gh Vol t age Ima x Ramp Bate
500V (P@egiamnidy 1 mA 100V/ s

@ 11
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500V ( Neaggpattiio 1 mA 100V/ s
4kV (Posptio 250 O 500V/ s
4kyYNegabipréep 250 O 500V/ s

1.5 Data Format

Acquired data fronthe TetrAMM unit can be configur@to betransmited in
two different formats, depending on status of ASCII Command. ASCIl commands
allows user to choose between ASCII data format, whickaeble by humans and
raw floatingpoint numbers in double precisidormat (IEEE 754)hat are faster to
processtheyare more accurate and have less overhead during the transnfssion.
more information about the data transfer seeditgpuisition Comnandsdescriptions.

1.6 Sampling Frequency

Internal smpling frequencyor each channeb fixed to 100 kHz i i.e. 100
ksps In the standard operation ma&dgACQ, GET, NAQ, TRG and GATE
Commandg seeAcquisition Commandsection)an averaging of the sampledtads
performed to reduce the transmission data rdibe o thebottleneck caused by the
communicationlink). Furthermorethe averaging also reduces high frequency noise
and increases the sigrtatnoise ratio.

In addition to the standard operation modeistalso possible tosample a
smaller window ofdata at the maximum sampling frequengyithout performing
averaging (for more information sSEASTNAQ Commandl.

1.7 Offset calibration

The TetrAMM device is already factorgalibrated during theproduction
process However, user can perforiin additional calibrationi i.e. User Defined
Calibration T perhaps nulling application specific offsetse.g. dark currents in
quadrature photodiode detecting systems

1.7.1 User Defined Calibration

As previously cited, the TetrAMM device has the capability of handling user
definedlinear calibration parameter®n each channeh order to obtain the desired
response from the unit. This process can be done, for example, when installing the

= S
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TetrAMM asthe readout device for a photodietype detector and it is useful to get
automaticallyrid of the measured dark currents on each channel.

The equivalent current read, by considering the user calibration, it is computed
as follows:

‘O 0w "QEJ0 0 "QQI Qo

where:
- lgreapis the usexcalibrated current readom the single chann@h];
- 'O "Qéis the usedefined gain factofA/A];
- 'O istherawcurrent read of the device [A];
- 0 "QQi Qsithe usedefined offet value [A].

The user can enable disable(as it can alsoead/writg this calibration values
with the specificUSRCORR Command hese calibration values are stored internally
in a nonvolatile memory so that it is possible to recall them at any taise, after a
powercycle of the device.

S =
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2.Software commands

This chapter describes the software commands usédefa@orrect configuring
of the TetrAMM picoammeteland for its data readauEor more information about
the Ethernet settings see tEihernet Communicatiochapter.

2.1 Command Syntax

The command syntax used by the Té&# protocol is described in the
following sections

Commands must be sent in ASCII format and are composediby o mma n d
fieldo andone two or nonefi p a r a me t, separafed by b dofoddor AOx3A6in
hexadecimal notation)The number offiparameter fieldd depends on the specific
command CommandsareNOT case sensitivend therefore the command string can
be sent either usingppercase or lowercase charact@snversion to uppercase
charaters is performed internally)Each instructionmust beterminated with a
ccarriage returiline feedsequenc@ér\né(or Mx0D 0x0Ain hexadecimal notatioor
commonly CRLF.

CommandExample

RNG: 1\r\n

ARNGO is the command field

aoOisthep a r a meepagatiod sharacter

dlois the first parametdreld;

dr\ndare the termination sequence of the command

= =4 -4 A

Commands aregrocessedone at atime; therefore user must wait fom
response from the unit before sendihg next command. All theesponsgfrom the

14 @
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TetrAMM device are in upper case and are terminated with the saaiage
return\line feedsequencédr\ng i i.e. CRLFi used in the command

The reply from thedevice depends on the given command; for more
information about the single commaplegase refer tthe specific command section.

There are two specific replies that a@mmonly used in many command, and
thatindicate that the commariths beercorrectlyelaborated or not. Those replies are
hereafter presented

1 ACKnowledge ACK9 indicates that the command is valid amdwas correctly
elaboratedy the device

ACK\r\n

1 AACKO is theACK nowledgedesponse to a valid command;
1 d&r\n @s thetermination sequence of the reply

1 Not AcKknowledge NAKJ indicates that the command isithernot valid or that
it was not acceptetly the devicethe ANAKO reply is followed by amfier r or
c o dfeeld, which can be used tteterminethe causeof the error (see thieist of
the Error Codeappendix for a detailedsti of all possible error codes):

NAK OZ\r\n

ANAKO is theNot AcK nowledgedesponse to an invalid command;
0 isthe@mr amet er 6s separation character;
0 O i& @ sample error code;

ar\n s the termination sequence of treply.

E R

The listof commandsised by théletrAMM and the corresponding syntax
hereafter presented as wellagescription of each command purpose and any special
requirements relatto the specific commandhe commands arteereafter described
and arggrouped in categoridsased ortheir purpose.

2.2 Acquisition Commands

The Acquisition ommands are used to acquitataof the measured currents
present onthe input channels of the TetrAMMevice The internalsampling
frequency for each channels previously stated; fixed to 100 kHZsampling period
of 10 us)but for standard acquisition mod@sCQ Command GET CommandNAQ
Command TRG Commandand GATE Commang an averaging othese fullspeed
sampleddatais performedn orderto reduce theequireddata rateao be transmitted
which is limited due to the communicatibnk limitations.

S =
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In addition to the standard modes theral® a fullspeedacquisition mode
(FASTNAQ Commangl, which allowsusersto acquire the datat the maximum data
rate of 100 kHz (the same as timernal sampling frequency i.e. without any
performedaveraging) on a smalléme window.

Thementioned acquisition modase presented in the following sections

16 @
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2.2.1 ACQ Command

The ACQ commands starts or stoffge dataacquisition fromthe TetrAMM
device The instrument starts to acquire datats maximum sampling frequeneg
soon as the command is received @ndchmediately sends the generated digital data
stream to theonrectedhost PC A command haso be sent in order to stop the data
acquisition

The acquisitions stoppedat powerup (default) the user ighenrequired to
start the data acquisitidoys e n d i MAGQ:®Nr\e0 fic 0 mto tha TetrAMM in
order to start the data conversion and transmis$\dren the command is correctly
processed, the unit statio acquire samples and doninuously sendsthe acquired
datato the connectedhost if the command is not accepted, the ueiplies witha
ANAK :xX\r\no string wherethe xx field indicates the error code (see thist of the
Error Codesappendiy

To stop the data acquisition the user have to sendidt&Q:OFFRr\no
commandto the TetrAMM unit.The unitreplieswithanac k nowl edwyg@® ( i ACK
string as soon as &CQ:OFFr\ndo command is received

Command Command description
ACQ:ON\r\n Start continuosly sampling
ACQ:OFF\r\n Stop sampling

The transmitted datéormat ¢o the host PLdepends on the setting of the
AASCI | (seeA8GI&Commandsectior) andthe number ofactivatedchannet
(see theCHN Commandsection).The purpose of the number of activateldannels is
to define the number of simultaneousdgmpled channelsThe ASCIl command
changs the format of the digital steen generatedby the TetrAMM unit. Two
possible sample representations are available on the TetrAMM device

71 if ASCIl mode isenabled the output streans displayed in ASCII formaso
that the user candirectly read the acquired data. This datmeam is
represented asringsin normalized scientifinotation with a fixed length

1 if ASCIl mode isdisabled, the output streans displayed in binary format
(the user can not dicdy read the acquired dasance theyare represented in
binary standardysed in information technologythis is the double precision
floating-point- IEEE 754 standartl 64 bitg.

Example ofa sngle acquisition on 4 channels with ASCII data stream enabled
(data arerepresented as a strimg normalized scientific notation with fixed length
non-printing characteraredisplayedin red- each channel value is sepgd by a tab
chamcter 8t6 and each acquisitions terminatel with two termination characters:
carriagr et ur n/\"nnGne feed O

@ 17
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+1.1234T5678E12\t T \t+3.123%567852\t+4.1234f3678Ell\r\n
Chi Ch3 Ch4
Tab Tab Tab Termination
characters

When ASCII mode is disabled, théme data output format conssif double
precision floating point format (IEEE 754 standar@4 bitsrow datg anda custom
signalingNot a Number 6NaN) termination 64bit sequencé.e. OxFFF4 0002FFFF
FFFF in hexadecimalepresentatioj)y which denotetheend ofa data set

As anexample the equivalent previousampledatasetwith the ASCII data
stream disableds shown hereatfter(the following binary data is represented in
hexadecimal notatign

3D73C3997B2D31CB 8D8B79663EC482F3DC6AB3FDF992BOGFF40002FFFFFFFF
Chi Ch3 Ch4 sNaN

(End of data set)

Another examplds presentedvhen only onechannelis active and ASCII
modeis enableglthe transferred data sample is as follona{printing characterare
displayed in red):

+1.12345678EL2r\n

Chl Termination
characters
The equivalent data with ASCII stream disabledis displayed in the
hexadecimal representation as folkow

3D73C3997BZD31CEFF4000Z{FFFFFFF

Chi NaN
(End of data set)

The ASCII format setting affesinot only the formabf the generated output
streambut also the maximum data rate pdssibledatathat can be transferrddom
the TetrAMM to the host PC, due ténumber tostringd conversion task and larger
amount of data to transmit.

As anexample a single acquisitionm4 channels in ASCII format takd5
character for each channel (thisiplies a total of 60 characters for-éghannel

18 @
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acquisition) and 5 characters for delimitation tabs and terminatioraches; the total
number of bytes to be transferred is tléB57 i.e. 65 characters.

On the other hand, d raw binary transferi(e. ASCIl mode disabledis used,
thedouble precision floating numbe64 bits- 8 bytes for each channel and a custom
sNaN terminationneeds to be transferred, for a taanountof 40 bytes(5 numbers)
in a 4 channel acquisitiohe data to be transmitted in this particular situation is then
almost 40%essusing raw binary data than using ASCII strings.

The maximum data rate transfer linmtthe twoconfigurationss:

1 200acquisitons-persecond 200Hz) whenASCII format is enabled
1 20.000 acquisitionpersecond (20 kHz)vhenASCII format is disabled.

In both casemternalsampling frequency of the ADXZemairs untouched to
100 kHz, butin orderto reduce the amouiwf data tobe transmittedo the host PC,
the samplesireaveraged and normalized. Thermalizedaveraging is made ds00
samples in the case of AS@hlodeandononly 5 samplesn binary format.

Please ate that the number of sampled channels (CHN setting) daffemt
the data transfer rate limit.

The maximum data rates and the number of averaged sampladieated in
the following table:

ACQ maximum Averaged samples
! data rate @ 100 kHz
ASCII enabled gtring format) 200 Hz 500 (min value)
ASCII disabled lpinary format) 20000 Hz 5 (min value)

The TetrAMM unit allows also toadditionally decrease the acquisition
transfer rate using the NRSAMP command (seeNRSAMP Commandsection)
which allows to calculate a normalized averaging aargelr number of samples.

It is alsopossible to increment the acquisition data rate ugp talue equal to
the ADC internal sampling frequencyi.e. 100 kHz);the acquisitionin this case
cannot be catinuous aswvhen using the ACQ command and thus amye frames
(limited time windows) can be acquired

The use of this particular feature is carried out utiied=ASTNAQ command
(seeFASTNAQ Commandectior).
Examples:

ACQ ON example with ASCII data on 2 chanrftle following data are represented
in string format)
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ACQ:ON\r\n

v

+1.12345678EL2t +1.12345680EL2r\n
+1.12345670EL2t +1.12345685E1.2\r\n
+1.12345682EL2\t +1.12345698E1L2\r\n

eéeée .\r\n

A A A A

ACQ OFF example with ASCII data on 2 channels:

e éeée .\rn
+1.12345770EL2\t +1.12345680EL2\r\n
+1.12345782EL2\t +1.12345698E12\r\n
+1.12345795EL2t +1.12345701E12r\n

A A A A

ACQ:OFRr\n

v

ACK\r\n

ACQ ON example with ASCidrmatdisabled on 1 channéhote that following data
are represented in hexadecimal format)

ACQO:ON\r\n

v

3D73C3997B2D31CBFF40002FFFEFEF
3D74D3997B2D31CEBFF40002FFFFFFFI
3D75C3997B2D31CBFF40002FFFEFEF

é é é FFF40002FFFFFFFI

A A A A

ACQ OFF example with ASCII dagmabledon 1 channel:

e éé .\r\n
+1.12345770E12\t +1.12345680EL2\r\n
+1.12345782EL2\t +1.12345698EL2\r\n
+1.12345795E1.2\t +1.12345701EL.2\r\n

A A A A

ACQ:OFFRr\n >
ACK\r\n

A

2.2.2 GET Command

The purpose of the GET command is to réadk a single snapshot of the
values for t he adho veo nenmaanncefud ishericudfullo s A G
equivalent o t he\r\nd GE® mfand

The format of theeturned valuess the same as for the ACQ Command and
dependdothon theii AS C bd e dm ss gdfet toASQIl Commangl and the active
channelssettings (se€€HN Commandsectior). Please refer tthe ACQ Command
descriptionfor a more accurate explanation of the output stream formatting.

Examples:
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GET example with ASCII data on 2 channels (the following degaepresented in
string format):

GET:2r\n

v

< +1.12345678EL2t +1.12345680E1L2\r\n
or:

G\r\n

v

< +1.12345678EL2\t +1.12345680EL2\r\n

GET example with ASCII format disabled ochlnnel (note that following data are
represented in hexadecimal format):

GET:2r\n

\ 4

<« 3D73C3997B2D31CBFFA40002FFFFFFFI

S o
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2.2.3 NAQ Command

The purpose of the NAQ command is to read a fixed numbacapdisitions
ranging from 1to 2.000.000.00@i.e. 2billion acquisition cycles)without having to
manudly stop the acquisitiorwhen the desiredumber of samples has been read
(unlike with the ACQcommand)

As for the ACQ command, e format of the returnediata streandepends on
the AAS8EDI ssadet toASQIl Commandsectior) and the active channels
settings(seeCHN Commandsection) For a more accurate explanation of the output
stream formatting see th&CQ Commanddescription The TetrAMM unit indicates
the end of data transfeiith anacknowledgmentr e p | y \r\0dji A CK

The maximum acquisition data rate is limited due totéhitne communication
link limitations sothatthe maximum data rad@re the samas forthe ACQ command
(for more information see thACQ Commandsection). The data rate could be
additionally decreasl using the NRSAMP command (refer to thNRSAMP
Commangl, which allows to calculate a normalized averggim a larger number of
samples, thus reducing also the equivalent measuring noise value.

Exampes:

NAQ example foi3 acquisitions in ASCIl on 2 channefthe following data are
represented in string format):

NAQ:3\r\n

v

+1.12345678FE12\t +1.12345680E12\r\n
+1.12345670E12\t +1.12345685FE12\r\n
+1.12345682FE12\t +1.12345698FE12\r\n

ACK\r\n

A A A A

NAQ example for 5 acquisitions with ASCII format disabled on 1 channel (note that

following data are represented in hexadecimal formadte that the last line
N414@aMB in hex format Vind EBQoubsvVaiseeghe f b o méaAC
ASCIl table):

NAQ:5\r\n

v

3D73C3997B2D31CBFF40002FFFEEFFI
3D74D3997B2D31CBFF40002FFFFFFFI
3D75C400B2D31CB-FF40002FFFEEFFI
3D75C400B2D31CB-FF40002FFFEFEF
3D75C408B2D31CB-FF40002FFFEEFFI
41434B)D0A

A A A A A A
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2.2.4 TRG Command

The TRG Command enablée synchronizeéhe TetrAMM currentacquisition
to an external eventvia the hardwarefilr i g g e r sig@ah(teferoto thel/O
Connectorssection. This feature isextremelyuseful when the picoammeter data
acquisition must be sghronized to an externavent (e.g. an experimental time
window) The #@Atrigger modedescobpder ati on i s hereaf

As soon as th8TRG:ONr\nd command is received the TetrAMM unéplies
with an acknow) stridggand dntéerd &t r i g ge Whemodeo.
entering his mode,the unit searchesfor a rising edge (positive edge)on the
correspondingi MiggerGated i signai.t

As soon as this event is detectey the unit, the internal logic starts to
elaborate the acquired input dawith a normalized averaging) and to continuously
sendthe sample values to the hoBlata are sent to the host as long as the ueis do
not triggers itself toanotherrising edge of the correspondirfg TiggerGated i n p ut
signal. This behavioris kept until the it ri gger modeo i s di sat
ATRG:OFRr\no (defaul) command. Please note that an acknowledgment string is sent
back to the host afterf@f RG:ONr\no or AiTRG:OFRr\no commands received

The format of the output stream depends on the ASCIl formatAS&H|
Commandsection) and the number of activated channels GE& Command
section) for a more detailed description of the output stream and the acquisition
limitations please refer tthe description of theACQ Commandwhich uses the same
data representation

In addition to the standard outpdétastream, the trigger mode ala header
anda footerto the acquired data.

The header indicates a sequence numbergounter) of the trigger events,
starting with #0. The sequence number i s r
The header format also depends on the ASCII mode and the nainbetivated
channels:

1 ASCIHl _mode enabled the header has the following foat
A S E QN0 , w h B the sequence number of trigger event in
decimal rapresentation;

1 ASCIl mode disabled the header format depends on the number of
activated channelsit is composedf a 64bit Signaling Not a Number
sNaN( i Se g u e n cshBNNMEBEL784- double precision floating
point. This particular value is composed by two parts: the most significant
32 bits are constanO{FFF4000 and the lower 32 bits indicates the
sequence numbein hexadecimal format (for example the sequence
number 161 is represented 8s000000A1 so the entiresNaN is
displayed a®)xFFF4000000000A). In order b maintain the formt of
the transmitted data stream, #i¢aNvalue is repeatekltimes, wher&k is
the number of active channels and the header is terminated witstom
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AEnd of sBeAl({OeFFRDe® BFFAF-FFF - the same used at the
end of single acquisition when ASCII mode is disabkesl.anexample
the header of a-2hannelacquisition with ASCII mode disabled for a
sequence number of 161 is displayed as:

T

T

FFFZDOOCOOOOOOAZ‘FFFZDOOCOOOCOOAEI.FFFZDO(QT:FFFFFFF

\/’

fiSequence numbesNaND is repeated twice sNaN
becausethe number of activechannels is 2 (End of data set)

The footerappended tohe transferred data indicates the end of trigger event.
The footer format depends the ASClisetting:

T ASCI I mo d e
(End Of TRiGger)

e

nabl ed: t he f oot\rend

has

1 ASCIl mode disabled: the footer is composed by the following fixed

sNaN calledid En d
FFFF FFFE

Examples

of

t sNaNp Gdebit seqrienenFF40001

TRG example with ASCII mode enabled on 2 channels (the following data are

represented in sing format):

TRG.ON\r\n R

ACK\r\n

A

Trigger/Gate pin signal

(pause)

T_|

(positive edge event)

header: < SEQNRO00000000G\n
< +1.12345678EL2\t +1.12345680EL2r\n
< +1.12345670EL2\t +1.12345685FE1.2\r\n
f +1.12345690E12\t +1.12345684F1.2\r\n
footer: ) EOTRGr\n
Trigger/Gate pin signal h T_|
(positive edge event)
(pause)

Trigger/Gate pin signal

fl

(positive edge event )

24
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header: SEQNRO00000000%\n
+1.12345690E12\t +1.12345680EL2r\n
+1.12345680EL2\t +1.12345683EL2r\n

A A A

+1.12345695E12\t +1.12345689E1L2r\n

footer: j EOTRGr\n
Trigger/Gate pin signal h
(positive edge event ) ﬁ
(pause)
TRG.OFRFr\n -~
- ACK\r\n

A

TRG example with ASCIl mode disabled on 1 channel (the following data are
represented in hexadecimal format):

TRG:ON\r\n >
< ACK\r\n
(pause)
Trigger/Gate pin signal T_|
(positive edge event )
header: . FFF40@00000000G-FF40002FFFFFFFI
_ 3D73C3997B2D31CBFF40002FFFFFFFI
_ 3D74D3987B2D31CB-FF40002FFFFFEFI
_bbbbbbbbebbebbpbed
: 3D75C40082D31CB-FF40002FFFFFFFI
footer: h EOTRGMAN
Trigger/Gate pin signal D T_|
(positive edge event )
(pause)
Trigger/Gate pin signal T_|
(positive edge event )
header: FFF40000000000FFF40002FFFFFFFI

3D73C3997B2D31CBFF40002FFFFFFFI
3D74D3997B2D31CB-FF40002FFFFFFFI

"""""""""

eeeeeeeeeeeeeeeecee

A A A

+3D75CA0082D31ICB-FFA0002FFFFFFF
footer: ¥~ FFFA000IFFFFFFHI
T_\

Trigger/Gate pin signal
(positive edge event)

(pause)
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TRG.OFRr\n

v

ACK\r\n

A

7 S
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2.2.5 GATE Command

The GATE Commandis similar to the TRG Command (see tARG
Commandchapter).This commandalso allows to synchronize acquisition witlan
external eventusing thesignal onthe fiTriggerGa t énput connector (sed/O
Connectorghapte) andthe only differenceespect tahe TRG Command is that the
start/stop of e acquisition is not triggered by thising e d g e TriggerGait e 0
signal, butiti s | i n k BEidgerGat sigiaklevél.Whenthe TetrAMM unit is
set to Aiysarteto aoquideethie data therisinge dge o f ATrigger/
input sigral; dataare then continuouslizandled(a normalized averaging due to the
communicatiodimitatons) and sent to the host as | ong e
kept in its logic high state. Acquisition is then stopped at the falling edge of
ATrigger/ Gateo

ARGATE:ON\NO st ring needietrAMM in braertesetritto t o t he
Afgat e . Mbahetbe command is received the uniplres with an
acknowledgmentstring( i A@r$). The command to exit fronhefi gat e mode o i s
AGATE:OFFr\no (defaul). The format andrepresentation othe header, footeand
output data streans the sameas forthe TRG Command (se€ERG Command
section).

Examples:

GATE example with ASCII mode enabledao@-channel acquisitor{the following
data are represented in string format):

GATE:ON\r\n >
P ACK\r\n
(pause)
Trigger/Gate pin signal £
(positive edge event )
header: > SEQNRO00000000G\n
< +1.12345678E1L2\t +1.12345680EL2\r\n
< +1.12345670EL2\t +1.12345685E1.2\r\n
< +1.12345690E121 +1.12345684E12r\n
footer: < EOTRGr\n
Trigger/Gate pin signal
(negativeedge event ) o
(pause)
Trigger/Gate pin signal T
(positiveedge event )
header: SEQNRO00000000%\n

+1.12345690E12\t +1.12345680EL2\r\n
+1.12345680EL2\t +1.12345683EL2r\n

A A A

S z
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+1.12345695E12\t +1.12345689FEL2r\n

A A A

footer: EOTRGr\n
Trigger/Gate pin signal
(negativeedge event) ¢
(pause)
GATE:OFRr\n
> ACK\r\n

A

GATE exam@ with ASCIl mode disabled onchannel acquisitionthe following
data are represented in hexadecimal format):

GATE:ON\r\n >
< ACK\r\n
(pause)
Trigger/Gate pin signal 5
(positive edge event )
header: 4 FEF40@00000000GFF40002FFFEFEFI
<« 3D73C3997B2D31CBFF40002FFFFFEFI
<«3D74D3987B2D31CB-FF40002FFFFFFFI
E€€€céecéecéeéececec
. 3D75C40082D31CB-FF40002FFFFFFFI
footer: « EOTRGMNN
Trigger/Gate pin signal -
(negativeedge event) v
(pause)
Trigger/Gate pin signal T
(positive edge event )
header: > FEF40000000000EFF40002FFFFFFEFI
<« 3D73C3997B2D31CBFF40002FFFFFEFI
<« 3D74D3997B2D31CBFF40002FFFFEFEF
«f €écéeccececéececéceé
<« 3D75C40082D31CB-FF40002FFFFFEFI
footer: < FEF40001FFFFFFEFI
Trigger/Gate pin signal ¢
(negativeedge event)
(pause)
GATE:OFRr\n
> ACK\r\n

A
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2.2.6 FASTNAQ Command

The FASTNAQ commands used to use thast acquisitiorcapabilitiesof the
TetrAMM uniti i.e.to acquire a limitedumber of sampleat themaximum sampling
frequencyof 100 kHz.The aquired sampkeare stored onthe internal memory and
they are latetransmittedto the host The maximum number of acquiredngales is
limited by the internal memory size, st the window size is largdrthe acquisition
has to be performedn a smaller number of channels ($#¢N Commandsection)
but it is independent from the data format (ASCII or binary data).

Number of Channels Maximum Number of Samples Maximum Time-window Size
1 1.048.576 10,48576 seconds
2 699.050 6,99050 seconds
4 419.430 4,19430 seconds

Obviously, he averaging othe acquiredsamplesis not possibleusing this
commandsothatthe NRSAMPsetting is ignored (sddRSAMP Commandsection).

The command tobe set in order to starta fast acquisition is
AFASTNAQ:n\r\no, wheren is the number of samples to be acquired for each channel.
The output dataformatdependson t he setting (¢éfertothe AASCI |
ASCIlI Commandsectior) andthe number ofchanne$ to be acquiredrefer tothe
CHN Commandsection). To get a moraccurate description of the output stream
please refer tthe ACQ Commandsection.

Note that while in the ACQ commanddrocedurehe ASCII setting limis the
acquisition timein the FASTNAQ acquisition the ASCII setting eknot affect the
acquisition speed biitinfluences only the data transmission speed.

The unit indicates the end of tdatransferby sending aracknowledgment
repl y \nooinsAS®I modg.

Examples:

FASTNAQ example for 4 acquisitions with ASCII mode enabled on 2 channels (the
following data are represented in string format):

FASTNAQ:4\r\n >

+1.12345678EL2\t +1.12345680EL2\r\n
+1.12345670EL2\t +1.12345685FE1L2\r\n
+1.12345682EL2\t +1.12345698EL2\r\n

ACK\r\n

A A A A

FASTNAQ example for 5 acquisitions with ASCII format disabled on 1 channel (note
that following data are represented in hexadecimal format, note that the last line

S 2
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414028 i n
ASCII tableappendix):

FASTNAQ:5\r\n

»
»

hex

format \ind EBQgubvVaiseeghe f b o maAC

3D73C3997B2D31CBFF40002FFEEFEFI

3D74D3997B2D31CBFF40002FFFFEEFI

3D75C40082D31CB-FF40002FFEEFEFI

3D75C40082D31CB-FF40002FFFEEFEFI

3D75C408B2D31CB-FF40002FFEEFEFI

41434B)DOA

A A A A A A
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2.3 Configuration Commands

The commandghat can be usetb set orto read the TetrAMMdevice
configurationare described in this section

2.3.1 CHN Command

The purpose of the CHN command is to #e number of active input
channelsthat have to be sampledhe TetrAMM provides the capdlily to
simultaneously sample 1, 2 orchhannelsThe number of sampled channels doed
affect theinternalsamplingfrequency(that remains.00 kHz) The default number of
sampédchannels isour (4).

The sampled channels arlde relative CHN commath are shown in the
following table:

Command Sampled Channels
CHN:1\r\n CH1
CHN:2\r\n CH1, CH2
CHN:4\r\n CH1, CH2, CH3CH4

The commandisedto read the actual CHN settingi i C H Nrind?.  répglye
to the read commands in the following form: A C H$ampled_ch\r\no , wher e
sampled_ch could bedl§ &6or &1a
Examples:

CHN set example:

CHN:4\r\n ~

< ACK\r\n
CHN set example with incorrect parameter
CHN:3\r\n >

< NAK:02\r\n
CHN read example:
CHN:Ar\n >

CHN:4\r\n

A
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2.3.2 ASCIl Command

Thepurpose of the ASCIl command is to change the format of the digital data
stream generated by the TelM unit. There are two possible stream settitigest
can be configured

Command Generated stream

Output values are sent as strimgsormalized scientific
notation with a fixed length

Output values are sent as double precision floating poi
values(IEEE 754 standartd 64 bits)

ASCII:ON\r\n

ASCII:OFRrn

Wi t h t he MMASCbmm@Nd t he ASCI | f or mat

output values are sent asstringin a normalized scientific notatiorAn example of
used notation ias follow:

+1.1234567§-12
-

b

where he exponenb is chosen so that the absolute valua &fincluded between one
and ten p % p 1 The total length of the string is fixed to 15 charactéid
bytes) sothat, as amxamplethe number10.1is displayed as:

-1.0100000&+01
==

b

The double precision floating point representatidhSCII:OFRr\no setting
improves the datarate transmissioas it avoids the overhead due to the ASCII format
conversation and redus¢he amount of seéndata. The structure of each @t (4
bytes)double precision number is as follows:

exponent fraction
sign (11 bit) (52 bit)
1]
) o o
53 52 0

so that eachumber is represented as a combination of the following data fields:

T bit#63-Asi gno bi t;
1 Dbits#6252(11bits)-iex ponent 06 bits;
1 bits #5110 (52 bits)- fisignificanbor fimanti ssao bits.
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For default the ASCII mode is disabléddataare representemh the double
precision floating poinformat In order b have some examples on thenerated
output streamplease seAcquisition Commandsection

The user can use V‘iindhei Toommaaed tHhd SICédd ?t he
setting; the replies tthe read commandre in the formafiASCIl:moder\no , wher e
modecould beON or OFF.

Examples:

ASCII set example:

ASCII:ON\r\n >

< ACK\r\n
ASCII set example with incorrect parameter:
ASCI:XX\r\n >

- NAK:04\r\n
ASCII read example:
ASCI:Ar\n >

ASCII:OFFRr\n

A
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2.3.3 RNG Command

The purpose of the RNG command is to set tha gaid therefore the full
scalerange of the TetrMM. The TetrAMM unit can operate in two possible ranges:

Full Scale Resolution@®24 bit

Range 0 +120 pA 15 pA
Range 1 +120 nA 15 fA

The full scale range can be set to all four channels simultaneously using the
c o mma n d pafaR&teB\n0 , wh parameterchudd be:

T @ t o s e tollChud fulkseate gatuenall 4 channels;

9 dl6 o getthe range to £120 nA fulicale value oall 4 channels;

T AUTO6 t o enable the automati cthet@onge sel e
available ranges is automatically selectedluatingthe input valuesor each
individual channél The active range careldifferent among channels.

Whenthe automatic range selection is enabled, the TetrAMM deiermines
the nost suitable range for eactdimidual channelsing the followindogic:

9 if the channelrange is set ta6 (+120uA full-scale value)and theinput
currentabsolute valuelropsbelow 90nA forat least al-second periodthe
range is automatically changedttee narrowerr a n e (N1 2 &eald f ul |
value);

7 if the channelrangeis s e t 16t(zd20n@ ful-scale value) and thaput
currentabsolute value exceeds 110nA &rleast a 10Qis period the range is
automatically changed the widerrange®6 ( N1 2 Gaaldvaltie), | |

Few samples are corruptetliring the range changes internal switches are
operedclosed thesecorruptedsampés arenot cancelled from the data stream in
orderto maintain equal period between samples.

At powerup the TetrAMM range iset toits higher current fulscale rang¢o0,
defaul) in order toavoid possible damages to ttievice in case some of itgouts are
connected to a high current source/sink at startup.

Range could also be sebn eachchannelindependentlythusallowing inputs
to have differentfull-scaleranges.The commando set the channel range &single
channelis i R NGHx:parametelr\no, wherex is the channehumber, ranging from
0106 t opam@ameterisdhe delected range that could®® 6 |, 0106 or OAUTO
meaning of the parameter field is the same as previous.
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To read the actual RNG settisgnultaneously omll 4 channels, it is possible
to use the c\ongifle mbwelidrR kh&:redd command when all four
channels have the same settindgi R Ni@adér\no , wrhodece® ul d be 0606, 0
0 A U T @Whenchannels ranges are not equal to each ptherresponseés slightly
different In that case the TetrAMM uniesponsevith four modefields separated by
character 0: 0, representi ngoteeesporisenipy f or ea
t he foll owi mademodemademode\RMY G :

It is also possild to read the individual channel RNG setting. In that case the
read comman@Hx?Nr'sa, fAWwNe&S:et he number of cha

nne
046. The response on CHxmadér\nocatwaysm avithdk i s A RN
representing the channel number amatlethe full range setting.

Examples:
RNG set example (simultaneouslyssahged. 6120 nA onall 4 channels):

RNG:1\r\n

v

ACK\r\n

P
<«

RNG set example (simultaneousss automatic range selectiamn all 4 channels):

RNG.AUTO\r\n >
< ACK\r\n
RNGset example (sgbnly channel #3 toangedl 6 ) :
RNG:CH31\r\n >
ACK\r\n

P
«

RNG read example (adl channes$ are seton automatic range selectign

RNG:2Ar\n .
- RNG:AUTO\r\n
RNG read example (channels ranges are not equal to each &he&xampleaange
of ch#1 is set to 606, range of ch#2 and c
RNG:2r\n

v

«—RNG:0:1:1AUTQr\n
RNG read exampledads only the ch#2 range setting):

RNG:CH2:2r\n N

< RNG:CH2:0r\n
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2.3.4 USRCORR Command

The TetrAMM device isalready factorycalibrated during thegroduction
processHowever, useis allowed toset useefined linear calibration parameters on
each channel in order to obtain the desired response from therutatnull the
applicationrelatedoffsets.

USRCORR Commandslows to enablelisableor to set/readhe userdefined
gain andoffset correction. If enabled, output values areraputedas:

‘O 0w "QETO 0 "QQI Qo

where:

Ireanis the usercalibrated current reddckfrom the single channéh\];
"Om "Qéis the usedefined gain factofA/A];

‘O is the normal current read of the device [A];

0 "QQi '‘Gsdthe usedefined offset value [A].

If disabled,”Ow "Q¢is set to 1 and) "Q"Qi ‘BmdO (defaultsetting)i in this
case the useralibrated readback is the same as the nominal current read of the
TetrAMM as
0 0

The commands shown in the following table needs to be sent to the device in
order toenableor disable theisercorrectionfeaturerespectively:

Command Setting
USRCORR:ON\n User correction enabled
USRCORR:OFK\n User correction disabled

The devicereplies with an acknowledgment string if the command is
correctly interpretedThe commandi US RCOWRMR: 2 s to uemce tde actual
usercorrection setting replies to this readcommand are in the format
A US R C Orfeder\nd wheremodec o u | @NObréOF

This command could be also used to set or read the correction gain and offset
of each channalndeach range note that the user correction could be different on the
two possible ranges and among the various four channels, so there are 8 possible
values for gain and 8 possible values for offset.

The commandhat can be used &et the gairvaluefor aspecificrangex of a
specific channely is in the format i U S R C QRRI&XCHyYGAIN:valuér\no; please
note thatvalueis a dimensionlesgalue[A/A].
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A similar procedure can be performed in ordeisét the offsebn a specific
rangeof single channet he ¢ o mma n d RRQIGHOFEBRARIANN0; in
this particular casealueis a current value expressed in [A].

An acknowledgenent string is returned if any of the previous commands are
correctlyinterpreted

The userdefined gain and offset valuean be read as follows:

T A USRCGRBGXCHYGAIN:?\r\noin orderto read thegain correctiorvalue
on range x and channely. The device replies to this command with
A US R C GRR&CHyGAIN:valuer\no ,where value is the applied gain
correction to channglon rangex ;

1 A USRC@®RR&CHYOFFS?\r\nd in order to read the offset correction
value on rangex and channel. The device replies to this command with
i US R C RRE&CHyOFFSyvaluer\no ,where value is the applied offset
correction to channglon rangex;;

Examples:
USRCORRset example (enald@ser correction):

USRCORRON\r\n N

ACK\r\n

A

USRCORRead example

USRCORR:®\n >

< USRCORRON\r\n

USRCORRset gain correction on a n @dandahannel #Z2xample

USRCORRRNGOCH2GAIN:1.012r\n

ACK\r\n

USRCORRead offset correction on a n gandahannel #4example

USRCORRRNGICH40FFS:®\n.

»

USERCORRRNG1CH4OFF3).0158r\n
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2.3.5 NRSAMP Command

This command allows to select the number of sasnhewhichaveragings
computed The commandhas t he f ol |NRBAMP\NOf wherera t : i
indicatesthe number of acquisitions on which the normalized averaging is done, so
every transferred acquisition is calculatedrofi r e al 0 s amemalixed (t he
sampling frequency is 100 kHz). Thacauisition frequencyfgaw rae could be
calculated as:

"Q p TROA
£ 3

Due to the transferred speed limitagsontroduced by the communicatidink
it is necessary to limit the data transfer rate for sangpiisition modes. The data rate
limitations are described in th&cquisition Commandsection.

The command formaisedto read thecurrent setting foaveraged samples is
ANRSANMPa.? Tfepleto the read command i8 NR S Ao , wher e
represerd the number of eragedsamplesa maximum number df00.000 internal

samplescan be averaged in order to obtain a single data sapplee p T8t )T
thus having an equivalent sampling period ranging from 10 uysto 1 s.

Examples:
NRSAMPset example:

NRSAMP.500r\n >

ACK\r\n

<
<

NRSAMP invalid sé¢ example (the number of averagedmples isnot sufficient
because athe data transfer limitation):

NRSAMP:1\r\n .
NAK:17\r\n

A

NRSAMPread example

NRSAMP:2r\n >

< NRSAMP:500r\n
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2.3.6 STATUS Command

Theinternal status register of the TetrAMM sh®the status of the unit. The
status iscomposed 06 bytesi i.e. 48 bitsi where echbyte cointains aspecifictype
of information please note thdtit 47 is the MSB andit O is the LSB):

Status Register gucture

Byte #5 Bytes#4 - #2 Byte #1 Byte #0
(bits 47 - 40) (bits 391 16) (bits 157 8) (bits 77 0)
CONFIGURATION RANGE FAULTS
byte bytes byte

The structure of thecONFIGURATION byte (bits47 1 40) of the status
register ishereafter presented:

Bit # Cell caption
47-46 do not care
45 External interlock enabled {Odisabled; I enabled)
44-42 Active channels (1,2 or 4 in binary representation)
41 User correction (0 disabled; I enabled)
40 ASCII representation (0 disabled; I enabled)

The structure of th@ANGE bytes (bits 39 1 16) sectionof the status register
is shown in the following table:

Bit # Cell caption
39-37 do not care

36 CH4 full scale range (D0 RNG 0; 1i RNG 1)
35-33 do not care

32 CH3 full scale range (0 RNG 0; 1i RNG 1)
31-29 do not care

28 CH2 full scale range (D0 RNG 0; 1i RNG 1)
27-25 do not care

24 CHZ1 full scale range (0 RNG 0; 1i RNG 1)
23-20 do not care

19 CH4 auterange (O disabled; I enabled)

18 CHS3 auterange (0" disabled; I enabled)

@ 39



Softvare commands

TetrAMMUs er 6 s Manual

17
16

CH2 auterange (O disabled; I enabled)
CH1 auterange (0" disabled; I enabled)

The structure of thEAULTS byte (bits 15 8)is as follows:

Bit # Cell caption
15 General fault (logical or ddll faults)

14-11 do not care
10 HV Over-current fault (latch of a HV overcurrent event)
9 Overtemperature fault (latch of an ovemperature event)
8 External interlock fault (latch of an interlock event)

The last byte of the status register are
used to signal the status of the High Voltage module and its structure is shown
hereafter:

Bit # Cell caption

7-4 do not care
3 HV over-current (module in ovecurrent condition f ) 6
2 Ramp down (when high: H¥hodule is ramping down)
1 Ramp up (when high: HV module is ramping up)
0 High voltage module status (0OFF; 11 ON)

A brief description of the binary flags is hafeer presented:

- External interlock enabled (b#5): this bit issetwhenthe external interlock
input is enabled (sd&iITERLOCK Commandsection);

- Active channelgbits 44-42): these bits indicate the number of active input
channels in binary format (s€8HN Commandsection); so these bits are

configured as

o 0 0 Qvthén one channé activated,
o 60106, when two channels are activat
o 61006, when all four input channel
- User correction (bit41): this bit indicates that the user correction funcfion
i.e. userdefined calibrationi is enabled (for more information see the
USRCORR Commansection);
- ASCII representatiorfbit 40): this bit is set when the ASCII outputresAm
representation is enabled while it is clearedhe binary representation is
activatedseeASCII Commancchapte);

40
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- Full-scale range (bit€36, 32, 28 and 24): these bits indicatéhe ranges on the
input channels: theorrespondingpit is low when the channel is set to range 0,
and it is setvhen the channel is set to range 1,

- Autorange (bits:19 18, 17 and 16):these bits are set when the autmge
option is enabled othe corresponding chann@eeRNG Commandor more
information);

- General fault (bit 15)this bit is set if the module has experienced a fault
e.g. generated by an external interlock or an internal protection trip (like
internal overtemperature or High Voltage module oxenrent). This bit is a
logical 6 O RBall other fault flags and is latching T i.e. when a fault occurs,
this bit is settogethermwith the specificfault bit. When a fault is detected, the
module switcles off the High Voltage module. A status reset of the device is
necessary in ordéo reset the module (see the follogisection);

- HV Overcurrent fault (bit10): this bitis also latchingandit is set whema
High Voltage overcurrent event occurs status reset is needed in ortker
resetthis bit (see the following section). The maximum output cugémtthe
different high voltage outputs are shownHigh Voltage Commangdls

- Overtemperaturefault (bit 9): this bitis also latchingandit is set when the
internal TetrAMM temperature riseabovethe 50°C threshold; to reset this
flag it is necessary to execute a statset command (see following section);

- External interlock fault (bit 8)this bit is set when the external interlock signal
is enabled and the input interlock signal is high (s¢éerlock and general I/O
connectorsection; to reset the flag the it is oessary to execute a status reset
(see the following section);

- HV overcurrent (bit 3): this bit is set when the High Voltage module
experiencean overcurrentsituation The maximum output current ratspr
the different High Voltage models are showrhe High Voltage sectiormhis
bit is nortlatching so that it represerd only the actual ovecurrent status of
the module. This condition triggers the internaulf overcurrent bit
previously described

- Ramp up/Ramp dow(bit 2 and bit 1: these bits areset when the High
Voltage is ramping up/dowm the process ofeaclhing the selected sqtoint
value. The slew rate of the ramp depends on the High Voltage model (see
High Voltage description

- High voltage module statubit 0): this bitis se& only when the High Voltage
module is enablednd it is cleared in all other cases.

The internal status registeacb e r ead wi t h\nwbhe om&®aATdUS:
The reply from the TetrAMM unit to this comand is in the format
ASTA Tvall&r\no , w\alaerisethe ASCII representation of the internal status
register value, composed @ hexadecimal digit§ corresponding to thé-bytewide
status register (every byte is represented by two hexadecimal digits).

If at least one of the fauttonditionsoccurs, then the respective bit and the
general fault bit are sethe High Voltage module is switched aff this conditions
and it is not possible to enable the module until the internal status register is reset. To
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command to reset the fault cation of the status register 8 S T A TRESET\no ;
the TetrAMM unit repliego this command witlan acknowledgment string.

Example:

STATUSread example:

STATUS:2r\n >
STATUS180000@00\r\n

STATUSreset example:

STATUS:RESET\n
ACK\r\n

A
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2.3.7 INTERLOCK Command

The TetrAMM unit is provided with an external interlock connector due to
detect an external generated signal, which can be used to trigger the external interlock
fault and so to switch off the High Voltage module.

The command to enabler disable the external interlock input is the
foll owing: mddé\ioEviher©r@olde could bed OF F 0 (doef aul t)
disable the interlock input ofi O N to enable it. The unit replies to this kind of
command with an Kwek)nowl edge (fAACK

To readthe actual set interlock status it is possible to use the command:
| NT E R L?0Q1@KThe generated reply to this command has the next form:
I NT E R Lmodekno, where modecould beii OF F 6  ( df ehke antedoctk)
input is disabled ofi O Nibinterlock input is enabled.

o} e 14

Example:

INTERLOCK setexample:

INTERLOCK:ON\f\n
ACK\r\n

A

INTERLOCK readexample:

INTERLOCK:?r\n >

<« INTERLOCK:ON\r\n
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2.3.8 TEMP command:

TEMP Command( i T E M\Ra) allows user to read temperature from
internal temperature sensor. Temperataeeis updated every 10 seconds. If in case
temperature rises over 50°te overtemperature fault is set and thiggh Voltage
module is turned offAfter a fault event it isnecessary to reset the internal status
register, to be able to reactivate the High Voltage module.

The reply to the TEMP command is in the following format:
i T E M&uer\no wherevalueis the integer read temperature value expressed in °C.
Example:
TEMP read example:

TEMP:2r\n

v

TEMP:28r\n

A
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2.3.9 VER Command

The AMERcommand returns infor mdthd on abou
currently installed firmware version.

The eplyto thefi V BrR0 ¢ 0 mm a felldwing ®ormatn
VER:modelvermodulelmodule2r\n

where:
- model is a string indicating the device (i@ ETRAMMO);
- ver. cointains the string corresponding to the installed firmware version;
- modulel the frontend type installed in the device and the tfud-scale
ranges;
- module2 the High Voltage module installed in the device and its voltage
rating.

Example:
VER example:

VER:?r\n

»
»

., VER:TETRAMM:0.9.81:1IV4 120UA 120NA:HV 500V POSnNn

T h eTETRAMMO deviceof the previous exampleas thefi 0 . 9firn8vareé
version installed and it has acdhannel tofflolt agetddf (0onte. nl V4
with the two fullscale ranges rated at 120pA and 120nA. The High Voltage module
installed has a 500V output voltage rating.
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2.3.1HWRESET Command

The AHWRESETommand performs a compl ete
and firmwareon the onboard FPGA, thus rmitializing the entire TetrAMM module
control electronics. The uniteplies with an acknowledgmenstring (i A C\ikno )
before resetting thenodule.

Example:

HWRESETexample:

HWRESET:®\n »
ACK\r\n

A
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2.4 High Voltage Commands

The commandshat can be usetb set ando read thesetting of the High
Voltage modulenstalled in the TetrAMM are described in this section

2.4.1 HVS Command

The HVS command let users set and read the High Voltage output
status/valueln or der to set a voltage Viabitie, i . e.
necessary to enable the High Vokagodule firstWhen the High Voltage module is
turnedonten t he red | ed AHV O&TetrAMMurtttuesohr on't
too The c¢command\rnnd HY B s @ Bighé/altage dutput, putting it ito
an high impedance state, and turns offfiH& ONo led on the front panel.

When the module is enablédis possible to sean outputvoltage value by
sending @& H V\@aluer\no ,  wwMaleers the desired voltage output expressefMp
(for example to set an output voltage or 100.5 V the following command has to be
sentto the unit:fi H V1®0.5r\n0). The output voltageeachesthe sefpoint on a
ramping behaviourThe full-scale valueand polarityof the High Voltage module
depends onhie HV moduleoption. This commandalsoallows tocheck thelast sent
setpoint value by sendinthe H V2&\no string The response tthis read command
is in the format i H V\&luér\no , w Yakie i® the last given setpoint value
expressed ifV] with 2-digit decimalprecision

Examples:

HVS ON example:

HVS:ON\r\n ~

< ACK\r\n
HVS OFF example:
HVS:OFRr\n >

P ACK\r\n
HVS set exampl¢for a High Voltage model withositivepolarity):
HVS:490.7Ar\n N

< ACK\r\n
HVS set example (for a High Voltage model widtgativepolarity):
HVS:-400.5r\n >

ACK\r\n

A
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HVS read example:

HVS:2r\n

v

HVS:-400.50r\n
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2.4.2 HVYV Command

The HVV command allows user teadthe outputvoltageof the Hgh Voltage
module by sending thé HV:?\r\nd command.The replyto thiscommand is in the
following format i H V:valuer\no , wualaeriseéhe output voltageeadbackvalue
expressed ifV] with a2-digit decimal precisioii i.e. with a 18mV resolution

Example:
HVV example:

HVV:?\r\n

v

- HVV:400.69r\n
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2.4.3 HVI Command

The HV command allows readinipe current provided by théligh Voltage
module The commad to read the current value iisH NM?\r\nd. The replyto this
commandis in thefollowing format i H Mvaluér\no ,  wwvalaerisehe read output
currentexpressed imicroamperegpA] with 2-digit decimal precision i.e. with a
10-nA resolution

Example:
HVI example:

HVI:2Ar\n

v

HV1:0.54\r\n

A
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2.5 Command Table Summary

Command Purposes Parameters
Start continuous acquisition ON
ACQ
Stop continuous acquisition OFF
EnableASCII output stream ON
ASCII Disable ASCII output stream OFF
QueryASCII setupsetting ?
Set numbeof reading channels [1-4]
CHN
Query channel settings ?
Read a fixed number of samples without
averaging on 4£hannels [1 - 419.430]
FASTNAQ Read a fixed n_umber of samples without [1 - 699.050]
averaging on 2 channels
Read a fixed nl_meer of samples without [1-1.048.576]
averaging on 1 channel
Enable gate continuous acquisition ON
GATE
Disable gate continuous acquisition OFF
GET Read a single snapshot ?
HVI Read the output current provided by thighVoltage 5
module '
Enable High voltage module ON
Disable High voltage module OFF
HVS ,
Set the desired High Voltage set point [0 Ow ]
Query High Voltage set point ?
HVV Read the output voltage provided by the High Voltage >
module ’
HWRESET Perform a hardware and firmware reset /
Enable external interlock input ON
INTERLOCK Disable external interlock input OFF
Query interlock setting ?
NAQ Read a fixed number of samples [1-2.000.000.000]
Set number of samples on whiagheraging is made [17 100.000
NRSAMP
Query number of averaged samples settings ?
Set full scale range to £120 pA to all input channels 0
Set full scale range to £120 nA to all input channels 1
RNG
Set full automatic range selection to all input channels AUTO
?

Query range setup status
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Query device status ?
STATUS
Reset status fault conditions RESET
TEMP Read the devices internal temperature ?
Enable triggered continuous acquisition ON
TRG
Disable triggered continuous acquisition OFF
Enable usecorrection ON
Disable usecorrection OFF
Query usefcorrection status ?
Set gain correction on .
USRCORR range# chix to value RNGxCHyGAIN:value
Query gain correction valuzn -
rangei chiy RNGXCHyGAIN :7
Set offset correction on
rangeX ch#y to value ANEEROE AR
Query offset correction value on RNGXCHyOFFS:?
range# ch#y
VER Query the device firmware version ?
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3.Ethernet Communication

The communicationvith the TetrAMM unit is based on a 10/100/100®p4
Ethernet link.The suggested connection speace 100 Mbps or 1Gbpsncethe 10
Mbpsconnectionis limiting the data rate

The factory net work configuration and
softwareare described in the following sections.

3.1 IP Address Assignment:

The device is shipped with default IP address, subnet mask, gateway and TCP
IP communication port:

Parameter Factory value
IP address 192.168.0.10

Subnet mask 255.255.255.0
Gateway 192.168.0.1

TCP/IP port 10001

Even if the TetrAMM device can be connected to a LAN network, a point
point Ethernet connection is strongly recommended in order to obtain minimum
delay, maximumdata rate performance and to avoid possible communication
problemsi i.e. increasing communication reliabilitfhis implies that the host PC
and the TetrAMM should reside on the same Ethernet subnet

For a pointto-point connection it is not wessary to use awisted cable
because the used Ethernet link has an automatic detection of the commnnicati
directioni i.e. autesensing.

To change the device network setitips necessary to use the frBEAENels
Device Msoftwarg tat 6an be downloaded fromethCAENels website
www.caenels.comA briefly description of this software is given in negtction
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3.2 CAENels Device manager

The free softwardiCAENelsD e v i ¢ e ntannba gsed t@ search for all
the TetrAMM devicesconnected to the local netwodnd to configurghem This
softwarealso allows to set the network configuration of tfmund devices and to
update theifirmware.

The A CAENel s De v iis available foraWiedows and Linux
platform and theystem equirementsiereatfter listed

q ) Windows minimum system requirements:
U Windows® XP or newer
U Intel® or equivalent processor
0 70 MB available HD space
U Ethernet network card

T £3 Linux minimum system requirements:
U Linux kernel 2.2.x or newer
U Intel® or equivalenprocessor
0 70 MB available HD space
U Ethernet network card

3.2.1 Searching forconnected deices

Please follow thenext steps in order to search fibre TetrAMM devices
comected to the local netwark

- connect the host PC and the TetrAMM directlythwan Ethernetable (or
through a network)

- verify thatthei L i n k o tBeCRI45 connector is turned em(cifor a 1
Gbps connectioms shown irFigure 4 or greenfor a 100 Mbps connection).
The LED is turned offif the Ethernet cable is not connected or if the speed of
connection islimited to 10 Mbps (in this last case the device is working
correctlyeven if itis notrecommended to use a slow connection sincelaie
transferrateis limited);

TE@trAMM

Interface Bipolar Picoammeter

Link LED

Figure 4: Ethernet Link
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- connect the TetrAMM to thAC/DC power supplyunit and switch it on;
- installanddurchthei CAENel s De v softwareemanager 0

- perform a scan to discover the connected TetrAMM devices by clicking the
i S o abutton as indicated inFigure 5. If there are multiple available
networls it is possible to select the network/networkshbie scannedh the
ASelectedhetworkinterface® windowa v ai | ab | eOptionsd e me nt th e
All the informationaboutthe selecteddevices is shown in the right side of the
main window.

Scan selected

/ nework interfaces

. 5
[5) CAENels Device MaM E@éj
File _Optiong el

‘@ J Change device configuration “® Update device

SM IP address Property Value
4 e CAENels devices

4 590 Network: 19216801

1 ilmage

Eﬂlineinmu...
By

T LT

2 MName Tetr&mm

f 3 Serial number 13001

) 4 1P address 192.168.0.10
Found device
5 Port 10001
6 Subnet mask 255.255.255.0
. . . 7 Gateway 19216811
Device information
8 Hardware ID 01000000

9 Hardware timestamp  12.09.2013 16:08
10 Firmware version 08377

11 MAC address 00:12:5e:11:01:02

Figure 5: Main interface

If you have a firewall enabled oyour router oron your computer,please
make sure that the firewall is npteventingcommunication between youomputer
and the TetrAMM device.

T h eCAHENels Device manageusesUDP port 30719to find the device, so
make sure that the UDP traffic is allowiedooth directios on thatport.
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3.2.2 Device nfiguration

It is possible to changte Network configurationof the found devices. In
order toset the Network configuratioih is necessary to select the desired device and
to click ontheiChange device configuration b uirt theonain windowas shown in
Figure 6. The cafigurable Network options are:

Device IP address;

TCP/IP communication pqrt
Subnet mask;

Gateway.

[t R e R

To apply the changesn the device configuratioit is necessary tedit the
correspondindieldsandthentoc | i ¢ k Saws buttdn.é scieenshot oh sample
device configuration is shown in the following picture:

[5) CAENels Device Manager v.1.0 = B %
b Scan — Jchange device configuration I ““® Update device
SN IP address Property Value
4 e CAENels devices
4 592 Network: 19216801 é ol '
—
] Change device configuration
4 u Beamline instru, 3 - =
By TetrAmm MAC address |II|III: 12:5e:11:01:02 |
New IP address | 192.168.0.10 | TetrAmm
New port | 10001 | 13001
New subnet mask | 255.255.255.0 | 192.168.0.10
New gateway | 192,168,001 | 10001
s ) [ conce ] 255.255.255.0
19216811

01000000

9 Hardware timestarmp  12.09.2013 16:08

e

Device configuration

10 Firmware version 09.7.7

11 MAC address 00:12:5e:11:01:02

Figure 6: Change device configuration
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3.2.3 Firmware Upgrade

Thed CA E Ne | smaDneavgseftredrealso allows remotelyupdatingthe
firmware of theTetrAMM devices. Once thedesireddeviceis found, it is possible to
perform the firmware update by clickingn thefiUpdate deviceé buttonas shown
Figure 7. The new opened window allows $elect the new firmware fil@=lash file-

* flash).

Once the flash fildhas been selectedis possible to start the firmware update
by clicking thefi U p d alutéoh. Bhe firmware update task will takefew minutes.
A screenshot of the update menu is shdwreafter

[5) CAENels Device Manager v.1.0

J Change device configuration @ Update device

’ Scan

Ll e CAENels devices

4 S0 Network: 19216801
—_———

4 u Beamline instr
| Update device

SN IP address Property Value

Emgy TetrAmm

IP address |192.168.0.10

Port 10001

C:TatraMM_Iv4_firmware_v1.0.flash

|5.255.255.0

16811

8 HardwareID 01000000
9 Hardware times... 12.09.2013 16:08
i i 10 Firmware version 08.7.7
Update device firmware
11 MAC address 00:12:5e:11:01:02

Figure 7: Update device
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4.1/0 Connectors

This chapter describes the 1/0 connegtpresent on the device front arsdr
panels their corresponding pinout and each signal functionality.

4.1 Power Connector

The input power connector & standardnale locking jack sockefThe input
voltage is rated at +12{#3%) with a maximum input currerf 1A.

The input ON/OFFswitch is placed above the input power connecttiich
allowsturningON or OFF the devic&heused connector is shown figure 8:

ON/OFF ¥

switch

— Input locking

power connector

Figure 8: Power connector and switch
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